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AIM: The clinical evaluation of zonules condition in patients with age-related cataracts without weak zonular support signs
against the background of connective tissue somatic involutional changes.

MATERIALS AND METHODS: The main group consisted of 70 patients (70 eyes) with connective tissue involutional somatic
pathology without concomitant eye pathology, eye injuries, and decompensated systemic diseases; the control group included
60 people (60 eyes) with age-related cataracts without connective tissue involutional pathology. Using ocular echography
(Aviso S, Quantel Medical, France) with high resolution (50 MHz) sensor, we estimated the “ciliary processes to lens equator”
distance symmetry in 2 main meridians (of 6 and 12 hours). Its equal value in 2 opposite meridians or difference less than 0.3
mm between them was considered as the sign of symmetry; the difference of 0.3 mm and more was a sign of asymmetry.

RESULTS: The presence of “ciliary processes to lens equator” distance asymmetry between the meridians was revealed in
28 eyes in the main group (40%); in 14 of the eyes with asymmetry ranging from 0.4 and more, a 1 degree lens subluxation
was revealed intraoperatively.

CONCLUSIONS: The presence of “ciliary processes to lens equator” distance asymmetry indicates subclinical involutional
changes in the lens’ ligament apparatus, which has a prognostic value for choosing a model of an intraocular lens to be im-
planted.
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Llesnb — KnMHWYECKas OLEHKA COCTOSHUS LIMHHOBOM CBA3KYW Y MALMEHTOB C BO3PACTHOM KaTapaKToi 6e3 npu3HaKoB cna-
BOCTU 30HYNAPHON NOLAEPHKM Ha DOHE COMATUYECKUX UHBOSIOLMOHHBIX U3MEHEHWI COEAVHUTENBHON TKaHMW.

Mamepuanel u Memodsl. OcHoBHas rpynna coctosina u3 70 nauueHToB (70 rnas) ¢ MHBOMIOLMOHHOM coMaTUYecKol na-
TONOrMel CoeaMHUTENBHON TKaHU 6e3 comyTCTBYIOLLEN rMa3HOM NaToNoruK, TPaBM rfasa, CUCTEMHOW LeKOMMNEHCUPOBAHHOM
naTosioruu; rpynna KoHTpons — u3 60 yenosek (60 rnas) c Bo3pacTHOM KaTapaKToi 6e3 MHBOMIOLMOHHOW NaToNorn coen-
HWUTeNbHOM TKaHW. C nomoLublo odTanbMonoruyeckoro axorpada (Aviso S, Quantel Medical, ®paHuus) ¢ AaTYNKOM BbICOKO-
ro (50 Mly) paspeLueHus oLeHMBanacb CUMMETPUYHOCTb OMUCTaHLMM «OTPOCTKM LIMIMAPHOTO Tena — 3KBaTop XpycTajuKa»
B 1BYX OCHOBHbIX MepuamMaHax Ha 6 u 12 u. [lpU3HakoM ux CUMMETpUM B ABYX MPOTMBOMOSIOMKHbLIX MEPUAMAHAX CUUTANOCh
OTCYTCTBME pa3HuLbl InBO e€ 3HauveHus MeHee 0,3 MM; NPM3HAKOM acUMMETpUM — Hannume pasHuusl B 0,3 MM 1 bonee.

Pe3ynemamei. Hannune acuMmeTpun AUCTaHLMU «OTPOCTKU LIMTMAPHOTO Tefla — 3KBATOP XPYCTanuKa» MeXay Mepuauna-
Hamu BbisiBNeHO B 28 rnasax ocHoBHoi rpynnbl (40 %), u3 Hux B 14 rnasax ¢ HanmumeM acuMMeTpum oT 0,4 1 Bbille MHTpao-
nepauMoHHO Hamu bbin BbISBNEH NOABbLIBUX XpycTanuKka 1-i cTeneHu.

3aknwyenue. Hanuuve acuMMeTpUM OUCTaHUMM «OTPOCTKM LIMIMAPHOTO Tesla — 3KBATOP XpycTaluKa» CBUAETENbCTBYET
0 CYBKNMHMYECKUX NpoLLeccax MHBOMOLMOHHBIX M3MEHEHW CBA30YHOrO annapara XpycTannKka, 4To UMeeT NPOrHocTMYecKoe
3HayeHue ans BbIbopa MMNIAHTUPYEMON MOLENN UHTPAOKYNSPHOW SIMH3bI.
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INTRODUCTION

Spontaneous dislocation of the “intraocular lens (I0L)-
capsular bag” complex in the eyes after phacoemulsifica-
tion (PE) of age-related cataract is becoming an urgent
problem. It is caused by progressive weakening of the
zonular support of the lens [1-15].

In recent years, a number of factors were elucidated,
which weaken the strength of the zonules and led to an
increased risk of spontaneous dislocation of the 10L-cap-
sular bag complex. These factors include pseudoexfolia-
tion syndrome, glaucoma, lengthened anteroposterior axis
of the eye, and retinitis pigmentosa [3, 7, 16-18].

However, these conditions probably are far from co-
vering all possible causes of zonular weakness. There-
fore, identification of new predictors of the risk of
weakening lens zonular support appears relevant [8, 9].

Fibrillin is known to be the biochemical basis of mi-
crofibrils that compose the elastic fibers of the zonular
apparatus of the lens. It is a non-collagenous glycoprotein
rich in cysteine and linked to oligosaccharides through
0- and N-bonds. Fibrillin also serves as the structural
basis of the ligamentous articular apparatus and the
vascular wall of veins and arteries [6, 19-21]. Systemic
progressive dystrophic changes occur with age. Accor-
dingly, the zonules can also be exposed to involutionary
degradation [22-24].

Somatic involutional lesions of the connective tissue
based on fibrillin that occur and progress in old age, are
most often represented by degenerative deformities of the
spine, which result from the weakening of its ligamen-
tous apparatus. In addition, varicose veins of the lower
extremities, which often contribute to the development of
chronic venous insufficiency, represent a common invo-
lutional systemic condition of the connective tissue. Thus,
the prevalence of degenerative scoliosis in old age varies
from 6% to 68% [21, 25, 26], and that of varicose veins of
the lower extremities is at least 25% [19, 27].

The main clinical manifestation of degenerative involu-
tional changes in the spinal ligamentous apparatus is sag-
ittal vertebral—pelvic imbalance caused by the weakening
of the ligamentous apparatus of the intervertebral discs
and the dysfunction of the muscles of the lumbar—pelvic
region. This results in a spinal curvature in the frontal
plane, chest deformity, costal humpback, and deviation
of the trunk toward the main arch of the spinal curva-
ture, leading in severe cases to heart and lung dysfunction
[21, 26].

Varicose veins of the lower extremities, which result
from the loss of strength of the elastic fibers of the ves-
sels, lead to thinning of the venous wall, increase in the
lumen of the veins, tortuosity of the venous trunks and
their deformity, especially the deep veins of the lower
extremities, as well as the formation of venous nodes.
This eventually results in impaired blood outflow via
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the affected vein with venous congestion and develop-
ment of chronic venous insufficiency. Furthermore, this
leads to a decrease in the trophism of the tissues of the
lower extremities up to the formation of trophic ulcers
(19, 27].

As crucial aspect a fact is considered that the intensity
of the involutional processes of connective tissues largely
varies among individuals [24, 28, 29].

Since the weakening of the spinal ligamentous appa-
ratus and that of the vascular wall's structure are based
on similar degenerative processes of connective tissues,
it appeared logical to analyze the state of zonular support
in patients with age-related cataracts who have concomi-
tant somatic involutional changes in connective tissues.
However, we did not find such information in the litera-
ture, although it is of practical interest since this systemic
condition of the connective tissue is widespread in the
older population. Data obtained could help in predicting
the formation and progression of zonular support weak-
ness with the development of spontaneous dislocation of
the I0L—capsular bag complex.

At the preoperative stage, signs of zonular support
weakness are often not detected, so it is considered to
be intact. Therefore, we decided to assess in more de-
tail the zonular support status in patients without obvious
preoperative signs of its weakness.

This study aimed to provide a clinical assessment
of the zonule status in patients with age-related cata-
racts without signs of zonular support weakness in the
presence of somatic involutional changes in connective
tissues.

MATERIALS AND METHODS

The criteria for inclusion of patients in the main group

were as follows:

« Combination of age-related cataracts with degenera-
tive kyphoscoliosis or varicose veins of the lower ex-
tremities.

+ Absence of obvious clinical manifestations of zonu-
lar support weakness (i.e., iridophacodonesis, uneven
depth of the anterior chamber revealed by anterior
segment biomicroscopy).

« Absence of eye conditions associated with the weak-
ness of the lens zonular support (glaucoma, pseudo-
exfoliation syndrome, high-degree myopia, and reti-
nitis pigmentosa) and history of head and eye injuries.

« Absence of lens intumescence.

+ No history of previous surgeries (endovitreal and anti-
glaucoma) and no pseudophakia in both eyes.

« Absence of any other concomitant somatic decompen-
sated condition in addition to connective tissue patho-
logical condition.

Based on the above criteria, the main group consisted

of 70 patients (70 eyes) with both age-related cataract
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and involutional connective tissue pathological condition.
Of these patients, 33 were men and 37 were women aged
57-82 years.

All patients had visited the Khabarovsk branch of the
National Medical Research Center Academician S.N. Fe-
dorov Interbranch Scientific and Technical Complex
“Eye Microsurgery” for surgical treatment of age-related
cataracts. The preoperative examination revealed the ab-
sence of obvious signs of lens subluxation in any case.
Two subgroups of the main group were formed according
to the variant of clinical manifestations of the concomitant
systemic connective tissue condition.

Subgroup 1 included 32 patients with grade 3 and
4 degenerative kyphoscoliotic deformity (grade 3 showed
curvature of the chest with the formation of a hump in
the area of the ribs; grade 4 manifested itself with severe
curvature of the spinal column, pelvis, and chest with de-
velopment of the anterior and posterior humps, according
to the clinical classification of kyphoscoliosis by Chaklin
(25, 26]).

Subgroup 2 of the main group included 38 patients
with varicose veins of the lower extremities, complicated
by grade 2 and 3 chronic venous insufficiency (since earli-
er stages cannot be verified without ultrasonic dopplerog-
raphy). This condition was revealed by presence of dilation
of the superficial veins from small vessels to large ducts
and main trunks, edema of the distal parts of the lower
extremities, nocturnal seizures, paresthesia, and pain in
the extremities according to CEAP classification adopted
in 1994 19, 271.

In all cases, the diagnoses of kyphoscoliosis and vari-
cose veins of the lower extremities were established by
physicians in accordance with the clinical classifications.
As regards the stages of age-related cataracts, 23 and
47 eyes were in the initial and immature stages, respec-
tively. The optical density of the nucleus of the lens was
of 2-3 grades according to the Buratto classification of
1999. The anteroposterior axis length varied from 21.36
to 25.08 mm (average, 23.2 + 0.05 mm).

Both subgroups appeared comparable in terms of
cataract stages and of the lens nucleus optical den-
sity. The control group included 60 patients (60 eyes),
aged 52-85 years old, with initial age-related cata-
ract without involutional connective tissue pathological
conditions.

Assessment included the parameters of maximum
pupil diameter under drug-induced mydriasis conditions,
anterior chamber depth, and symmetry of the “ciliary pro-
cesses—-lens equator” distance. Signs of lens zonular sup-
port weakness were revealed intraoperatively.

Pupil diameter was assessed by biomicroscopy 20 min
after three instillations of 10% Midrimax solution [2].
Occurrence of pupil rigidity was monitored, as this in-
directly indicates involutional dystrophic changes in the
zonules [2, 5, 71.
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The anterior chamber depth was measured by optical
biometrics in the center of the optical zone in both eyes
(IOL Master 700, Carl Zeiss, Germany). The distance from
the corneal endothelium to the anterior lens capsule was
determined, and some eyes were asymmetric relative to
the fellow eye (sign of latent grade | lens subluxation) [2].
Asymmetry of more than 1 mm may indicate grade 1 lens
subluxation.

The ciliary processes—lens equator distance was as-
sessed using ultrasound biomicroscopy, and its symmetry
was examined in two main meridians (at 6 and 12 o’clock
positions). We chose these meridians because when the
zonular support is weakened, the lens is displaced pri-
marily from the top to the bottom because of its gravity.
The study was performed using an ophthalmic echograph
(Aviso S, Quantel Medical, France), with a high-resolution
50-MHz transducer. According to Professor E.V. Egorov,
asymmetry of these indices >0.3 mm was regarded as an
objective sign of zonular weakness [12, 30]. Earlier, we
also confirmed the predictive value of the index as 0.3
and higher [8, 91.

The final stage of assessing the integrity of the zon-
ules was performed intraoperatively. According to Belo-
nozhenko, the criteria for latent grade 1 lens subluxation
include deepening and unevenness of the anterior cham-
ber depth during the injection of viscoelastic substance,
folding of the lens anterior capsule when performing an-
terior capsulorhexis, motility of the lens at the PE stage,
and appearance of tiny lens masses in form of small dis-
persed particles on the anterior hyaloid membrane of the
vitreous [31].

Differences in the analyzed indices of the main and
control groups, as well as between the subgroups of the
main group, were investigated.

Statistical data processing was performed using IBM
SPSS Statistics 20 (IBM Corp., Armonk, NY, USA). Qualita-
tive characteristics were compared using Fisher’s exact
two-tailed test. Multiple group comparisons were per-
formed with the Holm-Bonferroni adjustment. The critical
level of significance was 0.01.

RESULTS

Data obtained are presented in Table. In the control
group, the pupil diameter at drug-induced mydriasis
varied from 5.0 to 6.0 mm. Moderate pupil rigidity with
4.0 mm diameter was detected in 1 (2%) eye. The depth
of the anterior chamber varied from 2.5 to 3.3 mm (ave-
rage, 3.0 £ 0.2 mm). In all patients, the studied and fellow
eyes were comparable, and the degree of asymmetry did
not exceed the measurement error of 0.2 mm. In 57 eyes
(95%), there was no asymmetry in the ciliary processes—
lens equator distance, and in 3 (5%) eyes, it was 0.3 mm.
Intraoperatively, folds of the anterior capsule appeared
in these three eyes during the anterior capsulorhexis.
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However, at the stage of nucleus emulsification, its mo-
tility was not detected because in these cases only initial
manifestations of zonular weakness, without grade 1 lens
subluxation, were observed.

In subgroup 1 of the main group, the maximum pupil di-
ameter at drug-induced mydriasis varied from 4.0 to 5.0 mm.
Moderate rigidity with 4.0 mm diameter was detected in
5 (16%) eyes. The average anterior chamber depth was
3.0 £ 0.5 mm (range, 2.4-3.61 mm); in 27 (84%) patients,
no difference in indices was found. Asymmetry of the an-
terior chamber depth was found in 5 (16%) patients when
compared with the fellow eye, and the difference ranged
from 0.2 mm to 0.5 mm, but no iridophacodonesis was
noted. In 11 (34%) eyes, there was an asymmetry in the
ciliary processes—lens equator distance in two meridians.
The distance was 0.3-0.4 mm in five eyes, 0.5-0.6 mm
in four eyes, and 0.8 mm in two eyes. Intraoperatively,
when performing anterior capsulorhexis in 5 of 11 eyes
with asymmetric distance, there was an uneven depth
of the anterior chamber, folding of the anterior capsule of
the lens (Fig. 1), and motility of the lens during emulsifi-
cation of the nucleus (Fig. 2). This objectively confirmed
the presence of grade 1 lens subluxation (16%). Conse-
quently, these aspects caused technical difficulties in per-
forming anterior capsulorhexis and emulsification of the
lens nucleus.
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In subgroup 2 of the main group, the maximum pu-
pil diameter at drug-induced mydriasis ranged from 4.0
to 6.0 mm. A pupil rigidity with up to 4.0 mm diameter
was observed in 6 (16%) eyes. The anterior chamber
depth varied from 2.8 to 3.7 mm (average, 3.1 + 0.3 mm).
In 4 (11%) patients, the affected eye was smaller than the
fellow eye, and the asymmetry varied from 0.3 to 0.5 mm.
In 17 (45%) eyes, there was an asymmetry in the ciliary
processes—lens equator distance between the meridians
investigated: the asymmetric distance was 0.3-0.4 mm
in nine eyes, 0.5-0.6 mm in seven eyes, and 0.7 mm
in one eye. Intraoperatively, in 8 (21%) eyes, folding of
the anterior lens capsule was detected during the ante-
rior capsulorhexis, and lens motility was revealed during
emulsification of the nucleus.

The incidence of pupil rigidity was higher in the study
group than in the control group (16 versus 2% of cases,
respectively, p = 0.006). The incidence of asymmetry in
the depth of the anterior chamber in fellow eyes was
16% and 11% in both subgroups of the main group, and
this asymmetry was completely absent in the control
group.

Certain differences were detected between the inci-
dence rates of asymmetry of the ciliary processes—lens
equator distance in both subgroups of the main group.
Thus, asymmetry was more common in subgroup 2 with

Table. Comparative analysis of frequency of pupil rigidity, asymmetry of anterior chamber depth, the distance “ciliary processes — lens
equator”, the frequency of intraoperative cases of lens subluxation of 1st degree

TaGnuua. CpaBHMTEJ'IbeIVI aHan3 4acToTbl pUrMaHOCTU 3payKa, aCUMMeTpun FﬂyﬁMHbI nepe,u,Heﬁ KaMmepbl, AUCTAHLMKN «OTPOCTKU Lnunnap-
HOro Tesia — 3KBaTOp XPyCTaJInKa», 4aCToTbl UHTPaoNepaunoHHbIX C/ly4aeB NoABbiBUXa XPyCTauKa 1-# cTeneHm

Group Pupil rigidity, Asymmetry of the Asymmetry in the ciliary Grade 1 lens subluxation,
n (%) anterior chamber processes—lens equator distance n (%)
depth, n (%) in two meridians, n (%)
Main Group 11(6) 9(13) 28 (40) 14 (20)
(n=70)
Control Group 1(2)* - 309 -

(n = 60)

* Statistically significant difference from the main group, p < 0.01.

Fig. 1. Anterior lens capsule folds during performing anterior capsulorhexis
Puc. 1. CknapyatocTb nepefHeil Kancynbl XpycTasuka npu BbINOJHEHUM NEepeAHero Karncyno-
peKcuca
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Fig. 2. Lens mobility during emulsi-
fying the nucleus

Puc. 2. lMoaBuxKHOCTb XpycTanuka
npu aMynbcudmKaumm sapa
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17 eyes (45%) than in 11 eyes in subgroup 1 (34%). How-
ever, owing to the insufficient number of eyes in both
groups, no significant differences were found (p = 0.46).
The asymmetry of the ciliary processes-lens equator
distance revealed in 28 eyes of the main group (40%)
was significantly different from that of the control group
(3 eyes, 5%, p < 0.01).

In the main group, the asymmetry of the anterior
chamber depth was observed in 5 (16%) eyes of subgroup
1 and in 4 (11%) eyes of subgroup 2. It was not detected
in the control group.

Intraoperative signs of grade 1 lens subluxation were
noted in six eyes of subgroup 1 and in eight eyes of sub-
group 2 in the main group (19% and 21%, respectively),
showing no significant difference. In the control group, no
cases of grade 1 lens subluxation were recorded.

DISCUSSION

Preventing subluxation of the I0L—capsular bag com-
plex is becoming an urgent problem. It becomes evident
that the standard preoperative eye examination is inef-
fective in revealing the latent weakness of the zonules
[1, 8, 91. Thus, it is necessary to identify new predictors
that would enable in the preoperative period to identify
a group of patients at risk for zonular support weakness
before PE of age-related cataract.

This study revealed that patients with age-related
cataracts and systemic somatic involutional connective
tissue pathologic conditions have significant character-
istics showing the state of ciliary support. These patients
demonstrated a high frequency of latent zonular support
weakness, which is detected mainly only intraoperatively,
in comparison with patients with age-related cataracts
without somatic connective tissue pathologic conditions.
The state of ciliary support is detected during preopera-
tive diagnostics in terms of the asymmetry of the ciliary
processes—lens equator distance in two meridians, and
intraoperatively by the presence of signs of grade 1 lens
subluxation, but no such changes were found in the con-
trol group.

Consequently, patients with age-related cataract
should be monitored for the presence of background
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