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Abstract

Varied options are available for the implantation of secondary intraocular lens implants in the absence of zonular or capsular
support. Loss of the capsule can occur in the context of complicated cataract surgery, trauma or inherited conditions such as
Marfan syndrome or pseudoexfoliation. Approaches to overcome this include optical measures such as the use of spectacles
or contact lenses, and surgical therapy incorporating the use of anterior chamber, iris-fixated or scleral-fixated lenses.
Surgical techniques to implant scleral-fixated lenses have undergone various modifications, since the first publication of
sutured intrascleral fixation described in the 1980s. However, despite the advances in surgical techniques, studies are limited
either by their retrospective nature, small sample size and most importantly small duration of follow-up. This comprehensive
review aims to amalgamate the evolution of various surgical techniques with regards to intrascleral lens fixation and suggests

areas for future development.

Introduction

Intraocular lens (IOL) implantation in the absence of zonular
or capsular support can be accomplished by the implantation
of an anterior chamber intraocular lens (ACIOL), iris-fixated
lens, or scleral-fixated intraocular lens (SFIOL). The loss of
this support occurs most commonly in the context of com-
plicated cataract surgery involving compromise of the
anterior and/or posterior lens capsules [1, 2] but can also
occur after zonular dehiscence arising from ocular trauma,
pseudoexfoliation syndrome, and inherited conditions (e.g.
Marfan syndrome and Homocysteinuria).

ACIOLs were initially of the closed-loop configuration
and resulted in a high incidence of progressive corneal
endothelial cell loss, persistent inflammation and secondary
glaucoma, as well as cystoid macular oedema (CMO).
This however has changed since the introduction of open-
loop ACIOLs, which have a much lower rate of these
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complications with an adequate safety profile [3] and are
more commonly used in the modern era of aphakic sec-
ondary lens implantation [4]. Iris-fixated lenses can be
sutured or sutureless. Various techniques of suturing the IOL
haptic and optic to the iris have been extensively described
[5]. In recent years, sutureless ‘iris claw’ lenses have been
more widely accepted in the setting of aphakia with loss of
zonular or capsular support. In brief, the surgical technique
involves enclaving a small knuckle of iris tissue in the
“claw” in a groove on each side of the Artisan or Verisyse
IOL. A recent study comparing the outcomes of anterior
versus retropupillary iris-claw lenses in aphakic eyes found
that both techniques were effective in improving vision, with
a low rate of intraocular complications [6]. However, a
recently published retrospective study looking at 24-month
follow-up of retropupillary iris-claw lenses found a disen-
clavation rate of 9.4% [7] whereas a previous study reported
an even higher rate of 14% over a period of 6.7 months [8].
Generally, it is accepted from clinical and histopathological
studies that posterior chamber intraocular lenses (PCIOLs)
offer several advantages over anterior chamber lenses.
A well placed PCIOL may reduce the risk of corneal
endothelial loss, damage to angle structures, pupillary block
glaucoma and iritis, compared to ACIOLs. In addition, the
optical properties of PCIOLSs are possibly better, as there is a
theoretical basis that the IOL can be positioned closer to the
nodal point and centre of rotation of the eye [9].
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The success of iris-fixated implants depends on a struc-
turally normal iris, anterior chamber, and angle status.
Additionally, the longer-term impact of such implants on
anterior chamber endothelial reserve remains uncertain.
Therefore, SFIOL implantation is particularly important
in the surgical correction of aphakia in patients with
pre-existing anterior chamber abnormalities, glaucoma and
iris defects (e.g. aniridia), and may therefore be indicated
in eyes with compromised corneal endothelium [10]. In
addition, a history of uveitis may preclude the use of a
secondary lens that increases the risk of iris chaffing such as
an anterior chamber or iris-fixated lens and there are reports
of good visual outcomes following the use of SFIOL
implants in patients with pre-existing uveitis [11-13]. Over
the years, several techniques have been adopted for the
fixation of IOLs to the sclera, including both sutured and
sutureless approaches.

This review article will look at the main techniques for
sutured and sutureless SFIOLs to explore whether there is
an optimal technique favouring better visual and refractive
outcomes. In addition, it will look at the outcomes and
complication rates of current published techniques.

Search methodology

A literature search was conducted in PubMed between the
years 1985-2021 for the words “scleral-fixated intraocular
lens”, “transscleral intraocular lens”, “intrascleral intrao-
cular lens”, “sutureless posterior chamber intraocular lens”,
and “glued intraocular lens”, yielding a total of 1254 arti-
cles. Any article in a language other than English, studies in
animal models or those combining surgical procedures of
different subspecialties (i.e. penetrating keratoplasty with
scleral-fixated IOL) were not considered. The remaining
abstracts were reviewed by three authors (SMS, BFS and
RA) and were included based on their relevance to the
review article. Case series with less than 20 patients were
not included unless the authors felt they contributed to the
topic substantively. This was decided on an individual basis
after reviewing each of these articles.

Non-surgical management

The decision to perform surgery versus to manage con-
servatively should be based on individual needs. IOL
implants can provide long-term vision stability, but surgical
procedures are not risk-free. In contrast, aphakic correction
with spectacles or contact lenses avoids possible intrao-
perative and postoperative vision-threatening complica-
tions; this treatment option could be suitable in cases where
the patient is deemed to possess pre-existing risk factors for

a poorer outcome or limited visual prognosis. However,
non-surgical correction is not always well tolerated and may
preclude functional vision improvement, especially in
monocular aphakic patients.

After the crystalline lens has been removed, the focal
plane will form behind the eye causing a state of marked
hyperopia. To be able to correct this refractive error, a high-
plus spectacle lens is needed to bring light rays focused on
the retina. The high-plus spectacle lens induces a prismatic
effect by bending light rays progressively towards its edge.
This effect creates a blind circle-shaped area between 51
and 64 degrees from fixation on the temporal visual field—
phenomenon known as “ring scotoma”. The rest of the
temporal field remains unrefracted and it is considered to be
practically non-functional to the aphakic eye due to extreme
blurriness. As the eye dynamically rotates to one side, the
blind area induced by the edge of the spectacle lens shifts
towards the centre, making peripheral objects to appear and
disappear abruptly as the eye turns to fixate them directly
(“Jack-in-the-box™ effect) [14].

Additional negative effects of aphakic spectacle correc-
tion include: (a) excessive image magnification—which
results in objects falsely perceived as closer (false depth
perception) and falsely projected wider in the visual field
(false projection); (b) distortion of the object shape—pin-
cushion effect (images appear larger and elongated) and
concave contraction of the field (peripheral field is per-
ceived inwardly curved, e.g. hollowed room walls); (c)
optical aberrations—spherical, comatic, chromatic and
radial astigmatism; (d) altered near vision—secondary to
increased convergence requirement and restricted field of
view; (e) inaccurate prescription—due to difficulty in
measuring the vertex distance and ocular changes during
refraction process; (f) cosmetic issues of thick lenses [15].

Contact lenses offer better quality of vision by clearing
up the optical defects produced by aphakic spectacle lenses.
Potential risks and benefits should be weighed up carefully
before initiating wear, and the patient needs to be instructed
clearly about appropriate contact lens hygiene and wearing
schedules. Younger patients tend to comfortably handle
contact lenses, while older ones might struggle with its
manipulation because of associated tremor, poor coordina-
tion or dexterity, and lack of support. Most of the compli-
cations associated with contact lens wear are self-limited;
these include epithelial erosions, conjunctival papillary
reaction, superficial corneal neovascularization, impaired
lubrication and corneal hypoxia or oedema. Nevertheless,
some may potentially cause permanent vision loss, such as
trauma and microbial keratitis, which are less common in
the elderly and in female patients. Meticulous patient
selection, appropriate choice of contact lens material and
precise fitting are crucial to successfully achieve extended
contact lens wear and minimise rate of complications [16].
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Surgical management
Preoperative considerations
Sutured vs. sutureless

There are a number of preoperative considerations when
deciding to implant a SFIOL. SFIOL implantation is tech-
nically challenging, and there are a number of strategies and
modifications which have been published in the literature.
Suturing a SFIOL can be technically more difficult than
sutureless fixation, increasing surgical time and, therefore,
surgical expertise becomes an important factor in deciding
whether to employ a sutured or sutureless technique.
However, in certain situations, for example, involving
trauma to the sclera or the limbus, it may be necessary to
adopt a sutured technique to give better stability to the IOL
[17].

Anterior vs. posterior segment surgeon

SFIOL implantation has been carried out by both anterior
and posterior segment surgeons. Posterior segment surgeons
are more likely to perform a pars plana vitrectomy (PPV)
whereas an anterior approach involves an anterior vitrect-
omy prior to IOL implantation. A retrospective study
comparing the two approaches found that visual improve-
ment was similar in both groups, however, a myopic shift
and IOL capture were more common with a PPV approach,
whereas intraocular pressure elevation and IOL dislocation
were more common with an anterior approach [18].
An advantage of the posterior approach would be to better
visualise any posterior pathology and deal with any
intraoperative complications (e.g. choroidal haemorrhage)
more promptly, particularly in cases where lens dislocation
is secondary to traumatic ocular injuries or complex cataract
surgery.

IOL rescue versus IOL exchange

Another important consideration in patients who are pseu-
dophakic is whether it is possible to ‘rescue’ a pre-existing
dislocated or displaced IOL or whether an IOL exchange
procedure needs to be performed. In-the-bag IOL disloca-
tion involves the IOL-capsular bag or IOL-capsule tension
ring-capsular bag complex and occurs years after uneventful
cataract surgery due to progressive loosening of zonules
with age or as a result of trauma, pseudoexfoliation syn-
drome, connective tissue disease, axial myopia and a history
of vitreoretinal surgery. In comparison, out-of-the-bag dis-
location is generally a result of complicated cataract surgery
and occurs in the early postoperative period following cat-
aract extraction. It is particularly important to consider the

SPRINGER NATURE

type of scleral fixation the surgeon is going to employ (i.e.
transscleral suture fixation or sutureless intrascleral fixation)
to determine if the original implant is suited to the surgical
technique. A number of studies have looked at the outcomes
following IOL rescue and refixation as well as comparing
refixation with lens exchange to determine the most
appropriate option for scleral fixation [19-24].

Can et al. [14] reported good short-term results with the
use of a single-piece acrylic lens sutured to the sclera after
securing the lens with a hitch-cow knot around each haptic.
However, concerns regarding iris-touch and lens stability in
the long term with a lack of specific one-piece lens designs
for scleral fixation means that these are not widely used for
SFIOL implantation. A retrospective, comparative study
that compared two different surgical techniques to rescue
dislocated IOL implants and fixate them with either vicryl
sutures or fibrin glue reported no postoperative IOL dis-
locations or tilt and an improvement in overall visual acuity
[20]. Another retrospective study comparing IOL refixation
to lens exchange using perfluorocarbon liquid and fibrin
glue found no difference in visual outcomes and compli-
cations between the two groups [21]. In addition, a recent
comparative study [24] looking at IOL refixation versus
IOL exchange found more favourable visual outcomes with
refixation as well as reduced vitreoretinal complications
when compared to IOL exchange. However, both studies
were limited by a short follow-up period of 6 months. Two
randomised trials that compared IOL repositioning with
scleral suturing to IOL exchange by retropupillary iris-claw
for in-the-bag IOL dislocations found no statistical differ-
ence in visual outcomes and safety profile between groups,
and concluded that both methods are suitable for treating in-
the-bag IOL dislocations [23, 25].

Scleral-fixated intraocular lens in paediatric eyes

SFIOLs in the paediatric population are usually a result
of lensectomy in early childhood, after trauma, or in the
setting of lens subluxation from hereditary disorders [26].
In contrast to secondary IOL implant in adults, amblyopia
and visual rehabilitation play a fundamental role in this
subgroup of patients who require close and careful follow-
up, in order to avoid long-term visual loss.

Aphakia during infancy can result in amblyopia, how-
ever, conservative management with spectacles or contact
lenses allows us to achieve good visual outcomes, post-
poning the need for surgery [27]. Sutured scleral fixation
has been the preferred technique accounting for the majority
of publications. Sen et al. [28] described surgical outcomes
and complications of sutured SFIOLs in 279 paediatric eyes
with traumatic cataract or congenitally subluxated lens.
Mean age of patients was 10 years. All patients underwent
vitrectomy and sutured scleral-fixated IOL (single-piece
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PMMA posterior chamber IOL with 2 eyelets, Hanita len-
ses) using 10-0 polypropylene suture and a two-knot four-
point ab externo fixation technique. They report an increase
or maintenance of best corrected visual acuity (BCVA) in
93% with a mean of follow-up of 39 months. Retinal
detachment and endophthalmitis were reported in 5.7% and
0.7% respectively. The same author reported similar results
with the use of sutured SFIOIs in 73 paediatric eyes with
Marfan syndrome [29]. A single-piece PMMA PCIOL was
introduced through the scleral tunnel after the passing of
10-0 polypropylene sutures through the haptic eyelets, and
with four-point suture fixation. Retinal detachment was
described in three cases and IOL dislocation/subluxation
was noted in 5 eyes.

In terms of sutureless intrascleral fixation, the use of
fibrin glue has been described by Singh and colleagues [30]
in 41 eyes using partial thickness scleral flaps with one or
three-piece IOL and fibrin glue. In this series neither retinal
detachment nor endophthalmitis were observed during a
mean follow-up of 17 months. Kannan et al. [31] evaluated
refractive outcomes and complication profile of sutureless,
glueless, flapless, intrascleral fixation of IOLs in 40 pae-
diatric eyes. They used a standard three-piece nonfoldable
IOL (Aurolab, Madurai, India) with the haptics tucked into
the scleral pockets. One patient developed inferior sub-
luxation of IOL. No retinal detachment or endophthalmitis
were reported by this group. The median follow-up was
12 months (range, 12—-62 months).

Surgical techniques of sutured scleral-fixated iol
implants

Over the years, there have been several different approaches
to sutured scleral fixation of IOLs [9, 32-54]. These have
varied mainly in terms of: the use of an ab interno or ab
externo approach for suture introduction, the number of
points of IOL fixation, suture material, and the methods to
avoid suture erosion [55]. Table 1 summarises the various
studies that looked at visual outcomes and complications
following transscleral sutured IOL fixation techniques.

Ab externo vs. ab interno approach

The advent of scleral fixation techniques began with
suturing of IOLs placed within the sulcus. An ab interno
approach involves passage of the sutures via a needle from
inside the eye through the scleral wall. In contrast, the ab
externo technique involves passing the needle from outside
to inside. One of the first methods for sutured IOL fixation
was described by Malbran and co-workers where a sutured
SFIOL was implanted following an intracapsular cataract
extraction. Suture loops were introduced into the eye in an

ab externo fashion with a 28-Gauge needle and the haptics
fixed to the sclera at the 3 and 9 ‘o’ clock positions, 2 mm
from the limbus [56]. Lewis and co-workers further popu-
larised the ab externo technique, where sutures were intro-
duced through the creation of a scleral flap and the knot
was buried in the bed of the flap to secure the implant
(Fig. 1) [57].

Smiddy et al. described an ab interno technique where
the suture loops were passed from inside the eye to the
outside using a small gauge needle. Although they did not
report any major complications with the technique through
the use of a corneoscleral incision, the main issue with this
technique was the blind passage of the needle 1 mm pos-
terior to the limbus from within the eye. The authors
advocated employing anterior vitrectomy as a standard in all
patients prior to the placement of the sutures in order to
avoid vitreous incarceration and migration into the anterior
chamber, which was seen in the first few postoperative
cases [9]. Hadayer et al. described an ab interno technique
of suturing a foldable one-piece (hydrophilic acrylic) IOL
using Gore-Tex sutures by injection through a 2.4 mm
corneoscleral incision. The leading haptic is held in the
anterior chamber with a 27-Gauge forceps while another
pair of forceps is used to pass the suture through the haptic
eyelets inside the eye, before it is externalised and tied [58].

Avoiding suture erosion and exposure
Scleral flaps and burial of knots

Traditionally, techniques to secure IOLs to the sclera relied
on tying a polypropylene suture to the haptic of the lens and
externalising it through the sclera. This ignored the hazards
of an externalised suture knot, which was covered by con-
junctiva alone leading to the obvious issue of exposed
suture knots and the risk of endophthalmitis. A refinement
of this technique came with the creation of partial thickness
scleral flaps to protect the knots which were then covered by
the flaps to reduce the risk of knot erosion and exposure.
Solomon et al. [32] published a technique which involved
the creation of triangular scleral flaps at the limbus to cover
the 10-0 polypropylene suture knot that was used to secure
the IOL. The retrospective study revealed a 73% knot ero-
sion rate through the sclera and a 17% erosion rate through
the conjunctiva within an average of 9.4 months and
12 months, respectively. The study concluded that although
creation of partial thickness scleral flaps delayed the erosion
of suture knots, they did not prevent this from occurring.
This has led to further modifications to transscleral IOL
fixation techniques in order to improve rates of suture
exposure and erosion. The addition of islets to haptics
allowed the development of techniques to bury the suture
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Table 1 (continued)

Mean follow-
up period

No. Visual outcomes— Complication rate (%)

Type of IOL

Technique

Study type and Level of
evidence (OCEBM)

Study

Mean VA (BCVA)

of eyes

63.9 months

IOL dislocation = 13.8
Glaucoma = 21.4

0.22 +0.32 logMAR

29

Single piece PMMA lens

(Eye-O-Care IOL)

‘Ab externo’ fixation with 9-0
polypropylene—knotless

‘7’ suture

Retrospective study

Level 4

Wasiluk et al.
2019 [46]

=69

Optic displacement

34

RD=

=0

CMO

=0

Endophthalmitis

34 months
(median)

—43

Hypotony

0.20 +0.26 logMAR

P

69

Single piece monofocal
foldable hydrophilic

acrylic

Double loop suture without
conjunctival peritomy or

sclerotomies

Zhao et al. 2019 Retrospective study

VH=6.6

0.01)

Level 4

[47]

Corneal oedema = 10.1

CMO =14

(Lenstec softec HD)

43

Elevated IOP

ERM

7.2%

OCEBM Oxford centre for evidence-based medicine: Levels of Evidence, PMMA polymethylmethacrylate, VH vitreous haemorrhage, RD retinal detachment, /OP intraocular pressure, /OL

intraocular lens, CMO cystoid macular oedema, OHT ocular hypertension, ERM epiretinal membrane.

knot within the eye, dramatically reducing the risk of knot
erosion and exposure. Lewis et al. modified their original
scleral flap technique to incorporate flap free suture fixation
an additional suture pass through the sclera posterior to the
limbus enabled the suture knot to be turned and buried into
the eye. The retrospective study involved 100 patients, 60 of
which had scleral flaps and 40 had the latter technique
without the flaps. The average follow-up in the scleral flap
group was 21 months and the flap free group was
15 months. 20% (n = 12) of patients with the scleral flap
had knot migration and exposure of the suture within
8 months of follow-up. 80% of these patients (n = 10)
required further surgery. In the remaining 40 patients
without the scleral flaps, there were no identifiable cases of
suture exposure [59].

Hoffman pocket

Hoffman et al. [60] described a technique of creating scleral
pockets without the need for conjunctival dissection. Two
opposing clear corneal incisions are made at the limbus with
posterior dissection to create scleral pockets. A paracentesis
is created anterior to each corneal incision to enter the
anterior chamber. A double-armed 10-0 polypropylene
suture is introduced through the paracentesis passed through
the IOL haptic at the opposite end and externalised via a 27-
Gauge docking needle through the scleral pocket. Once this
has been repeated at the opposite end, the loop is externa-
lised through the corneal paracentesis and tied. The knot is
buried within the scleral pocket. A retrospective study by
Yeung et al. looked at the visual outcomes and complica-
tions following implementation of Hoffman pockets to bury
the scleral knot after transscleral fixation of a single-piece
foldable IOL. Of the 40 eyes retrospectively reviewed, they
did not report any major intraoperative complications with
self-limiting postoperative complications, namely mild
vitreous haemorrhage, microhyphaema and transient ele-
vation intraocular pressure. 8% of eyes developed CMO
and 3% of eyes had decentration of the IOL at 2 months.
There were no reported cases of knot exposure or endoph-
thalmitis. Patients were followed up for a mean duration of
6 months [42].

Knotless Z-suture technique

Szurman et al. described a knotless technique using a zig-
zag pattern (Z-suture) to secure the IOL to the sclera. This
was achieved by reintroducing the suture close to its initial
exit point from the eye and repeating the manoeuvre 5
times. The suture is then cut at the level of the sclera
without a suture knot, precluding the need for a scleral flap
or knot burial. The technique was performed in a total of 45
eyes. A transient ciliary haemorrhage was observed in three
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(A)

(B)

Fig. 1 Classic ab externo sulcus fixation technique. A A superior
conjunctival peritomy and partial-thickness scleral flaps are performed
opposite to each side of the limbus, preferably avoiding the 3 and 9
o’clock positions to spare the ciliary vessels (e.g. 2 and 8 o’clock for
right eyes and 4 and 10 o’clock for left eyes). Then a corneoscleral
wound is created and complete anterior vitrectomy is carried out. After
filling the anterior chamber with viscoelastic, a straight needle con-
veying 10-0 polypropylene is inserted through one of the scleral flaps
parallel to the iris at 1.5 mm posterior to limbus, until it is visualised. A
28-Gauge needle mounted on an insulin syringe is inserted in a similar
manner through the second scleral flap; the suture needle is docked

eyes. The implant was firmly attached within the sulcus in
all cases, with a mean follow-up of 22 months. There were
no reported cases of IOL tilt, suture erosion, loosening or
atrophy [34]. However, another study to employ the Z-
suture technique using 9-0 polypropylene with a longer
mean follow-up duration of 64 months, reported an IOL
dislocation rate of 13.8%, which was comparable to the
reported incidence of this complication in previous studies
(0-28%) [46]. Furthermore, another long-term retrospective
study to evaluate the outcomes of the Z-suture technique
revealed a suture breakage of 16.7% at 7.4 years and
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into its lumen. B The 28-Gauge needle is withdrawn from the eye
carrying the suture, which should be visualised crossing the anterior
chamber from sulcus to sulcus. C Using a Sinskey hook, the suture is
pulled out through the corneoscleal wound and then cut in half. D The
free ends of the suture are tied to each one of the haptics of a PMMA
IOL. Lens forceps are used to introduce the IOL into the anterior
chamber through the corneoscleral incision and the tension of the
sutures is adjusted symmetrically until the desired position is reached.
E A second suture is used to take a short bite in the scleral bed anterior
to the exit of the first suture; both are incorporated into a square knot.
To finalise, the scleral flaps and conjunctival peritomy are closed.

estimated the probability of suture breakage at 40% over a
10 year period. In addition, at a medial follow-up of
64 months, the risk of retinal detachment and CMO was
15.2% and 9.1%, respectively [44].

Points of IOL fixation to sclera
IOLs can be sutured to the sclera with 1, 2, 3, 4 or 6 fixation

points [61, 62]. The original technique described by
Malbran employed a two-point fixation [56]. Since then,
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various studies have been published with different points of
fixation to improve stability and centration of the IOL as
well as to improve refractive outcomes.

Young et al.,, developed a four-point suture fixation
technique using 10-0 polypropylene sutures. A single-piece
polymethyl methacrylate (PMMA) lens is inserted into the
sulcus and the knots tied 2 mm from the limbus, rotated and
buried into the sclera followed by conjunctival closure. The
authors did not identify any case of suture-related problems
such as erosion, kinking or exposure during a mean follow-
up period of 18.3 months. Mild vitreous haemorrhage was
noted in 20% of cases, with 10% incidence of limited
choroidal detachment. Both these complications resolved
without requiring any further intervention [50]. Another
study looking at outcomes of the four-point fixation tech-
nique with the same lens identified 104 eyes which had
undergone the procedure with a range of follow-up between
12 and 180 months (mean = 73.4 months) [35]. The com-
plications noted were exposed suture knots (3.8%), corneal
decompensation (4.8%), subluxed IOL (1.9%), retinal
detachment (1%), choroidal detachment (1%) and tilted IOL
in (1%). Overall, 12.5% of eyes required further surgery to
deal with postoperative complications. The rate of suture
related complications was much lower in this study (3.8%)
compared to previous studies which have reported rates as
high as 28-57% [32, 51].

Fass et al. [63] used a specially designed foldable one
piece hydrophilic acrylic lens (Akreos’, by Bausch &
Lomb) with a four-point fixation technique using a
2.75-3.0 mm corneal incision. The surgical technique was
that described by Hoffman et al. [60] in 2006 which
involved passage of a double-armed suture through the
scleral pocket and conjunctiva without creating a con-
junctival peritomy. Their outcomes were published in a
subsequent study of nine patients who were implanted with
a hydrophilic acrylic lens, with a mean follow-up of
3.4 months. Four eyes (44%) had a vitreous haemorrhage,
all of which resolved spontaneously. Two eyes (22%) had
mild choroidal effusions which settled within 3 weeks, lens
decentration occurred in two eyes (22%), both of which
required re-centration. One eye (11%) had high intraocular
pressure and corneal oedema. There were no reported cases
of CMO or pigment dispersion [33]. Almashad et al. [61]
reported a four-point scleral fixation technique without the
use of scleral flaps with 10-0 polypropylene sutures in
15 eyes with a follow-up of 6 months. They reported a high
incidence of ciliary bleeding during needle passage (40%),
although no cases of suture breakage/erosion, IOL decen-
tration, retinal detachment or endophthalmitis were seen.
There have been recent case series reporting opacification of
the acrylic Akreos’ lens after intraocular tamponade with
both gas and silicone oil. This is particularly concerning in
this cohort of patients who are at higher risk of retinal

detachment that may require further surgery with intraocular
tamponade [64, 65].

A recent study employed a six-point suture fixation
technique without the need for conjunctival dissection. A
double-armed 8-0 polypropylene suture was used with a
3-looped haptic, single-piece, hydrophilic acrylic foldable
lens (Zeiss CT ASPHINA 603P). They performed the tech-
nique on 21 patients with a mean follow-up of 7.8 months.
Four patients (19%) had transient corneal oedema and three
patients (14.3%) had transiently elevated IOP. They did not
identify any cases of suprachoroidal haemorrhage, vitreous
haemorrhage, retinal detachment, suture breakage or knot
exposure, IOL tilting or decentration. They found that the
closed-loop haptic design of the lens meant that the risk of
knot slippage was not an issue and the three loops gave better
fixation and centration [62].

Suture material

Traditionally, 10-0 polypropylene sutures were used for the
various scleral-fixated techniques (as described above). In order
to improve durability and reduce risk of suture breakage, other
suture types have been used, such as 9-0 polypropylene and
80 Gore-Tex [2]. The Gore-Tex suture has been used in
cardiothoracic surgery for over 20 years with minimal evidence
of suture breakage over time and has been reported to have
excellent tensile strength improving the stability of the suture
[66]. Khan and co-workers used a single-piece PMMA lens
(Alcon CZ70BD) and a one-piece hydrophilic acrylic foldable
lens (Akreos A060) with 80 Gore-Tex suture material. The
initial technique used a 23-Gauge system with a high rate of
postoperative hypotony (9.4%), which improved significantly
by employing a 27-Gauge system (n=0) (Fig. 2). Interest-
ingly, there were no cases of suture breakage with either gauge
with a mean follow-up of 11 months (85 eyes) in the first study
and 4 months (eight eyes) in the second study. However, the
duration of follow-up was short, limiting the ability to draw any
definitive conclusions [38, 39, 67]. Another retrospective study
of 20 patients who underwent a four-point fixation with the
Akreos lens showed favourable improvement in visual out-
come (p <0.0001) with minimal postoperative complications.
There was no evidence of IOL tilt or decentration, but this was
only performed on 6 of the 20 eyes and the mean duration of
follow-up was only 8.9 months [45]. A study from China,
using 10-0 polypropylene sutures with an S-shaped intrascleral
suture reported no suture-related complications in 69 eyes,
followed up for a mean duration of 34 months [47]. A pro-
spective Spanish study reported favourable outcomes with the
use of non-absorbable 10-0 polyester fibre (Mersilene) sutures.
Of the 25 eyes, one patient needed resuturing after decentration
of the lens. However, the study was limited by its small sample
size and a mean follow-up of 18 months [68].
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Late breakage of 10-0 polypropylene sutures has been
highlighted in the study of Vote and co-workers on cases
which underwent a two-point fixation technique and pars-
plana vitrectomy [51]. This reported a suture breakage rate
of 28% at a mean interval of 4 years after initial surgery.
This followed up an earlier study from Moorfields using the
same technique on a similar patient cohort with a mean of
20 months follow-up which reported good visual results
(final acuity limited only by pre-existing pathology) and a
low rate of complications—notably only one of 63 cases
had suture breakage [69]. These reports emphasise the need
for long-term follow-up of cases undergoing the varied
techniques of lens implantation in the absence of zonular or
capsular support. A parallel study from the Moorfields
group, using the same implantation technique in non-
vitrectomised eyes reported higher levels of complications
suggesting that the interaction of sutured posterior chamber
lenses with the vitreous may increase complication rates
[70]. The indications for surgery and pre-operative co-
existing pathology do, however, differ between these series
and conclusions on comparisons must be treated with cau-
tion. A similar study by Bading et al. [52] looked at the
long-term outcomes of scleral fixation following the use of
10-0 polypropylene sutures with scleral flaps. In contrast to
the study by Vote et al., this retrospective study with a mean
follow-up of 43.5 months had a much lower rate of IOL
subluxation (6.3%); however they did find a similar rate of
retinal detachment (6.3% vs. 8.2%). The authors concluded
that despite its retrospective nature, sutured IOL fixation
with 10-0 polypropylene sutures was a safe and effective
option for secondary IOL implantation in young patients.

Sutureless scleral-fixated intraocular lens
Initial techniques

With increased numbers of reports of various techniques
describing sutured lenses, it emerged that there were a range
of common complications, including suture erosion,
endophthalmitis and IOL decentration. This led Scharioth
et al. from Germany, to describe the first sutureless tech-
nique to anchor SFIOLs to the sclera. The authors used an
anterior approach that involved burying of externalised
haptics into scleral tunnels. Their initial publication inclu-
ded five patients, none of which were reported to have
major complications in the first 3 months of follow-up [71].
A further analysis of the study technique was combined as
part of a multicentre trial in 2010, involving 63 patients
across four European institutions. They reported complica-
tions of transient corneal oedema (7.9%), persistently raised
intraocular pressure (3.2%), IOL dislocation (3.2%), vitr-
eous haemorrhage (3.2%) and iris capture (2%). Three
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patients required further surgery to stabilise the lens. None
had visual outcomes which were worse than that recorded
preoperatively. It was concluded that sutureless lens fixation
had favourable visual outcomes and lens tilt can be mini-
mised by ensuring the implanted 3-piece IOL has a haptic
design the full diameter of the ciliary sulcus. However, the
median follow-up period was 7 months and the study was
retrospectively conducted, limiting the conclusions from
the study [72]. A modification of this technique using 23-
Gauge trochars with a posterior approach was described by
Prenner et al. [73] in 2012. One-year outcomes of the
technique reported IOL dislocation in 12% of patients,
although there was a statistically significant improvement in
visual acuity. However, they had a small sample size of 24
patients [74].

Glued IOL technique

Agarwal and team described a novel technique of sutureless
SFIOL implantation with the use of quick-acting fibrin glue
derived from human plasma. It involved the creation of
scleral flaps and externalisation of haptics into the flap
before it was glued closed [75]. They included 53 eyes in
their analysis and reported IOL decentration in 5% of cases
over l-year, with CMO in 7.5% of eyes [76]. A modifica-
tion of this procedure described as the “handshake” tech-
nique was described in 2013 by the same group, to reduce
problems related to haptic externalisation [77]. A further
modification of this technique by Beiko and Steinert sug-
gested the use of a silicone tire to maintain the externalised
haptic, thereby nullifying the need for an assistant [78].
The first North American series implementing the glued
IOL technique was published by McKee et al. [79] in 2014.
They primarily followed the Agarwal technique described
above, with slight modifications, to include more robust
haptic material in the IOL and the lifting of only two edges
of the scleral flap. This allowed a more reliable creation of
the scleral tunnel, strengthening its anterior aspect. They
included 50 patients in their series, with a high initial
overall rate of transient hypotony (22%), with one patient
needing a second procedure to seal the leak. This was
attributed to the learning curve associated with SFIOL
implantation using glue. They also had two cases of tran-
sient vitreous haemorrhage which resolved spontaneously.
One eye needed repeat surgery for a broken haptic-optic
junction, 3 months following initial surgery. The largest
outcome data for the glued technique included 735 eyes
with a mix of rigid and foldable IOLs and a mean follow-up
of 16 months. The retrospective study showed an
improvement in visual acuity for both types of lenses.
Amongst the 191 eyes with foldable IOL, the noted post-
operative complications were optic capture (5.7%), IOL
decentration (2.6%), uveitis (0.5%), haptic displacement
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Fig. 2 Four-point fixation technique for Akreos AO60 IOL.
A Conjunctival peritomy in superonasal and inferotemporal quadrants
is performed. The corneal surface is marked 180 degrees apart with a
toric lens marker in the same location. Two scleral marks are created
on each side 3 mm posterior to the limbus and 5 mm apart from each
other, straddling the corneal marks. 27-Gauge vitrectomy trocars are
placed at the superior marks and standard vitrectomy is carried out.
Additional sclerotomies are created at the inferior marks using trocar
blades parallel to the limbus on each side. B One half of the CV-8
Gore-Tex suture is threaded through each pair of haptics of the Akreos
IOL, passing from anterior to posterior through the firs eyelet and then
from posterior to anterior through the second eyelet on the same side.
This manoeuvre is repeated for the contralateral pair of haptics with

(2%) and haptic extrusion (0.5%). Of the 486 eyes that
underwent a rigid IOL implant, the complications included
optic capture (3.4%), uveitis (3%), IOL decentration (4.3%),
haptic displacement (4.1%) and retinal detachment (1%)
[80, 81].

‘Double-needle’ or Yamane technique
One of the most popular sutureless techniques in recent

times was proposed by Yamane and co-workers [82]. The
technique involved the use of 27-Gauge needles to

N

(B)
)
9
(D)
(F)
RE

the other half of the suture. C, D A handshake technique with forceps
is used to pass the ends of the suture from the leading haptics through a
clear corneal incision, which are then retrieved through the corre-
sponding sclerotomy one at a time. E After both ends of the suture
from the leading haptics have been passed, the corneal incision is
enlarged. Prior to insertion, IOL is manually folded using McPherson
forceps underneath and 0.12 mm forceps above. The sutures from the
leading haptics are gently pulled. F Once the IOL is in the anterior
chamber, the Gore-Tex from the trailing haptics can be then retrieved
from the corresponding contralateral sclerotomies using the same
handshake technique. The 27-Gauge trocars are removed, and the
Gore-Tex is tied using a slip knot or 3—1-1 technique on each side,
ensuring a well-centred IOL. Knots are buried and peritomy is closed.

externalise both haptics simultaneously from the eye in a
‘double-needle’ method, which were then embedded into
limbal tunnels into the end of partial thickness scleral dis-
sections (Fig. 3). The initial study of 35 eyes showed no
evidence of IOL dislocation at a mean follow-up of
10 months. IOL capture was seen in 9% of cases within this
short period. Interestingly, the study found a mean IOL tilt
of 2.3° which was not significantly different to TOL tilt
noted after ‘in the bag’ implantation following routine cat-
aract surgery. A modification of the technique by Yamane’s
team involved the use of cautery to create ‘flanged’ fixation
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Fig. 3 Double-needle Yamane

technique. A Having performed

prior vitrectomy, a 3-piece IOL

is inserted into the anterior (A)
chamber using an injector
through a clear corneal incision,
leaving the trailing haptic
outside the wound. A 30-Gauge
thin-wall needle is used to create
an angled sclerotomy through
the conjunctiva, 2 mm posterior
to the limbus. B The leading
haptic is passed into the lumen
of the needle using forceps. C A
second sclerotomy is made with
a 30-Gauge thin-wall needle at ©
180 degrees from the first one.
The trailing haptic is inserted
into the lumen of the second
needle using forceps, while the
first needle is still in place.

D The needles are used to
externalise both haptics onto the
conjunctiva simultaneously.

E The ends of the haptics are
cauterised, and each flange is
pushed back to be anchored into
the scleral tunnels.

of the IOL haptics without scleral dissection [1]. Of the 100
eyes that underwent this technique, there was a statistically
significant improvement in visual acuity up to 24 months
following the procedure. The mean IOL tilt was 3.4°, with a
mean refractive difference of —0.2 + 0.99 D. Postoperative
complications included iris capture (8%), vitreous haemor-
rhage (5%), hypotony (2%) and CMO (1%). There were no
reported cases of retinal detachment, IOL dislocation or
endophthalmitis. Smaller studies with minor modifications
of the technique have reported no significant complications,
albeit very short follow-up periods and small sample size
[83, 84].

Trochar technique
Todorich et al. described a transconjunctival approach for
transscleral fixation using 25-Gauge or 27-Gauge trochar

cannulas 2 mm posterior to the limbus 180° apart, through

SPRINGER NATURE

(8)

(D)

(E)

B 0

which a 3-piece foldable (Alcon MA60AC) lens injected
into the anterior chamber is externalised. 27-Gauge maxgrip
forceps are used to externalise the haptics through the
sclerotomies and positioned under the conjunctiva [85].
A recent large retrospective analysis looked at 122 con-
secutive patients who underwent this technique and found
that the commonest complication was vitreous haemorrhage
(22%). The mean follow-up was 1.5 years. Spontaneous
resolution of the haemorrhage occurred in 67% of cases.
The incidence of IOL decentration, dislocation, haptic
erosion and breakage were reported as being low [86]. The
authors also found that haptic flanging increased IOL sta-
bility compared with the traditional unflanged technique,
with a mean follow-up of 6.5 months [87]. Although there
is concern regarding haptic erosion of the conjunctiva
with sutureless fixation, it is thought that tucking the flan-
ged haptic within the scleral tunnel reduces this complica-
tion [55].
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A novel IOL developed in Italy (the FIL SSF Carlevale
IOL) is a foldable one-piece injectable lens that has spe-
cially designed transscleral plugs which, when externalised
through the 25-Gauge trochar sites (180 degrees apart), are
positioned over the scleral surface and covered by intact
conjunctiva. This has the obvious advantage of a smaller
corneal wound and potentially reduced haptic complications
due to the novel design. However, current studies report on
a very small number of patients with short term follow-up
and longer-term data is required before a definitive con-
clusion on safety and risk profile can be made [88, 89].

Table 2 lists various studies that looked at visual outcomes
and complication rates following sutureless SFIOL implan-
tation over the years [1, 72, 74-76, 79-83, 86, 90-97].

Comparative studies

As described above, there are three main options for
IOL implantation following loss of zonular or capsular
support—ACIOL, iris-fixated and SFIOL implantation. A
number of studies (Table 3) in the literature have looked at
comparing these surgical options [24, 25, 98-117].

ACIOL versus SFIOL

Evereklioglu et al. compared the visual outcomes and
complication rates between open-loop ACIOLs and single-
piece SFIOLs [108]. They conducted a retrospective ana-
lysis of the two surgical approaches used to correct aphakia
secondary to complicated cataract surgery with a mean
follow-up of 34 months. Of the 124 eyes included in the
study, 73 underwent ACIOL insertion and 51 eyes scleral-
fixated with a single-piece PMMA lens, sutured with 10-0
polypropylene using scleral flaps. The BCVA was better in
the SFIOL group, although the results did not reach statis-
tical significance (p = 0.718). There was a higher incidence
of intraoperative anterior chamber haemorrhage in the
ACIOL group (6.8% vs. 3.9%), although no serious
intraoperative complications were seen in either group. The
most common early postoperative complication seen was a
higher incidence of transient corneal oedema in the ACIOL
group (9.6% vs. 5.9%), however, all cases resolved within
3 weeks. The main postoperative complication seen was
CMO and occurred in 6.8% of ACIOL eyes, and 3.9% in
the SFIOL group. Iris capture or pupil decentration was
more common in the ACIOL group, however, IOL decen-
tration/tilt occurred more frequently in the SFIOL group.
Vitreous haemorrhage (2.0%) and suture erosion (7.8%)
occurred exclusively in the SFIOL group. There were no
reported cases of retinal detachment or endophthalmitis in
either group. Overall, there was no statistically reported
difference in complication rates between the groups during

the follow-up period, however, given the short follow-up
period it is not possible to comment on rates of longer-term
complications such as corneal decompensation which may
be a key consideration when comparing SFIOL implants to
anterior chamber lenses. Similarly, another retrospective
study with longer mean follow-up period of 63.5 months,
did not find any statistically significant difference in visual
outcomes or postoperative complications between ACIOL
implantation and sutured SFIOL [113]. More recently,
Khan et al. [114] compared outcomes of combined PPV
with ACIOL versus SFIOL implantation using Gore-Tex
sutures. Of the 63 eyes in the study, 33 eyes underwent
ACIOL implantation and 30 eyes SFIOL implantation. Both
groups showed a statistically significant improvement in
visual acuity, although there was no difference between the
groups at l-year follow-up. In terms of postoperative
complications, those who had an ACIOL implanted had a
30.3% incidence of transient corneal oedema vs. 6.17% in
the SFIOL group.

Iris-fixated versus SFIOL

Kim et al. [116] compared outcomes of iris fixated IOL
implantation against scleral-fixated IOLs in a retrospective
case series. A total of 44 eyes underwent scleral fixation and
35 eyes underwent iris-fixated implants. The technique for
scleral fixation involved an ab externo procedure with the
use of 27-Gauge needle to externalise the sutures before
burying the knot within the sclera. Visual outcomes were
favourable in both groups after the procedure and were
maintained for 12 months following surgery. Although
there were no differences in overall refractive error between
the groups, astigmatic errors were fewer in the scleral
fixation group. The frequency of perioperative complica-
tions, such as intraocular bleeding, corneal endothelial loss,
CMO and retinal detachment were similar in both groups.
The frequency of immediate postoperative inflammation
was higher in the iris-fixation group, but this was not sig-
nificant with extended follow-up. The recurrences of
inflammation were found to be earlier in the iris fixation
group. Zheng et al. [115] compared iris-claw lens fixation to
sutured SFIOL (with 10-0 polypropylene within scleral
flaps) in a randomised case series involving 71 patients with
Marfan syndrome. Interestingly, although the visual out-
comes were similar between the groups, the rate of IOL
decentration was much higher in the SFIOL group (48.7%)
compared to none in the iris-claw group.

Vounotrypidis et al. [100] conducted a large retrospective
study looking at 174 eyes which underwent secondary IOL
implant for aphakia with either an ACIOL, iris fixation, sulcus
fixation or scleral fixation. The majority of patients had an
ACIOL implanted and only 12 eyes underwent a scleral
fixation implant. Of these, two eyes in the SFIOL group had
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an IOL dislocation (17%), whereas only one eye in the
ACIOL group dislocated (2%). All techniques showed similar
visual and refractive outcomes [63].

Sutured versus sutureless SFIOL

In recent years, studies have looked at comparing sutured
against sutureless SFIOL implantation techniques. Ganekal
et al. [101] compared visual outcomes and complications
after suture-assisted and fibrin glue-assisted SFIOL
implantation. They included 50 patients in the study, 25 in
each group. The two groups had similar visual outcomes at
6 months, with 20/40 or better vision in over 80% of
patients. The rate of postoperative inflammation was 48% in
the sutured group vs. 16% in the glue-assisted group. In
addition, glaucoma was also more common in the sutured
group (40% vs. 16%). Haszcz et al. [102] looked at 42 eyes
in a retrospective case series, 31 of which underwent scleral
fixation using the Hoffman technique and 11 eyes using the
sutureless Scharioth technique. Visual outcomes were
similar in both groups. Two patients who underwent the
Sharioth technique had IOL dislocation at 2 months. Sight
threatening complications of expulsive haemorrhage, retinal
detachment, prolonged inflammation or glaucoma were not
observed in either group with a mean follow-up of
14.5 months. Similarly, a study in India compared a four-
point suture fixation technique to a sutureless Scharioth
technique in 109 eyes and found similar results in terms of
visual outcomes and postoperative complications in both
groups, with IOL dislocation in one patient in the sutured
group. The study was limited by its retrospective nature and
a mean follow-up of 19 months [103].

Refractive outcomes

Modern day cataract surgery pays close attention to
refractive outcomes, to enable patients to obtain spectacle
independence. Nevertheless, secondary IOL implantation in
the absence of zonular or capsular support poses a bigger
challenge when predicting accurate refractive targets.
Patients requiring a secondary IOL implant are usually
those with previous history of ocular conditions which may
alter visual function permanently. Refractive status will
vary depending on several perioperative factors such as the
technique of choice, surgeon’s expertise, and presence of
intra or postoperative complications. Additionally, achiev-
ing a steady postoperative position of the IOL will ensure a
stable refractive status in the long run. For example, any
changes in the structures providing an anchor point for the
IOL implant, such a loss of tensile strength of surrounding
tissues or sutures, will determine the effective position and
mechanical stability of the lens [118].

Brunin et al. [119] published results of 167 patients who
underwent secondary IOL implantation in different loca-
tions: in ciliary sulcus with and without optic capture
through capsulorrhexis, in the anterior chamber, fixated to
the iris and sutured to the sclera. Predicted target refraction
was calculated using Holladay 1 formula. Mean post-
operative follow-up was 12 months. The following were the
significant predictors that favoured postoperative visual
outcomes in linear regression analysis: better preoperative
visual acuity, absence of prior ocular pathology, IOL
insertion in sulcus with optic capture, and absence of
postoperative complications within 1 month after surgery
(r=0.604). Advantages of in sulcus fixation with optic
capture included better IOL stability and reduced incidence
of CMO in this subgroup. In this same series, refractive
analysis of 114 patients showed no significant difference
between all groups, with a median absolute refractive error
of 0.50 D in each. This demonstrates variability in refractive
outcomes between individual patients but a total low mean
refractive prediction error. However, patients who required
anterior vitrectomy (70%) showed a non-significant myopic
shift (—0.28 D difference in refractive prediction error)
when combining all groups (p = 0.06). Reasons behind this
refractive change are not well understood, but similar out-
comes have been observed after combined phacovitrectomy
and in eyes undergoing PPV that are already pseudophakic
[120, 121]. Proposed hypotheses include: (a) decreased
effective lens position, especially when intraocular tampo-
nade is used; (b) postoperative changes in anterior chamber
depth; (c) replacement of vitreous gel with aqueous humour,
and subsequent change in refraction index; and d) increased
axial length following PPV [120, 121].

In a retrospective analysis of sutureless intrascleral IOL
fixation and PPV, Lee et al. [122] compared refractive
outcomes after placing a 3-piece aspheric IOL (MA60AC-
Alcon in 81 eyes, or ZA9003—1Johnson & Johnson in 3
eyes) inserted at 1.5, 2 and 2.5 mm from the limbus, using
25-Gauge or 27-Gauge trocar cannulas. Power calculation
was performed with Barrett I Universal Formula; aim was
to achieve plano to —0.50 postoperative spherical equiva-
lent. Follow-up results at 3 months and 1 year showed
stable mean postoperative spherical equivalent change from
preoperative calculation of 0.58+1.49 and 0.53+1.21,
respectively for all patients. Subgroup analysis revealed a
hyperopic trend in patients with IOLs fixated further away
from the limbus at 1 year, with a mean postoperative
equivalent change of —0.33+0.65 D at 1.5mm, 0.48 +
1.15D at 2mm, and 1.30+1.39D at 2.5 mm posterior to
the limbus (p = 0.01). Given the stable refractive outcomes
at 12 months, it was hypothesised that intrascleral fixation
offers stability at 3 months and minimises long-term slip-
page through the creation of a steady tunnel in which
haptics seat. One factor that might have influenced the
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refractive outcomes at increased posterior fixation from
limbus was increased haptic tension, resulting in changes of
the vault of 3-piece IOLs. Additionally, attention must also
be focused on technique variations such as tunnel length,
angle of entry and symmetry of haptic arrangement.

Su et al. [123] evaluated the refractive outcomes of 53
patients that underwent SFIOL implantation with Gore-Tex
sutures. The type of lens used was a single-piece aspheric
acrylic lens (Akreos A060 or enVista MX60). The lenses
were sutured at either 2 or 3 mm from the limbus. The mean
postoperative spherical equivalent was —0.99 + 1.00 diop-
tres (D), with mean deviation from target of —0.64 + 1.00
D. Subgroup analysis revealed that IOLs fixated at 2 mm
from the limbus had a mean spherical equivalent —1.53 +
1.35D, whereas those that were sutured 3 mm from the
limbus had a mean spherical equivalent of —0.82 + 0.83 D.
There was a statistically significant difference between the
two groups (p = 0.09). The mean difference from target was
also greater for the group with 2 mm fixation from the
limbus (p =0.03). The study concluded that at 2 mm fixa-
tion from the limbus, the refractive outcome was more
myopic than at 3 mm, an important consideration when
using sutured IOL implants. Similar myopic results of
sutured SFIOL were found in another series by Kam et al.
[124]. A total of 85 eyes underwent scleral fixation of a
single-piece PMMA spheric IOL (CZ70BD—Alcon) with
ab externo technique, using four points of fixation at 2 mm
from limbus and 2 mm apart. Suture of choice was 10-0
polypropylene in 62 eyes, 9-0 polypropylene in 22 eyes and
unknown type of suture in 1 eye. Formula of choice to
calculate predicted refractive error was not mentioned;
mean target refraction was —0.76 4+ 0.41 D. The main
wound for IOL insertion consisted of a scleral tunnel, and
20% of patients underwent concurrent PPV. Only 66 eyes
had absent concomitant ocular pathology and good visual
potential. Mean spherical equivalent at 3 months in these
eyes was —1.62 4 1.28 D, with 63% of them achieving
final BCVA of >20/40. The effect of suture size was not
explored.

Regarding transscleral IOL fixation with fibrin glue,
Kumar et al. [118] recently reported long-term refractive
outcomes in 91 eyes of 63 patients with capsular deficiency
after at least 5 years of follow-up. Hydrophobic acrylic
lenses were used in 94.5%, and the remaining corresponded
to PMMA lenses. There was no mention of the formula
used to calculate the IOL predicted refractive error. Sur-
gical technique involved creation of limbal scleral flaps 180
degrees apart, and the IOLs were inserted through a 3 mm
corneal incision or a scleral tunnel. Haptics were externa-
lised through a sclerotomy incision made at 1-1.5 mm from
limbus under the flaps and tucked into the intralamellar
tunnel. All cases underwent anterior vitrectomy. Scleral
flaps were closed with fibrin glue. There was no significant
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postoperative change from baseline (logMAR BCVA
0.61 + 0.7 preoperatively vs 0.5+ 0.50 postoperatively,
p =0.238). Mean postoperative spherical equivalent was
—1.1+2.9D and mean ocular residual astigmatism was
1.1 + 1 D. Clinically, minor IOL decentration of <0.5 mm
was noted in only five eyes and it was not functionally
significant.

Refractive results of the sutureless flanged intrascleral
haptic fixation were reported by Rocke et al. [125] in 110
eyes undergoing insertion of a 3-piece IOL (Tecnis
ZA9003—Abbott Medical Optics) and 25-Gauge PPV.
Barrett Universal II Formula was used to calculate pre-
dicted refractive error. Primary outcome was the observed
spherical equivalent at 1 month after surgery. Mean pre-
diction error was +0.04 +0.88D. This outcome was
compared with two additional groups, first one comprised
of 100 concomitant patients undergoing routine phacoe-
mulsification with in-the-bag IOL, and second one of
54 patients who underwent ACIOL insertion. When the
mean prediction error was compared to the phacoe-
mulsification group, results were not significantly differ-
ent (—0.104+0.53 D, p=0.185); however, when
compared to the ACIOL group, the result was sig-
nificantly more myopic (—0.76 4 0.89 D, p<0.001). Of
these three groups, a significantly higher proportion of
patients with a prediction error within +0.50D were
found in the phacoemulsfication (72%) than in the flanged
haptic fixation (50%) or the ACIOL (34%) groups, p <
0.001. The original technique reported by Yamane in
2017 [1] included also 100 eyes of 97 patients receiving
four different models of 3-piece IOLs, with up to
36 months follow-up. Sclerotomies were made with 30-
Gauge needles. The mean predictive error was 0.21 +
0.99D for all groups, with no significant difference
among them (p =0.02). These results offer an insight
regarding good visual outcomes offered by this technique
with adequate haptic fixation thorough scleral tunnels and
no use of adjuvants.

There are some important factors that must be taken into
consideration while calculating biometry for intrascleral
IOL insertion. Biometry correction factors should be
applied whenever IOL calculation takes place in a pseu-
dophakic eye, accounting for the refractive index of dif-
ferent materials and the central optical thickness [126].
Additionally, if there is an opaque structure blocking the
optical centre of the eye (including a dense crystalline lens,
a partially subluxed PCIOL or a fibrotic capsular remnant),
an ultrasound biometry may be more suitable than an
optical calculation. However, in cases with a clear optical
centre, the preferred IOL calculation method is an optical
biometry based on partial coherence laser interferometry to
improve predictive value for postoperative refraction and
precision of axial length measurements [127]. The use of
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optimised IOL A-constants, such as the ones provided by
the ULIB site (User Group by Laser Interference Bio-
metry) or surgeon-specific constants, are recommended to
avoid systematic errors and to aim for greater accuracy
[128]. Another important source of error in scleral-fixated
lens cases is the final effective lens position. This will be
determined by haptic location from the limbus, presence
of residual peripheral capsular and lens matter that may
displace the IOL, tightness of anchoring sutures, haptic
tension, haptic angulation inducing changes in optic vault,
and anatomical variations [128]. Unfortunately, none of
these factors have been yet fully standardised. According
to the recommendations of The Royal College of Oph-
thalmologists, postoperative spherical equivalent refrac-
tion benchmarks after routine cataract surgery include
target predictive values within 1D in 85% and within 0.50
D in 55% of cases [129]. After insertion of an instrascleral
IOL, these targets should be reproduced to the greatest
extent.

Prevention of complications associated with
scleral-fixated lols

Early methods to fixate a PCIOL to the ciliary body and sclera
were first described more than 30 years ago. Since then, there
has been an improved safety profile of different IOL implan-
tation techniques after surgeons have progressively acquired
increased understanding of the possible associated complica-
tions and strategies to reduce their occurrence.

In general, a PCIOL fixated to the sclera offers some
anatomical advantages compared to ACIOL insertion. Since
a SFIOL is located more posteriorly, there is a higher
hypothetical chance of preserving the integrity of the
anterior segment by minimising damage to the corneal
endothelium, disruption of the trabecular meshwork, nar-
rowing of the anterior chamber or formation of peripheral
anterior synechiae [130].

Corneal decompensation

Older ACIOL models with suboptimal size, vault and
flexibility range caused many cases of bullous keratopathy
[131]. However, implantation of any type of IOL can
potentially cause endothelial cell loss. In a recent study,
endothelial cell loss was quantified 2 years after retro-
pupillary iris-claw fixation and IOL sutured to sclera.
Results were not statistically different between groups
(17.5%, n=44 and 15.3%, n=>50; p=0.15) and either
procedure was concluded to be safe for any patient with at
least >1500 cells/mm? [132]. Careful manipulation of the
anterior segment is warranted in any IOL implantation
procedure, with ample use of viscoelastic to protect the

corneal endothelium. This is especially important in patients
with preoperative low endothelial cell density. In cases
where corneal vulnerability is suspected (for example in
advanced age, prior trauma or complicated surgery), a
specular microscopy is mandatory to plan management
alongside with a cornea specialist. Krause et al. [53]
reported a 29% rate of postoperative corneal decompensa-
tion in patients undergoing scleral-fixated PCIOL insertion;
most of these patients had history of ACIOL insertion and
some level of preoperative corneal damage, which was the
main indication for IOL exchange.

The rest of the series in this analysis reported mostly
transient postoperative corneal oedema (0.5-10%), after
sutured as well as sutureless techniques [47, 81]. This is one
of the most frequently encountered early postoperative
complications and is usually self-limited. Lee et al. [133]
reported significantly higher rates of postoperative corneal
oedema within 1 month of surgery in patients undergoing
primary SFIOL simultaneously after complicated cataract
extraction compared to those with secondary implantation
(73% vs 44%, p = 0.027). These results highlight some of
the risk factors for the development of this complication
including prolonged surgical time, intense manipulation of
anterior chamber structures, and iatrogenic corneal damage
in some cases [134].

Wound leakage

Creation of optimal anterior segment surgical incisions
requires appropriate selection of the entry site, optimal
measurements and meticulous construction to avoid closure
insufficiency and significant postoperative astigmatism.
Foldable IOL implantation reduces the need of larger
wounds and facilitates apposition of flap edges.

Wound leakage range is estimated between 1.6 and 8%
[51, 52]. This early complication should be promptly
recognised and addressed since it can lead to development
of hypotony. The anatomical and visual prognoses are
poorer if there is associated choroidal detachments [135].
Moreover, hypotony has also been linked as a risk factor to
develop early reverse pupillary block, as reported by
Higashide et al. [136] in three patients presenting after
sutured PCIOL to the sclera with ab externo technique
combined with PPV. The common findings included
marked posterior bowing of the iris, abnormally deep
anterior chamber and intermittent contact of IOL with
pupillary rim, which were corroborated with anterior seg-
ment optical coherence tomography imaging. Two of these
patients developed intermittent pupillary capture and
required YAG laser iridotomy. An altered wound integrity
during the episodes of reverse pupillary block was
demonstrated. Another identified risk factor for this com-
plication was pseudoexfoliation syndrome.
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Ocular hypertension and glaucoma

Ocular hypertension is another commonly encountered
early postoperative complication. It has been reported in up
to 44% of cases following sutured PCIOL to the sclera [53].
It is more common in predisposed eyes with primary or
secondary sclerocorneal angle abnormalities, traumatic
zonular loss, established preoperative disease, and sensi-
tivity to steroids [134]. It usually responds to topical
hypotensives, but some patients continue to present raised
IOP requiring medical or surgical management after
3 months of surgery. In this instance, it would be considered
as postoperative glaucoma [137]. Additionally, there is a
higher risk of developing glaucoma when hyphema devel-
ops or if there is prolapse of the anterior hyaloid. Vitreous
remnants left in the anterior chamber could obstruct the
trabeculum or induce persistent traction over other struc-
tures, resulting in secondary glaucoma [55]. This empha-
sises the need of careful concomitant anterior vitrectomy, if
indicated, as well as adequate control of any sources of
active bleeding intraoperatively.

Cystoid macula oedema

A scleral-fixated IOL theoretically acts as an anatomical
barrier that avoids passage of vitreous strands or inflam-
matory mediators that could lead to chronic inflammatory
processes [130]. Nevertheless, acute CMO has been repor-
ted in most sutured and sutureless techniques for IOL scleral
fixation, occurring in up to 20-23% [49, 63, 86]. Risk
factors include posterior capsular rupture and vitreous loss
during initial complicated cataract surgery, history of
uveitis, prolonged surgery or vitreous traction localised in
the surgical wound or iris. It commonly presents during the
first 3 postoperative months and responds well to topical
steroidal and non-steroidal treatment. Prevention includes
treating any pre-existing inflammatory reaction and plan-
ning surgery once it has settled, as well as minimising
surgical manoeuvres and making sure to remove any points
of vitreous incarceration.

Intraocular haemorrhage

Initial scleral fixation techniques, such as the ab interno
method, involved more uncontrolled passage of needles behind
the iris in the setting of hypotony and, with this, the possibility
of inadvertent perforation of other intraocular structures such as
the ciliary processes. With later implementation of the ab
externo approach, the principle of keeping the anterior chamber
closed minimised hypotony and reduced the risk of intraocular
haemorrhage, vitreous incarceration in sclerotomy sites, and
retinal detachment [134].
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In the reviewed studies, rate of hyphema was reported to
occur in up to 5% of cases and it was considered as a suture-
related complication in two series in which PCIOL was
fixated to the sclera using 10-0 polypropylene [42, 70].
This was classified as minor and was resolved sponta-
neously during the follow-up period. Vitreous haemorrhage
ranged from 3 to 22% in this analysis [52, 86, 116]. It is
usually mild and can be observed with adequate clinical
control.

Suprachoroidal haemorrhage is an uncommon compli-
cation, but it has been reported to occur intraoperatively and
up to 6 days after SFIOL implantation [138]. Risk factors
include advanced age, uncontrolled systemic hypertension,
and extreme axial length measurements [55]. Vote et al.
[51] reported two cases of postoperative suprachoroidal
haemorrhage among 61 eyes undergoing scleral-fixated IOL
with 10-0 polypropylene; they reported a long-term risk of
choroidal haemorrhage of 3.2% with this technique. Patients
required drainage and tamponade with silicone oil.

Some principles to reduce the risk of acute intraoperative
major bleeding include performing sclerotomies and suture
passes at a safe distance from limbus to avoid the highly
vascularised structures of the pars plicata, and keeping the
globe well pressurised during surgery [55]. It is also
important to minimise the number of puncture sites to the
globe and to avoid direct trauma to major vessels of the iris.
Efficient haemostasis of the scleral bed at the beginning of
the surgery can also avoid blood diffusion into the anterior
chamber. Late anterior or posterior segment haemorrhage
can develop in cases where a poorly fixated IOL provokes
continued chaffing against uveal tissues, leading to uveitis-
glaucoma-hyphema syndrome [55, 134]. It can also present
in patients with pre-existing complex ocular co-morbidities.
Kansal et al. [94] reported a rate of 11.6% in patients with
preoperative floppy-iris syndrome, trauma-related aphakia
and prior retinal detachment surgery. This complication
may also lead to secondary CMO in chronic presentations.

Suture and haptic-related complications

Placement of sutures through or directly below the con-
junctiva yielded higher risk of erosions in the past [32].
More recent studies show a rate of 1.6-10% [48, 51]. To
reduce risk of suture exposure, many methods now include
rotation manoeuvres and suture burial under the sclera, as
well as the possibility to create scleral flaps and pockets of
different shapes and sizes to offer additional suture cover-
age [44]. It Is also important to avoid tying multiple knots
when using thicker and more rigid sutures such as poly-
propylene, since these could erode even through scleral
flaps [139]. Knotless techniques, such as the Z-suture
technique, avoids risk of late erosion. Dimopoulos et al.
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[44] reported 0% rate of suture erosion with this technique
in 62 patients after a follow-up period of 10 years.

Suture breakage is another concerning complication that
could lead to IOL instability, especially when polypropylene
sutures are used. Different mechanisms can lead to failure of
the suture such as progressive thinning and cracking, enzy-
matic degradation induced by tissues with a high metabolic
activity, or when the edges of haptics eventually cut the suture
[40]. Suture breakage rate is variable; it has been reported in
as high as 27.9% in a mean period of 4 years after surgery,
while other authors have not reported it [38, 51].

Besides the structural support offered by the suture, it has
been demonstrated that a fibrotic capsular matrix around the
haptics forms after PCIOL sulcus implantation in 80% of
cases, which accounts for additional IOL stability even in
sutureless fixation techniques [140]. Wasiluk et al. [46]
found an IOL dislocation rate of 14% after a mean follow-
up of 64 months. All these cases occurred after breakage of
9-0 polypropylene; three cases occurred spontaneously, and
1 was secondary to trauma.

Improved haptic design has also allowed for better out-
comes. For example, implementation of one or more eyelets
per haptic and enlargement of haptic ends aid to minimise
rate of slippage and IOL dislocation [134]. Haptic visibility
through the sclera or conjunctiva has been described in 50%
of cases after glued IOL technique by Kumar et al. [118].
However, most of these are considered as not clinically
significant in the absence of conjunctival rubbing of the
haptic tip. Real erosion has been previously described by
the same author in 2-4% of cases [81].

Endophthalmitis

Endophthalmitis is a complication related to any intraocular
surgery. Nonetheless, there is a higher risk in patients
undergoing SFIOL implantation if there is inadvertent
wound leak and suture or haptic erosion [134]. Kannan
et al. [141] found only four cases of acute postoperative
endophthalmitis in 3541 eyes after sutureless, glueless,
flapless SFIOL implantation combined with PPV (0.112%).
Of these, only one case was confirmed by a positive culture
of Pseudomonas aeruginosa. Mean time to presentation was
10.25 +9.6 days. Regarding management, two cases
resolved after single intravitreal injection of antibiotics, and
two required vitrectomy.

Unfortunately, suture erosion or haptic extrusion can
occur even after a well performed technique and they
should be addressed as soon as possible to preserve globe
integrity and to avoid passage of microorganisms through
the suture or haptic tracts. This can be achieved either by
suture repositioning, removal or coverage with donor grafts
[139]. Patients with pre-existing extensive scarring or
scleroconjuntival thinning may not be suitable candidates

for scleral-fixation IOL due to a higher risk of significant
late exposure. Additional risk factors for endophthalmitis
include contaminated glue or infusions, large scleral pock-
ets or tunnels which enable bacterial growth, and vitreous
wicks in non-sealing wounds [141].

Lens tilt and decentration

The risk of major IOL tilt and subluxation has been a
concern after SFIOL surgery and postoperative outcomes
should match those accomplished after uneventful cataract
extraction, where the mean optic microtilt of in-the-bag IOL
has been reported to lie between 1.13 and 1.52 degrees
[142]. It has been demonstrated through Purkinje imaging
analysis that an optic tilt angle of less than 5 degrees does
not have an impact in quality of vision or induced refractive
error. With newer SFIOL techniques achieving better and
more numerous points of fixation, significant tilt and dis-
location becomes less likely [143].

Primary attempts to perform IOL scleral fixation with
two anchoring points increased the risk of significant lens
tilt of >5 degrees. Durak et al. [144] reported a mean tilt of
6.09 + 3.80 degrees in 53 patients who underwent trans-
scleral sutured PCIOL; decentration >1 mm and optic tilt
>10 degrees was present in 16.7% of cases. Analysis with
anterior segment OCT scans following glued SFIOL has
shown a mean optic microtilt of 0.8 + 1.7 degrees on the
vertical axis and of 0.4 + 1.2 degrees on the horizontal
axis in 20% of cases, with minimal decentration [118].
After sutureless flanged technique described by Yamane
et al. [1] mean IOL tilt was reported to be 3.4 +2.5
degrees.

Since It is not possible to visualise the exact point of
trocar or needle insertion, we rely on important anatomical
landmarks such as the posterior surgical limbus. With the
advent of new imaging devices, there has been a more
detailed definition of the surface and shape of the ciliary
sulcus in vivo. Sugiura et al. [145] demonstrated, through
ultrasound biomcroscopy and endoscopic surgery, that the
limits of the pars plicata are located at ~2.4 mm from the
posterior surgical limbus when viewed from an outside
perspective. Thus, they recommend a needle emergence
point of 2.5 mm for ab interno ciliary sulcus fixation, and a
needle insertion point at 3 mm for ab externo pars plana
fixation technique. Haptic fixation points <2.4 mm increase
the risk of bleeding and more pronounced optic tilt, since
the haptics would be fixated over the ciliary processes.
Fixation further than 3 mm from posterior surgical limbus
increases the distance between two anchoring points,
inducing unnecessary stretching and increased total IOL
length. Additionally, ensuring a symmetrical haptic place-
ment at 180 degrees from each other will help reduce
suture-related optic tilt and better long-term IOL stability.
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Retinal detachment

The rate of retinal detachment after SFIOL sutured has been
reported to be between 1 and 8% [35, 51]. However, this
rate could be higher in predisposed patients. Dimopoulos
et al. [44] found a retinal detachment rate of 15% in a series
of 62 eyes undergoing knotless sutured technique; half of
these patients had history or trauma and previous retinal
detachment repair.

Lee et al. [146] reported a higher but non-significant
difference in development of retinal detachment after pri-
mary vs secondary transscleral sutured PCIOL implantation
(8.1% vs 1.7%, respectively). The former group comprised
patients with ruptured posterior capsule, suggesting an
important role of vitreous traction in the pathogenesis of the
detachment. Cases that developed intraocular haemorrhage
were significantly correlated with a higher incidence of
retinal detachment and proliferative vitreoretinopathy. Also,
most tears were located near the haptic fixation points. In
order to reduce rates of retinal detachment, it is recom-
mended to perform vitrectomy with a thorough vitreous
base shave especially near the sclerotomy sites, avoiding
hypotony, controlling major sources of intraoperative
bleeding, and treating high risk retinal pathology related to
myopia or trauma [55].

Conclusion

It is clear that techniques of lens implantation in the absence
of zonular or capsular support will be necessary for the
foreseeable future for a range of ophthalmic pathologies and
surgical complications. The multiple techniques available
and the absence of a consensus on the optimal surgical
approach is evidence that further work on developing
techniques is required. Existing published studies have
obvious limitations—particularly the absence on controlled
long-term follow-up and the comparison of differing patient
groups. There remains a need for detailed prospective stu-
dies of long-term outcomes (5—10 years)—the experience at
Moorfields where the rate of suture breakage only became
apparent with ongoing long-term analysis highlights this
[51] Future studies would ideally analyse corneal endo-
thelial cell counts in addition to other reported outcomes.
Organising such studies is resource intensive and proble-
matic over prolonged periods. Randomised trials comparing
IOL placement and techniques could potentiality provide
valuable data on surgical options. However, they have the
potential for bias as participating surgeons may be more
skilled in (and have a preference for) one surgical approach
over another. These cases often have multiple ophthalmic
co-morbidities and the most appropriate technique may
differ accordingly, making comparisons of surgical
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approach problematic. This is particularly true in the area of
lens implantation without zonular or capsular support where
surgical techniques are relatively complex and cases infre-
quent at present. Therefore, surgeon choice remains
important—differing surgical skills are required for the
varied techniques described above and individual surgeons
will select their surgical approach accordingly.
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