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Purpose: To report our modified simple technique for optic capture and the clinical results 
of intrascleral IOL fixation preserving the lens capsule, without vitrectomy, in cases of 
cataract with insufficient zonular support to stabilize the intraocular lens (IOL).
Patients and Methods: In 37 eyes of 25 patients with phacodonesis and two or more risk 
factors for progressive zonular insufficiency, we inserted a CTR to support the capsule and 
zonules during cataract surgery and IOL fixation; an optic was inserted into the lens capsule, 
and a haptic was fixed in the scleral tunnel without vitrectomy. In all cases, anterior or total 
vitrectomy was not needed.
Results: The postoperative mean (± standard deviation) tilt and decentration of the implanted IOL 
did not change from 6 to 12 months (6.77 ± 3.15° to 6.33 ± 3.38° and 0.60 ± 0.30 to 0.61 ± 0.35 mm, 
respectively). We encountered no late IOL dislocation and no retinal complications, including 
retinal breaks or cystoid macular oedema, postoperatively (follow-up = 21.1 ± 5.2 months).
Conclusion: Our modified techniques preclude the need for vitrectomy. If the lens capsule 
can be preserved using a CTR, our modified technique can be used to stabilize IOL.
Keywords: insufficient zonular support, phacodonesis, lens capsule, capsular tension ring, 
intrascleral IOL fixation

Introduction
In recent years, more frequent late intraocular lens (IOL)-capsular bag complex 
dislocation has become a major problem.1–4 This is partly attributable to the increased 
number of patients considered suitable for IOL implantation, even without sufficient 
zonular support, due to recent developments in cataract surgery5 and the use of devices 
including capsular tension rings (CTRs)6,7 and/or capsule expanders.8 Also, earlier 
surgical intervention and increased life expectancy are extending the postoperative 
period. In cases lacking sufficient zonular support, simple CTR insertion followed by 
subsequent IOL implantation in a bag may be inappropriate, since many reports have 
described dislocation of IOL-capsular bag-CTR complexes.9,10

Suture fixation of the lens capsule using a Cionni CTR,11 capsular anchor,12 or 
polypropylene capsular hooks13 is helpful when zonular support is lacking, but 
surgery becomes difficult and complex. Posterior optic capture can be used for IOL 
fixation in such cases,14 with subsequent fibrosis of the anterior capsule ensuring 
capture stability. However, IOL stability may be compromised if the zonular 
support becomes insufficient during a long postoperative course. Over the past 
two decades, various intrascleral IOL fixation techniques have been developed and 
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modified to treat such cases.15–20 These techniques are 
useful but increase the operation time21 and difficulty, 
especially for cataract surgeons, because both capsulect-
omy and vitrectomy are required, unlike the usual in-the- 
bag IOL implantation or posterior optic capture of the 
IOL. Also, tilting and decentration of the implanted IOL 
often induce refractive error and high-order aberrations, 
which affect visual function,22,23 and the techniques carry 
a risk of retinal complications including retinal break, 
retinal detachment and cystoid macular oedema.15–18 

Therefore, the ever-increasing need for cataract surgery 
in patients with insufficient zonular support has become 
a major problem. We thus developed a modified capsule- 
preserving intrascleral IOL fixation technique using a CTR 
to stabilize the IOL. Herein, we report on the utility and 
safety of our modified technique, and the outcomes.

Patients and Methods
Patients
This retrospective interventional case series reviewed data 
from the Japan Red Cross Okayama Hospital.

We studied 37 consecutive eyes (25 patients) treated via 
our modified capsule-preserving intrascleral IOL fixation 
technique using a CTR in the Department of 
Ophthalmology, Japan Red Cross Okayama Hospital, 
between May 2019 and August 2020; all were followed-up 
for at least 12 months. All of the patients had phacodonesis 
and exhibited at least two risk factors for progressive zonular 
insufficiency among the following: age < 80 years, advanced 
nuclear cataracts (Emery grade > 4), history of glaucoma 
attack, narrow angle and/or poor mydriasis, diabetes melli-
tus, pseudoexfoliation, trauma, high myopia, iatrogenic sur-
gical zonular damage, and atopic dermatitis (Table 1).

Surgical Technique
A CTR (CTR130A0; Hoya, Tokyo, Japan) was inserted into 
the lens capsule after completion of continuous curvilinear 
capsulorhexis (CCC) (Figure 1A). After phacoemulsification 
and aspiration (PEA), infusion and aspiration (I/A) were 
completed with the aid of the CTR. An IOL (NX70S; 
Santen, Osaka, Japan) was implanted in the out-of-the-bag 
position (Figure 1B) (Figure 2-1). A T-shaped, 2-mm long 
scleral tunnel for fixation of the IOL haptic was created at the 
1-o’clock meridian (Figure 1C), or at both the 1- and 
7-o’clock meridians if the capsular support was very weak 
and/or the patient was relatively young. Angle sclerotomy 
was performed, 2 mm away from the limbus, creating 

a T-shaped tunnel using a 26-gauge (26-G) needle 
(Figure 1D). Next, the trailing haptic of the implanted IOL 
was pulled out through the angle sclerotomy site at the 
1-o’clock meridian using 25-G forceps (Figure 1E), and the 
haptic tip was then inserted into the scleral tunnel 
(Figure 1F). The T-shaped scleral incision was sutured with 
7–0 vicryl; we included a haptic (arrow) to prevent intrao-
cular fluid leakage and the IOL from shifting (Figure 1G). 
Similar procedures were performed at the 7-o’clock meridian 
if required. The optic of the implanted IOL was gently 
inserted in an in-the-bag position (“optic capture”) 
(Figure 1H) (Figure 2-2). Appropriate CCC is important to 
ensure optic capture and thus stable fixation of the IOL optic 
(and the remaining lens capsule-CTR complex) (Figure 2-4, 
arrow). Aggressive manoeuvres during IOL optic capture via 
a small CCC may compromise dialysis if the zonules are 
weak. After intrascleral fixation of the upper haptic 
(Figure 2-3, arrow head) or both haptics of the implanted 
IOL, the IOL-capsular bag-CTR complex was stable 
(Figure 2-2 and 2-4). See Supplementary Video for the 
surgical technique.

Examination
At all visits, all patients underwent standard ophthalmic 
examinations. The corrected distant visual acuities 

Table 1 Patient Characteristics

Characteristics Values

Number of eyes (patients) 37 (25)

Age, y, range (mean ± SD) 53–94 (78.3±12.1)

Males/ females 12/ 13

Follow-up period after surgery, m, range (mean ± 

SD)

13–28 (21.1±5.2)

Time of recognition of phacodonesis, eyes (%)

Preoperative 16 (43.2)

Intraoperative 21 (56.8)

Risk factors for progressive zonular insufficiency, 

eyes (%)

Age < 80 y 18 (48.6)

Advanced nuclear cataract (Emery grade ≥4) 18 (48.6)

Narrow angle and/or poor mydriasis 16 (43.2)

Diabetes mellitus 13 (35.1)

History of glaucoma attack 8 (21.6)

Pseudoexfoliation 7 (18.9)

Trauma 4 (10.8)

High myopia 3 (8.1)

Iatrogenic surgical zonular damage 3 (8.1)

Atopic dermatitis 2 (5.4)

Number of risk factors/ eye, range (mean) 2–4 (2.49)

Abbreviations: y, years; SD, standard deviation; m, months.
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Figure 1 Procedure for intrascleral IOL fixation preserving the lens capsule. (A) For each case with phacodonesis, a CTR was inserted into the capsule after completion of 
appropriately sized CCC. PEA and I/A were completed with the aid of the CTR. (B) An IOL was implanted in the out-of-the-bag position using an injector. (C) A T-shaped 
2-mm long scleral tunnel for fixation of an IOL haptic was created 2.0 mm from the limbus at the 1-o’clock Meridian (or at both the 1- and 7-o’clock meridians when the 
capsule support was very weak and/or the patient was relatively young). (D) Angle sclerotomy creating a T-shaped tunnel (represented by dots) was performed using a 26-G 
needle (arrows) parallel to the iris and above the anterior capsule. (E) The upper haptics of the IOL (arrow head) were dialled in and externalized through the sclerotomy 
site using 25-G forceps (arrow). (F) The tip of an IOL haptic (arrow) was inserted into the scleral tunnel (“intrascleral haptic fixation”). (G) The scleral incision was closed 
with a 7–0 vicryl suture; we included a haptic (arrow) to prevent intraocular fluid leakage and the IOL from shifting. (H) The IOL optic was gently inserted into the capsular 
bag (“optic capture”). The arrows indicate the CCC margin. 
Abbreviations: IOL, intraocular lens; CTR, capsular tension ring; CCC, continuous curvilinear capsulorhexis; PEA, phacoemulsification and aspiration; I/A, infusion and 
aspiration; G, gauge.
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(CDVAs) (at 5 m) before and after surgery were obtained 
using a Landolt chart. Corneal endothelial cell densities 
(ECDs) were measured employing the Cell Check CC- 
7000 device (Konan Medical Inc., Nishinomiya, Japan) 
before and at 1 month after surgery, as were the refractive 
errors at 6 months after surgery, the postoperative IOL tilt 
and decentration at 6 and 12 months (m) after surgery (via 
anterior segment ocular coherence tomography; AS-OCT) 
(CASIA 2 TM, Tomey Corporation, Nagoya, Japan). Any 
postoperative complications were recorded.

Statistical Analysis
The visual acuity was the logarithm of the minimum angle 
of resolution. Postoperative changes in visual acuity and 
ECD were assessed relative to the preoperative values 
using the Wilcoxon signed-rank test after normalities 
were checked. All values are presented as means ± stan-
dard deviations, and P-values of less than 0.05 were con-
sidered to denote statistical significance. All statistical 
analyses were performed with the aid of SPSS software 
for Windows (version 25.0; SPSS, Inc., Chicago, 
IL, USA).

Results
All cases had phacodonesis and at least two risk factors 
for progressive zonular weakness, as described in Table 1. 
Phacodonesis was diagnosed preoperatively in 16 eyes 
(43.2%) and intraoperatively in 21 eyes (56.8%). Risk 

factors included an age less than 80 years in 18 eyes 
(48.6%), advanced nuclear cataract (Emery grade ≥ 4) in 
18 eyes (48.6%), narrow angle and/or poor mydriasis in 
16 eyes (43.2%), diabetes mellitus in 13 eyes (35.1%), 
post glaucoma attack in 8 eyes (21.6%), pseudoexfoliation 
in 7 eyes (18.9%), trauma in 4 eyes (10.8%), high myopia 
in 3 eyes (8.1%), iatrogenic surgical zonular damage in 3 
eyes (8.1%) and atopic dermatitis in 2 eyes (5.4%). The 
number of risk factors for zonular insufficiency per eye 
ranged from 2–4 (mean = 2.49). Using our modified 
technique, in 26 of the 37 eyes (70.3%) only the upper 
haptic was fixed with capsule-preserving fixation (single 
haptic fixation). In the remaining 11 eyes (29.7%), 
because of the extreme weak capsular supports and/or 
relatively young age of the patients, both the upper and 
lower haptics were fixed to the scleral tunnel (dual haptic 
fixation). There was no significant difference in patient 
characteristics between the single and dual haptic fixation 
groups (Table S1).

Table 2 shows the postoperative data. The mean 
preoperative CDVA was 0.75 ± 0.82 logMAR, which 
improved significantly to 0.20 ± 0.40 logMAR at the 
last visit (P< 0.01). In 32 eyes (86.5%) the CDVA 
improved, and in 5 eyes (13.5%) it remained stable. 
The mean preoperative ECD was 2409 ± 459 cells/ 
mm2, which decreased significantly to 2191 ± 500 
cells/mm2 (P < 0.01) The mean decrease in ECD was 
10.3 ± 11.4%, and there was no difference in the degree 

Figure 2 Schema of the intrascleral IOL fixation method preserving the lens capsule. (2-1) First, an IOL was implanted in an out-of-the-bag position. Then, the tip of the 
upper IOL haptic was fixed in the scleral T-shaped tunnel (the lower haptic was placed on the bag or fixed in the scleral tunnel, as was the upper haptic). (2-2) Second, the 
IOL optic was gently inserted into the capsular bag (“optic capture”). The IOL supports the capsule containing the CTR. Simultaneously, the spared capsule and vitreous 
body support the optic (to prevent IOL tilting). Slice “A” shows the optics of the implanted in-the-bag IOL and the positions of the spared capsule and CTR. Slice “B” shows 
that the haptics support the capsule with the CTR and that the optic is supported by the face of the spared capsule and vitreous, preventing tilting. (2-3) The arrowhead 
indicates the tip of the upper IOL haptic and 7–0 vicryl suture. (2-4) The arrows indicate the CCC margin, and the arrowhead indicates the loop attachment. 
Abbreviations: IOL, intraocular lens; CTR, capsular tension ring; CCC, continuous curvilinear capsulorhexis.
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of change between the single and dual fixation groups. 
The mean refractive difference from the predicted value 
was −0.64 ± 0.97 D (range: +1.47~-2.08). Most of the 
eyes (29 eyes, 78.4%) showed a tendency toward myo-
pic deviation. In the dual fixation group, the mean pre-
diction error (–1.22 ± 0.76 D) was significantly larger 
than in the single fixation group (–0.40 ± 0.94 D) 
(P =0.018) (Table S2). The postoperative mean tilt and 
decentration of the implanted IOL did not change from 
6 to 12 months (6.77 ± 3.15° to 6.33 ± 3.38°, 0.60 ± 
0.30 mm to 0.61 ± 0.35 mm, respectively), and there 
was no significant difference between the single and 
dual fixation groups.

Postoperative smooth vitreous haemorrhage developed 
in 2 (5.4%) of the 37 eyes but resolved spontaneously 
within 2 weeks. Postoperative transient ocular hyperten-
sion was evident in one eye, and rupture of the lens 
capsule was seen in another. Although rupture of the lens 
capsule was seen during IOL optic capture via a small 
CCC in one eye, the IOL was fixed using our modified 
technique because of no vitreous prolapse. We encoun-
tered no postoperative retinal complications (including 
retinal breaks and cystoid macular oedema), hypotony, 
severe refractive error (necessitating IOL replacement), 
large tilt requiring haptic adjustment, or late in-the-bag 
IOL dislocation. Subsequently, posterior capsule opacifica-
tion was seen in 2 eyes (5.4%) and both eyes underwent 

posterior capsulotomy. Tilting and decentration of both did 
not change within the observation period of this study.

Discussion
The cumulative risk of late IOL-capsular bag complex 
dislocation is 0.1% at 10 years and 1.7% at 25 years 
after cataract surgery; thus, the risk increases over 
time.2,3 Some authors found that the increase was primar-
ily attributable to the longer duration of pseudophakia and 
recent cataract surgery. Dabrowska et al reported that the 
cumulative risks at 5, 10, 15, and 20 years after cataract 
surgery were 0.09%, 0.55%, 1.00%, and 1.00%, respec-
tively, and were significantly higher (P < 0.001) for eyes 
that had undergone cataract surgery between 2002 and 
2012 than for eyes operated on between 1992 and 2001 
(0.89% vs 0.39% at 10 years postoperatively) (P < 
0.001).3 Some authors reported dislocation of the IOL- 
capsular bag complex even when CTRs were used.9,10 

The aetiologies of late IOL-capsular bag complex disloca-
tion include aging, high myopia, uveitis, trauma, retinitis 
pigmentosa, diabetes mellitus, atopic dermatitis, connec-
tive tissue disorders, and previous vitreoretinal surgery or 
an acute attack of angle-closure glaucoma.2 Thus, we 
applied our modified technique in cases of phacodonesis 
with at least two risk factors of progressive zonular weak-
ness, as described in Table 1, to stabilize IOL. Also, in this 
study, we regarded the longer postoperative period (age < 

Table 2 Summary of Surgical Outcomes

Characteristics After Surgery Values

CDVA (logMAR) (mean ± SD)
Preoperative (0.75±0.82)

Postoperative (at last visit) (0.20±0.40)***

Endothelial cell density, cells/mm2 (mean ± SD)
Preoperative (2409±459)

Postoperative (at 1 m) (2191±500)***

Percent change in ECD, %, range (mean ± SD) 0–43.8 (10.3±11.4)
Prediction error of the target refraction, dioptre, range (mean ± SD) (at 6 m) +1.47~-2.08 (−0.64±0.97)

Percent of myopic deviation, eyes (%) 29 (78.4%)
Tilt angle of IOL, degrees, range (mean ± SD) (at 6 m) 1.4–13.3 (6.77±3.15)

(at 12 m) 0.7–14.0 (6.33±3.38)

Decentration of IOL, mm, range (mean ± SD) (at 6 m) 0.11–1.42 (0.60±0.30)
(at 12 m) 0.11–1.37 (0.61±0.35)

Postoperative complications, eyes (%)

Smooth vitreous haemorrhage 2 (5.4)
Rupture of the lens capsule 1 (2.7)

Transient ocular hypertension 1 (2.7)

Notes: ***Wilcoxon signed-rank test, P<0.001. 
Abbreviations: CDVA, corrected distance visual acuity; logMAR, logarithm of minimum angle of resolution; SD, standard deviation; m, months; ECD, endothelial cell 
density; IOL, intraocular lens.
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80 years) as another potential risk factor for late onset of 
IOL dislocation.

The first advantage of our method is the non-necessity for 
vitrectomy and preservation of the lens capsule; this reduces 
the risk of retinal complications including retinal breaks, 
retinal detachment, and cystoid macular oedema.15–18 Only 
posterior optic capture can be used easily for IOL fixation in 
cases lacking sufficient capsular support,14 but there remains 
a risk of postoperative progression of zonular weakening and 
resultant IOL tilting and decentration long after the surgery. 
Suture fixation of the lens capsule using a Cionni CTR,11 

capsular anchor,12 or polypropylene capsular hooks13 in 
cases of insufficient zonular support are more complicated 
methods and have some severe postoperative complications, 
including pseudophacodonesis, decentration, increased 
intraocular pressure, persistent iritis, broken suture, and ret-
inal detachment.11–13,24 Thus, we combined optic capture 
(in-the-bag fixation of the IOL) with the use of a CTR and 
intrascleral haptic fixation, by preserving the lens capsule 
without vitrectomy. Cataract surgeons can easily and rapidly 
apply our technique, even in cases lacking sufficient zonular 
support.

Postoperative visual function deterioration is signifi-
cantly associated with IOL malpositioning and refractive 
errors, as well as with high-order aberrations caused by 
IOL tilting and decentration.22,23,25 Many reports have 
found that conventional intrascleral IOL fixation23,25,26 

combined with capsulectomy and vitrectomy can result 
in large refractive errors and high-order aberrations. The 
postoperative refractive prediction error in this study was 
−0.68 ± 0.95 D (myopia in 78.4% of cases), and was larger 
in the dual haptic fixation group. During the transscleral 
procedure, in which the haptics were sutured 1.5 mm from 
the corneal limbus, Ahn et al reported a −1.0 D myopic 
shift.27 Yamane et al made scleral tunnels 2 mm from the 
limbus, reported the needle insertion angle was also 
important and the mean prediction error was −0.21 ± 
0.99 D.18 Jujo et al reported a mean prediction error of 
−0.03±0.93 D when using their 27-G trocar-assisted 
sutureless IOL fixation method.28 Torii et al compared 
clinical outcomes between intracapsular implantation and 
intrascleral fixation of the same IOL; the mean error was 
0.22 ± 0.17 and 0.86 ± 0.59D, and the postoperative 
anterior chamber depth was 4.65 ± 0.23 and 4.98 ± 
0.61 mm, respectively.26 With our method, the IOL haptics 
located out-of-the-bag and fixed in the scleral tunnels 
might pull up the IOL optic located in-the-bag. 
Postoperative refraction tended toward myopia, especially 

in the dual haptic fixation group. Because of the small 
number of cases and different indications between the 
single and dual fixation groups, it may be necessary to 
validate our method in the future.

Regarding tilting and decentration, Matsumura et al29 

used AS-OCT to assess the maximum IOL tilt angle and 
decentration relative to the corneal topographic axis; the 
tilt was 8.13 ± 5.15° after intrascleral fixation. Torii et al26 

reported a tilt of 8.8 ± 3.9° and decentration of 0.52 ± 
0.35 mm in cases undergoing intrascleral fixation, and 
respective values of 5.21 ± 1.47° and 0.22 ± 0.13 mm in 
those treated via common in-the-bag IOL implantation. In 
present study, the postoperative mean tilt angle (6.77 ± 
3.15°) and decentration (0.60 ± 0.30 mm) of the implanted 
IOL at 6 months did not change significantly at 12 months 
(6.33 ± 3.38° and 0.61 ± 0.35 mm, respectively), and no 
late IOL-capsular bag-CTR complex dislocation was noted 
during the follow-up (average, 21.1 months). The second 
advantage of our modified method is that the IOL is 
supported and stabilized by the remaining capsule, CTR, 
and vitreous, which limit tilt and decentration. Based on 
this study, the persistence of the extended capsular dia-
phragm (the IOL-capsule-CTR complex) may prevent 
distortion.6,30 Some reports have suggested that a CTR 
may inhibit (post-cataract) lens epithelial cell migration,9 

thus reducing the risk of capsulorhexis-optic contact6 and 
progressive IOL tilting.30 Our technique can be regarded 
as a modification of IOL optic capture. As reported by 
Gimbel and DeBroff,14 IOL optic capture can be attained 
via various means; all afford long-term IOL stability and 
centration. Our modification achieves optic capture using 
a preserving lens capsule combined with an CTR and 
intrascleral haptic fixation of the IOL, to provide mechan-
ical support to the lens zonules and inhibit shrinkage of the 
remaining lens capsule (and thus zonular dehiscence). 
However, in the past few years, improved techniques 
with even less tilting and decentration have been 
reported,18,28 and there may be room for improvement of 
our technique.

Postoperative complications were less common after 
applying our modified capsule-preserving intrascleral 
IOL fixation technique than after conventional fixation 
with vitrectomy (data not shown); this represents the 
third advantage of our approach. There have been many 
improvements to intrascleral haptic fixation methods. In 
our method, the haptic is grasped with 25G forceps, 
inserted into a T-shaped scleral tunnel and then sutured. 
Small sclerostomies were expected to reduce the incidence 
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of postoperative hypotony and ciliary body injury,18 but 
were instead associated with greater IOL tilt and IOL 
astigmatism after surgery.29 We prevented hypotony and 
limited IOL tilt by using 25-G sclerostomy followed by 
suturing with 7–0 vicryl.

Our retrospective observational study had certain lim-
itations, including a short follow-up period and a small 
number of patients. The retrospective and non-randomized 
nature of the work renders comparisons with optic capture 
alone and conventional intrascleral fixation techniques 
(accompanied by capsulectomy and vitrectomy) difficult. 
A clinical limitation is that our modified technique is not 
applicable if the zonular support is absent or if vitreous 
prolapse is evident preoperatively or intraoperatively. 
Also, an adequately large CCC is indispensable for optic 
capture of the IOL.14 Further randomized comparative 
clinical studies are needed.

Conclusion
Our modified technique featuring optic capture, CTR pla-
cement, and intrascleral haptic fixation is safe when used 
to treat cataracts via IOL implantation and valuable when 
capsular support is lacking; additionally, anterior vitrect-
omy is not required. If the capsule can be preserved with 
the aid of a CTR, our modified technique is worthwhile. 
IOL fixation is supported by the capsule, CTR, optic 
capture, vitreous, and intrascleral fixation of the IOL hap-
tics. This simple, safe, and useful technique may reduce 
the incidence of late in-the-bag IOL dislocation in cases 
lacking adequate zonular support.
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