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ABSTRACT

Purpose: This study conducted a critical review
of the peer-reviewed literature on the use of
supplemental toric intraocular lenses (STIOL) in
the ciliary sulcus to correct residual refractive
astigmatism.

Methods: This review used PubMed as a data-
base from 1 January 2010 to 13 March 2023.
According to the inclusion and exclusion crite-
ria defined, 14 articles were selected for the
current review.

Results: The data of 155 eyes were analyzed.
Most of the studies reviewed had a short follow-
up and poor or limited design, including case
reports, case series, and retrospective cohorts.
The follow-up period ranged from 43 days to
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4.5 years. STIOL rotation was the most fre-
quently described complication in the litera-
ture, with a mean rotation of 30.48 £ 19.90°.
These patients required repositioning in 50 of
155 eyes (32.25%). Moreover, four eyes (2.58%)
required scleral fixation sutures and two eyes
(1.29%) iris fixation. Other complications were
high intraocular pressure (3 eyes, 1.93%), tran-
sient corneal edema (2 eyes, 1.29%), corneal
decompensation (2 eyes, 1.29%), and pigment
dispersion (1 eye, 0.64%). From the total,
57.41% of eyes (89 eyes from 155) achieved
within + 0.50D of target refractive astigmatism.
It is important to highlight that at least 52 eyes
out of the 155 (33.54%) had an abnormal cor-
nea with irregular astigmatism.

Conclusion: STIOL seem to offer good visual
and refractive outcomes. However, STIOL
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showed variable rotational stability, especially
in some platforms. Further studies with a more
robust design, methodology, and standardized
analysis methods are needed to confirm these
trends.

Keywords: Astigmatism; Supplemental toric
IOL; Piggyback toric IOL; Complementary
toric sulcus IOL

Key Summary Points

Supplemental toric intraocular lenses
(STIOL) seem to offer good visual acuity
and refractive outcomes, decreasing
residual refractive astigmatism

STIOL rotation was the most frequently
described complication in the literature,
with a mean rotation of 30.48 £ 19.90°

STIOL showed variable rotational stability,
especially in some platforms

Further studies with a more robust design,
methodology, and standardized analysis
methods are needed to confirm these
trends

INTRODUCTION

Cataract surgery is a cost-effective procedure [1],
and nowadays could be considered a refractive
surgery with an emmetropic objective [2],
especially when it comes to implanting multi-
focal intraocular lenses (MIOL) [3, 4]. On the
one hand, it is well known that the presence of
low-to-moderate corneal astigmatism is very
common in the population, since two-thirds of
candidates for cataract or presbyopia surgery
could present with some level of corneal astig-
matism, normally between 0.50 D and 1.50 D
[S]. This fact has recently been corroborated in a
systematic review in which the authors show
that the prevalence of astigmatism between
0.50 D and 1.50 D could reach 68%, especially
in patients older than 70 years old [6]. On the

other hand, it is also known that residual levels
of refractive astigmatism can influence postop-
erative visual acuity (VA) [7], decrease patients’
vision-related quality of life, and even hinder
productivity among working-age adults, thus
posing an economic burden. Therefore, it is
worth mentioning that astigmatism correction
improves patient’s VA and vision-related qual-
ity of life [8, 9]. One way to correct astigmatism
could be corneal incisions, either through clear
corneal incisions, opposite clear corneal inci-
sions, limbal relaxing incisions (LRI), or arcuate
keratectomy, either manually or using a fem-
tosecond laser [10]. These techniques have been
shown to be safe and moderately effective in
corneal astigmatism correction during cataract
surgery. Therefore, it is plausible that their use
could be effective in patients with residual
refractive  astigmatism. Nevertheless, toric
intraocular lenses (TIOL) have been proven to
be the best method of correcting astigmatism
during cataract surgery [11, 12]. However, the
correction of residual astigmatism in patients
who have already undergone surgery with non-
toric intraocularf lenses (IOLs) by explanting
the IOL and replacing it with a TIOL is a com-
plex procedure not without risk [10]. Another
option when it comes to correcting residual
refractive astigmatism could be the use of the
corneal laser refractive surgery, traditionally
called laser corneal enhancement or the inser-
tion of a supplementary toric IOL (STIOL) in the
ciliary sulcus. The former option has been
shown to achieve satisfactory results [13, 14].
However, this procedure may not be possible in
certain circumstances, such as in patients with
corneas suspected of developing post-laser
ectasia[15] or in certain departments, such as
those of some public health systems, that may
not have this technology available. It is in this
situation that supplementary intraocular lenses
could be an ideal option. In fact, supplementary
intraocular lenses have been shown to signifi-
cantly reduce the risk of intraoperative compli-
cations compared with IOL replacement within
the capsular bag [16].

Previously, our group published a systematic
review regarding visual and refractive results,
patient satisfaction, and complications of
patients operated on with supplementary
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multifocal IOLs (SMIOLs), highlighting that
SMIOLs could be a valid option in offering good
results in terms of VA in different focuses, giv-
ing spectacle independence in most patients
and generating their satisfaction with generally
tew complications, as positive dysphotopsias is
the complaint most referred to by patients, and
pigmentary dispersion, especially in a specific
platform, the most described complication [17].
However, little is known about STIOL for the
correction of astigmatism, either as a primary or
secondary surgical option to achieve emme-
tropia due to an astigmatic residual refractive
error. Although there is a narrative review about
the different supplemental intraocular lenses on
the market, in which the authors explained
their technology (from monofocal to multifo-
cal), different platforms, surgical technique, and
limitations [17], to the best of our knowledge,
there is no review in the literature that specifi-
cally addresses this particular topic; the utility
of the STIOL in depth.

The purpose of this article is to review and
report the outcomes from the available scien-
tific literature on STIOL, summarizing the data
reported regarding the design of the studies
included, VA, and complications related to this
technology.

METHODS

This review was performed using PubMed as a
database from 1 January 2010 to 13 March 2023.
An initial search was carried out with the
objective of finding case series studies and/or
clinical trials that reported refractive and visual
results and complications of combined STIOL,
whether in multifocal or monofocal version.
The data search strategy with Boolean operators
was as follows: Complementary toric sulcus
intraocular lens OR Secondary toric piggyback
OR supplementary toric sulcus IOL OR supple-
mentary toric sulcus intraocular lens OR com-
plementary toric sulcus IOL OR supplementary
toric sulcus IOL OR toric add-on IOL OR toric
add on intraocular lens OR toric sulcus IOL OR
toric sulcus intraocular lens OR toric piggy back
IOLS OR toric piggyback intraocular lens OR
toric add on IOL OR toric sulcoflex IOL OR toric

Supplementary Add-on Intraocular Lens OR
toric Supplementary Intraocular Lens NOT
multifocal add-on. In total, 14 articles were
selected for the current review. The process of
this review was summarized in a flowchart dia-
gram in Fig. 1. Inclusion criteria were original
articles, clinical trials, case reports, and case
series studies including a spherical IOL or MIOL
in the capsular bag and a STIOL, monofocal or
multifocal. Exclusion criteria were: (1) narrative
reviews; (2) artificial eye studies; (3) non-Eng-
lish publications except those in Spanish; (4)
animal eye studies; (5) studies that included
toric IOL and monofocal IOL implantation as
piggyback but with both IOLs in the capsular
bag; (6) supplementary non-toric IOL or a STIOL
in patients with previous TIOL in the capsular
bag since the objective of this study is to eval-
uate the possible improvement of residual
refractive astigmatism in eyes without previ-
ously implanted TIOL.; and (7) IOLs implanted
in the sulcus not specifically designed for pig-
gyback placement in previously pseudophakic
patients.

Articles were selected, reviewed, and dis-
cussed by two of the authors (C.R.L. and
M.G.L.). Disagreements between C.R.L. and
M.G.L. were addressed by a third author
(D.z.C.).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

The data of 155 eyes were analyzed. Most of the
studies reviewed had a short follow-up and poor
or limited design, including case reports, case
series, and retrospective cohorts. Demographic
patient characteristics, follow-up times, type of
STIOL, and time to implantation are reported in
Table 1. The follow-up period ranged from
43 days to 4.5 years. The evaluation of rota-
tional stability, VA, refractive outcomes, and
complications after implantation of STIOL are
presented in Table 2. STIOL rotation was the
most frequently described complication in the
literature, with mean lens rotation averaging
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Fig. 1 Flowchart of the narrative review performed

30.48 £ 19.90°. These patients required reposi-
tioning in 50 of 155 eyes (32.25%). Moreover,
four eyes (2.58%) required scleral fixation
sutures and two eyes (1.29%) iris fixation. Other
complications were high intraocular pressure
(IOP) in three eyes (1.93%), transient corneal
edema in two eyes (1.29%), corneal decom-
pensation in two eyes (1.29%), and pigment
dispersion in one eye (0.64%). A £0.5 D target
astigmatism was achieved by 57.41% of eyes (89
eyes from 155 patients). At least 52 eyes from a
total of 155 (33.54%) had an abnormal cornea
with irregular astigmatism.

DISCUSSION

Currently, patients demand independence from
glasses, and emmetropia is generally the surgi-
cal target in cataract and presbyopia surgery.
Residual refractive astigmatism is one of the
most important causes of suboptimum visual
function and patient dissatisfaction, decreasing

No surgery (n=8)
Non-english (n=5)
Others (n=2)

the VA and patients’ vision-related quality of
life [7]. In this study, we reviewed the benefits
and complications of STIOL in the 155 eyes
described in the literature. Most of the studies
use this technology in a second surgical time,
between 3 months and 72 months postopera-
tive, something that was previously described
with the use of SMIOL [17]. This makes sense,
since most ophthalmologists use TIOL when
correcting preoperative corneal astigmatism in
the case of cataract or presbyopia surgery. In
general, the results obtained from this review
show that this approach is effective in correct-
ing residual refractive astigmatism, improving
final uncorrected and best-corrected distance
VA (UCDVA/CDVA) with few complications
described. It is of note that 57.41% of eyes (89
eyes from 155) achieved a residual refractive
astigmatism +0.50D, improving the final
uncorrected distance visual acuity of most
patients from the articles included in this
review. The concept of safety in refractive sur-
gery is defined as the loss of two lines of CDVA
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with respect to the preoperative period after any
given procedure. In this review, loss of CDVA in
the postoperative period, respecting preopera-
tive values, was analyzed only in 119 eyes. From
these eyes, 2.52% (3 eyes out of 119) lost two
lines of CDVA and 13.44% (16 eyes out of 119)
lost one line of CDVA. These outcomes, com-
bined with few intraoperative or postoperative
complications, suggest a good safety profile for
STIOLs.

Although the results of this approach may
not be as reliable and effective compared with
naive eyes, STIOL may also be useful in bor-
derline cases or in abnormal corneas such as
post corneal transplantation or corneal ectasias
as reported in this review. In fact, the use of
TIOL in these patients has recently been
described and reviewed in the literature,
obtaining satisfactory results regarding the
improvement of VA and the reduction of ani-
sometropia [18]. It is suggested to remove ker-
atoplasty corneal sutures prior to TIOL
implantation, as these cases can present with
largely orthogonal and symmetrical residual
astigmatism after the complete removal of the
sutures [19]. These suggestions should also
apply in the case of a STIOL implant. Thomas
etal.,, in an article in which the majority of
patients presented with astigmatism related to
corneal transplantation, demonstrated that
although the refractive target did not reach
emmetropia, the residual refractive astigmatism
was considerably reduced compared with pre-
operative values with the use of STIOL [20].
McLintock et al. [21] showed that, even if the
outcomes were worse in the post-corneal
transplant group, 34.00% of the eyes with
STIOL achieved an objective within +0.50 D of
the spherical equivalent target. Similar results
are reported by Meyer etal., who found a
decrease in mean refractive astigmatism of
84.00%, from 5.70D (range, 4.00-9.00D) to
0.90 D (range, 0.20-3.00 D) [22]. Therefore, the
use of STIOL could be useful in post-corneal
transplant patients if they meet these proposed
criteria. Other refractive options to correct
residual refractive astigmatism for these
patients can be found in these detailed reviews
[23, 24]. Moreover, STIOL seems to be a plausi-
ble option for patients with some component of

irregular astigmatism as well, as shown by
Franco etal. [25] A similar approach has also
been described in patients with TIOL [26].

The risk factors reported in the literature
regarding TIOL rotation are large axial lengths
(greater than 25 mm) [27], large anterior seg-
ment lengths [28], with rule astigmatism [27],
inadequate size and shape of the capsulorhexis
[29], postoperative hypotonia [30], zonular
instability, or leaving viscoelastic within the eye
after completing the surgical procedure [29, 30]
(Table 3). However, STIOL, unlike TIOL, are
lenses that are placed in the ciliary sulcus, with
the consequent anatomical difference that this
entails. Therefore, the risk factors for rotation
may in some cases be similar to TIOL, and in
others, inherent to the sulcus placement of the
STIOL. Among risk factors for STIOL rotation
reported in the literature are patients who are
myopic, as it is known that these large eyes tend
to have a larger ciliary sulcus diameter, which
could facilitate STIOL rotation [31]. Meyer et al.
[32] showed in their series that all the eyes with
STIOL rotation were myopic, three of them (3/
7) having more than 25.00 mm of axial length.
It has been reported that the ciliary sulcus

Table 3 Risk factors for rotation of STIOL reported in

the literature

Anatomic features
1. Large axial length
2. Large anterior segment length
3. Large ciliary sulcus diameter
4. Zonular instability
5. With rule corneal astigmatism (STIOL place

vertical)
Intraoperative risk factors
6. STIOL with a C-loop design

7. Incomplete removal of the ophthalmic viscosurgical

device
Postoperative risk factors

8. Postoperative hypotonia (incision leakage)
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becomes smaller in older people [33]. Following
this suggestion, Meyer et al. [32] proposed that
younger patients could have greater risk of SIOL
rotation. Other rotation risk factors proposed by
Meyer et al. [32] are a deep anterior chamber,
since it would be expected to allow more space
within the iridociliary angle for STIOL rotation.
Currently, STIOL, unlike TIOL, are implanted in
an “open space” without the support of capsu-
lorhexis, therefore, they can potentially rotate
immediately after the surgery, or even later [34].
Similar to the possibility of rotation of a TIOL
placed vertically [27], a STIOL placed vertically
may have a greater risk of rotation because the
ciliary sulcus is larger in the vertical meridian
than in the horizontal meridian [32, 33, 35].

According to the outcomes of this review, it
seems that STIOL with a C-loop design has a
higher risk of rotation, either single piece or
three pieces, unlike those with four closed
haptics as has the 1stQ AddOn. In this line,
McLintock et al. reported that 86.40% of the
eyes showed less than 10° of rotation, needing
repositioning in only two eyes [36]. However, it
is fair to mention that there are only 50 eyes
reported in the literature with this platform,
from which only three cases needed reposi-
tioning. In contrast, the same author, using a
C-loop platform, showed repositioning rates of
up to 62.00% (32/51). [21] Therefore, we rec-
ommend that the scientific community report
their results, so that, with a greater number of
eyes, more robust conclusions can be reached
regarding which haptic design is better when it
comes to guaranteeing the rotational stability of
STIOLs.

Although it has been suggested that the
repositioning of the TIOL in case of rotation be
carried out between 1 week and 3 weeks after
the primary surgery ([37], little is known
regarding when the best moment is to reposi-
tion a STIOL. Some authors have repositioned
the STIOL by rotation over a long period of
time, such as Thomas et al., who repositioned
some STIOLs 1week after surgery, others
3 weeks after surgery, or even 10 months after
the procedure, with satisfactory results [20]. In
the study by McLintock et al. [21], in 31.00% of
cases, IOL repositioning was required 3 months
or later in the postoperative period. In the rest

of the available literature, the authors do not
specify when the repositioning was performed.
Therefore, future studies should evaluate the
best moment to reposition a STIOL in case of
rotation that affects the CDVA. In other studies,
the STIOL was still not properly oriented after
being repositioned several times, thus requiring
suturing the lens to the sclera or the iris
[21, 32, 34]. Nevertheless, these techniques had
to be performed in very few cases. This
approach might be beneficial in cases of recur-
rent rotations; however, limited information is
currently available regarding its advantages and
side effects.

Another complication reported in this
review is pigment dispersion. Interestingly, this
was one of the most frequently described com-
plications in the SMIOL review [17]. Most of the
cases were reported in the same study and with
the same platform [38]. Unlike in the previous
review, in the study by Thomas et al. just one
eye with a three-piece STIOL implanted showed
persistent pigment dispersion [20]. Other infre-
quently reported complications are high IOP in
three eyes, corneal edema in three eyes (one
needed a corneal transplantation), and two
corneal graft failures [20].

Although it has not been the primary
objective of this study, it is important to note
that STIOL could be used in patients who have a
refractive residual astigmatism and who would
also prefer to have it resolved with a multifocal
technology, since there are currently platforms
on the market that incorporate diffractive rings
to improve the depth of focus with the toric
version, as shown in a case report by Rabsilber
etal. [39]. In addition, it is worth noting that,
although this technology did not meet our
inclusion criteria, the off-label use as piggyback
of the Visian implantable collamer lens (ICL),
both for the correction of the spherical and
astigmatic components, has also been recently
described with satisfactory results [40, 41].
Therefore, this technology could also be taken
into consideration, although more long-term
studies focused on safety are still necessary.

Among the limitations of this review, it
should be noted that, as previously shown in
the review on SMIOL [17], most of the studies
collected are case series, with the biases that this
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entails. Likewise, it is important to highlight the
short follow-up of the most of the studies. Since
this is a narrative and not a systematic review
with meta-analysis, some biases could also be
found in the article selection process. However,
as previously mentioned, the design of the
articles included and the heterogeneity of their
outcomes make it difficult to carry out a study
with such characteristics. Moreover, it is worth
mentioning that several studies mix patients
with regular and irregular astigmatisms without
subdividing them by groups in their results.
Although the outcomes of this review show that
in general, STIOLs are effective in reducing the
total amount of residual refractive astigmatism,
not dividing patients with regular and irregular
astigmatisms by subgroups could affect the final
results, since it is plausible that the former
perform better than the latter. Future studies
should perform subgroup analysis in such cases.
Similarly, some studies were discarded because,
although they included STIOL, they also inclu-
ded supplementary spherical lenses in the sul-
cus without a toric component and without
analyzing the results obtained by subgroups
[42, 43]. It is equally important to note that
some of the STIOLs reported in this study are
not currently used widely, especially the three-
piece platforms. Similarly, some studies use
both eyes when evaluating the results. It is well
known that without proper statistical adjust-
ment, this fact could equally affect the results,
since both eyes are usually correlated [44]. In
addition, many studies use non-standardized
methods when reporting refractive results
regarding astigmatism analysis [45]. In the same
line, most of the studies do not follow stan-
dardized criteria[46] when carrying out collec-
tion or reporting refractive results with respect
to IOLs. We encourage the scientific commu-
nity to try to follow these criteria, which have
recently been collected and summarized [47].
In conclusion, STIOLs seem to offer optimal
visual and refractive results regarding the cor-
rection of residual refractive astigmatism. We
believe that STIOLs can be a very useful option,
especially in those cases where other tech-
niques, such as corneal laser refractive surgery,
may be contraindicated or not available. How-
ever, it is important to note that rotational

stability may not be optimal in certain situa-
tions, especially in some platforms, and may
require postoperative repositioning. More
robust studies are still needed to confirm satis-
factory outcomes for STIOL.
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