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PURPOSE: To describe complications arising from sulcus placement of single-piece acrylic (SPA)
intraocular lenses (IOLs), evaluate IOL options for eyes that lack adequate capsule support, and ex-
amine the appropriateness of various IOL designs for sulcus placement.

SETTING: University and private anterior segment surgery practices.

METHODS: Patients referred for complications of SPA IOLs in the ciliary sulcus from 2006 and 2008
were identified. Demographic information, examination findings, and complications of the initial
surgery were recorded. Details of surgical interventions and the most recent corrected distance
visual acuity (CDVA) were noted. A thorough review of the literature was undertaken to analyze
options for IOL placement.

RESULTS: Complications of sulcus SPA IOLs included pigment dispersion, iris transillumination
defects, dysphotopsia, elevated intraocular pressure, intraocular hemorrhage, and cystoid macular
edema. Two patients in the series of 30 patients experienced 1 complication; 8 experienced 2 com-
plications; 13 experienced 3 complications; 4 experienced 4 complications; and 2 experienced
5 complications. Twenty-eight eyes (93%) required surgical intervention; IOL exchange was per-
formed in 25 (83%). Postoperatively, the mean CDVA improved, with most eyes attaining 20/20.

CONCLUSIONS: Intraocular lenses designed solely for the capsular bag should not be placed in the
ciliary sulcus. Backup IOLs in appropriate powers, sizes, and designs should be available for every
cataract procedure. The development, investigation, and supply of IOLs specifically designed for
placement in eyes that lack adequate capsule support represent clinically important endeavors
for ophthalmology and the ophthalmic industry.
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SPECIAL REPORT
Single-piece acrylic (SPA) intraocular lenses (IOLs)
currently account for approximately one half of the
IOLs implanted concurrent with cataract surgery in
the United States (Alcon, Inc.; data on file). Given the
large annual volume of cataract surgery performed
worldwide, a significant number of SPA IOLs may
be inadvertently or intentionally placed in the ciliary
sulcus; eg, following posterior capsule rupture. This
raises the question of whether this strategy is appro-
priate and the larger issues of which IOL designs are
suitable as backup IOLs in the absence of secure capsu-
lar bag support. The growing popularity of accommo-
dating, multifocal, toric, and aspheric monofocal IOLs
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raises additional concerns about whether these IOLs
are appropriate for placement in the ciliary sulcus. Fi-
nally, the debate continues over whether an anterior
chamber IOL (AC IOL) or a sutured posterior chamber
IOL (PC IOL) is the best long-term option in the
absence of adequate capsule support.

To help answer these questions, members of the
American Society of Cataract and Refractive Surgery
(ASCRS) Cataract Clinical Committee conducted a ret-
rospective survey of patients referred for complications
associated with SPA IOLs implanted in the ciliary sul-
cus.We also reviewed the literature with respect to rec-
ommendations for backup IOL design and placement.
0886-3350/09/$dsee front matter 1445
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PATIENTS AND METHODS

Six members of the ASCRS Cataract Clinical Committee re-
viewed their office records for calendar years 2006 to 2008
to identify patients who had experienced complications of
SPA IOL implantation in the ciliary sulcus. All the patients
had been referred; none of the investigators implant SPA
IOLs in the sulcus. In some cases, the SPA IOL sulcus implan-
tation had occurred several years before the initial referral
visit.

Demographic information, examination findings, and
complications of the initial surgery were recorded from the
medical records. Details of surgical interventions and the
most recent corrected distance visual acuity (CDVA) were
noted.

RESULTS

Committee members contributed 30 patients (30 eyes)
to the database. Demographic characteristics of the pa-
tient population are shown in Table 1 and the clinical
findings at the time of patient presentation, in Table 2.
Twenty-nine of 30 IOLs were single-piece AcrySof
IOLs (Alcon, Inc.); the most common model was the
SA60AT. Posterior capsule rupture and IOL decentra-
tion were observed in approximately two thirds of the
eyes.NoSPA IOLwas suture fixated to the iris or sclera.
At the time of initial consultation, the CDVA ranged
from 20/20 to 20/400 and the mean intraocular pres-
sure (IOP) was 22.1 mm Hg. Approximately one third
of the patients were taking at least 1 IOP-lowering
medication.

Complications other than posterior capsule rupture
are detailed in Table 3. The most common were pig-
ment dispersion and iris transillumination defects,
followed by IOL edge symptoms and elevated IOP.
Intraocular hemorrhage and cystoid macular edema
(CME) were relatively infrequent, although the latter
may have been underreported because of the retro-
spective nature of the data collection. One patient
had none of the complications listed in Table 3. She
was included in the analysis because she experienced
a posterior capsule rupture and asymptomatic IOL de-
centration. Two patients presented with 1 complica-
tion (IOL edge glare or pigment dispersion). Eight
patients experienced 2 of the complications listed in
Table 3; 13 experienced 3 complications; 4 experienced
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4 complications; and 2 experienced 5 complications.
No patient experienced all 6 complications.

Two eyes (7%) are currently being managed medi-
cally or by observation. The other 28 eyes (93%) had
a surgical intervention. Details of the surgical interven-
tions and themost recent CDVAs are shown in Table 4.
An IOL was repositioned in 1 eye, and a haptic was
amputated in another eye. An IOL exchange was per-
formed in 26 of the 28 eyes that had a surgical interven-
tion. More than half the eyes having secondary
surgery had a simultaneous anterior vitrectomy. The
most popular replacement IOL was the Staar Surgical
AQ2010V foldable 3-piece silicone IOL. The postoper-
ative visual acuitywas better, on average, than the pre-
operative acuity, with most eyes attaining a CDVA of
20/20. The eye with the worst postoperative CDVA
had chronic CME and poorly controlled IOP. To illus-
trate the typical clinical course, 4 representative cases
are described.

Case 1

This 60-year-oldwoman displayedmarked iris chaf-
ing in the right eye at the time she presented (Figure 1).
Seven years earlier (2000), cataract surgery had been
complicated by an incomplete anterior capsulorhexis.
An SPA IOL was placed; however, the capsular bag
enclosed only the temporally positioned loop. The
superior loop and optic were located in the ciliary sul-
cus, where they freely contacted the posterior iris,
causing marked iris chafing. Subsequently, the patient
developed recurrent episodes of microhyphema char-
acterized by visual ‘‘white outs,’’ chronic IOP eleva-
tion, and smoldering iridocyclitis. At the time of
referral, she required multiple glaucoma medications
in addition to corticosteroid and nonsteroidal topical
agents. In July 2007, the SPA IOL was exchanged for
a sulcus-positioned 3-piece silicone IOL that was su-
ture fixated to the iris to ensure stability. Following
the IOL exchange, the patient experienced no further
white outs, the iridocyclitis resolved, and the topical
medications were significantly reduced.

Case 2

This 66-year-old man had uneventful cataract sur-
gery with multifocal IOL implantation in the capsular
bag in the right eye. Surgery in the left eye in March
2007 was complicated by a radial anterior capsule
tear that extended posteriorly (Figure 2). A multifocal
SPA IOL was intentionally placed in the ciliary sulcus.
Given the large anterior segment of the eye, the SPA
IOL was unstable, allowing lens movement and iris
chafing. On examination, a microhyphema and a mi-
croscopic vitreous hemorrhage were present. Subse-
quent surgery in May 2007 included removing the
G - VOL 35, AUGUST 2009

mailto:dceye@earthlink.net


1447SPECIAL REPORT: COMPLICATIONS OF SULCUS PLACEMENT OF SINGLE-PIECE ACRYLIC IOLS
SPA IOL, performing an anterior vitrectomy, and im-
planting a 3-piece AcrySof multifocal IOL in the ciliary
sulcus with iris suture fixation for stability. There has
been no recurrence of vitreous hemorrhage.

Case 3

This 71-year-old woman had cataract surgery in
April 2008 that left the superior loop of an SPA IOL
anterior to the capsulotomy, inducing marked iris
chafing and IOP elevation to 38 mm Hg (Figure 3).
In addition, a posterior capsulotomy with anterior vit-
reous herniation was noted. In September 2008, an
anterior vitrectomy was combined with amputation
of the offending lens haptic. The IOP rapidly normal-
ized once the source of iris chafingwas surgically elim-
inated, and the IOL remained centered after the haptic
amputation.

Case 4

This 65-year-oldman reportedly had uneventful cat-
aract surgerywith implantation of an SPA IOL in 2005.
At the time of presentation, 1 haptic was in the capsu-
lar bag and the remainder of the IOLwas in the sulcus.
Slitlamp examination showed pigment dispersion and
prominent iris transillumination defects (Figure 4).
The patient also experienced episodes of intraocular
hemorrhaging. Anterior segment optical coherence to-
mography (OCT) revealed the sulcus location of the

Table 1. Demographic characteristics of the group.

Number of patients 30

Age at time of initial surgery (years)
Mean 69
Range 49–88

Race
Asian 4
Black 1
White 24
Hispanic 1

Sex
Female 13
Male 17

Year of initial surgery
2000 2
2001 1
2002 1
2003 1
2004 2
2005 5
2006 5
2007 8
2008 5
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IOL and the proximity of the dilated posterior iris sur-
face to the square anterior edge of the IOL (Figure 5).
Successful viscodissection of the capsular bag and
IOL repositioning were performed in November 2008.

DISCUSSION

Should SPA IOLs Be Placed in the Sulcus?

The question of whether SPA IOLs should be placed
in the sulcuswas posed using anonymous audience re-
sponse pads at the Spotlight on Cataract Complica-
tions Symposium at the 2008 American Academy of
Ophthalmology annual meeting. Forty-seven percent
of the respondents said ‘‘never,’’ 40% said ‘‘yes, if cap-
sule support was adequate,’’ 2% said ‘‘yes, if suture
fixated,’’ and 11% said ‘‘yes, if no other PC IOL was
available.’’

Table 2. Findings at the time of presentation.

Affected Eye
Left 11
Right 19

SAP IOL Model
Alcon SA60AT 20
Alcon SN60WF 6
Alcon ReSTOR 1
Alcon toric 1
Alcon AcrySof (model unknown) 1
Rayner 570C 1

Posterior capsule ruptured
No 9
Yes 21

IOL decentered
No 9
Yes 21

IOL location
One haptic in the sulcus 11
Both haptics in the sulcus 19

Corrected distance visual acuity
20/20 10
20/25 5
20/30 6
20/40 3
20/50 1
20/60 2
%20/200 3

Maximum IOP (mm Hg)
Mean 22.1
Range 14–38

Number of IOP lowering medications
0 19
1 3
2 6
3 1
4 1

IOL Z intraocular lens; IOP Z intraocular pressure
- VOL 35, AUGUST 2009
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The peer-reviewed literature also does not conclu-
sively answer this controversial question. Two articles
from one center support the use of SPA IOLs in the sul-
cus,1,2 but there are several case reports of SPA IOLs
inducing complications ranging from iris chafing and
the uveitis-glaucoma-hyphema (UGH) syndrome to
vitreous hemorrhage.3–6 Finally, one study7 showed
good centration and acuity following SPA IOL sulcus
placement but a high incidence of secondary
glaucoma.

To our knowledge, our retrospective survey repre-
sents the largest reported series of chronic complica-
tions resulting from sulcus placement of SPA IOLs.
In addition to pigment dispersion syndrome, second-
ary IOP elevation, recurrent iridocyclitis, and CME,
the most common complication was lens decentration,
which frequently resulted in symptomatic edge glare.
We limited this survey to the referral practices of the
ASCRS Cataract Clinical Committee members. Al-
though it is impossible to know how many eyes
have had sulcus SPA IOL implantation without com-
plications, we believe the problems observed in this se-
ries are consistent with and predicted by the design of
SPA IOLs. We did not attempt to assess complications
of 3-piece PC IOLs implanted in the ciliary sulcus.

Most of the sulcus-fixated SPA IOLs in our series
were the SA60AT design which, as noted in the pack-
age insert, is designed for implantation in the capsular

Table 3. Complications of SPA IOL implantation in the ciliary
sulcus.

Complication Number of Patients

IOL edge symptoms
No 17
Yes 13

Pigment dispersion
No 5
Yes 25

Iris transillumination defects
No 6
Yes 24

Maximum IOP O22 mm Hg
No 19
Yes 10
Unrecorded 1

Intraocular hemorrhage
No 23
Yes 7

Cystoid macular edema
No 24
Yes 4
Unrecorded 2

IOL Z intraocular lens; IOP Z intraocular pressure
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bag. This design is not compatible with sulcus place-
ment for several reasons. The bulky single-piece hap-
tics are large and thick enough to contact the
posterior iris when placed in the sulcus. The haptics
are planar rather than angulated and therefore do
not vault the optic posteriorly from the iris. Finally,
the overall loop-to-loop dimension is only 13.0 mm,
which is too short for many eyes. Especially if the hap-
tics do not fully extend because of their low compres-
sive force, the IOL will be inclined to decenter in the
ciliary sulcus of a larger eye.

Aside from the dimensions of these IOLs, the hydro-
phobic acrylic material has a tacky, textured finish
rather than a smooth surface. When not confined to
the capsular bag, the roughened surface and sharp
square edges of the optic and thick haptics cause chaf-
ing of the posterior iris surface. The resulting pigment
dispersion syndrome is associated with iris transillu-
mination defects and secondary glaucoma. Contact
between the sharp edges and the posterior iris vascu-
lature may also cause chronic uveal inflammation

Table 4. Surgical interventions and final CDVA.

Surgical Intervention Number of Eyes

Procedure
Haptic excision 1
IOL exchange alone 10
IOL exchange

and vitrectomy
15

IOL repositioning 1
None 2
Unknown procedure 1

Replacement IOL
Alcon CR70BU 1
Alcon MA60AC 3
Alcon MN60AC 4
Alcon MN60D3 1
Alcon SN60T4 1
Bausch and Lomb LI61AOV 2
Rayner 570C 1
Staar AQ2010V 10
Staar CQ2015A 2
Unknown 1

CDVA
20/20 17
20/25 4
20/30 4
20/40 1
20/50 0
20/60 1 (pending capsulotomy)
20/70 1
20/200 1
Unknown 1

CDVA Z corrected distance visual acuity; IOL Z intraocular lens
G - VOL 35, AUGUST 2009
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and recurrent microhyphemas that can impair vision
and abruptly raise IOPdthe UGH syndrome. Figure 6
shows an SPA IOL that was explanted from an eye
with pigment dispersion, glaucoma, and chronic
inflammation.

Although theymay have a smoother surface, single-
piece hydrophilic acrylic IOLs also have large, thick
haptics that are not primarily suited for placement in
the ciliary sulcus. The C-flex 570 C and Superflex
620H (Rayner) are foldable single-piece hydrophilic

Figure 1. Case 1: The patient experienced pigment dispersion, iris
transillumination defects (seen in this retroillumination photo-
graph), elevated IOP, and intraocular hemorrhage after partial sul-
cus implantation of an SPA IOL.

Figure 3. Case 3: The patient experienced IOL edge symptoms, pig-
ment dispersion, iris transillumination, and intraocular hemorrhage
following partial sulcus implantation of an SPA IOL.
J CATARACT REFRACT SURG
acrylic PC IOLs with closed-loop planar haptics. The
manufacturer suggests that these IOLs can be used
for sulcus fixation but acknowledges a risk for iris
chafing and pigment dispersion (Available at:
http://www.rayner.com/products.php?idZ1. Ac-
cessed May 3, 2009). We believe that this single-piece
planar design with a square-edged optic and an over-
all length of only 12.0 mm (570C) or 12.5 mm (620H)
engenders the same risks as any single-piece hydro-
phobic acrylic IOL placed in the sulcus. One such

Figure 2.Case 2: The patient experienced IOL decentration, pigment
dispersion, iris transillumination, elevated IOP, and intraocular
hemorrhage after sulcus implantation of an SPA IOL.

Figure 4. Case 4: The patient experienced pigment dispersion, iris
transillumination, and intraocular hemorrhaging from partial sulcus
implantation of an SPA IOL.
- VOL 35, AUGUST 2009
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case is included in our series of complications, and we
advise against placing this model in the ciliary sulcus.

The posterior iris-chafing syndrome resulting from
sulcus placement of IOLs was first defined more
than 2 decades ago.8 The subsequent ability to rou-
tinely confine IOLs to the capsular bag with a capsulo-
rhexis all but eliminated this problem. However, in
a small percentage of cases, one or both SPA haptics
may reside in the ciliary sulcus because of anterior or
posterior capsule tears or accidental failure to place
both haptics in the capsular bag. These cases are sus-
ceptible to iris chafing and the UGH syndrome.

Micheli et al.3 reported a case in which a SPA IOL
haptic became displaced from the capsular bag into
the ciliary sulcus, causing dispersion of posterior iris
pigment. Uy and Chan7 published a series of 20 eyes
with SPA IOLs placed in the ciliary sulcus following
posterior capsule rupture. Thirty-five percent of the
eyes developed pigment dispersion, and 15% devel-
oped secondary pigment dispersion glaucoma. There
is a case report of a deformed SPA IOL haptic rubbing
the posterior iris and causing pigment dispersion de-
spite being placed in the capsular bag.9 Finally, it
should be noted that pigment dispersion has also
been reported with square-edged 3-piece hydrophobic
acrylic IOLs placed in the sulcus.10–14

Under the direction of one of the authors (N.M.),
several sulcus-fixated SPA IOLs that were explanted
because of pigment dispersion syndrome were ana-
lyzed at the Intermountain Ocular Research Center us-
ing light and scanning electron microscopy.4 The most
common histopathologic finding was pigment gran-
ules on the anterior surface of the IOL (Figure 6).
This accumulation was greatest on the haptic but
also appeared on the peripheral optic and haptic–optic
junction. These findings are consistent with posterior
iris chafing caused by the optic and the relatively thick
flexible haptics, all of which have squared edges and
unpolished side walls.

A final question concerns whether 1-piece hydro-
phobic or hydrophilic acrylic IOLs can be implanted
in the ciliary sulcus with transscleral suture fixation.
Kim et al.15 reported a case series of transscleral

Figure 5. Case 4: Anterior segment OCT image shows the proximity
of the square anterior edge of the IOL to the posterior surface of the
dilated iris. The clinical photograph is shown in Figure 4.
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fixation of the hydrophilic C-flex IOL in 29 eyes in
which themean CDVA improvedwith limited compli-
cations. However, even with transscleral fixation, we
remain concerned that the thick planar haptics and an-
terior square edge of the optic pose a greater risk for
iris chafing than 3-piece PC IOLs with round-edged
optics.10–14 In conclusion, we believe that the results
of our retrospective survey argue against implanting
hydrophobic or hydrophilic SPA IOLs if they will
not be fully enclosed by the capsular bag.

Surgical Recommendations for Placing PC IOLs
in the Sulcus

Any IOL placed in the ciliary sulcus should have
sufficient posterior iris clearance and secure fixation.
The latter not only ensures long-term centration, but
also avoids lens movement or tilting that can cause
uveal irritation, microhyphema, and pigment disper-
sion syndrome. Even with secure fixation, chronic in-
flammation and pigment dispersion can result from
the posterior iris rubbing against the optic; the haptics
should be angulated posteriorly to maximize iris clear-
ance.16 A 3-piece PC IOL has the advantage of thin,
posteriorly angulated C-shaped haptics. Ideally, the
anterior optic surface should be smooth and have
rounded edges to minimize iris chafing should any
posterior iris contact occur. In the absence of suturing,
proper IOL fixation requires adequate capsule support
and lateral stability within the ciliary sulcus plane.
With posterior capsule rupture, this is best achieved
by capturing the optic within a well-centered capsulo-
rhexis whose diameter must be slightly smaller than
that of the optic.17,18 Optic capture is achieved by first

Figure 6. Intraocular lens removed from an eyewith pigment disper-
sion, glaucoma, and chronic inflammation. It shows a large number
of pigment granules on the anterior surface, especially near the op-
tic–haptic junction.
G - VOL 35, AUGUST 2009
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placing the entire 3-piece IOL in the sulcus and then se-
quentially depressing each side of the optic beneath
the rim of the intact capsulorhexis. Peripheral contact
between the haptic and the ciliary sulcus is not neces-
sary for stable fixation and centration in this situation.

Lacking optic capturewith a capsulorhexis, the over-
all haptic diameter must be sufficiently long to avoid
lateral subluxation within the sulcus space. Intended
for intracapsular placement, most available foldable
IOLs measure 13.0 mm or less from end to end and
may be too short for eyes with larger ciliary sulcus di-
mensions. A larger corneal diameter (R12.5 mm) is
generallyassociatedwitha largeranterior segment.Un-
fortunately, there is no accurateway to judge the ciliary
sulcus diameter by external measurements. Werner
et al.19 found poor correlation between the white-to-
white corneal diameter and the ciliary sulcus diameter
in a study of 22 phakic cadaver eyes, and others have
confirmed thispoor correlationusingdifferentmethods
of sulcus diameter measurement.20–23 Two of these
studies suggest there is a significant but negative corre-
lation with mean corneal curvature, meaning that flat-
ter keratometry readings are associated with larger
sulcus diameters.20,23 Further complicating matters,
the sulcus diameter can vary between different sagittal
meridians in the same eye. Using 35 MHz ultrasound
biomicroscopy in 28 eyes from normal volunteers, Oh
et al.22 found that thehorizontal sulcusdiameterwas al-
ways shorter than the vertical diameter (mean differ-
ence 0.67 mm G 0.26 [SD]; P!.001). This means that
an initially well-centered 3-piece IOL may later decen-
ter following rotation into a wider sulcus meridian.

In light of these factors, we recommend using the
longest available 3-piece foldable PC IOL with a mini-
mum 6.0 mm optic diameter for sulcus placement
without capsulorhexis capture. The haptics should be
angulated posteriorly, and we advise against using
any IOL shorter than 13.0 mm in this situation. Poly-
(methyl methacrylate) (PMMA) PC IOLs with 6.5 mm
optics and a 14.0 mm overall length are available but
require a much larger incision for implantation. This
may be undesirable if a clear corneal incision has been
made under topical anesthesia. Among foldable IOLs
currently available in the U.S., only the Staar Surgical
silicone AQ2010 V has a 13.5 mm long haptic–haptic
length in the 5 to 30 diopter (D) power range. The
slightly larger 6.3 mm optic diameter, rounded anterior
edge, and 10-degree haptic angulation are additional
advantages of this particular model.

When posterior capsule rupture is accompanied by
vitreous loss, the risk for subsequent retinal detach-
ment should be considered. Silicone IOLs may com-
promise surgical visibility should silicone oil or
expansile gas be required.24,25 Among foldable 3-piece
hydrophobic acrylic IOLs, the Alcon MA 50 has
J CATARACT REFRACT SURG
a 6.5 mm diameter optic but a square anterior optic
edge and an overall haptic length of only 13.0 mm.
There are several case reports of pigment dispersion
following piggyback implantation of 3-piece hydro-
phobic acrylic IOLs in the sulcus.10–14 These cases
demonstrate that the sharp anterior edge of this optic
is undesirable in this location. In our series, the silicone
AQ2010 V was the most frequently selected replace-
ment lens for IOL exchange, with the surgeons reason-
ing that its 13.5 mm overall length and rounded optic
edge outweighed potential disadvantages of the sili-
cone material.

If residual capsule support is lacking in 1 quadrant,
the haptics of a sulcus-placed 3-piece IOL should be
oriented 90 degrees away from the peripheral defect.
There are no clear guidelines regarding the minimum
amount of residual capsule necessary to support a PC
IOL in the sulcuswithout suture fixation. Ina retrospec-
tive series of 36 eyes, Loya et al.26 found that even with
a minimum 180 degrees of circumferential capsule
remnant, 56% of the IOLs were tilted when examined
by ultrasound biomicroscopy. Only 47% of eyes had
both haptics located in the sulcus as intended. If the
capsule support is questionable, Zarei-Ghanavati
et al.27 recommend using an external safety suture af-
fixed to 1 haptic to retrieve the IOL should it be unsta-
ble in the sulcus. In the presence of adequate capsule
support for at least 1 haptic, one author (D.C.) reported
that a single McCannel iris–haptic 10-0 polypropylene
suture can provide stable centration and fixation.28,29

Suture fixation of 1 or both haptics of a 3-piece foldable
PC IOL to the iris or sclera is an optionwhen there is in-
sufficient capsule support.30 Evenwith adequate resid-
ual posterior capsule support, suture fixation of 1
haptic should also be considered if capsulorhexis optic
capture is not possible and a sufficiently long 3-piece
foldable IOL is not available.Alternatively, the incision
can be widened to accommodate a larger PMMA PC
IOL or an open-loop AC IOL.

Finally, the power of the sulcus IOL must be ad-
justed according to the A-constant of the backup IOL
model and the expected change in effective lens posi-
tion, relative to that assumed for capsular bag fixa-
tion.31–34 With capsulorhexis capture, the same IOL
power calculated for capsular bag fixation can gener-
ally be used. However, because of the more anterior
optic location, the power should be reduced by 0.5 to
1.0 D when the entire PC IOL is placed in the ciliary
sulcus.32–34

Should Negative Aspheric PC IOLs Be Placed in the
Ciliary Sulcus?

Optical laboratory studies of wavefront-corrected
IOLs with negative spherical aberration have
- VOL 35, AUGUST 2009
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demonstrated decreased efficacy when significant tilt
or decentration occurs. This problem is of particular
concern when the IOL is placed in the ciliary sulcus in-
stead of the capsular bag. Peer-reviewed studies using
postoperative Scheimpflug photography to assess lens
centration report mean IOL decentration to be within
0.1 to 0.3 mm with capsular bag fixation.35–37

Only a few studies have examined the centration of
IOLs fixated in the ciliary sulcus. Legler et al.38 exam-
ined the effect of PC IOL dimensions, design, style,
loop fixation, and anterior capsule tears on lens centra-
tion. They found that decentration was least with sym-
metrical bag–bag haptic fixation and no radial anterior
capsule tears (mean 0.20 G 0.05 mm). Asymmetric
bag–sulcus fixation in the presence of anterior capsule
tears was associated with the highest decentration rate
(mean 0.68 G 0.28 mm). Baumeister and Kohnen39 in-
vestigated centration of sulcus-placed piggyback PC
IOLs used to correct a hyperopic power surprise. The
piggyback IOL had a higher mean decentration (0.49
G 0.20 mm after 12 months) than the posterior IOL
(0.21 G 0.13 mm after 12 months).

Given the potential for sulcus-fixated IOLs to be-
come decentered by more than 0.5 mm, the effect
of tilt and decentration of negatively aspheric IOLs
on spherical and other higher-order aberrations
(HOAs) becomes an important consideration. Using
ray-tracing, Altmann et al.40 studied the theoretical
optical performance of 3 silicone IOL designs in the
presence of decentration. The design models were
a spherical IOL (LI61U, Bausch & Lomb), a negatively
aspheric IOL (Tecnis Z9000, Abbott Medical Optics),
and a purely zero aspheric IOL (SofPort AO, Bausch
& Lomb). A Monte Carlo simulation analysis per-
formed 1000 trials with IOL decentration while ran-
domly varying pupil size. Decentration of the
spherical LI61U and the negatively aspheric Tecnis
Z9000 IOLs led to asymmetrical HOAs that compro-
mised the optical performance of the model eye; de-
centration did not affect performance with the purely
aspheric IOL. Specifically, optical performance was
better with the zero aspheric SofPort AO IOL than
with the Tecnis Z9000 IOL for 3.0 mm, 4.0 mm,
and 5.0 mm pupil diameters when decentration ex-
ceeded 0.15 mm, 0.30 mm, and 0.38 mm, respec-
tively. Optical performance with the spherical
LI61U IOL was better than with the Tecnis Z9000
IOL for 3.0 mm, 4.0 mm, and 5.0 mm pupil diameters
when decentration exceeded 0.3 mm, 0.5 mm, and
0.5 mm, respectively.

Wang and Koch41 evaluated the theoretical effect of
up to 1.0mmdecentration of a negatively aspheric IOL
(�0.287 mmwith a 6.0 mmpupil). Simulated implanta-
tion of the aspheric IOL in 154 eyes of 94 patients dem-
onstrated that with a 6.0 mm pupil, the centration
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required for the aspheric IOL to reduce total HOAs be-
low the level of corneal HOAs in 50% of eyes was less
than 0.47mm. Finally, Piers et al.42 assessed the perfor-
mance and optical limitations of standard, aspheric,
and wavefront-customized IOLs using clinically veri-
fied pseudophakic eye models derived from 46 actual
cataract patients. The theoretical customized IOLs
could, on average, be decentered by as much as
0.8 mm, tilted more than 10 degrees, and rotated by
as much as 15 degrees before their polychromatic
modulation transfer function at 8 cycles/degree was
reduced to less than that of a negatively aspheric or
spherical control IOL.

Based solely on the correction of spherical and other
HOAs, it appears inadvisable to implant a wavefront-
corrected negatively aspheric IOL if centration within
0.5 to 0.8 mm cannot be achieved. Based on limited
data, it appears that up to one third to one half of sul-
cus-fixated IOLsmay exceed this level. This raises con-
cerns about placing negatively aspheric IOLs in the
sulcus unless adequate centration, such as with capsu-
lorhexis capture, can be assured.

Should Refractive IOLs Be Placed in the Sulcus?

Accommodating, multifocal, and toric IOLs entail
heightened patient expectations for reduced spectacle
dependence. In this setting, unanticipated posterior
capsule rupture carries the additional disappointment
of patients not receiving the desired refractive IOL.
This potential problem is a consideration when pro-
viding preoperative informed consent.

Clearly, accommodating IOLs such as the Crysta-
lens (Bausch & Lomb), Tetraflex (Clarion), or Syn-
chrony (Visiogen) are sized and designed for
capsular bag fixation and should never be placed in
the sulcus. Because these designs must be paired
with the zonular–ciliary muscle complex to obtain
maximum accommodative amplitude and stability,
zonular laxity and capsulorhexis tearsmay also dimin-
ish their effectiveness and may increase the risk for
subluxation.

Sulcus placement of currently available toric IOLs
and some multifocal IOL designs is also contraindi-
cated. The Staar Surgical toric IOL is a single-piece
plate-haptic silicone IOL that requires capsular bag
placement. As previously discussed, SPA IOLs such
as the AcrySof toric, the single-piece ReSTOR (Alcon,
Inc.), and the proposed 1-piece Tecnis multifocal also
require capsular bag implantation to achieve rota-
tional stability and centration and they should never
be placed in the ciliary sulcus.

In the presence of a torn posterior capsule, place-
ment of a 3-piece multifocal IOL in the sulcus may
be an option, particularly if proper long-term
G - VOL 35, AUGUST 2009
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centration can be achieved with capsulorhexis capture
of the optic. Alcon manufactures a 3-piece ReSTOR
(MA or MN 60 D3) that can serve as a backup for the
single-piece ReSTOR (SA or SN 60 D3) for sulcus
placement in the event of a capsule complication. Ab-
bott Medical Optics manufactures the 3-piece ReZoom
and Tecnis multifocal IOLs. In selecting the IOL, the
surgeon should consider the increased risk for refrac-
tive power surprise, IOL decentration with unwanted
images, and ocular complications such as CME.

Timing and Inventory Considerations for Backup IOLs

Several factors govern the decision and timing of
implanting an IOL following a capsule complication,
particularly when lens material has descended into
the vitreous cavity. Judicious removal of visible
and accessible lens material in the anterior segment
is the immediate priority, with preservation of as
much capsule support as possible a secondary
objective. Because of the risk for vitreous entang-
lement and traction, an IOL should not be implanted
until a thorough anterior vitrectomy has been per-
formed. The technique of triamcinolone staining
can improve intraoperative visualization of vitreous
prolapse.43

Following the anterior vitrectomy, the surgeonmust
assess the remaining capsule support before deciding
which IOL to implant and where. The options include
sulcus placement with or without capsulorhexis
capture or with iris or scleral suture fixation. In the
absence of sufficient capsule support, the options
would be an AC IOL or a sutured PC IOL.30 It should
be emphasized that delaying IOL implantation until
a later secondary proceduremay be an appropriate op-
tion. This decision may be influenced by factors such
as pupil size; compromised surgical visibility from
corneal edema or hyphema; excessive softening of
the globe; patient discomfort and medical stability;
surgeon experience and fatigue; and availability of
the necessary instrumentation, sutures, and IOL.

Although infrequent, unanticipated posterior cap-
sule rupture is a nerve-wracking complication for sur-
geons and staff to manage. Amidst the time pressure
and stress of this situation, it is understandable that
surgeons might be tempted to implant the original
IOL selected, particularly if appropriate backup IOLs
are not available. It is therefore important for ophthal-
mologists to prepare for this contingency by having
backup IOLs in the operating room and having a pre-
operative or an intraoperativemethod for determining
which power to use. Storage space and cost may con-
strain the number of backup options, but it is desirable
to have one IOL that can be placed in the anterior
chamber and a second that can be placed in the ciliary
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sulcus available for every patient. A backup consign-
ment of IOLs in a range of common powers may be
the most convenient system. For AC IOLs, it is best
to have different sizes (lengths) available and to per-
form the contingency IOL calculation preoperatively.
Lacking this, the AC IOL power can be estimated by
subtracting 3.0 to 3.5 D from the PC IOL power calcu-
lated for the capsular bag.44

Surgeons should also consider having a consign-
ment of backup 3-piece PC IOLs available for place-
ment in the ciliary sulcus. The ideal parameters
would be a foldable optic with low to zero spherical
aberration, a rounded anterior optic edge, posteriorly
angulated and thin-looped haptics, and an overall
length of at least 13.5 mm. Sufficient IOL size is partic-
ularly important if capsulorhexis optic capture cannot
be achieved.

Assuming that the appropriate backup IOL model
and power are available, IOL implantation can pro-
ceed even if descended nuclear material will require
secondary posterior segment surgery.45,46 If an appro-
priate backup IOL is not available, it may be prudent
to defer IOL implantation to a later date rather than
implant an IOL of improper size, power, or design.

Intraocular Lens Fixation in the Absence of Adequate
Capsule Support: AC Versus PC IOL

When there is insufficient capsule structure to se-
curely support a PC IOL, the surgeon must decide be-
tween suture fixation of a PC IOL and placement of an
AC IOL. A third option in the absence of capsule sup-
port is the iris-clip IOL (Verisyse, Abbott Medical Op-
tics, or Artisan, Ophthec BV), which can be fixated to
the anterior or posterior surface of the iris.47,48 This
IOL is not U.S. Food and Drug Administration ap-
proved for this indication in the U.S. and is generally
not available in an emergent setting.

Lacking adequate capsule support, implantation of
an angle-supported AC IOL is a safe and reliable op-
tion. Understandably, many surgeons have a negative
bias toward AC IOLs because of complications caused
by poor IOL design during the 1970s and 1980s.
Whether because of sizing problems, a tendency to ro-
tate, closed loops located in the angle, or poor material
finish, many AC IOL models were associated with
high rates of the UGH syndrome and pseudophakic
bullous keratopathy.49,50

This negative historical bias is no longer justified
thanks to improved understanding of AC IOL design
and size requirements.50 Modern AC IOLs are typified
by the Kelman multiflex design, which has flexible
non-looped haptics that provide 4-point angle fixation.
The IOL is slightly vaulted to prevent iris stromal con-
tact, has a smooth finish, and comes in multiple
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lengths to permit appropriate sizing. Clinical and ex-
perimental studies of modern open-loop AC IOLs
have shown good results, with a 1% complication
rate in the largest series of primary implantation in-
volving 1000 cases.51 Ninety-eight percent of eyes in
this study achieved a CDVA of at least 20/40.

Endothelial cell loss with AC IOL implantation is ac-
ceptably low at 5.3% after 1 year, which is comparable
to that after phacoemulsificationwith an endocapsular
IOL.52 Relative contraindications for AC IOL implan-
tation are abnormal angle anatomy, iridocorneal adhe-
sions, and large iris defects. In the 1998 survey of
practice styles and preferences of ASCRS members,53

87% of respondents preferred AC IOLs for secondary
implantation compared with 13% who preferred su-
tured PC IOLs.

Improper open-loop AC IOL sizing increases the
risk for complications. Intraocular lenses that are too
longmay cause iris tuck, pupil ovalization, and associ-
ated discomfort and uveal inflammation. An AC IOL
that is too short may be associated with tilting, pseu-
dophakodonesis, iridocyclitis, and progressive endo-
thelial loss due to intermittent corneal contact. A
short AC IOLmay be inclined to rotate until the haptic
subluxates through an iridectomy and contacts the cil-
iary body. Because of the importance of correct AC
IOL sizing, it is important to have several different
sizes available for every common power. Adding
1.0 mm to the horizontal white-to-white corneal dia-
meter should approximate the correct overall length.
However, this may misapproximate the angle diame-
ter in some patients. Using ultrasound biomicroscopy
in 40 myopic eyes, Reinstein et al.54 found only a weak
correlation between external white to white and angle
diameter (r2 Z 0.59; 95% confidence interval, G0.53
mm). Therefore, following implantation, an intraoper-
ative assessment should bemade to ensure that the im-
planted AC IOL is neither too long nor too short.

After the anterior chamber is completely cleared of
vitreous, the pupil should be constricted with intra-
cameral acetylcholine (Miochol-E) before an ophthal-
mic viscosurgical device is placed. The existing
incision can be enlarged or a new incision created.
Some surgeons use a plastic Sheet glide to reduce the
likelihood of trapping or tucking the iris with the
lead haptic. In the event of iris tuck, the haptic can
be gently compressed and lifted slightly forward to re-
lease the trapped iris tissue. A peripheral iridectomy to
prevent pupillary block should be performed, and the
incision should be securely closed with sutures.

Ciliary sulcus fixation of PC IOLs in the absence of
capsule support can be accomplished by iris or trans-
scleral suture fixation.30,55–58 Late postoperative
subluxation or dislocation of the capsular bag–IOL
complex in eyes with pseudoexfoliation and pro-
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gressive zonular weakness may be more amenable to
repair with transscleral fixation.59 However, if the
IOL resides in the sulcus and is not encapsulated by
a capsular bag, iris suturing is more easily accom-
plished.28 For scleral fixation, the haptic(s) would
have to be externalized to attach the suture. This is im-
portant because frequently, it is only after sulcus IOL
implantation has been accomplished that the need
for supplemental suture fixation becomes apparent.

Iris suturing techniques that avoid ovalization of the
pupil have been reported by several authors.28,29,56–58

The IOL optic is displaced anteriorly and captured
by the pupil, which had been constricted with acetyl-
choline. The haptic(s) is sutured to the peripheral iris
stroma usingmodifications of theMcCannel technique
with an external knot or with a sliding internal Siepser
knot as described by Chang.28 Typically, a 10-0 poly-
propylene suture is used with a long curved needle
such as the CTC-6 (Ethicon #9090G-SD) to secure the
haptics to the iris.

Suturing haptics to the sclera is probably the most
difficult and time-consuming option in an emergent
setting. The previously common practice of using 10-
0 polypropylene suture material should be reconsid-
ered and discouraged because many of these sutures
have broken over time.60,61 Techniques to suture
IOLs to the sclera often use special IOLs with haptic
eyelets, require more robust suture material such as
9-0 polypropylene, and may require a scleral flap or
Tutoplast to cover the external suture knot.62–65 Fur-
thermore, ultrasound biomicroscopy has shown that
blindly suturing PC IOL haptics ab externo does not
reliably accomplish the desired and intended ana-
tomic result in a high percentage of cases.66–69 In a large
retrospective series of 95 eyes with ab externo trans-
scleral suture fixation of PC IOLs,68 complications
included IOL dislocation (23%), high astigmatism
(13%), transient ocular hypertension (11%), vitreous
hemorrhage (5.3%), retinal detachment (4.2%), and
CME (2.0%). In this same nonrandomized retrospec-
tive study, Sasahara et al.68 reported a significantly
lower complication and dislocation rate when endos-
copy was used to confirm proper transscleral needle
and haptic location in another 26 eyes.

The literature does not ascribe clear-cut superiority
to any of these options. The American Academy of
Ophthalmology Technology Assessment study30 re-
viewed 43 papers that addressed the outcomes of
IOLs implanted without adequate capsule support
and carried an evidence rating of level III or higher.
The study was unable to find a significant difference
between iris- or scleral-sutured PC IOLs and open-
loop AC IOLs. They concluded that all 3 methods
were safe and effective options for IOL implantation
in eyes with insufficient capsule support. More recent
G - VOL 35, AUGUST 2009



1455SPECIAL REPORT: COMPLICATIONS OF SULCUS PLACEMENT OF SINGLE-PIECE ACRYLIC IOLS
retrospective studies70,71 suggest that flexible open-
loop AC IOLs have outcomes at least equal to or
better than those with transscleral suture-fixated PC
IOLs.

Finally, practical concerns such as device availabil-
ity and surgeon preference and experience certainly
affect this decision. An important difference is that su-
turing a PC IOL is generally more difficult and time
consuming. With a prolonged and complicated proce-
dure and a vitrectomized soft globe, the increased risk
for suprachoroidal hemorrhagemaybe a consideration
in favor of reducing the total operative time.

New Approaches for Noncapsular IOL Fixation

Techniques for transscleral PC IOL suture fixation
include ab interno methods and ab externo
methods.55,72 In all these techniques, the suture knots
must be buried, covered, or rotated to prevent con-
junctival erosion and reduce the potential for endoph-
thalmitis.64,65,73 Several innovative methods of
transscleral PC IOL fixation have been reported.

Hoffman et al.74,75 recently described a refinement
of their previously reported scleral tunnel technique
that uses a scleral pocket initiated through a peripheral
clear corneal incision. Full-thickness passage of a dou-
ble-armed suture through the scleral pocket and con-
junctiva with subsequent retrieval of the suture ends
through the external corneal incision for tying avoids
the need for conjunctival dissection, scleral cauteriza-
tion, or sutured wound closure. The technique has
been specifically described for a subluxated IOL–cap-
sular bag complex but can be used for any IOL or intra-
ocular device that requires transscleral fixation.

Agarwal et al.76 recently reported a surgical tech-
nique that uses fibrin glue to secure the haptics of
a PC IOL beneath scleral flaps in eyes with deficient
or absent posterior capsules. Rather than using su-
tures, the tips of the haptics of a single-piece PMMA
IOL are externalized through 22-gauge sclerotomies.
The authors reported stable outcomes at 6 weeks post-
operatively. The long-term stability of this approach is
unknown.

Monteiro et al.77 described a foldable IOL design for
the ciliary sulcus, the PC 425Y 6/13.5 (Ophtec BV).
This IOL features eyelets on the haptics for suture fix-
ation, much like those on older single-piece PMMA
IOLs. However, the PC 425Y 6/13.5 can be implanted
through a 3.2 to 3.5 mm trapezoidal incision. In their
retrospective study of 24 eyes, scleral fixation of the
foldable IOL took less time and provided a better vi-
sual outcome than implantation of a rigid IOL. The
mean postoperative astigmatism after 1 month was
�0.88 G 0.42 D in the foldable IOL group and �2.42
G 0.60 D in the rigid IOL group.
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Another new design described in the literature is the
Ultima.78 This IOL is a hydrophilic acrylic foldable
IOL that offers 360-degree sulcus support because of
its round geometry. It can be folded and inserted
through a 4.0 mm clear corneal incision. The main ad-
vantages of the Ultima IOL are the lack of tilting and
low amounts of surgically induced astigmatism. The
IOL also provides a functional barrier that can block
silicone oil from moving from the vitreous cavity
into the anterior chamber.

The Sulcoflex IOL (Rayner) is designed for implanta-
tion as a piggyback IOL in the ciliary sulcus of the pseu-
dophakic eye. Nevertheless, its design features suggest
feasibility as a sulcus backup IOL if made available in
the appropriate powers. It is a single-piece hydrophilic
acrylic IOL that can be inserted through a 3.0 mm inci-
sion. The 6.5 mm optic and haptic edges are round. The
haptic is angulated and has an undulated design to pre-
clude rotation. A spherical monofocal version of the
Sulcoflex has been implanted in the ciliary sulcus of
pseudophakic eyes to correct residual ametropia (M.
Amon, MD, G. Kahraman, MD, J. Schauersberger,
MD, ‘‘Sulcoflex [Rayner 653L], aNew IOL for Implanta-
tion in the Pseudophakic Eye: Indications and First Re-
sults,’’ presented at the XXIV Congress of the European
Society of Cataract and Refractive Surgeons, Stock-
holm, Sweden, September 2007. Abstract available at:
http://www.rayner.com/pdfs/Reference109.pdf. Ac-
cessed May 3, 2009). Toric, multifocal, and aspheric
versions of the IOL are also available to correct residual
astigmatism, permit presbyopia correction, and reduce
HOAs in pseudophakic eyes.

Adequate follow-up and study sample size remain
critical issues with any new approach in technique or
technology. Because many IOLs are used in an off-
label fashion for sulcus fixation and because of the
infrequency of this procedure, adequately large studies
with sufficient long-term data do not exist. We must
therefore be cautious in relying on case reports and
small series to make decisions about the appropriate
use of these new methods and technologies.

In conclusion, backup IOLs in appropriate powers,
sizes, and designs should be available for every
cataract procedure. Accommodating IOLs or SPA
monofocal or refractive IOLs designed solely for
capsular bag placement should not be placed in the
ciliary sulcus. Because of the greater risk for tilt and
decentration, IOLs with negative asphericity may in-
crease rather than decrease HOAs when placed in
the ciliary sulcus. Ophthalmic surgeons must under-
stand the design, sizing, and IOL power parameters
required for AC and PC IOL implantation when endo-
capsular fixation is not possible.

The development, investigation, and supply of
IOLs specifically for placement in eyes lacking
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adequate capsule bag support represent a clinically
important endeavor for the ophthalmic industry. Al-
though the commercial market for backup IOLs is
small, we appeal to IOLmanufacturers to provide sur-
geons and their patients with foldable PC IOLs that
are appropriately sized and designed for ciliary sulcus
placement.
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