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Purpose: To study the efficacy and safety of a modified trans-scleral intraocular lens (IOL) 
fixation technique in aphakic eyes when performed by ophthalmologists in training.
Methods: The study was conducted in an institutional setting that included 43 surgeries 
performed by surgeons training in small incision cataract surgeries. The data were analyzed 
for stability and position of IOL, refractive changes, best-corrected vision, and associated 
complications.
Results: Mean age of the subjects was 53.8 ± 18.5yrs (range 6–81yrs). Surgical aphakia 
(58.14%) was the most common cause. The corrected distance visual acuity improved 
significantly at six weeks (p = 0.0003). The mean residual spectacle correction was +0.74 
± 1.2D spherical equivalent (cylinder −1.6±1.5D at 84 ± 50°) at the 6th-month follow-up 
(24.35 ± 6.71wks). Lens tilt on ultrasound biomicroscopy (kappa 0.762; p < 0.001) and the 
IOL centration (kappa 0.411; p = 0.001), assessed by two independent masked observers, 
were satisfactory at the 6th-month visit. Transient postoperative vitreous hemorrhage was the 
most common complication (46.5%). Cellular deposits on the IOL surface (18.6%), cystoid 
macular edema (11.6%), subconjunctival haptic exposure (4.66%), and haptic slippage 
(2.33%) were the other complications.
Conclusion: This method of trans-scleral IOL fixation is an effective rescue procedure for 
eyes with deficient capsular support when ophthalmologists perform in training.
Keywords: aphakia, intraocular lens, posterior capsular rent, trans scleral lens fixation, lens 
deposits

Introduction
Intraocular lens (IOL) implantation is the standard of care after senile and pediatric 
cataract surgery. There is rarely an occasion where a primary IOL implantation is 
contraindicated. But the possibility of leaving the eye aphakic is not ruled out 
either – in complications of cataract surgery such as posterior dislocation of lens 
and significant posterior capsular rent – especially by surgeons in training. These 
events render the eye unsuitable for a primary IOL implantation. Spectacle correc-
tion, contact lens, or a secondarily implanted IOL are the rehabilitative options. Past 
studies have shown that vision-related quality of life is superior in people with IOL 
implantation than aphakic spectacle correction.1 The technique of secondary IOL 
implantation in an aphakic eye is placing the IOL in the anterior chamber, fixing to 
iris, or securing to the sclera with sutures.2 But these procedures suffer from 
complications such as postoperative iritis, late dislocation/tilting of IOL and 
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pupillary distortion (exclusive to iris fixated lenses), sec-
ondary glaucoma, and corneal endothelial decompensation 
(exclusive to looped anterior chamber IOL), which limit 
their acceptance.3,4

Currently, implantation of a three-piece intraocular lens 
(IOL) with exteriorization of the haptics through a scleral 
opening and burying it in scleral pockets – the technique 
of trans scleral IOL fixation – is favored more than other 
approaches.5–8 There is no published level I evidence 
though the newer sutureless scleral fixation of (secondary) 
IOL is the most practiced procedure today.9,10 Since the 
description by Gabor and Pavlidis,5 many modifications 
have been proposed to simplify the technique and improve 
the IOL stability. Experienced anterior and posterior seg-
ment surgeons generally perform the surgeries. To 
improve the acceptability among beginners, we simplified 
the method of securing the haptic of rigid IOLs in the 
scleral pocket by bending its tip. Ophthalmologists 
attempted the technique while they were in the process 
of learning cataract extraction. The study analyzed the 
safety and stability of the procedure.

Methods
Forty-five patients presenting at a tertiary eye care facility 
with inadequate capsular support for IOL implantation 
were offered this modified scleral fixation surgery to 
implant the IOL between August 2018 and January 2019.

We did a pilot study on the initial 5 cases to assess the 
lens stability and safety. Based on the encouraging results, 
we extended it to 40 more patients for study completion. 
We clubbed the data of both cohorts for analysis. We set 
the visual acuity efficacy endpoint at 6 weeks and safety 
assessment endpoint at six months. The study adhered to 
the tenets of the Declaration of Helsinki. The institutional 
ethics committee of L V Prasad Eye Institute, 
Bhubaneswar, India (IEC code 2018-113-IM-22) approved 
the study. The institutional ethics committee audited the 
study conduct and the outcome. The authors (UCB and 
PST) performed all the surgeries after obtaining written 
informed consent from all study participants; the parents 
or the legal guardians provided the consent for minors. 
Both the surgeons were in training for small incision 
cataract surgery while attempting this scleral IOL fixation 
technique.

Principal eligibility criteria included aphakic eyes with-
out capsular support secondary to surgical complication/ 
trauma and spontaneous/traumatic dislocation of lens/IOL. 
Eyes with scleral thinning, children younger than 4 yrs (as 

there is continued eye growth till that age), patients with 
poor visual potential (eg, scarred macula secondary to 
trauma, optic atrophy), and follow up of less than 
one year were excluded.

Surgical Technique
The surgical modification included construction of two 
lamellar uniplanar scleral pockets measuring 3–4 mm in 
length, oriented opposite to each other at 3 and 9 O’clock 
at 1.5 mm from limbus using a 23G (Alcon, Ft Worth, TX, 
USA) microincision vitrectomy trocar after a limited perit-
omy (Figure 1A and B). The vitreous cavity was accessed 
with sclerotomy at the open end of the scleral pocket. 
A three-piece rigid 6 mm optic PMMA-IOL with poly-
propylene haptics (Aurolab B3602, Madurai, India) was 
introduced through a superior triplanar sclero-corneal tun-
nel (Figure 1C), and the leading haptic was negotiated into 
the lumen of a bent 26G hypodermic needle (Figure 1D 
and E) in the anterior chamber. A silicone stopper was 
used to immobilize the externalized haptic. The pulled-out 
haptics were held a millimeter from the tip by a 23G IOL 
holding forceps (Epsilon, Chino, CA, USA) and were 
forced into the pre-fashioned scleral pocket, deforming 
the haptic tip to a bend of 60–90°. This crucial maneuver 
kept the haptic anchored to the scleral pocket and pre-
vented slippage (Supplemental Video).

IOL Selection
We intentionally chose a rigid three-piece polymethyl 
methacrylate IOL as it is used mostly by residents while 
in training in India. The other reason was to test the 
viability of tip bending crucial to this technique. We pre-
ferred a larger optic diameter to reduce the risk of possible 
postoperative IOL decentration and decrease the shearing 
forces on the sclera.11 The IOL power was reduced by 
a diopter from the effective lens power to correct for 
a possible postoperative myopic shift as recommended 
for sulcus fixated IOLs.12

All the eyes were imaged with ultrasound biomicroscopy 
(Marvel UBM; Appasamy associates, Chennai, India) and 
scanned by optical coherence tomography (OCT; DRI OCT 
Triton Plus; Topcon, Tokyo, Japan) preoperatively and at 6 
week, 12 week, 3 month and 6 month visits. The OCT at 
later visits was as per the surgeons’ discretion when CME 
was suspected clinically or an unexplained drop in vision. 
Two independent observers judged the IOL centration post- 
operatively on anterior segment photographs and the IOL tilt 
on UBM. The pictures were taken after full pupil dilatation 
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Figure 1 After limited conjunctival peritomy (A) 2 diagonally opposite scleral tunnels are fashioned and opened to the vitreous cavity by sclerotomy (B). A superior sclero- 
corneal incision is made (C). A bent hypodermic needle (D) receives the leading haptic in the anterior chamber (E) and the externalized haptic is sleeved by a silicone 
element for haptic stabilisation. The externalised (F) haptics are held at a measured distance from the tip with forceps and pocketed into the scleral tunnel (G) to bend the 
tip. Lens centration ensured at the end of the procedure (H).
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to reveal the IOL optic edge. If the ratio of the limbus to the 
IOL-optic-edge distance on either side (at the horizontal axis 
running through the center of the cornea) varied between 
0.5–1.5, it was considered centered. The eyes in which the 
optic edge was not visible, an imaginary arc was created on 
the picture to correspond to the obscured edge of the IOL. 
The IOL optic angle against the iris plane of more than 15 
degrees was considered a tilt on UBM.

The UBM examination was done at the six-month follow- 
up visit for all; a period deemed adequate for any lens posi-
tion complications to occur. UBM, a contact examination, 
was avoided in the early postoperative period because the 
cohort included open globe injury, penetrating keratoplasty, 
and large corneoscleral tunnel for rigid IOL implantation.

The examination at each visit also included 
a comprehensive eye examination. Routinely, these 
included measurement of presenting vision, best- 
corrected visual acuity (BCVA), subjective refraction, 
applanation tonometry, slit-lamp biomicroscopy, and indir-
ect ophthalmoscopy.

Statistical Analysis
Categorical variables were presented in numbers, and percen-
tages (%) and continuous variables were presented as mean ± 
SD and median. Normality of data was tested by 
Kolmogorov–Smirnov test. If the normality was rejected, 
then a non-parametric test was used. Visual acuity scores 
were compared using Mann–Whitney Test (as the data sets 
were not normally distributed) and paired t-test/Wilcoxon 
signed-rank test was used for comparison between preopera-
tive and postoperative vision. Qualitative variables were cor-
related using the Chi-Square test/Fisher’s Exact test. Finally, 
an inter-rater kappa agreement was used to find out the 
strength of agreement between the two observers. A p-value 
of <0.05 was considered statistically significant. The data was 
entered in MS EXCEL spreadsheet and analyzed using 
Statistical Package for Social Sciences (SPSS) version 21.0.

Results
Data analysis of 43 of 45 subjects who fulfilled the entry 
criteria was done. Two recruited patients did not meet the 
follow-up criteria and hence were excluded from the 
analysis. The mean age of the 31 males (72.1%) and 12 
females (27.9%) was 63.8 yrs. Causes of aphakia were 
surgical (58.14%), traumatic dislocation of the lens 
(32.5%), and spontaneous posterior dislocation of the 
lens (9.3%). The surgeons self-managed seven out of 43 
eyes (16.3%) in training with modified SFIOL technique 
when capsular complications were encountered during 
cataract extraction. The mean duration of aphakia was 
5.22 ± 9.05 months (range 0 to 60 months). Two of the 
eyes were on topical anti-glaucoma medication (AGM) 
before the surgery. Both of them had lens dislocation 
secondary to trauma. The mean intraocular pressure was 
13 ± 5 mmHg on postoperative day one, 14.6 ± 3.5 
mmHg at 6-week-postoperative, and 14.6 ± 2.7 mmHg 
at the last follow-up visit. The two eyes on AGM before 
the surgery continued to receive topical AGM until the 
final visit.

Postoperative Complications
Postoperative transient vitreous hemorrhage was the most 
common complication (46.51%; n = 20); this resolved 
spontaneously in 6 weeks in all eyes. The week-wise post-
operative complications are listed in Table 1.

Cystoid macular edema (CME) was noted in 9 cases at 
different follow-up visits and required minimal interven-
tion. CME regressed spontaneously in 3 of 9 eyes; the 
other six eyes responded well to topical nepafenac 0.1%. 
A majority (77.8%; n = 7) of the eyes that developed 
postoperative CME had a history of trauma.

The mean presenting visual acuity preoperatively 
was 1.70 ± 0.50 (range 0.3–2.8) logMAR (Snellen 
equivalent 20/40 to PL PR accurate) and at 6 weeks 
postoperative improved significantly (P value <0.0001) 

Table 1 Postoperative Complications (D – Day; W – Week; M – Months)

Postop Complications D1 W 2 W 6 Last Visit (Mean 28� 8 M)

None 51.16% 74.41% 79.05% 90.35%

Choroidal detachment 2.33% 2.33% 0% 0%
Vitreous haemorrhage 46.51% 11.63% 2.33% 0%

Cystoid macular edema 0% 9.30% 11.63% 2.66%

Glaucomatous Disc 0% 2.33% 2.33% 2.33%
Subconjunctival haptic exposure 0% 0% 4.66% 4.66%

Total 43 (100.00%) 43 (100.00%) 43 (100.00%) 43 (100.00%)
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to 0.54 ± 0.28 (range 0–1.2) logMAR (Snellen equiva-
lent 20/20 to 20/320) (Figure 2). The improvement was 
maintained at the final refractive assessment visit (0.53 
± 0.33 logMAR; p < 0.0001) at 24.35 (± 6.71) weeks. 
The mean residual spherical equivalent spectacle correc-
tion at that visit was +0.74 ± 1.2D (range −3.25D to 
+3D) (cylinder −1.6 ± 1.5D at 84±50°). The mean best- 
corrected vision at the last visit (0.22 ± 0.24 logMAR; 
Snellen equivalent 20/32) showed a significant improve-
ment (p = 0.0003) as well.

Punctate cellular deposits on the IOL surface were 
observed in 18.6% of cases at two weeks (Figure 3). As 
documented in subsequent clinical photos, the density of the 
deposits did not show worsening; these deposits did not 
affect the visual acuity. The exact cause of these deposits 
could not be elucidated, but 87.5% of IOLs with deposits 
had a preoperative history of intense ocular inflammation 
(endophthalmitis, turbulent primary surgery, and trauma).

At the 6th-month follow-up visit, the IOL position on the 
clinical photographs as graded by the independent observers 
was central (p = 0.001; kappa 0.411; Observer 1–93%, 
Observer 2 −88.4%). Likewise, the IOL was placed parallel 
to the iris plane on UBM in most cases (p < 0.0001; kappa 
0.762; Observer 1–88.4%, Observer 2–86%). There was no 
clinically evident tilt in the latter part of the year in all eyes, 
but for one – the lens tilt was noted concurrently with the 
penetrating keratoplasty graft failure that occurred at the 
seventh postoperative month; possibly due to hypotony.

The mean duration of surgery in our study cohort of 43 
patients was 31.81 ± 9.85 minutes (range 17–54 mins). 
The mean follow-up of the cohort was 28 ± 8 months.

Discussion
Sulcus fixation of IOL with permanent incarceration of hap-
tics in a scleral tunnel parallel to the limbus is less technically 
demanding and stabilizes the IOL in the posterior chamber 
without difficult suturing procedures.5,10 The basic technique 
involves two basic steps of haptic externalization and incar-
ceration in the scleral tissue. Several modifications to these 
steps have been suggested. These include the use of small- 
bore cannulas/needles instead of bulky forceps for haptic 

Figure 2 The uncorrected visual acuity (UCVA) trend (logMAR) shows a gradual improvement in vision over 6-week period mostly attributed to vitreous hemorrhage.

Figure 3 Lens deposits: Slit lamp capture on retro illumination shows cellular 
deposits on the surface of a scleral fixated intraocular lens 2wks post-surgery. 
Aphakia was caused by an open globe injury.
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externalization;9,13–17 and improvement of IOL haptic stabi-
lity with partial-thickness scleral flaps, fibrin glue, Y-shaped 
scleral incision, haptic flanging and suturing the externalized 
haptic to the sclera after docking.6,8,11,18–20

We made a novel adaptation of haptic exteriorization 
and Intra scleral haptic fixation. This was the largest pro-
spective study examining the safety and stability of 
a modified trans scleral IOL fixation technique (medline 
search) to the best of our knowledge. The study included 
patients of all age groups, including children (9.3% chil-
dren), and eyes with open globe injuries (32.6%).

Externalization and incarceration into the scleral pockets of 
a shorter haptic length with a 60–90° bend at the tip stabilized 
the axial position of the IOL. They minimized the risk of IOL 
tilt/decentration. Cauterizing the haptic tip to a flange as popu-
larized by Yamane et al is a similar modification in this direc-
tion. Still, the greater freedom of haptic readjustment to re- 
center the IOL with our technique is an advantage.8 

Maintaining a taut globe while tucking was crucial in facilitat-
ing a bend at the haptic tip. Using a silicone stopper to tem-
porarily immobilize the leading haptic while working on the 
trailing haptic, as described by Baskaran et al,21 prevented 
wound leak and collapse of the globe. To minimize manipula-
tions, the haptic-tip was negotiated into the lumen of the needle 
in the anterior chamber. The silicone stopper obviated the need 
for an assistant.

We believe that a trans-conjunctival approach5,14,15,22–25 

would make the surgery minimally invasive (in contrast to 
our method that needed conjunctival peritomy) with faster 
postoperative recovery and the conjunctiva saved for future 
filtration surgery if any. But a transconjunctival approach 
would require corneal incisions and foldable IOLs. In our 
hands, the transconjunctival approach (in an open globe 
injury eye) led to a ballooning of conjunctiva and Tenons, 
obscuring the scleral pocket from view soon after making the 
sclerotomy. The puffed-out conjunctiva had to be dissected to 
get the scleral pocket back in sight. Hence, the transconjunc-
tival approach should be reserved only for eyes with 
a densely adherent conjunctiva at the haptic docking region 
of the eye.

Vitreous hemorrhage, intrinsic to trans scleral 
incisions8,9,13–17,23,24,26 and ciliary sulcus-based 
sclerotomies14 was noted in 46.5% of our patients; this 
was incidentally high for SFIOL surgery. Vitreous hemor-
rhage could be attributable to incising the pre-existing 
sclero-corneal tunnel all over again (41.8%), the relative 
inexperience of the surgeons in fashioning sclero-corneal 

tunnels, and operating on eyes with a preceding history of 
trauma (32.6%).

Cystoid macular edema, seen in this series, was mostly 
associated with prior history of trauma (77.8%). This is 
not uncommon, though,9,11,14–16,18,23,27–29 we wonder if 
a preoperative topical anti-inflammatory drug would have 
made any difference.

Postoperative haptic exposure is a feared complication of 
this procedure.16,20,30 To prevent this complication, we took 
care to dock the bent haptic deep in the scleral pocket and drape 
the scleral incision with the conjunctiva. In this series, we 
encountered two postoperative subconjunctival haptic show 
instances; both were open globe injuries. Since the haptic did 
not erode the overlying conjunctiva, these eyes were kept 
under close observation; the wounds and the IOL were stable 
at their last visit, 28 months post-surgery. Only in one case, 
there was haptic dislocation that required IOL repositioning; 
this patient had a thinned-out sclera.

In this series, there were no iris-related issues (UBM con-
firmation) and this could be the determining reason behind 
absence of IOP-related complications7,11,14,16,17,28 and optic 
capture.8,9,13,16,23,29 The choroidal detachment secondary to 
transient hypotony was self-limiting.7,11,14,17,28

Based on previous reports of scleral fixation surgery, 
we had tried to correct the myopic shift by reducing the 
IOL power by one diopter.12 But as the IOL plane was 
found to be coinciding with the plane of in-the-bag IOL on 
UBM, and the average residual postoperative refractive 
correction was close to one diopter, we do not recommend 
correcting for the myopic shift for our technique. We used 
photographic assessments by independent examiners, and 
in their judgments, the IOL centration was good.

The limitation of this study is the lack of a control 
group. The 1-year UBM and OCT data were not available 
as the safety and efficacy endpoints were set at six months. 
However, the absence of vision drop and lens subluxation 
at one year may represent the continued efficacy of the 
procedure. Compared to the described methods in the 
literature, this technique is invasive in terms of the extent 
of the peritomy, length of the corneoscleral section, and 
dependency on rigid IOL. But they are standard for small 
incision cataract surgery. Complications such as post-
operative vitreous cavity hemorrhage and the lens deposits 
were higher than the reported literature, reportedly 
uncommon in experienced hands. We believe the prospec-
tive nature of the study allowed detection of these subtle 
complications that would otherwise have been missed in 
a retrospective study. The study’s strength is the long-term 
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(mean follow-up of 28 � 8 months) safety and stability 
outcome. The key defining elements of our technique 
modification make this surgery reliable, efficient, reprodu-
cible, and well suited for surgeons in training for small 
incision cataract surgery, as a sclero-corneal tunnel and 
use of rigid intraocular lens is a prerequisite for this 
technique. Training the resident surgeons with this techni-
que may empower them to manage their aphakia compli-
cation on the table, thereby reducing the burden of further 
secondary interventions.
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