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Key points

� Pseudoexfoliation cataracts require astute attention to detail.
� Preoperative examination is necessary to determine pupil dilatation.
� Control of intraocular pressure is important before surgery but also postoperative
pressures spikes are common so same-day pressure checks are done along with
more frequent monitoring for steroid and or inflammatory pressure problems.

� With careful zonular phacoemulsification techniques, used with adjunctive de-
vices, complications during surgery are minimalized and outcomes are excellent.
Video content accompanies this article at
www.advancesinophthalmology.com.

INTRODUCTION
Pseudoexfoliation syndrome (PXE) is an age-related disorder. Patients are
characterized by production of an extracellular matrix seen commonly in the
anterior segment of the eye but also present in other systemic tissues, such
as the heart, lung, and liver. The association of a variant of the LOXL1
gene is present in 99.0% of patients with PXE. However, other genetic or
possible environmental factors may be involved, as well as solar exposure
and geographic history [1–4].

PXE is associated with glaucoma and cataract [5]. From a cataract standpoint,
PXE is also associated with small pupil dilatation, zonular weakness, fragile
capsules, and narrow angles. Postoperative problems can include glaucoma,
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pseudophacodonesis, and late complete capsule bag and intraocular lens (IOL)
subluxation and/or dislocation secondary to the weakened zonules [6,7].

The presence of PXE in cataract surgery is associated with an overall in-
crease in surgical complications [8,9]. There are several technique modifications
as well as new devices and adjunctive measures that can reduce the incidence of
intraoperative complications. Although PXE cataract surgery may be unevent-
ful, there remains the problem of late subluxation. Late subluxation generally
occurs about 8.5 years following cataract surgery (whether the original surgery
was complicated or routine) [10].
CATARACT SURGERY
This article presents methods to decrease intraoperative complications, as well
as technique variations that may reduce late complications [9]. Although phaco-
emulsification can be done with a small pupil, this can lead to a series of con-
sequences that may ultimately induce late complications [11–14].

The small pupil leads to a small capsulorhexis size, and complete cortical
removal is more difficult. The small rhexis also makes nuclear rotation more
difficult (Figs. 1 and 2). All of these can lead to capsule phimosis and weakened
zonules, which may lead to spontaneous subluxation, especially in patients with
PXE.

If the pupil dilates poorly then the use of additional intracameral preservative-
free epinephrine along with Healon 5(Allergan, Inc, Irvine, CA) may suffice. If
this does not work then the use of an iris device is indicated; either iris hooks
Fig. 1. At the beginning of the rotation there is no stress.



Fig. 2. As rotation continues there is significant stress on superior zonules, partially caused by
small rhexis and inadequate hydrodissection.
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(preferably in a diamond configuration) (Alcon, Inc, FortWorth, TX;Microsur-
gical Technology [MST] Seattle WA) or a Malyugin ring (MST, Seattle, WA),
which comes in 6.25-mm or 7.0-mm diameters [15,16]. I recommend a 5.5-mm
to 5.75-mm diameter capsulorhexis to allow easy nuclear rotation and decrease
the risk of capsule phimosis (Video 1).

Hydrodissection is critical to allowing nuclear rotation. Viscodissection may
also add to reducing stress by creating and maintaining space. Multiple aliquots
of BSS (Balanced salt solution) are slowly injected to achieve total cortical cleavage,
using 3-mL or 5-mL syringes with a Luer-Lok (to prevent the cannula from
releasing). If done correctly this separates the cortex from the capsule, allowing
easy nuclear rotation [17,18].

Nuclear rotation should be as zonule friendly as possible. A bimanual tech-
nique reduces this stress by equalizing forces during the rotation (Figs. 3 and 4).

The nuclear disassembly techniques vary with the hardness of the nucleus. The
most zonular friendly is the femtosecond laser, which is followed by chopping tech-
niques (vertical or horizontal) but also includes prechop and UltraChopper. If a
divide-and-conquer technique is used then grooving should be done slowly so as
tonot pushormove thenucleus, and thenuclear rotations shouldbedone carefully.
Divide and conquer
The nucleus is divided into 4 quadrants

In sculpting, the nucleus is grooved along 2 orthogonal axes, which creates a
cruciform pattern. It is critical to understand that the maneuver is nonocclusive,



Fig. 3. Bimanual rotation: rotation started with equal rotation energy to reduce zonule stress.
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which is important to reduce stress on the bag. The deeper the groove goes cen-
trally the easier it is to divide the hemisections. Once the quadrants are free
then the clinician changes to a quadrant removal mode that has increased aspi-
ration flow rate and vacuum. Pieces are brought to a safe place in the center of
the anterior chamber, just above the plane of the iris, and the power is then
increased until the nucleus stays at the tip. Enough energy is used to keep
the material moving into the tip. If an occlusion happens, the natural tendency
is to reduce the power, but this increases occlusion, and when this is broken,
surge can happen, causing a capsule tear [19].

Chop techniques allow clinicians to use less fluid during the surgery, because
the time taken for a grooving maneuver is eliminated. With chop techniques it
is imperative that the nucleus is impaled and held so the chopper can be used to
Fig. 4. Bimanual rotation forces are used to keep lens centered, rather than a push motion.
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make the chop. It is easier to hold the nucleus with 0� or 15� tip. In a chop tech-
nique it is easier to impale the nucleus if the device is in a longitudinal and not
torsional or elliptical mode. A burst mode facilitates the impaling. For a vertical
chop the second instrument is placed near the tip, just in front of the phaco-
emulsification tip. The phacoemulsification tip is not moved, and the second
instrument, moving toward the center of the nucleus, does the chopping.
Once it is deep, then the chopper is moved away to separate the nucleus
(Fig. 5). The nucleus is rotated and is impaled again and chopped. The clinician
can repeat until 4 to 8 pieces are chopped. In a horizontal chop the nucleus is
impaled, but now the chopper is placed under the anterior capsulorhexis,
drawn toward the phacoemulsification tip, and then separated 90�, thereby
splitting the nucleus [19] (Fig. 6, Video 2).

The UltraChopper is a surgical tool first envisioned and designed by Luis
Escafe from South America. He initially used a vice to flatten a standard Kel-
man phacoemulsification tip to act as a cutter. The idea was presented and the
patent sold to Alcon Laboratories. Although it seems initially to be dangerous it
is the same size as a Kelman tip (Figs. 7 and 8). It cuts through a hard lens to
allow the clinician to groove and then use a prechop instrument to divide the
nucleus into quadrants or more pieces (Figs. 9 and 10, Video 3). At present, it
only fits on Alcon handpieces.

Cortex removal should be as complete as possible, as well as zonular
friendly. Using a Miyake-Apple technique, the authors showed that the stan-
dard radial stripping causes more zonule stress than a tangential technique
(Figs. 11 and 12, Videos 4 and 5).

Anothermaneuver to reduce bag and zonule movement is to inject viscoelastic
to stabilize the bag before removing the phacoemulsification tip, and also to inject
it again before removing the irrigation and aspiration tip (Figs. 13 and 14).
Fig. 5. Vertical chop-foot position 2. Chopper placed near tip; action is down then away from
tip to split the nucleus.



Fig. 6. Horizontal chop. Nucleus impaled, foot position 2, to hold nucleus; chopper drawn
toward tip then away to split the nucleus.

Fig. 7. UltraChopper.

Fig. 8. The tip on the UltraChopper is the same size as the Kelman tip.



Fig. 9. Pie-shaped wedges following UltraChopper. Even though CDE is high, all energy is in
the bag. Dispersive viscoelastic protects the endothelium (cell counts done preoperatively and
postoperatively). CDE, cumulative delayed energy.
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After cortex removal a Singer Sweep (AISCO, Epsilon) is used to remove as
much of the anterior epithelial lens cells as possible (Figs. 15 and 16). Although
it has not been shown to reduce posterior capsule opacification it does reduce
the capsule phimosis that may reduce late bag complex subluxation [19–21].

The use of capsule tension rings can help stabilize the bag complex. The in-
traoperative use of capsule support devices (MST capsule hooks, Redmond,
WA; MacKool capsule hooks, MSI, Phoenixville, PA; and the Capsular Ten-
sion Segment, Morcher, Germany) can provide temporary support until the
nucleus and cortex removal is complete (Fig. 17). A decision then needs to
Fig. 10. An Akahoshi prechop (Aisco) or Crandall (Epsilon).



Fig. 11. Start of irrigation and aspiration (note the zonules under stress).

Fig. 12. Tangential stripping of cortex reduces zonule stress.

Fig. 13. Viscoelastic injection after phaco completion.



Fig. 14. Viscoelastic injection after irrigation aspiration completed.

Fig. 15. Note anterior lens epithelial cells at start of sweep.

Fig. 16. Partial removal using a Singer Sweep.



Fig. 17. MST capsule hooks supporting loose capsule.

Fig. 18. Gross (A) and light microscopy (B–D) views of the specimen in case 2 showing fibrous
metaplasia and contraction of the capsular bagwithmultiple folds, aswell as anterior flexingof the
closed loops. The sections cut through the specimen (C,D) showa thick fibrocellular tissue attached
to the inner surface of the anterior capsule, the outline of the IOL, and a layer of amorphous sub-
stance on the outer surface of the anterior capsule (arrow) suggesting pseudoexfoliation (B: orig-
inal magnification �40. C and D: Masson trichrome stain, original magnification �40
and �200, respectively). (From Zaugg B, Werner L, Neuhann T, et al. Clinicopathologic correla-
tion of capsulorhexis phimosis with anterior flexing of single-piece hydrophilic acrylic intraocular
lens haptics. J Cataract Refract Surg 2010;36:1608; with permission.)
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be made as to the capsular tension ring (CTR) insertion versus a modified
CTR (Cionni or Malyugin), iris fixated lens, or an anterior chamber IOL
[22–24].

If a bag stabilizing device is in the capsule, the clinician may choose the
single-piece or 3-piece IOL. However, some surgeons prefer a 3-piece IOL in
order to allow for iris fixation later.

It has been shown that a CTR does not prevent all lens subluxations; how-
ever, it does make reposition by scleral fixation easier (Fig. 18). Several tech-
niques have been developed to scleral fixate the bag [25,26]. I prefer to use a
lasso maneuver [27] (Figs. 19 and 20).
The IOL selection in pseudoexfoliation syndrome

If a CTR is in place, or the surgeon is comfortable that there is no weakness
of the zonules, then any IOL that the surgeon is comfortable with is fine.
If there is a question, then some surgeons favor a 3-piece IOL with the optic
in the bag and haptics in the sulcus, assuming that the haptics will
become fibrosed in the sulcus region. There are no long-term results or ran-
domized trials on the subject, but a 3-piece lens would be easy to iris fixate.
Because the problem with PXE is progressive, the author recommends
vigilance with frequent examinations (every 4–6 months); if pseudo-
phacodonesis is seen, clinicians can intervene before complete subluxation
occurs.
Fig. 19. A 9-0 suture on a CTS needle (Alcon) is passed under the iris 2 mm posterior to the
surgical limbus, through the bag complex (in this case there is a CTR in the bag) and out
through the peripheral cornea. CTS, capsular tension segment



Fig. 20. A 23-gauge MVR is used to make another entrance and an MST Snare or 25-gauge
ILM forceps is used to retrieve the suture to lasso the bag.
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SUMMARY
Pseudoexfoliation cataracts require astute attention to detail. Preoperative
examination is necessary to determine pupil dilatation. Gonioscopy (especially
if the angle is narrow) looks for chamber asymmetry, which suggests zonular
issues. Control of intraocular pressure is important before surgery but also
pressure spikes postoperatively are common so same-day pressure checks are
done along with more frequent monitoring for steroid and/or inflammatory
pressure problems.

With careful zonular-friendly phacoemulsification techniques plus adjunctive
devices, complications during surgery are minimized and outcomes are excellent.

SUPPLEMENTARY DATA
Supplementary data related to this article can be found at http://dx.doi.org/
10.1016/j.yaoo.2016.04.001.
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