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<> Phacoemulsification (PHACO) is the gold standard of cataract surgery. Cataract surgery in eyes with
pseudoexfoliative (PEX) syndrome is associated with increased risk of intra- and postoperative complica-
tions. Zonular laxity is one of the main causes of surgical complications. Purpose. To assess the degree
of zonular weakness in patients with PEX. Materials and methods. 1010 eyes (580 eyes with PEX and
430 eyes without it) that underwent consecutive PHACO at the Ophthalmology Department No 5 of the
City Multifunctional Hospital No 2 from May 2016 until October 2017 were enrolled in the study. The
zonular laxity was assessed preoperatively and intraoperatively. Results. Zonular weakness was observed
more often in patients with PEX, both at preoperative and intraoperative evaluation (p < 0.05). However,
in both groups, the percentage of zonular weakness estimated intraoperatively, was several times higher,
than that estimated preoperatively. Nevertheless there was no difference in the rate of capsular bag related
intraoperative complications between two groups.

<> Keywords: phacoemulsification; pseudoexfoliation syndrome; zonular laxity; lens subluxation.
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<> Dakoamynbeudukaiys (PI) sBaseTCS «300ThIM CTAHAAPTOM> XUPYPrHH KaTapakThbl. Hasudne rncepiosk-
cponuatuHoro cunapoma (I19C) BaeuéT 3a co60H MOBLILIEHHBIH PUCK KAK HHTPA-, TAK U MOCJe0NepaldoH-
HBIX OCJIoXKHeHUH. ONHOI M3 OCHOBHBIX MPUUWH HHTPAOTIEPAIIMOHHBIX OCJIOKHEHUH fBJsieTcs CJaboCTh CBs-
30UHOrO amnmnapata xpycranuka. Ileas — olleHUThb CTeleHb caa6oCTH IUHHOBBIX CBSI30K y naiuenToB ¢ [19C.
Mamepuaast u memodst. B pamkax uccseioBanus Ha 6aze otaesenust opranomosorun Ne V IMIIB Ne 2 ¢
masi 2016 no okts16pb 2017 1. 6bi1u o6caenoBanbl Bee 1010 rnas (580 ras ¢ [19C u 430 rnas 6e3 [19C), Ha
KOTOPBIX BbIToJIHs/Iach P 10 MoBoy Bo3pacTHO KaTapakThl. ClaboCTh CBA30YHOIO amnrmapaTa olleHUBaJach
JI00TepallMOHHO U MHTpaornepainoHto. Pedyasmameot. CiabocTb CBI30YHOTO anmnapara Xpycraanka HabJioa-
Jlach uatie y nauuentos ¢ [19C kak npu joornepaiioHHoOMH, Tak U IPH UHTpaorepaiiuoHHoi oneHke (p < 0,05).
Onnako B 06eUx rpynnax npoueHT cjaabocTH CBA30YHOr0 annapara, olleHHBaeMblil MHTPAoTIepPallHOHHO, B He-
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CKOJIbKO pas3 Bblllle OMpe/eisieMoro 1oonepauotHo. Tem He MeHee MPOLEeHT HHTpaonepalHOHHbIX OCJIOKHEHHH,
CBfI3AHHDBIX C KaICY/JbHbIM MELIKOM, JOCTOBEPHO HE OTJIHYAJICA B IBYX IPYINax.

<> Karouesole caosa: hakosMyabcHUKALUS; TICEBIOIKCHONMATHBHBIA CHHIPOM; C1a00CTh CBS304YHOTO

arrmaparta XpycraJiiKa; MnoJABbIBUX XpyCTaJuKa.

INTRODUCTION

Cataracts remain the leading cause of reversible
blindness worldwide [3]. Currently, phacoemulsi-
fication (PE) is considered the gold standard for
cataract surgery [3, 5, 9]. The main risk factor for
cataracts is age; however, pseudoexioliation syn-
drome (PES) can trigger sclerotic changes in the
lens nucleus [7, 12].

PES is an age-related systemic disease charac-
terized by the production and accumulation of ex-
tracellular matrix in various tissues, primarily the
anterior segment of the globe, lens capsule, iris pig-
ment epithelium, ciliary body, zonule of Zinn, and
corneal endothelium [6, 17]. Clusters of pseudoex-
foliation material (PEM) are associated with specific
morphological changes in the globe. Patients with
PES have an increased risk of zonule of Zinn rup-
ture, posterior capsule rupture, and vitreous pro-
lapse. In addition, during the postoperative period,
they are at high risk of developing inflammation,
posterior synechiae, posterior capsule opacity, ante-
rior capsular phimosis, decentration, and intraocular
lens (IOL) dislocation [21]. Zonular weakness and
poorly dilated pupils are the main factors for intra-
operative complications [19—21].

The primary aim of this study was to assess zo-
nular weakness in patients with PES.

MATERIALS AND METHODS

We examined 1,010 eyes in consecutive patients
with age-related cataracts admitted to the 5th De-
partment of Ophthalmology at City Hospital No. 2,
Saint Petersburg, Russia, for cataract surgery be-
tween May 2016 and October 2017. Patients with
congenital, traumatic, or uveal cataracts were not
included in the study. We also excluded individu-
als with grade 2 and 3 lens subluxation (according

to the classification by N.P. Pashtaev), as we avoid
performing PE in these patients. If a patient was
admitted for surgery on the second eye, they were
enrolled in the study a second time, i. e., each op-
erated eye was evaluated separately. All eyes were
divided into two groups: the experimental group
comprised 580 eyes with PES, whereas the con-
trol group comprised 430 eyes without PES. Thus,
PES was detected in 57.4% of eyes with age-related
cataracts. The diagnosis of PES was based on the
detection of PEM in the anterior capsule of the lens,
pupillary border of the iris, and anterior chamber
angle. Patients in both groups were matched for
gender and age (Table 1).

All patients underwent standard preoperative oph-
thalmologic examination that included visual acuity
testing, perimetry, tonometry, biomicroscopy, gonios-
copy, IOL calculation, and other examinations when
appropriate.

PE was performed by one surgeon using the stan-
dard phaco chop technique (Alcon, USA) with im-
plantation of various IOLs. During the postoperative
period, all patients received standard anti-inflamma-
tory therapy, including installations of dexamethasone
in decreasing doses for four weeks and levofloxacin
for two weeks.

Iridodonesis, phacodonesis, small and/or non-ho-
mogeneous anterior chamber, and a gap between the
iris and lens were considered signs of grade 1 lens
subluxation. Zonular weakness was assessed during
surgery using the classification shown in Table 2.
The following intraoperative characteristics and com-
plications were considered markers of zonular weak-
ness: lenticular substance located in the retrolental
area (assessed subjectively by a surgeon according to
the scale provided below), posterior capsule rupture
(with or without vitreous body prolapse), and zonu-

Table 1
Distribution by sex and age (n — number of eyes)
Tabauya 1
Pacnpenenenue rpynn no noJy u Bo3pacrty (2 — KOJMYECTBO I1a3)
Parameter Experimental group, n = 580 Control group, n = 430 Significance of the difference, p
Age 73.8 +3.8 729+ 4.1 0.51
Male 116 (20%) 143 (33.3%)
Gender 0.21
Female 464 (80%) 287 (66.6%)
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Table 2

Intraoperative classification of zonular weakness
Tabauya 2

WurpaonepauuonHas knaccudukauus c1abocTu CBSI30UHOro annapara Xpycrajauka

Grade

Characteristic

0 The capsular bag is stable.

! forms no folds.

The capsular bag is displaced at the first puncture of the anterior capsule by a capsulotome; the anterior capsule

The capsular bag is displaced at the capsulorhexis, which leads to its narrowing; the central rupture does not
reach the edge of the pupil; the anterior capsule forms folds.

The capsular bag is displaced at the capsulorhexis, which leads to its narrowing; the central rupture reaches the
edge of the pupil; the anterior capsule forms pronounced folds.

A surgeon has to use a second hand to stabilize the capsule bag.

Not possible to implant the IOL into the capsular bag without its additional fixation.

Not possible to preserve the capsular bag.

N | OO

Not possible to perform phacoemulsification.

lar dialysis (with or without vitreous body prolapse).
The presence of lenticular substance in the retrolental
area was intraoperatively estimated by a surgeon by
thorough examination of the anterior portion of the
vitreous using the following scale: 1—small amount,
2 — moderate amount, and 3 — large fragments.

RESULTS
Preoperative grade 1 lens subluxation was detected

in 9.50% of eyes with PES and 4.65% of eyes without

PES (p = 0.004) (Table 3). Zonular weakness of vari-

ous grades (assessed intraoperatively, as described in

the Material and Methods section) was observed in
both groups; however, patients with PES had zonu-
lar weakness significantly more often. We observed
only grade 1—3 zonular weakness probably because
patients with grade 2 and 3 lens subluxation were

excluded (Table 4).

+ grade | zonular weakness: 114 eyes in the experi-
mental group (19.7%) and 26 eyes in the control
group (6%) (p = 0.0001);

+ grade 2 zonular weakness: 34 eyes in the experi-
mental group (5.9%) and 2 eyes in the control
group (0.47%) (p = 0.001);

+ grade 3 zonular weakness: 8 eyes in the experi-
mental group (1.3%) and no eyes in the control
group (p = 0.063).

Complications are reported in Table 5. Lenticu-
lar substance in the retrolental area was observed in
16.9% of eyes with PES and only 6% of eyes without
PES, which was a significant difference (p = 0.001).
A small amount of lenticular substance was found in
11.2% and 4.7% of PES and non-PES eyes, respec-
tively, whereas a moderate amount was found in 5.7 %
and 1.4% of PES and non-PES eyes, respectively.
None of the patients had posterior capsule rupture.
Zonular dialysis was observed in 4 eyes in the PES
group (2 eyes with vitreous body prolapse and 2 eyes
without).

DISCUSSION

In the era of PE, PES presents significant ob-
stacles for surgeons. Zonular weakness and poorly
dilated pupils increase the risk of postoperative com-
plications [11]. In addition to a thorough preoperative
examination, patients with PES require especially high
alertness during surgery. Particular attention should
be paid to the assessment of zonular weakness.

Table 3

I1st degree of lens subluxation in groups (at preoperative assessment) (7 — number of eyes)

Tabauya 3
[MonBbiBUX XpycTanuka 1-i cTeneHu B rpynnax (Mpu 100NepaluOHHOM OCMOTpe) (11 — KOJHUYECTBO Iia3)

PES group, Non-PES group, R
Parameter 1 = 580 n = 430 Significance, p

Lens subluxation o o
(preoperative examination) 55(9.5%) 20 (4.65%) 0.004

Note: PES — pseudoexfoliation syndrome
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Zonular laxity in groups (at intraoperative assessment) (n — number of eyes) fable 4
Tabauya 4
CaabocTb CBA304HOrO anmnapara Xpycrajuka, OlleHMBaemMasi HHTpaonepalMoOHHO B rpynnax (1. — KOJMUYECTBO IJa3)
Lo S
Grade 0 424 (73.1%) 402 (93.5%) 0.005
Grade 1 114 (19.7%) 26 (6%) 0.0001
Grade 2 34 (5.9%) 2 (0.47%) 0.0001
Grade 3 8 (1.3%) - (0.063)
Note: PES — pseudoexfoliation syndrome
Table 5
Intraoperative features and complications in groups (n — number of eyes)
Tabauya 5
UHTpaonepannoHHble 0COGEHHOCTH U OCIOXKHEHHS B TPyNnax (1 — KOJMYECTBO Iia3)

Parameter Pliszggglap, Non;PESAng(;oup, Significance, p
Lenticular substance 98 (16.9%) 26 (6.0%) 0.0001
located in the retrolental 1 2 3 1 2 3
area 65 (11.2%) | 33 (5.7%) - 20 (4.7%) | 6 (1.4%) -

Posterior capsule rupture 0 0 -
4 (0.7 %) - 0.26
Zonular dialysis 2 (0.35%) (\%,égoi?(é)t
(with vitreous body pro- | “eous body
lapse) prolapse)
Note: PES — pseudoexioliation syndrome

Zonular weakness is associated with the accumu-
lation of PEM in the zonule of Zinn and ciliary pro-
cesses [8, 16, 18]. The prevalence of lens subluxation
and/or phacodonesis in patients with PES varies be-
tween 8.4% and 10.6% [14, 16]. Zonular weakness
can be evaluated during the slit-lamp examination in
patients with phacodonesis, iridodonesis, small (less
than 2.5 mm) and/or non-homogeneous anterior
chamber, and a gap between the iris and lens [13,
14]. The dilated eye examination may mask phaco-
donesis due to the stretching effect of cycloplegic
drops on the zonule of Zinn [20]. In our study, 9.5%
of patients with PES and 4.65% of patients without
PES were diagnosed with grade | lens subluxation
at the initial examination (p = 0.004). However, the
intraoperative assessment of zonular weakness was
more accurate because a surgeon evaluated the in-
traocular structures under high magnification and
performed some manipulations, including anterior
capsule puncture, with a capsulotome, continu-
ous circular capsulorhexis, IOL implantation, etc.
We developed an intraoperative classification of zo-
nular weakness based on the evaluation of capsular
bag stability (Table 2). The intraoperative assess-
ment revealed a significantly higher prevalence of

zonular weakness compared with the preoperative
examination: it was 300% higher in PES eyes and
150% higher in non-PES eyes. Therefore, the sur-
geon can be alerted to PES prior to surgery even
in the absence of iridophacodonesis or other signs
of lens subluxation.

The detection of lenticular substance in the
retrolental area and zonular dialysis may also in-
dicate zonular weakness. In this study, lenticular
substance in the retrolental area was observed
more frequently in patients with PES (p = 0.0001).
No residual lenticular substance was detected in the
anterior portion of the vitreous body one day after
surgery; however, it can be considered a risk factor
for long-term postoperative inflammation in patients
with PES. Zonular dialysis was observed in four pa-
tients with PES and was not detected in the control
group; however, this difference was not statistically
significant (p = 0.22).

Patients with zonular weakness require particular
attention during PE. It is important to avoid over-
filling of the anterior chamber with solutions and
viscoelastics, excessive rotation, and excessive pres-
sure. Hydrodissection and hydrodelineation should be
performed with particular caution. A capsular tension
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ring (CTR) and/or capsular retractors can be used
in patients with pronounced zonular weakness [1, 4,
10, 15]. However, we do not typically encourage CTR
implantation for prophylactic support because it in-
creases the weight of the whole complex [OL—cap-
sule—CTR, causing greater injury to the zonule of
Zinn during implantation. In our study, CTRs were
implanted in four patients intraoperatively diagnosed
with zonular dialysis.

The choice of phacoemulsification technique pri-
marily depends on the surgeon’s preference. We used
the phaco chop technique, which requires minimal
pressure on the zonule of Zinn and allows perform-
ing all manipulations in the center of the anterior
chamber. We believe that gentle aspiration during PE
is crucial in patients with PES (regardless of the PE
technique) because it reduces the risk of zonular di-
alysis and posterior capsule rupture.

We observed no posterior capsule rupture in our
cohort. It should be noted that patients with uveal,
traumatic, or congenital cataracts were not included
in this study. We did consider patients with traumatic
cataracts and cataracts developed after posterior sub-
total vitrectomy with a pronounced fibrous defect in
the posterior capsule, but these patients did not meet
the inclusion criteria. We did not enroll individuals
diagnosed with grade 2 and 3 lens subluxation when
we would rather perform a modified intracapsular lens
extraction through a sclerocorneal tunnel with trans-
scleral suture fixation of the IOL. Moreover, one month
after completing patient recruitment, our surgeon per-
formed PE, and posterior capsule rupture occurred
during the removal of the last nuclear fragment (the
surgeon was working in an unfamiliar operating room
with another phaco machine). In our opinion, this em-
phasizes that careful aspiration is even more important
when there are preoperative risk factors.

CONCLUSIONS

1. Preoperative examination using a slit-lamp does
not always reveal lens subluxation.

2. PES should alert the surgeon to zonular weak-
ness.

3. Intraoperative assessment of zonular weakness
significantly supplements the information ob-
tained during the preoperative examination using
a slit-lamp.

4. A better understating of the zonule of Zinn sta-
tus allows correcting the parameters of the phaco
machine and choosing an appropriate surgical
technique.

5. Our findings suggest that PE can be effectively
performed in patients with PES. However, it is a

difficult surgery that requires particularly careful
manipulations with constant monitoring.
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