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Abstract
● AIM: To present a technique of transcapsular scleral 
fixation of the standard capsular tension ring (CTR) through 
equatorial capsulotomy and in-the-bag intraocular lens (IOL) 
implantation in subluxated lenses.
● METHODS: This retrospective consecutive case series 
included patients with subluxated lenses by more than 
180 degrees who underwent lens extraction, transcapsular 
scleral fixation of the standard CTR through equatorial 
capsulotomy, in-the-bag IOL implantation and with at 
least 6mo follow-up. Preoperative and postoperative best 
corrected visual acuity (BCVA), intraocular pressure (IOP), 
complications, and postoperative IOL tilt and decentration 
were recorded.
● RESULTS: Nine eyes of 7 patients with a mean follow-
up of 11.0±3.7mo were included in this study. The BCVA 
was significantly improved from 0.64±0.22 logMAR 
preoperatively to 0.21±0.19 logMAR postoperatively 
(P<0.001). The IOP was within the normal range postoperatively. 
The mean tilt of the IOL was 4.30°±2.31° (range, 1.0° 
to 8.9°) and the mean decentration of the IOL was 0.37±0.12 
mm (range, 0.14 to 0.50 mm). No visually threatened 
intraoperative and postoperative complications were 
detected during the follow-up period.
● CONCLUSION: This is a safe and effective surgical 
technique for managing patients with severely subluxated 
lenses. It has achieved favorable outcomes with fewer 

surgical manipulations and less need for advanced capsular 
support devices.
● KEYWORDS: lens subluxation; surgical technique; 
capsular tension ring; transcapsular scleral fixation; in-the-
bag IOL implantation
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INTRODUCTION

L ens subluxation is the displacement of the lens from 
its anatomical location caused by zonular weakness or 

defect, which is always associated with several conditions 
such as Marfan syndrome, Weill-Marchesani syndrome, 
homocystinuria, trauma as well as iatrogenic zonular damage[1-4].
Surgical strategies vary according to the degree of lens 
subluxation. The standard capsular tension ring (CTR), 
designed to provide circumferential support at the capsular 
equator, is sufficient when the zonular abnormality is less than 
120 degrees. But it may not achieve adequate stabilization of 
the capsular bag and the intraocular lens (IOL) in more severe 
cases. The current approaches to managing them can broadly 
fall into two categories, one is to remove the subluxated lens 
followed by IOL extracapsular fixation, including anterior 
or posterior iris-claw IOL implantation[5-6], iris-sutured IOL 
implantation[7], and transscleral or intrascleral IOL fixation[8-9]. 
The other is to recentralize the capsular bag by advanced capsular 
support devices, such as modified CTR (MCTR)[10], capsular 
tension segment (CTS)[11], capsular anchor[12], capsular hook[13], 
and endocapsular hemi-ring segment[14], which have attracted 
more attention because of the advantages of preserving the 
capsular bag and reducing the posterior segmental disturbance. 
However, those devices are still difficult to access at the 
hospitals in grassroots and backward areas where those are not 
available.
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In this study, we reported a safe and effective surgical 
technique of transcapsular scleral fixation of the standard CTR 
through equatorial capsulotomy, enabling in-the-bag IOL 
implantation for severely subluxated lenses. It has achieved 
reliable short-term results with fewer surgical manipulations 
and less need for advanced capsular support devices.
PARTICIPANTS AND METHODS
Ethical Approval  This retrospective consecutive case series 
study adhered to the Declaration of Helsinki and was approved 
by the Institutional Ethics Committee of the Eye Hospital 
of Wenzhou Medical University (ID H2023-048-X-02-01). 
Informed consent was obtained from the patients or their 
guardians.
Study Participants  This study included patients with 
subluxated lenses who underwent lens extraction, capsular 
bag fixation, and in-the-bag IOL implantation at the Eye 
Hospital of Wenzhou Medical University between February 

2022 and May 2023. The inclusion criteria were patients with 
a lens dislocated by more than 180 degrees, and the etiology 
was traumatic or spontaneous. The exclusion criteria were 
patients with eye diseases that needed to be treated besides 
lens subluxation, such as retinal detachment, and postoperative 
follow-up of less than 6mo.
Surgical Technique  All the surgeries were performed by the 
same senior surgeon (Zhao YE). Surgical procedures were 
performed as follows: a clear corneal incision was made 
followed by the injection of the ophthalmic viscoelastic device 
(OVD) to maintain the anterior chamber space (Figure 1).
A vitrectomy, if required, was performed to remove vitreous 
prolapsing into the anterior chamber from the area of 
zonular dialysis. A continuous curvilinear capsulorhexis 
was performed gently and capsular hooks were applied to 
centralize and stabilize the capsular bag. Hydrodissection 
and hydrodelineation were performed followed by 

Figure 1 Intraoperative view of the surgical procedures  A: A subluxated lens with a zonular abnormality of about 180 degrees; B: Continuous 
curvilinear capsulorhexis was performed gently; C: Phacoemulsification and cortex aspiration were performed with the aid of capsular hooks; 
D: A 23-gauge vitrector was introduced into the capsular bag through the capsulorhexis to create a 1.5-2 mm diameter capsulotomy at the 
capsular equator toward the middle location of the zonular abnormality; E: Attached a double-strand 8-0 polypropylene suture (red arrow) 
at the middle point of a standard CTR and temporarily threaded another guiding suture (yellow arrow) through the leading eyelet of the CTR; 
F: Delivered the CTR into the capsular bag and aligned the middle point of it to the equatorial capsulotomy made earlier; G: Introduced the 
needle of the 8-0 polypropylene suture into the hollow needle through the capsulorhexis and passed it through the scleral pocket bed with 
the guidance of the hollow needle; H: A foldable IOL was implanted into the capsular bag; I: Well-positioned IOL at the end of the surgery. CTR: 
Capsular tension ring; IOL: Intraocular lens.

Transcapsular scleral fixation for IOL
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phacoemulsification and cortex aspiration. The OVD was 
further injected to inflate the capsular bag and the capsular 
hooks were loosened. A 23-gauge vitrector or capsulorhexis 
forceps was then introduced into the capsular bag through the 
capsulorhexis to create a 1.5-2 mm diameter capsulotomy at 
the capsular equator toward the middle location of zonular 
abnormalities. A double-strand 8-0 polypropylene suture was 
attached at the middle point of a standard CTR and another 
guiding suture was temporarily threaded through the leading 
eyelet of the CTR. Then delivered the CTR into the capsular 
bag and aligned the middle point of it to the equatorial 
capsulotomy made earlier, during this process, pulled the 
leading eyelet centrally by tightening the guiding suture to 
avoid the edge of the CTR penetrating through the equatorial 
capsulotomy. A hollow needle was passed through the scleral 
pocket bed 2 mm posterior to the limbus at the middle location 
of zonular abnormalities and entered into the capsular bag 
through the equatorial capsulotomy. Then introduced the 
needle of the 8-0 polypropylene suture into the hollow needle 
through the capsulorhexis and passed it through the scleral 
pocket bed with the guidance of the hollow needle. Adjusted 
the suture to provide perfect centration of the capsular bag, 
after which the CTR was sutured to the sclera followed by 
conjunctival closure with a 10-0 nylon suture. A foldable IOL 
was, thereafter, implanted into the capsular bag. Residual 
OVD was removed and antibiotics were applied. All patients 
were treated postoperatively with topical steroids to reduce 
inflammation. Figure 2 demonstrated the schematic figure of 
the postoperative anterior segment.

Preoperative and Postoperative Evaluation  All patients 
underwent an ophthalmologic examination including slit-
lamp examination, best corrected visual acuity (BCVA), 
intraocular pressure (IOP) at preoperative and postoperative 
visits. Intraoperative and postoperative complications were 
recorded. IOL tilt and decentration were identified by slit lamp 
examination and swept-source optic coherence tomography 
(SS-OCT; CASIA2; Tomey Corporation, Nagoya, Japan) 
relative to the corneal topographic axis[15].
Statistical Analysis  The continuous variables were represented 
by mean±standard deviation (SD) and the categorical variables 
were expressed by counts and percentages. Wilcoxon signed-
rank test was used to compare preoperative and postoperative 
results. All the statistical analyses were conducted using SPSS 
software (version 26.0, IBM Inc., Armonk, NY, USA).
RESULTS
Patient demographics and clinical data were presented in 
Table 1. Nine eyes of 7 patients were included in the study 
(4 right eyes and 5 left eyes). The etiologies were congenital 
(n=4) and trauma (n=5). All of them had at least 180° of 
zonular dialysis (range 180° to 240°). The mean preoperative 
logMAR BCVA was 0.64±0.22 (range, 0.40 to 1.00). One eye 
was concurrent with vitreous prolapse and one with IOP rise.
Follow-up data were presented in Table 2. The mean follow-
up duration was 11.0±3.7mo (range, 6 to 16mo). There was 
a significant postoperative improvement in logMAR BCVA 
(0.21±0.19, P<0.001). The IOP was within the normal range 
at all postoperative visits. No eyes developed optic visible IOL 
dislocation throughout the follow-up period. The mean tilt of 

Table 1 Patient demographics and clinical data

Case 
No. Gender Eye Age (y) Etiology Area of 

subluxation (°)
Preop. BCVA 

(logMAR)
Preop. IOP 
(mm Hg)

Associated ocular 
condition

1 Female Left 62 Trauma 180 0.70 26.9 IOP rise
2 Male Right 58 Trauma 210 0.52 17.4 None
3 Female Left 60 Trauma 180 1.00 18.0 Vitreous prolapse
4 Female Left 72 Trauma 180 0.52 15.6 None

5 Male Right 63 Trauma 210 1.00 13.7 None

6 Male Right 7 Congenital 240 0.52 11.3 None

7 Male Left 7 Congenital 240 0.40 12.9 None

8 Male Right 8 Congenital 210 0.52 18.5 None

9 Male Left 8 Congenital 210 0.60 19.7 None

BCVA: Best corrected visual acuity; logMAR: Logarithm of the minimum angle of resolution; IOP: Intraocular pressure.

Figure 2 Schematic figure of the postoperative anterior segment  A: Side view of the postoperative anterior segment; B: Top view of the 

postoperative anterior segment.
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the IOL was 4.30°±2.31° (range, 1.0° to 8.9°) and the mean 
decentration of the IOL was 0.37±0.12 mm (range, 0.14 to 
0.50 mm) at the final visit.
There were no intraoperative complications in all cases. Mild 
capsular wrinkling was observed in one case seven months 
postoperatively without significant visual influence. No 
vitreous hemorrhage, capsular rupture, suture breakage, or 
retinal detachment was detected during the follow-up period.
DISCUSSION
Surgical management for subluxated lenses presents surgeons 
with numerous challenges, especially in cases with extensive 
insufficient zonular support. Various IOL suspension strategies 
have been published recently[16-17], those operations were 
still sophisticated and prone to result in many complications 
due to the posterior segmental disturbance. With the aim 
of reconstructing the capsular bag-zonules diaphragm, 
lots of advanced capsular support devices also have been 
applied[11-14]. However, those devices are still difficult to access 
and popularized in many areas. Under the circumstance, we 
described a new standard CTR transcapsular scleral fixation 
technique. To the best of our knowledge, this is the first study 
reporting the surgical procedures to fixate the capsular bag 
through equatorial capsulotomy with a standard CTR followed 
by IOL in-the-bag implantation in subluxated lenses with 
severe zonular abnormality.
In the current study, we reported favorable outcomes from 9 
eyes with moderate or severe subluxated lenses undergoing 
lens extraction, capsular bag fixation, and in-the-bag IOL 
implantation. This technique recentralizes and stabilizes the 
dislocated capsular bag by transcapsular scleral fixation of the 
standard CTR through equatorial capsulotomy, and reduces 
the posterior segmental disturbance. The BCVA of all eyes 
in our study improved and there were no visually threatened 
complications were detected during the follow-up period. The 
mean tilt and decentration of the IOL in our study were both 
less than those in a recent comparative study of transscleral 
sutured IOL fixation and sutureless flanged IOL fixation 

for the management of lens subluxation using CASIA2 
(tilt: 8.20°±3.76° vs 8.22°±4.11°; decentration: 0.59±0.33 
vs 0.59±0.39)[18]. Our results were also within the range of 
previous findings following uneventful cataract surgery[15,19]. 
Although different studies could not be compared directly, 
the results suggest that our technique may provide more IOL 
stability.
Same with other advanced capsular support devices, our 
technique retained the capsular bag and the vitreous was 
therefore largely undisturbed or otherwise intact, decreasing 
the incidence of postoperative posterior segment complications 
such as vitreous hernia, cystoid macular edema and retinal 
detachment[20-21]. Besides, compared with IOL extracapsular 
fixation, IOL in-the-bag implantation was more physiologic 
with less postoperative IOL decentration or tilt[22] and provided 
less variations in predicted refraction[23]. Other than some 
devices designed to stabilize the capsular bag by holding the 
capsulorhexis rim such as capsular anchor, capsular hook, 
endocapsular hemi-ring segment and T-shaped capsule 
stabilization hook[12-14] and the technique developed by Cionni 
and Osher[24] passing the suture attached at the standard CTR 
over the capsulorhexis to the scleral, we stitched the suture 
into the sclera directly from the CTR exposed at the equatorial 
capsulotomy, which simulated the biomechanics of the zonular 
fibers without distorting the configuration of the capsulorhexis, 
contributing to the postoperative IOL stability[25]. Besides, our 
technique could also avoid some infrequent complications 
caused by the fixation eyelets in MCTR or CTS, which were 
placed between the under surface of iris and the anterior 
capsule. An overtight scleral suture may lead the fixation 
eyelets to contact and irritate the ciliary process, which could 
increase aqueous humor secretion and result in intraocular 
hypertension[26]. Besides, the fixation eyelets may also chafe 
the undersurface of the iris, resulting in pigment dispersion 
and chronic uveitis[27]. Moreover, the fixation eyelets could lift 
the anterior capsule away from the surface of the IOL, which 
facilitated lens epithelial cells migration into this zone[28].

Table 2 Follow-up data of patients

Case No. Etiology Area of subluxation (°) Follow-up (mo) BCVA (logMAR) IOP (mm Hg) Associated ocular condition
1 Trauma 180 11 0.52 15.4 None
2 Trauma 210 8 0.00 14.4 None
3 Trauma 180 7 0.10 16.8 None
4 Trauma 180 9 0.10 15.1 None
5 Trauma 210 6 0.52 18.3 None
6 Congenital 240 13 0.10 14.2 None
7 Congenital 240 13 0.10 13.4 None
8 Congenital 210 16 0.22 12.6 None
9 Congenital 210 16 0.22 13.1 Mild capsular wrinkling

BCVA: Best corrected visual acuity; logMAR: Logarithm of the minimum angle of resolution; IOP: Intraocular pressure.

Transcapsular scleral fixation for IOL
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There are some cautions when performing this surgical 
technique. First, we attempted to create the equatorial 
capsulotomy by capsulorhexis forceps in our previous cases 
and found it hard to manipulate the size and roundness. In the 
current study, we modified this procedure by using a 23-gauge 
vitrector, this manipulation turned out to be more controllable 
with less operative time and better controllability and the rim 
of the equatorial capsulotomy was invisible through dilated 
pupils postoperatively (Figure 3). Second, given that suture 
breakage was one of the severe complications, we used the 8-0 
polypropylene suture in this technique, which was thicker and 
had higher tensile strength than the 10-0 and 9-0 polypropylene 
suture reducing the risk of suture breakage. It should be 
attached at the middle point of the CTR and aligned toward the 
middle location of zonular abnormalities, while a significant 
malposition may cause uneven force distribution. Third, a 
guiding suture was temporarily threaded through the leading 
eyelet of the CTR, we could pull the leading eyelet centrally by 
tightening it to avoid the edge of the CTR penetrating through 
the equatorial capsulotomy and entanglement occurrence. 
Fourth, after insertion of the CTR, the attached suture should 
be performed with suitable tension to center the capsular 
bag according to the strength of the residual suspensory 
ligament. Loose traction could cause attachment slippage, 
while excessive traction could cause damage to the residual 
zonular fibers. Nevertheless, caution should be taken during 
the operation as the equatorial capsulotomy might extend, in 
which condition this technique would need to be abandoned.
The limitation of this study is the relatively small sample size 
and short-term observation. Besides, zonulopathy is progressive 
in some systemic diseases such as pseudoexfoliation syndrome, 
Marfan syndrome, and Weill-Marchesani syndrome, we should 
be cautious with the technique in those conditions, especially 
for young patients. More quadrant fixation with this technique 
in those patients was worth exploring in the future.
In summary, we presented a safe and effective surgical 
technique for managing patients with moderate or severe 

subluxated lenses. It has achieved favorable outcomes with 
fewer surgical manipulations and less need for advanced 
capsular support devices.
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