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Out-of-the-Bag Implantation

IOL Power

Jaime Aramberri

Introduction

The lens capsular bag offers an excellent position
for the intraocular lens (IOL) in cataract surgery,
providing a stable and predictable location within
the eye. There is no direct contact with adjacent
tissues, the optical plane is similar to the natural
lens and the capsular fibrosis that occurs during
the first year after surgery will set a permanent
axial and rotational position [1]. The postopera-
tive in-the-bag IOL plane has a relationship with
some preoperative anatomic features of the eye
such as the anterior chamber depth (ACD), the
lens thickness (LT), and the axial length (AL),
and therefore, a predicting function can be calcu-
lated to estimate this position before surgery and
calculate the IOL power for a certain refraction
using Optics theory or build a predictive model to
directly calculate the IOL power from those
variables.

However, in several clinical situations, in-the-
bag implantation will not be possible due to a
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lack of safe capsular support. Depending on the
circumstances, the IOL will be implanted in
another anatomical plane: anterior chamber, iris,
ciliary sulcus, or pars plana [2]. This will change
the optical effective power of the IOL, and thus,
the power calculation needs to be adjusted in
order to achieve an accurate refractive prediction
as all the usual IOL power calculation formulas
assume an in-the-bag IOL location. Moreover,
some IOL models are specifically designed for
another anatomical location and the IOL formula
must be aware of this and adapt the calculation
usually through a different IOL constant.

The most frequent out-of-the-bag implant
locations and IOL designs are as follows
(Fig. 71.1):

— Anterior chamber: Angle supported and iris-
claw (prepupillary) IOLs

— Ciliary sulcus: Iris-claw (retropupillary) and
posterior chamber (PC) IOLs. The latter can
be iris-sutured and sulcus supported

— Scleral fixation: PC IOL
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Fig.71.1 IOL models
for different out-of-the-
bag implantation planes.
From left to right:
anterior chamber IOL,
iris-claw IOL (anterior
and posterior to iris),
and posterior chamber
IOL (iris-sutured, ciliary
sulcus and pars plana
fixated)

Clinical Situations

Insufficient capsular bag support can occur as a
consequence of various clinical conditions. From
a practical point of view, capsular and zonular
damage should be distinguished.

Capsular Damage

The lens capsule can be injured in different
degrees leaving some capsular support if the
anterior capsule is still in place, where a PC IOL
can be implanted over it, or no capsular support
at all if the anterior capsule remnant is insuffi-
cient to hold the IOL in place and creating the
need of an alternative IOL fixation technique.
The most usual clinical situations where the
capsule is damaged are as follows:
— Capsular rupture during cataract surgery: This
is a relatively frequent surgical complication
with a reported incidence ranging between 0.1
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and 5% depending on the series. A recent met-
analysis reported 0.42% in Femto-second
laser-assisted (FLACS) surgery and 0.27% in
conventional phacoemulsification surgery [3].
Some related factors are surgeon’s experience,
cataract degree, pupil size, etc.

— Traumatic capsular rupture: It has been
described in the context of blunt trauma,
where the combined action of globe deforma-
tion and the shock wave can affect the capsu-
lar integrity [4], and also in perforating trauma.

Zonular Damage

Depending on the degree, there will be a partial

or a total lens luxation:

— Simple ectopia lentis: Zonular damage due to
genetic mutation, inherited in an autosomal
dominant or recessive pattern.

— Ectopia lentis associated to systemic disease:
There is a long list of associated pathologies
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being the most frequent: Marfan syndrome,
Weill-Marchesani syndrome, sulfite oxidase
deficiency, etc. [5].

— Ectopia lentis associated to ocular disease:
Several ocular morbidities are associated to
luxation and subluxation of the lens: pseudo-
exfoliation syndrome, high myopia, congenital
glaucoma, aniridia, syphilis, retinitis pigmen-
tosa, etc. [5].

— In-the-bag IOL dislocation: An increasing
trend for the incidence of this condition has
been reported. The main associated factor is
pseudoexfoliation syndrome, 31-83% of
cases. Less frequent are previous vitreoretinal
surgery, high myopia, uveitis, etc. [6].

Out-of-the-Bag IOL Implantation
Posterior Chamber

Posterior capsular tear or rupture is a frequent
and unexpected complication during cataract sur-
gery. The risk of IOL dislocation and/or tilt runs
beyond a certain degree of capsular damage in-
the-bag implantation, and therefore, an alterna-
tive IOL placement must be considered. If the
anterior capsule is intact with maintained zonular
tension, a PC IOL can be implanted over the
anterior capsule with the haptics in the ciliary
sulcus. The optic is sometimes captured with the
capsulorrhexis to ensure centration and stability.
If there isn’t enough anterior capsular support,
the IOL will have to be fixated to the sclera or to
the iris. Scleral fixation can be done either in the
sulcus or in the pars plana. Some techniques use
non-absorbable sutures while others are
sutureless.

PC IOLs are usually calculated with an IOL
constant value optimized for in-the-bag IOL
placement. Any axial offset will change the effec-
tive power of the IOL modifying the final refrac-
tion and turning the IOL power calculation
inaccurate. There will be a myopic refraction
shift if the IOL is more anterior (closer to the cor-
nea) and a hyperopic refraction shift if the IOL is
more posterior (closer to the retina).

Sulcus Support

This is the easiest situation for the surgeon both

from the technical and calculation point of view.

The IOL is positioned over the remaining ante-

rior capsule, and the haptics will normally sit on

the ciliary sulcus.
This anterior IOL location entails some patho-
physiological and optical consequences:

— There will be more contact between the IOL
and the iris and ciliary body tissue with risk of
uveitis, glaucoma, and hyphema (UGH syn-
drome) [7]. The ideal PC IOL for sulcus
should have thin haptics to avoid excessive
contact with the iris root and an adequate
design to leave as much space as possible
between the optic and iris to minimize iris
chaffing. This means posteriorly angulated
haptics and a thin optic (material with high
index of refraction), preferably with rounded
and smooth edges. Some 3-piece hydrophobic
IOL models meet these conditions and are the
preferred designs for sulcus implantation. The
overall IOL diameter must be sufficiently long
to enhance centration and allow for stable fix-
ation in the sulcus (minimum of 13.0 mm) [8].

— The IOL effective power will be higher and
the refraction more myopic than the in-the-
bag prediction. The surgeon must convert the
IOL power calculation from the bag to the sul-
cus plane taking into account the expected dis-
tance change.

Several studies report a mean distance of
around 0.75 mm between the bag and the sulcus
position. Hayashi measured with a Scheimplflug
camera a mean ACD of 4.27 + 0.25 mm in 50
eyes with in-the-bag IOL, 3.54 + 0.48 mm in 51
eyes with sulcus IOL and 3.59 + 0.45 mm in 50
eyes with sulcus scleral-sutured IOL [9]. Suto
measured with US biometry the same distances
finding a mean ACD of 3.51 + 0.25 mm in 30
eyes with sulcus IOL and 4.26 + 0.29 mm in the
fellow eye where the IOL was in-the-bag [10]. In
one personal series (non-published study), we
measured a mean difference of 0.69 = 0.17 mm
(0.40-0.86 mm) in 19 eyes using the fellow eye
as reference in 17 eyes and the same eye where
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Fig.71.2 IOL exchange in a case of negative dysphotop-
sia. The new IOL is implanted in the sulcus. The distance
from the cornea to the anterior surface of the IOL changed
from 4.35 to 3.49 mm (difference 0.86 mm)

the IOL was moved for dysphotopsia treatment in
2 cases (Fig. 71.2).

The refractive shift induced by this axial dis-
tance will be directly proportional to the power of
the IOL. It can be theoretically calculated using a
human eye schematic model. Suto used a
Gullstrand eye to calculate an IOL power differ-
ence of 0.67 D, 1.53 D, and 2.60 D for IOL
powers of 10 D, 20 D, and 30 D, respectively.
The refractive change in the spectacle plane
would be 0.47 D, 1.07 D, and 1.82 D [11]. We
obtained very similar figures using a ray tracing
thick-lens paraxial model with a constant anterior
corneal radius of 7.71 mm and posterior corneal
radius of 6.38 mm. A biconvex IOL with known
physical features was used (SA60AT, Alcon).
The spectacle plane refraction for each IOL
power (from +6.00 to +34.00 D) was calculated
in two different IOL positions 0.75 mm apart. A
regression equation for Spectacle refraction dif-
ference as dependent variable was calculated as
follows:

Table 71.1 Refractive change (Rx) induced by 0.75 mm
axial movement of a biconvex IOL. Output of a regression
equation (see text) based on paraxial calculations in an
eye model

IOL power Rx IOL power Rx IOL power Rx

5 0.15 15 0.77 25 1.39
6 021 16 0.83 26 1.45
7 027 17 0.89 27 1.51
8 034 18 0.95 28 1.57
9 040 19 1.02 29 1.63
10 0.46 20 1.08 30 1.70
11 0.52 21 1.14 31 1.76
12 0.58 22 1.20 32 1.82
13 0.65 23 126 33 1.88
14 0.71 24 1.33 34 1.94

Rx =-0.158+0.0618 * IOL power

Table 71.1 contains the output of this equation
for IOL power ranging from +6.00 D until +34.00
D. This can be a useful tool to estimate the refrac-
tive shift induced by 0.75 mm IOL axial move-
ment (i.e., from in-the-bag to sulcus position).

Although there is some variability, the empiri-
cally observed refractive shift generally agrees
with these calculations: Hayashi et al. report a
lower value, —0.39 = 0.71 D prediction error in 51
eyes with the IOL in the sulcus against 0.08 + 0.54
D in 50 eyes with in-the-bag IOL [9]. Suto et al.
compared 30 cases where the IOL was in the sul-
cus in one eye and in-the-bag in the other. The
refraction prediction error was —0.78 + 0.47 D
[10]. Dubey et al. analyzed a group of 36 eyes
where some surgeons had subtracted 0.5 D and
others 1 D to the in-the-bag IOL power. Less pre-
diction error was found in the latter group where
in normal AL (22-25 mm), it was 0.38 = 0.20 D
and in short eyes (<22 mm), it was 1.01 = 0.32
D. In the former group, the prediction error was
1.82 +£0.47 D, 0.86 £ 0.29 D, and 0.42 £ 0.31 D
in short (<22 mm), medium (22-25 mm), and
long (>25 mm) eyes, respectively [12]. Eom et al.
reported a prediction error of —0.91 £ 0.74 D and
—0.93 + 0.71 D with two different IOL models
using the Haigis formula [13].

There is some difference when the IOL optic is
captured with the capsulorrhexis. The IOL plane
will be more posterior, and the effective power of
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the IOL will change less from the in-the-bag posi-
tion. Millar et al. found a significant difference in a
group of 58 eyes where 41% had optic capture and
59% had not. The prediction error was 0.34 £ 0.75
D and —0.40 + 0.74 D respectively. They had sub-
tracted 0.5, 1, and 1.5 D from the in-the-bag IOL
power for long, medium, and short eyes, respec-
tively [14]. Brunin et al. optimized the IOL con-
stants and reported some better predictability in
the optic capture group (n = 29) with a standard
deviation (SD) of 0.75 D versus the non-optic-
capture group (n = 10) where the SD was 0.82 D
[15]. Both papers conclude that whenever it is pos-
sible, the sulcus implanted IOL optic should be
captured with the capsulorrhexis because it pro-
vides a more stable and safe position.

Sulcus IOL Power

The most recommendable method would be to opti-
mize the IOL constant for the same sulcus implanted
IOL model based on the surgeon’s own experience.
Normally, this will not be possible except for very
high volume centers. Eom et al. followed another
approach modifiying the Haigis ELP prediction for-
mula, adding the corneal radius as independent vari-
able to the normally used AL and ACD. They found
acorrelation in a set of 132 eyes where the eyes with
flatter corneas had more myopic error. They calcu-
lated new constants (b0, bl, b2, and b3) for this
implantation plane. With this new equation, 68.1%
of cases were within +0.5 D of the prediction [13].
The most suitable option will be to subtract some
power from the in-the-bag IOL following what has
been exposed in the above section. Table 71.1 can
provide some reference values in this sense. Several
authors recommend similar figures: Dubey et al.
proposed subtracting 0.5 D in low powers (<18 D),
1 D in medium powers (18 D-25 D), and 1.5 D in
high powers (>25 D) [12]. Knox-Cartwright et al.
proposed reducing 5% the in-the-bag power for sul-
cus implantation. This number came out from the
back-calculated IOL power change in a series of 24
eyes and it is an easy-to-remember rule. This means
that the power should be reduced 0.5 D, 1 D, and 1.5
Din 10 D, 20 D, and 30 D in-the-bag IOL powers,
respectively [16].

Scleral Fixation

Transscleral fixation of a PC IOL is a popular
option in the management of IOL implantation
with absence of capsular support. Its main advan-
tage over the anterior chamber or the iris plane is
that the IOL stands away from these structures
avoiding endothelial and angular damage or
uveal contact. In 1981, Girard first described a
technique of pars plana scleral fixation with
sutures [17]. Some years later, Malbran et al. pro-
posed a similar one suturing the IOL at the sulcus
plane [18]. Both ciliary sulcus and pars plana
fixation have pros and cons. Pars plana fixation
takes the risks of retinal injury and unstable IOL
fixation, while sulcus fixation can produce corec-
topia, pupil capture, and UGH syndrome. At this
moment, there is no consensus on which one is
more effective or safe [19].

The refractive results of these techniques
depend significantly on the fixation technique.
There has been some evolution through the
years that affect the reported results. In the
beginning, ab interno sutured scleral fixation
was more popular and it was related to some
complications and high variability of haptics
location. Later, ab externo scleral fixation with
the knots covered by scleral flaps and a standard
distance from the limbus (i.e., 2 mm) became
the rule improving the refractive precision of the
surgery. In recent years, several factors have
increased the reproducibility of this technique:
new IOLs with closed-loop haptics that allow
four points of fixations, a trend to thicker sutures
(7-0 Gore-Tex and 9-0 polypropylene) to pro-
vide extended safety, the improvement in surgi-
cal skills of the surgeons, and new vitrectomy
technologies [20]. Lately, several sutureless
techniques have been described to avoid some
complications related to sutures like long-term
suture erosion and breakage. The haptic ends
are inserted into scleral tunnels with or without
fibrin glue to secure the fixation [21, 22]. In
another recently described technique, the haptic
ends are melted and thickened with a cautery
creating flanges to avoid slippage through the
tunnels [23].
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Fixation Point

The main disadvantage of these techniques is that
scleral fixation is a blind maneuver as the ciliary
sulcus and pars plana cannot be directly seen dur-
ing surgery. In ab externo techniques, the needle
is passed from outside the eye while in ab interno
techniques, this is done from the inside. Normally,
a certain distance from the surgical limbus is
taken as reference for the entry/exit point. Most
surgeons use 1-2 mm distance for sulcus and
3 mm for pars plana. Intermediate distances
should be avoided not to injure the ciliary body
(with the major arterial circle) and the ciliary pro-
cesses. However, several studies have shown that
the accuracy of these numbers is far from perfect
and there is much variability in the anatomical
location of the haptics which explains the higher
refractive prediction error of these cases as com-
pared to other techniques.

The ciliary sulcus has an oval shape with a
higher diameter in the vertical meridian.
Biermann studied a sample of phakic young
adults and reported a difference of 0.35 mm in
emmetropes and 0.30 mm in myopes [24].
Petermeier found a difference of 0.27 mm in 50
pseudophakic eyes with a mean age of
72.15 years. In this paper, the mean sulcus diam-
eter was 11.10 mm [25]. Sulcus location using
the surgical limbus as reference has a limited
accuracy because the correlation between the
corneal diameter (so-called corneal diameter dis-
tance) and the sulcus diameter is not very high
and the previously mentioned vertical-horizontal
sulcus diameter relationship suffers from some
variability with 5-10% of cases where the hori-
zontal diameter is higher than the vertical [24—
26]. Duffey et al. found that a straight needle
perpendicular to the sclera exits in the sulcus
when the distance between the limbus and the
entry point was 0.83 + 0.10 mm in the vertical
meridian and 0.46 = 0.10 mm in the horizontal
meridian [27]. From this paper, many surgeons
adopted 1 mm behind the limbus as guide for sul-
cus fixation. However, Pavlin et al. reported sev-
eral cases with entry point 1.5 mm behind the
limbus and haptics anterior to the sulcus deform-
ing the iris-angle and realized that in vivo, the
situation might be different: The needle trajec-

tory is normally parallel to the iris posterior sur-
face and consequently the outer sclera exit will
be more posterior than the inner sclera entry [28].
Sewelam et al. studied 20 eyes with ab externo
scleral fixation placing the sutures 1 mm poste-
rior to the limbus. With UBM, they found that
only 55% of haptics were in sulcus, while 27.5%
were anterior affecting the angle and 17.5% pos-
terior to sulcus [29].

Some methods and devices have been pro-
posed to improve the accuracy of scleral fixation:
direct visualization of the sulcus with an endo-
scope [30], transillumination of the sulcus area
using an intraoperative endo-illuminator [31], a
needle injector with a tip that matches the shape
of the sulcus for ab interno suture [32], etc.

Sugiura et al. estimated from UBM measure-
ments that the distance from the surgical limbus
to the exit point of a straight needle in the outer
scleral wall would be 2.37 mm, assuming a tra-
jectory parallel to the posterior surface of the iris.
They found a similar value in 128 eyes where
endoscopy confirmed the sulcus fixation with a
straight needle: 2.50 mm from the posterior sur-
gical limbus. In 28 eyes where a curved needle
had been used, this distance was shorter: 2.00 mm
(Fig. 71.3) [33].

Scleral Fixated IOL Power

Most of the scleral fixated IOLs are in-the-bag
designs with IOL constants calculated for such
position. The calculation must take into account
the optical effect of the IOL plane difference
from the regular location. In the last 25 years,
there are dozens of published papers about IOL
scleral fixation cases and techniques but most of
them are retrospective, with very heterogeneous
and small samples, merging different techniques
within the same study as the surgeon’s experi-
ence has evolved through time, using different
IOL models and very few of them analyze refrac-
tive results with an adequate methodology.
Moreover, these eyes have normally lower than
normal BCVA making refractions less reliable.
To make it worse, these surgical techniques are
more surgeon dependent than regular phaco-
emulsification where in-the-bag implantation
guarantees a reproducible IOL location for all
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SURGICAL
LIMBUS

0.41+1.96
=2.37mm

SURGICAL
LIMBUS

Fig.71.3 Estimation of surgical limbus to scleral fixation straight needle exit point based on UBM image (left). In 128
eyes where the sulcus pass was checked by endoscopy, the actual distance with a straight needle was 2.50 mm [32]

cases and surgeons. Hence, the final IOL position
will vary among different surgeons even for the
same surgical technique and the same study. All
this explains why the published results are con-
tradictory to some extent, making it difficult to
extract conclusions to provide precise
recommendations.

As it has been described above, there are two
main target locations: The ciliary sulcus and the
pars plana. It seems logical that in the first case,
the IOL position will be anterior to the in-the-bag
plane and thus refraction will shift towards myo-
pia in a similar way and magnitude to non-fixated
sulcus implantation. While in the pars plana fixa-
tion, the IOL plane might be close to the in-the-
bag one. There are very few studies reporting
postoperative ACD values that allow comparison
with the regular surgery: Hayashi et al. measured
with a Scheimplflug camera a mean ACD of
4.27 £ 0.25 mm in 50 eyes with in-the-bag IOL,
3.54 £ 0.48 mm in 51 eyes with sulcus IOL, and
3.59 £ 0.45 mm in 50 eyes with sulcus scleral-
sutured IOL [9]. Yamane et al. reported a higher
number with a sutureless sulcus fixation tech-
nique in 100 eyes: 4.28 mm [23]. Muth et al.
measured the ACD with three different sulcus
fixation techniques: 3.67 + 1.37 mm (Gore-tex
suture), 4.01 £ 0.96 mm (Prolene suture), and
3.76 + 1.08 mm (sutureless Yamane technique)
[34]. Liu et al. used UBM to measure

431 = 0.29 mm in 68 eyes where sutureless
scleral fixation had been done 1.75 mm from lim-
bus [35]. This variability makes it difficult to
define a distance difference from in-the-bag
plane in order to calculate the dioptric difference
in the IOL power. However, all reported numbers
are lower than the regular ones, so some myopic
refractive shift would be expected.

Refractive Results

An analysis of the published refractive results
with these procedures (Table 71.2) shows again
some contradictory outcomes even for similar
techniques. The distance to the surgical limbus
determines the implantation plane of the IOL:
1.0-2.5 mm for sulcus and 3 mm for pars plana.
Therefore, more myopic shift should be expected
in the former case. However, this is not always
the case in the published data. Some 1.5-2.5 mm
series report hyperopic prediction error like
McMillin et al. in 40 eyes operated with Yamane
technique (YT) [36], Randerson et al. in 109 eyes
with YT [37], and Abbey et al. in 23 eyes oper-
ated with sutureless scleral fixation with, para-
doxically, more hyperopic error in the 1.5 mm
distance (7 cases) than in the 2 mm (15 cases)
distance [42]. In 100 eyes, Rocke et al. reported
nil prediction error, —0.04 = 0.88 D, with YT
(2 mm to limbus) and Barrett formula [38]. Most
of the sulcus fixation studies report some myopic
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Table 71.2 Refraction prediction error with different scleral fixation techniques. Formulas are reported as third and

fourth generation

Suture Distance to Rx prediction

First author Year N fixation  IOL model limbus (mm) Formula error (D)

McMiliin [36] 2021 40 No Z.A9003 2 Third and +0.48 to +0.67
Lucia 602 fourth gen.

Randerson [37] 2020 109 No Lucia 602 2 Third gen 0.18 = 1.45

Rocke [38] 2020 100 No ZA9003 2 Fourth gen —0.04 £ 0.88

Ohr [39] 2020 20 Yes A060 3 Third gen 0.16 = 0.69

Sugiura [32] 2019 128 Yes NR-81K 2.5 n.a. -0.63

Su [40] 2019 13 Yes A060 2-3 Third gen —-1.35+1.32
MX60

Su [40] 2019 42 Yes A060 3 Third gen —-0.43 +0.71
MX60

Botsford [41] 2019 31 Yes A060 3 Third and —0.19 £ 0.72
CZ70BD fourth gen.

Yamane [23] 2017 50 No X70 2 Third gen —0.41 +0.98

Yamane [23] 2017 32 No ZA9003 2 Third gen -0.02£0.93

Brunin [15] 2017 24 Yes n.a. n.a Third gen —-0.23+0.79

Abbey [42] 2014 15 No MAG60AC 2 n.a. 0.32

Abbey [42] 2014 7 No MAG60AC 1.5 n.a. 0.56

Huang [43] 2013 18 Yes P366UV 1 Third gen —1.66 +0.94
CZ708D

Ma [44] 2011 38 Yes MAG60BM 1.5 n.a. —1.03£1.82
YA60BBR

Ma [44] 2011 56 Yes MA60BM 3 n.a —0.88 +2.15
YA60BBR

Hayashi [9] 1999 52 Yes S62UV 1 n.a. —0.65 + 1.11
P336UV

n.a. not available

shift ranging from —0.19 to —1.66 D. In some
cases, within the same study, results depended on
the IOL model. Yamane found a prediction error
of —0.41 = 098 D with the X70 IOL and
—0.02 £ 0.93, with the ZA9003 IOL model [23].
This might be related to factors like the IOL
design, the accuracy of used IOL constant, etc.

The pars plana fixation techniques normally
show less myopic refractions but there are
significant exceptions like the study by Ma et al.
that found a myopic prediction error of
—0.88 = 2.15 D with scleral sutures 3 mm from
limbus [44] and the paper by Su et al. that reported
—0.43 +£0.71 D error at the same distance [40]. In
both papers, another group with sulcus fixation
had a higher myopic error.

In all these published studies, the variance of
the refraction prediction error is quite variable as
well. This is probably related to the heterogene-
ity of the samples but might have some relation-

ship with the IOL models or with surgical
technique. In a subgroup of studies with YT and
similar IOL models, the standard deviation of
the prediction error ranges from 0.67 to 1.45 D
[23, 36-38].

The recommended strategy in scleral fixation
should be to use an optimized constant calcu-
lated for the same surgeon, same IOL model, and
surgical technique. Randerson et al. calculated
the refractive results with third-generation for-
mulas using optimized constants for the YT and
one IOL model and surgeon: They reported
32-46% of eyes with an absolute PE <0.50 D
and 63.30-64.22% of eyes with an absolute PE
<1.00 D [37]. Due to the fact that in many of
these eyes, ACD and LT will not be available in
the preoperative study, fourth-generation formu-
las that use these parameters will be less useful
and more difficult to get enough eyes for con-
stant optimization.
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In an average volume, clinic IOL constants
optimization will probably take years as these
cases are not so frequent. Meanwhile, the
expected refraction with in-the-bag IOL con-
stants will be assumed to be —0.5 to —1.00 in sul-
cus fixation and 0.00 to —0.50 in pars plana
fixation.

Sulcus Fixation IOL

Recently, a new IOL specifically designed for
sutureless sulcus fixation has been marketed: FIL
SSF Carlevale (Soleko Inc). It is a 1-piece fold-
able acrylic IOL with T-shaped haptics that will
be externalized through the sclera with a forceps
at two points 180° apart and 2 mm from limbus.
Therefore, it can be defined as sutureless sulcus
transcleral fixation.

The IOL constant is calculated for this
implantation site and therefore should be quite
accurate. The manufacturer provided IOL con-
stants for optical biometry are A con-
stant = 119.1 for SRK/T, SF = 1.9 for Holladay
1, a0 = 0.051, al = 0.140 and a2 = 0.197 for
Haigis and pACD = 5.68 for Hoffer Q and
Holladay 2. With this, A constant two different
studies found very similar prediction errors,
both in terms of mean and SD values: Rouhette
et al. reported —0.30 = 0.70 in 70 cases [45] and
Barca et al. found —0.24 £ 0.81 D in 32 cases
[46]. Vaiano et al. optimized the IOL constants
for the third-generation formulas using a
selected sample of 25 cases: values for SRK/T,
Hoffer Q, and Holladay 1 were 118.92, 5.48,
and 1.75, respectively. The SD of the prediction
error with these constants was 0.89 for SRK/T,
0.94 for Holladay 1, and 0.95 for Hoffer Q. The
percentage of eyes within +0.50 D and +1.00 D
were 56% and 72% for SRK/T, 64% and 68%
for Holladay 1 and 60% and 72% for the Hoffer
Q formula [47].

Iris Plane

The iris can be used as a IOL supporting anatom-
ical structure in the case of absence of capsular
support. There are two different options: The iris-
claw IOL design which is specifically designed

for iris fixation and a PC IOL with the haptics
sutured to the mid-perypheral iris.

Iris Claw IOL

The first iris claw IOL was designed by Jan Worst
in 1978 to optically correct aphakia after intracap-
sular surgery [48]. A later evolution of that lens is
still in use today: The Artisan aphakia 205 IOL
(Ophtec). This is a 1-piece PMMA IOL 8.5 mm
long (7.5 mm for pediatric patients) with an opti-
cal zone of 5.0 mm. The haptics have a claw shape
design in order to pull a small section of iris
through it securing the lens to the mid-peripheral
iris. It can be implanted in the anterior chamber
with a posterior to anterior iris enclavation maneu-
ver or in the posterior chamber enclavating the iris
in the opposite sense. Both techniques are consid-
ered to be safe and effective but the last years, the
retropupilar implantation seems to be more popu-
lar, especially in younger patients, due to a lower
endothelial damage risk [49].

Iris Claw IOL Power

The Artisan IOL power is calculated as any pseu-
dophakic IOL using normally a third-generation
theoretical formula. Most of the published stud-
ies use the SRK/T formula. These formulas
employ the AL and K value as effective lens posi-
tion predictors. This could be considered to be
senseless as there is no in-the-bag IOL position to
predict. The manufacturer recommended A con-
stant values are: 116.8 (US) and 116.9 (optical)
for retropupillary (RP) placement and 115.0 (US)
and 115.7 (optical) for prepupillary (PP) implan-
tation (Table 71.3).

The reported outcomes can be generally con-
sidered better than those obtained with scleral
fixated IOLs, and this is probably one of the rea-
sons that explains the increasing popularity of
this surgical technique in the correction of apha-
kia. Very few papers report the refraction predic-
tion error (PE): Choi et al. studied 103 eyes with
RP position and found a PE of —0.56 + 0.98 D.
71.8% of eyes had <0.50 D absolute PE [50].
Gonnermann et al. analyzed 137 eyes calculated
with the SRK/T formula. The final refraction was
0.00 = 1.21 D. At last visit, 75.9% of eyes where
within £1.00 D [51].
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Table 71.3 Manufacturer recommended IOL constants for Artisan aphakia 205 IOL

Constants
US biometry SRK/T
Optic biometry SRK/T (A)

Holladay 1 (SF)
Hoffer Q (pACD)
Haigis a0

Haigis al

Haigis a2

Barrett (LF)

Prepupillary Retropupillary
115.0 116.8

115.7 116.9

—0.08 0.54

3.62 4.34

—-0.16 —0.25

0.4 0.4

0.1 0.1

0.15 0.78

https://es.ophtec.com/productos/cirugia-de-cataratas/lios/artisan-afaquia. Accessed 9 Sept. 2021

Vounotrypidis et al. studied 40 eyes and
reported a PE of —0.11 + 1.06 D. The eyes that
were aphakic preoperatively had slightly lower
PE than those who were pseudophakic:
—0.09 £ 1.18 D and —0.12 £ 0.98 D, respectively.
However, 36% of eyes were within £0.50 D of
prediction and 52% within +£1.00 D [52]. In a
prospective randomized study of IOL reposition
vs exchange with RP iris claw implantation,
Dalby et al. reported a PE of +0.29 + 0.86 D in 50
eyes [53]. Baykara et al. studied 32 eyes operated
by one surgeon and reported a PE of —0.13 +£0.28
D [54]. Choragiewicz et al. analyzed 47 eyes with
RP Artisan/Verysyse. They used the Haigis for-
mula with these constants: a0: —0.25, al: 0.4 and
a2: 0.1. The prediction error was —0.27 = 1.28 D
and 61% of eyes where within £1.00 D of the
prediction [55].

There is some variability in these mean values
and their variances than can be explained, as in
other aphakia treatment modalities, by the differ-
ence among treated clinical conditions.

The main drawback of this IOL is that it is
non-foldable, and therefore, it demands a large
wound size which will induce more astigmatism
than other techniques where foldable IOLs are
implanted. This can be improved using a tun-
neled scleral incision instead of a corneal one.
Lajoie et al. report a surgically induced astigma-
tism (SIA) of 1.67 D x 176° in 21 cases of PP
implantation and 1.19 D x 11° in 51 cases of RP
IOL placement. This difference was not signifi-
cant [56]. Seknazi et al. found higher induced
astigmatism with the Artisan, 1.72 £ 0.96 D than
with the Carlevale, 0.72 + 0.52 D, in 22 and 20
cases ,respectively [57].

Iris Sutured

A PC IOL can be suturede to the mid-perypheral
iris with 10/0 polypropylene sutures. The IOL is
implanted in the anterior chamber placing the
haptics posteriorly in the sulcus, and then, two
sutures are passed from limbus to limbus engag-
ing the haptics and the iris. Finally, the optic is
gently pushed behind the pupil. This technique
was first proposed by McCannel in 1976 and
gained quick popularity especially when com-
bined with penetrating keratoplasty as it was easy
to perform in sky-open surgery [58, 59]. When
performed with a closed chamber, first McCannel
suturing was used tying the knot from a paracen-
tesis located above the haptic but Condon related
the incidence of haptic slippage and IOL disloca-
tion to the intrinsic difficulty of this technique in
cinching correctly the knot and defended the
Siepser technique tying the knot outside a lateral
paracentesis and then sliding it by opposite pull-
ing without any haptic countertraction [60].
Chang reported eight cases of successful iris
sutured IOLs using the Siepser knot [61].

In this technique, the IOL optic will be located
in the sulcus plane, maybe slightly more anterior
than the sulcus supported IOL, but probably with
no significant optical effect. Mura et al. reported
a mean ACD of 3.84 = 0.36 mm (range 3.17—
4.5 mm) in 15 cases measured with UBM. The
haptics were found to be in sulcus in 53.3%, over
the ciliary processes in 30% and over pars plana
in 16.7% of the cases. No haptic was found ante-
riorly placed pushing the iris root [62].

The IOL model selection should follow the
same recommendations for any iris-touching
model: 3-piece IOL with thin haptics and optic
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and haptic-optic posterior angulation if only to
release some pressure on the iris.

Iris Sutured IOL Power

There are very few reports regarding IOL power
calculation in PC IOL sutured to iris. Most of them
focus on technique and safety and outcomes are
normally expressed in terms of number of eyes
over certain UCVA and BCVA. There is no paper
with a detailed IOL power calculation methodol-
ogy description. Dzhaber et al. studied 117 eyes
operated by one surgeon with the same IOL model
and found a myopic refraction of —1.3 + 1.4 D
(n = 43) with a prediction error of 0.8 £ 0.7 D
(n = 38) (sic) [63]. Soiberman et al. reported a
postoperative refraction of —0.88 + 1.91 D in 27
eyes operated by one surgeon with the same IOL
model [64]. Condon et al. found —0.36 = 1.00 D
final refraction in 46 eyes, but again with no calcu-
lation method description [65].

The recommended IOL power calculation
method therefore is not based on data supported
evidence but on the knowledge of the produced
IOL plane shift. The guidelines have been
described above in this chapter for sulcus sup-
ported IOLs: Conversion of the in-the-bag IOL
power taking into account the IOL power value
and the distance shift from in-the-bag to sulcus
plane. The figures should be very similar, and
therefore, the suggested methods should apply
similarly for iris sutured PC IOLs. As soon as
experience provides actual outcomes, these cal-
culations can be fine-tuned optimizing an ade-
quate IOL constant for this plane.

Anterior Chamber

Anterior chamber (AC) IOLs can be angle sup-
ported or iris supported. As the iris supported
IOLs (iris claw) have been covered in a previous
section of this chapter, here we will refer exclu-
sively to angle supported IOL models.

After a long evolution since the first AC
implantation in 1952 (Baron), the present day
models are 1-piece lenses with open-loop flexible
haptics. Most designs are based on the Kelman
Multiflex IOL with 5.5 mm optic and different

Fig.71.4 Anterior chamber angle supported IOL. Open-
loop haptics with some anterior angulation to provide
anterior vaulting of the optic. Model Kelman Multiflex I11
(Alcon)

longitudinal sizes where selection will depend on
the horizontal corneal diameter. The recom-
mended rule is to add 1 mm to the measured hori-
zontal corneal diameter distance. Correctly sized,
there will be some anterior optic vaulting avoid-
ing contact with the iris and decreasing the risk of
endothelial damage (Fig. 71.4). Most of these
IOLs are PMMA made and hence non-foldable.
Thus, the large incision size will induce more
astigmatism than other techniques where fold-
able IOLs can be implanted.

The implantation technique is simple and the
learning curve is short. A protocoled surgery will
allow a safe procedure. There are several compli-
cations that have been traditionally associated to
angle supported IOLs: corneal decompensation,
glaucoma, pupil ovalization, uveitis, etc. [66].
However, the incidence decreased since the first
closed-looped IOLs and a recent report by the
American Academy of Ophthalmology con-
cluded that the evidence shows no superiority of
any single implantation technique in the absence
of capsular support [2].
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Anterior Chamber IOL Power

Angle supported IOLs are calculated by means
of an IOL power calculation formula and a
model-specific IOL constant that will take into
account the IOL features and the IOL position
within the eye, which is much closer to the cor-
nea than any other IOL type. As it happens with
the iris fixated IOLs, it is not logical to use a for-
mula that estimates the IOL position with an
algorithm calculated for the in-the-bag IOL
plane. A lower outcomes spread could be
expected with an anterior chamber specific IOL
position algorithm. The IOL constant adjusts the
calculation to this new IOL plane with a lower
value. Cooke et al. calculated an optimized A
constant of 115.7 £ 0.39 D for the MT*UO IOL
model (Alcon) and the SRK/T formula with a
dataset of 52 eyes. They highlighted that this was
an increase of 0.4 over the manufacturer’s
labeled value, just as the median A constant
increase of optimized values of most IOLs in
ULIB website [67].

The published results suggest better accuracy
than scleral fixated IOLs but it should be
remarked that nearly all studies are retrospective,
with small samples, without detailed calculation
methodology description and significant differ-
ences in the clinical context: primary vs second-
ary implantation, aphakia, IOL exchange, etc.:
Gore et al. studied 41 eyes and reported a refrac-
tion prediction error of 0.37 +0.89 D. 71.2% and
40.4% of the eyes were within +1.00 D and +0.50
D of the target, respectively [68]. Negretti et al.
report a prediction error of —0.23 £ 1.31 Din a
sample of 271 eyes [69]. Brunin et al. found a
similar value in their series where 30 eyes with
anterior chamber IOLs were analyzed:
—0.22 +£0.86 D. After IOL constant optimization,
the mean absolute prediction error was
0.62 +£0.58 D [15]. Harrison et al. studied 35 eyes
and reported a prediction error of 0.31 = 1.00
D. However, 69% and 37% of the eyes were
within +1.00 D and +0.50 D of the target, respec-
tively [70].
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