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Purpose: In this study, we aimed to report on the early results of intrascleral intraocular lens
(IOL) fixation using a hook-shaped haptic IOL (hsh-IOL).

Patients and Methods: We enrolled 27 consecutive eyes of 27 patients (mean age, 74
+11.4 years) who underwent intrascleral IOL fixation with an hsh-IOL and were followed-up
for 3 months postoperatively. The reasons for surgery included insufficient capsular support,
including IOL dislocation, aphakia, or dislocated crystalline lens. The haptic of the hsh-IOL
was externalized from the eye using forceps, and the hook was buried in the scleral tunnel.
We investigated the preoperative and 3-month postoperative corrected visual acuity (VA),
intraocular pressure (IOP), corneal endothelial cell density, refractive prediction error, post-
operative intraocular astigmatism, surgically induced astigmatism, and intraoperative and
postoperative complications.

Results: The mean postoperative corrected VA (logMAR, 0.083%0.18) was significantly
better than the mean preoperative value (0.42+0.60, p=0.0007). The 3-month postoperative
mean absolute prediction error was 1.00£0.96 D. The mean IOL-induced astigmatism was
0.95+0.70 D. Further, the mean postoperative corneal endothelial cell count (2036+644 cells/
mm?) was significantly lower than the preoperative value (2316527 cells/mm?) (p=0.009).
No patient had a 1-month postoperative IOP <5 mmHg or >25 mmHg. There were no
intraoperative or vision-threatening complications, such as retinal detachment, endophthal-
mitis, or IOL dislocation, due to postoperative haptics misalignment.

Conclusion: Intrascleral IOL fixation using hsh-IOL is an effective option for eyes with
insufficient capsular support.

Keywords: intrascleral IOL fixation, efficacy, safety, hook-shaped haptics, visual acuity,

intraocular lens

Introduction

In cases such as dislocation of crystalline lens, dropped nucleus during cataract
surgery, or intraocular lens displacement, intraocular lens (IOL) fixation within the
capsule is impossible. In such cases, IOL implantation methods include anterior
chamber fixation, extracapsular fixation, suturing, and intrascleral fixation. Anterior
chamber fixation has been reported to cause endothelial cell loss,' and extracapsular
fixation requires the presence of at least a portion of the capsule. Additionally, the
complexity of IOL suturing technique can be problematic. To overcome the limita-
tions of these methods, intrascleral fixation has recently become a widely used
method for IOL implantation in eyes without capsular support.
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The intrascleral IOL fixation technique has been improved
since it was first reported by Gabor SG and Agarwal et al.> '
Currently, there are two major methods of scleral fixation: (i)
the haptics of an existing IOL are grasped with forceps,
externalized from the eye, and buried in the scleral tunnel, as
represented by the Y-fixation technique (tunnel technique),’ or
(if) the haptics of an IOL are cauterized to create a flange and
buried in the sclera, developed by Yamane et al (the flange
technique).™ Although both techniques are appropriately
sophisticated, the conventional three-piece IOL has been com-
monly used in both techniques.

We developed an IOL with U-shaped haptics (hook
haptics), and first reported on an intrascleral IOL fixation
technique using this lens in 2018."® The lens was designed
to facilitate easy grasping of the haptics with forceps
during surgery, and to prevent the haptics falling into the
vitreous cavity during surgery. Herein, we aimed to report
on the early postoperative outcomes of intrascleral IOL
fixation using a hook-shaped haptic IOL (hsh-IOL).

Materials and Methods

We retrospectively reviewed all patients who underwent
hsh-IOL  (Xact
NX70CH, Advance Vision Science Inc.) at our institution
between June 6, 2017 and October 19, 2019. Only those
patients who underwent postoperative follow-up examina-

intrascleral IOL fixation using the

tions for 3 months were selected for the study. Our study
was approved by the Institutional Review Board (IRB) of
the Japanese Red Cross Gifu Hospital (Approval No.
017032801) and was conducted in accordance with the
principles of the Declaration of Helsinki. Owing to its
retrospective design, an opt-out method was approved by
the IRB in place of written informed consent. The patients
comprised 18 men and 9 women (N=27 eyes), with a mean
age of 74.0+11.4 years. Table 1 summarizes their demo-
graphic information.

The preoperative selection criterion for intrascleral IOL
fixation using hsh-IOL at our institution was: patients aged
>20 years with insufficient capsular support, such as in apha-
kia, IOL dislocation, or crystalline lens dislocation.

Intrascleral IOL Fixation Using Hsh-IOL

The surgery was performed with some modifications to the
previously reported method.'® Figure 1 shows the fixation
method of the hsh-IOL into the sclera. In the previously
reported method, a part of the hook-haptic was fixed next
to the scleral incision. In the new method, the entire hook
portion of haptic was buried in the scleral tunnel. Figure 2

Table | Patient Demographics

Number of eyes 27

Age (years old, range) 74.0%11.4 (50-95)
Sex (Male/Female) 18/9

Preoperative lens condition (number of eyes)

IOL dislocation 15
Dropped nucleus 5
Aphakia 6

Dislocated crystalline lens |

Abbreviation: |IOL, intraocular lens.

depicts the surgical procedure. The surgical video is pro-
vided in the Supplementary Video.

Following administration of the sub-Tenon’s anesthetic
block, we created a three-port vitrectomy setup and per-
formed a 25-gauge vitrectomy using the Constellation®
Vision system (Alcon). The dislocated IOL (if present)
was removed. Using a 25-gauge trocar knife at a tilt of
20°, a scleral incision was created at the 3 o’clock and 9
o’clock positions, 1.5 mm away from the limbus. We
23G  MVR knife (MANI,
Utsunomiya, Japan) to create an 2-mm long scleral tunnel

subsequently used a

in a counterclockwise direction from the scleral incision.

A corneal incision was then created at the 12 o’clock
position using a 3.0-mm slit knife. The hsh-IOL was
inserted into the eye with an injector through the corneal
incision; the leading haptic was placed in the vitreous
space, and the trailing haptic was placed outside the eye.
The latter was then grasped using the vitrectomy forceps
and placed in the anterior chamber. We inserted the vitrect-
omy forceps through the scleral incision created at the 3
o’clock position. The hook portion of the trailing haptic
was grasped at the level of the iris surface and externalized
out of the eye. Vitrectomy forceps inserted through the
scleral incision at the 9 o’clock position was used to grasp
the hook portion of the leading haptic in the vitreous space
and externalize it out of the eye. The hook portion of the
haptic was subsequently buried in the scleral tunnel.
Finally, we sutured the three sclerotomies for the vitrect-
omy ports and the scleral incisions at the 3 o’clock and 9
o’clock positions with an 80 absorbable thread.

Primary Outcome Measures
The primary outcome measures included the preoperative
and 3-month postoperative corrected visual acuity (VA),
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Figure | Surgical implantation of hook-shaped haptics into the sclera. (A) A previously reported method. The hook haptics have been implanted in the opposite direction of
haptic withdrawal. (B) The improved method. The entire hook-shaped haptics have been buried in the direction in which they were pulled out. Arrow: the direction of
implantation of hook haptics; dashed green line: the shape of scleral pocket; dashed blue line; IOL haptic inside the eye; solid blue line: IOL haptic; and solid black line: scleral

wound.

intraocular pressure (IOP), corneal endothelial cell density,
and refractive prediction error. We examined the VA using
the Landolt ring chart and converted it to the logarithm of
the minimum angle of resolution (logMAR). The refractive
prediction error was calculated by subtracting the predictive
spherical equivalent from the manifested spherical equiva-
lent, 3 months postoperatively. The corneal endothelial cell
density was measured using a specular microscope (EM-
3000, TOMEY, Nagoya, Japan). All measurements were
performed with auto-alignment; if this was not possible,
the patient was asked to move their eyes slightly, and the
average values were obtained in four directions.

Secondary Outcome Measures

We evaluated postoperative intraocular astigmatism by sub-
tracting the value of postoperative corneal astigmatism from
that of the total manifest astigmatism using the Jaffe vector
analysis.'* Similarly, surgically induced corneal astigmatism

was calculated using the Jaffe’s vector analysis with the
auto-keratometer values. Additionally, we assessed the
intraoperative and postoperative complications.

Hook-Shaped Haptic IOL

The hsh-IOL is a modified version of the three-piece IOL
(NX-70S), with a 7-mm optical diameter and haptics cre-
ated from polyvinylidene fluoride. The length of the hap-
tics was increased to 14 mm, and the tip of the haptics had
a 2-mm long and 1-mm wide U-shaped fold.

Statistical Analyses

GraphPad Prism (GraphPad software, Ver. 9.0, CA) was
used for all statistical analyses. We performed the
Wilcoxon signed-rank test to compare the preoperative
and postoperative VA and corneal endothelial cell density.
The Friedman test was performed to compare the changes
in IOP over time, and the Dunn’s multiple comparison test
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Figure 2 Modified intrascleral intraocular lens fixation surgery using a hook-shaped haptic intraocular lens. A scleral wound is created 180° and 1.5 mm away from the
corneal limbus, using the knife attached to the 25G trocar (A and B). A scleral tunnel is created with the 23G knife (C and D). The intraocular lens is loaded into the
cartridge (E) and inserted through the corneal incision (F). Two forceps are used (G and H) to grasp the trailing haptic and externalize it out of the eye (I). The other haptic
is similarly grasped with the forceps (J) and externalized out of the eye (K). The hook-shaped part of the haptic is buried into the scleral tunnel (L and M). Following trocar

removal, the wound closure is confirmed, and the surgery is completed (N).

was conducted as a post-hoc test. A p-value <0.05 was
considered statistically significant.

Results

Postoperative Visual Function

Table 2 outlines the preoperative and postoperative cor-
rected VA. The mean postoperative corrected VA was

significantly better than the mean preoperative corrected
VA (0.083+0.176 vs 0.41940.601, respectively; p=0.0007).

Refractive Prediction Error

The 3-month postoperative mean refractive prediction
error and mean absolute refractive prediction error were
—0.30+1.31 D and 1.00+0.96 D, respectively.

IOL-Induced Astigmatism

To evaluate IOL-induced astigmatism, we subtracted the
value of the postoperative corneal astigmatism from that of
the postoperative manifest astigmatism using vector

2 8 8 8 https:;
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Table 2 Preoperative and 3-Month Postoperative Visual Acuity
and Other Examination Values

Preoperative | 3-Months P-value
Postoperatively
DCVA (logMAR) 0.419+0.601 0.083+0.176 0.0058
IOP (mmHg) 16.3+6.5 13.0%3.1 0.79
Corneal 2316+527 2036+644 0.037
endothelial cell
density (/mm?)

Abbreviations: logMAR, logarithm of minimum angle resolution; DCVA, distance
corrected visual acuity; IOP, intraocular pressure.

analysis. The mean IOL-induced astigmatism was 0.95
+0.70 D. In contrast, the surgically induced corneal astig-
matism was 1.14+0.80 D.

Corneal Endothelial Cell Density

Among the 27 eyes included in this study, we assessed the
postoperative corneal endothelial cell density in 23 eyes
with available preoperative measurements. The postopera-
tive corneal endothelial cell density was significantly
lower than the preoperative corneal endothelial cell den-
sity (2036644 cells/mm? vs 2316+527 cells/mm?, respec-
tively) (p=0.009).

Intraocular Pressure

The mean preoperative IOP was 16.6+6.5 mmHg. Six eyes
had a preoperative IOP >22 mmHg. These six cases
included: (i) a patient referral due to an incomplete surgery
owing to a posterior capsule rupture (parts of the nucleus
were retained in the vitreous at the time of the visit [pre-
operative IOP = 36 mmHg]); (ii) a patient referral due to
IOL insertion failure owing to the weak zonules (the
patient had vitreous hemorrhage [preoperative IOP = 27
mmHg]); (iii) a dislocated IOL and Soemmering’s ring in
the vitreous (preoperative IOP = 25 mmHg); (iv) a torn
IOL during cataract surgery (preoperative IOP = 23.3
mmHg), a patient with aphakia at 1 week postoperatively
(IOP=23.3 mmHg); (v) a case of dropped nucleus (pre-
operative IOP = 22.7 mmHg); and (vi) a dislocated IOL
(preoperative IOP = 22.4 mmHg).

The mean IOPs at 1 day, 1 week, 1 month, and 3
months postoperatively were 10.3+5.8 mmHg, 13.2+4.5
mmHg, 13.1£3.1 mmHg, and 13.1£3.1 mmHg, respec-
tively. The 1-day postoperative IOP was significantly
lower than the preoperative IOP (p<0.001) [<5 mmHg in
7/27 eyes (26%), and >21 mmHg in 1/27 eye (3.7%, 25

mmHg)]. There were no cases with 1-month postoperative
IOP <5 mmHg or >25 mmHg.

Complications

Among the 27 eyes, 8 (30%) had mild postoperative vitr-
eous hemorrhage, which resolved 1 week later. Iris capture
occurred in one eye, which was corrected by
a repositioning surgery 2 days postoperatively; it has not
recurred since. There were no postoperative cases of hap-
tics falling into the vitreous cavity or protruding out of the
eye, which could have resulted in IOL dislocation. There
were no cases of retinal detachment or cystoid macular
edema. Moreover, we did not observe other complications

that might affect the visual function.

Discussion

To perform intrascleral IOL fixation safely, the haptics
should be easily graspable within the eye, easy to fixate,
and should remain stable in the sclera. Therefore, we
developed an hsh-IOL that was shaped like the grip of
a walking stick, which facilitated its grasp using forceps
and reduced the risk of the IOL falling into the vitreous
cavity during surgery. Following its burial in the sclera, the
haptics would supposedly be difficult to dislocate and
would maintain a stable position. Herein, we investigated
the early postoperative results of intrascleral IOL fixation
using hsh-IOL and evaluated its efficacy and safety.

In our previous report, we grasped a hook-shaped
haptic using a customized hook with a ring-shaped tip,
and externalized it out of the eye.'® Despite their benefits,
customized hooks are often unavailable. Thus, we modi-
fied the technique to accommodate the use of easily avail-
able conventional vitrectomy forceps. In a previous
report,'® after externalizing the hook-shaped haptic out of
the eye, a tunnel was created next to the scleral incision,
and only a part of the hook haptic was buried in the tunnel.
However, the length of the haptics implanting in the sclera
could not be adjusted using the aforementioned method,
and therefore it was difficult to adjust the position of the
IOL in some cases. Thus, we adopted a technique in which
the entire hook portion of the hook-shaped haptic was
buried in a tunnel.

In this study, the postoperative refractive prediction
error was —0.30+1.31 D, with an absolute mean of 1.00
+0.96 D. Previously reported results for Yamane’s double-
needle technique have demonstrated a mean refractive
prediction error of —0.21+0.99 D.® Further, Mitamura
et al have reported the results of intrascleral IOL fixation
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using an endoscope to confirm needle insertion into the
ciliary sulcus, in which the absolute mean of the refractive
prediction error was 0.86£0.59 D.* Our findings were
comparable to those in the previously reported studies.

However, a previous study comparing intrascleral fixa-
tion with cataract surgery using the same type of in-the-
bag IOL implantation technique reported that the mean
absolute prediction error of intrascleral fixation was
greater than that of intracapsular implantation.'”> Once
the hook haptics of hsh-IOL are buried in the sclera, the
fixation becomes stable However, it is difficult to move
and adjust the position of the haptics. This warrants the
need for future studies to develop a technique to further
reduce the predicted refractive error.

In this study, the scleral incision was created 1.5 mm
from the corneal limbus; however, previous reports indi-
cate that the scleral incision are created 2 mm from the
corneal limbus.””’ In the first 10 cases in this study, the
position of the scleral incision was confirmed intraocularly
using an ophthalmic endoscope during the surgery to
ensure that it was close to the original position of the
IOL fixation in the capsule. However, the fact that the
average predicted refractive error was —0.3D, which is
slightly myopic, might have been related to the position
of the scleral incision. Further research is needed to exam-
ine the adjustment of the scleral incision position in
a larger number of cases.

The IOL-induced intraocular astigmatism was 0.95
+0.70 D. Intraocular astigmatism may be caused by the
tilt or decentration of the IOLs. With the flange method,
a misalignment in the positions of the two cauterized
flanges, or a difference in the angle of needle penetration
or in the tunnel length affects the tilt of the IOL directly. In
contrast, with the tunnel method, several factors such as
misalignment of the two scleral incisions, different lengths
of the buried haptics, or large scleral pockets could
increase the IOL tilt. Additionally, in a typical three-
piece IOL, the haptics are tilted 5°—10° toward the poster-
ior capsule from the optic to prevent iris capture. The
haptic of the IOL used in this study was angled at 7°.
Therefore, the IOL may be more prone to tilting if one
haptic is pulled more than the other. If the haptics were not
tilted in relation to the optic, they would not tilt while
being pulled horizontally. This, in turn, would be effective
in preventing IOL-induced astigmatism. Improvements in
IOL and surgical techniques are required to prevent intrao-

cular astigmatism.

A previous study reported an average IOL tilt of 5.21°
+1.47° during in-the-bag IOL implantation in conven-
tional cataract surgery.'”> However, we were unable to
evaluate the postoperative IOL tilt due to the unavailabil-
ity of anterior segment optical coherence tomography. An
IOL tilt may affect visual function by causing coma aber-
ration and astigmatism, thereby necessitating an evalua-
tion of the amount of IOL tilt and an improvement in the
technique to achieve a tilt similar to that of in-the-bag IOL
implantation cases. To reduce the IOL tilt while perform-
ing our technique, it is important to ensure that the two
scleral incisions are performed in symmetrical positions,
the scleral tunnel has a constant tilt, and the haptic length
is evenly drawn into the scleral tunnel. It may also be
useful to use an endoscope to ensure that the position of
the haptic inserted into the eye is similar to that reported
previously.®

In previous studies, 0-5.3% cases of low postoperative
IOP were observed with the flange method,*®* compared
to 0-21.4% cases observed with the tunnel method.'®2° In
this study, 26% (7/27 eyes) eyes had an IOP <6 mmHg
during the early postoperative period, and the percentage
tended to be higher than that of the previously reported
data. In general, the flange method has a smaller incision
for externalizing the haptics than the tunnel method. The
flange method may be superior in wound closure and may
result in a stable postoperative IOP. Moreover, in one
study, no cases of low postoperative IOP were observed
with the tunnel method.'” Hence, the skill of the surgeon
and the method of suturing the scleral wound may be
influential factors. Additionally, among the seven eyes
with low IOP, the existing IOL was removed in two
eyes. The scleral corneal incision in these eyes was created
at the 12 o’clock position, which was close to the corneal
incision that had been created in the previous cataract
surgery. In such situations, the wounds may overlap in
some cases, leading to insufficient closure. The low IOP
during the early postoperative period suggested a leakage
of aqueous humor from the incision site, thereby suggest-
ing the need to improve the surgical technique to prevent
serious complications such as endophthalmitis.

In this study, the rate of vitreous hemorrhage was 30% (8/
27 eyes), which was higher than the previously reported rate
of 5% observed with the flange method.® The vitreous hemor-
rhage was likely due to low IOP caused by bleeding from the
scleral incision at the site of the vitrectomy port. Thus, in the
tunnel method, it is necessary to meticulously confirm that
there is no leakage at the end of the surgery. Moreover, the
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incision size can be reduced by using the L-shaped incision”'
for IOL removal, which prevents the likelihood of low post-
operative IOP, vitreous hemorrhage, and infection.

Furthermore, in this study, we observed one case of iris
capture immediately after surgery, which did not recur
following the repositioning surgery. There were no post-
operative cases of haptics getting exposed outside the eye
or falling inside the vitreous cavity, which could have
resulted in IOL dislocation. Despite secure fixation of the
IOL being an advantage of the hsh-IOL, a previous report
showing haptics exposure 4 months postoperatively”
necessitates a long-term follow-up. Intrascleral IOL fixa-
tion is associated with potential vision-threatening compli-
cations, including retinal detachment and endophthalmitis.
However, no vision-threatening complications were
observed in this study, and we confirmed the short-term
safety of the surgery.

This study has several limitations. Its retrospective
design may have introduced patient selection bias.
Additionally, we only evaluated the clinical outcomes of
intrascleral fixation using the hsh-IOL. Future randomized
studies should compare the process using other techniques.
Further, this study was performed at a single institution
and by a single surgeon. This warrants an evaluation of the
postoperative results by multiple surgeons at various insti-
tutions in the future. Furthermore, the hsh-IOL may be
useful for inexperienced surgeons owing to the easy exter-
nalization of the haptics out of the eye. Future studies
should determine the surgical outcomes with inexper-

ienced surgeons.

Conclusion

Intrascleral fixation with hsh-IOL was shown to be an
effective surgical treatment, with no vision threatening
complications; however, there was a tendency toward
development of early postoperative complications such as
low IOP and vitreous hemorrhage.

Ethics Approval and Informed

Consent

Our study was approved by the Institutional Review Board
(IRB) of the Gifu Red Cross Hospital (Approval No.
017032801) and was conducted in accordance with the
principles of the Declaration of Helsinki. Owing to its
retrospective design, an opt-out method was approved by
the IRB in place of written informed consent.
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