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The term "phacosurgery" combines various surgical technologies for the complete or partial removal of the lens. The last decades are charac-
terized by an almost complete transition from extracapsular cataract extraction to the so-called. microinvasive phacosurgery, in particular, standard
ultrasound and hybrid (femtolaser) phacoemulsification. Nevertheless, in a number of cases (for example, when the so-called brown cataract is
combined with severe dystrophic changes in the cornea), extracapsular extraction, which involves the removal of the “whole” nucleus through a
wide surgical incision in the limbal zone of the cornea, is still the method of choice for phacosurgery. The condition of the cornea after phacosurgery
remains one of the criteria for the success of the intervention. In this case, as a rule, attention is focused on the "loss" of cells of the posterior epi-
thelium and violations of the optical regularity of the cornea. Changes in corneal nerve fibers (CNF) have been studied to a lesser extent.

The aim of the study was to study the structural changes in CNF after extracapsular cataract extraction based on laser confocal microscopy.

The studies were conducted on the clinical material of 20 operations of extracapsular cataract extraction, which were performed on 20 patients
aged 52 to 74 years. The condition of CNF was assessed before and after 7-10 days, 2-2.5 and 6 months after surgery, using the length and density
of the main branches of CNF (in mm/mm2 and units/mm2, respectively) in the central zone of the cornea.

Regardless of the timing of follow-up, a decrease in the length and density of CNF was revealed with a moderate tendency to recovery by the
6th month after the intervention. Despite this, a statistically significant decrease in the average length of the main CNFs persisted during all periods
of observation, and in density - for 2-2.5 months.

Factors that induce changes in CNF after various phacosurgery techniques include their intersection during the surgical incision and the energy
impact on the cornea. When using microinvasive techniques, taking into account the minimization of the length of the incision, ultrasound and/
or laser radiation may be the dominant factor, and when using the extracapsular technique, the directly extended corneal incision, accompanied
by the intersection of the CNF. In clinical practice, potential disturbances in the CNF structure after phacosurgery should be taken into account
in situations accompanied by pronounced initial changes in CNF (condition after keratoplasty and excimer laser keratorefractive surgery, various

types of systemic polyneuropathy).
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Introduction. The term "phacosur-
gery" combines various surgical technol-
ogies for the complete or partial removal
of the lens. The last decades are charac-
terized by an almost complete transition
from extracapsular cataract extraction
to the so-called. microinvasive phacos-
urgery, in particular standard ultrasound
and hybrid (femtolaser) phacoemulsifi-
cation [6, 4]. Possible limitations of the
use of microinvasive phacosurgery tech-
niques are associated with such techni-
cal elements of the intervention as en-
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ergy fragmentation and emulsification of
the nucleus, which are potential sources
of complications caused by damage to
the ligamentous-capsular apparatus of
the lens and posterior corneal epitheli-
um. The probability of these violations
increases in a number of complicated
situations, for example, with a combina-
tion of the so-called. brown cataract with
severe dystrophic changes in the cornea.
In these cases, the method of choice for
phacosurgery is still extracapsular cata-
ract extraction, which involves the remov-
al of the “whole” nucleus through a wide
surgical incision in the limbal zone of the
cornea.

The condition of the cornea after
phacosurgery remains one of the crite-
ria for the success of the intervention. In
this case, as a rule, attention is focused
on the "loss" of cells of the posterior
epithelium and violations of the optical
regularity of the cornea. To a lesser ex-
tent, changes in the nerve corneal nerve
fibers (CNF), an important structural
component that provides the function
of its sensitivity, have been studied. To
date, a detailed study of the state of
CNF is one of the directions for assess-
ing the structural and functional state of
the cornea. Structural analysis is based
on various technologies of confocal
microscopy, a method that allows, at a

level close to morphological, to analyze
the state of various anatomical layers
and components of the cornea. Accord-
ing to the literature data based on con-
focal microscopy, the diameter [11, 10],
the density and length of the fibers and
their branches [17], the coefficients of
anisometropia and directional symmetry
[7] are used for the structural character-
istics of CNF.

In a number of previous studies,
changes in CNF have been studied in
such systemic diseases as diabetes mel-
litus, amyloidosis, Parkinson's disease,
past coronavirus infection, and other
pathologies accompanied by the devel-
opment of polyneuropathy [2,3,8,13,14].
The need to study CNF after various
methods of phacosurgery is dictated by
a number of circumstances: the pres-
ence of corneal incisions of various local-
ization and length, the energy effect on
the posterior layers of the cornea when
performing microinvasive technologies,
and, finally, the possibility of preoperative
changes in the cornea of various origins,
as well as a combination of pathological
changes in the lens with various endo-
crinological and neurological diseases
affecting the initial state of CNF. Taking
into account the anatomical features of
the CNF (“penetration” into the cornea in
the limbus zone), the main cause of their



damage during extracapsular cataract
extraction can be the so-called. the cor-
neal incision is rather long.

In previous studies, a decrease in
the sensitivity of the cornea in the inci-
sion zone, a decrease in the density and
thickening of the CNF after microinva-
sive ultrasonic phacoemulsification was
noted [9,12,16]. When assessing the
state of CNF after standard ultrasound
and hybrid phacoemulsification, chang-
es were revealed that, according to the
authors, are comparable to age-related
changes - a decrease in the anisotropy
coefficient of directivity and an increase
in the symmetry coefficient of directivity
of CNF [5].

The aim of this study was to study the
structural changes in CNF after extracap-
sular cataract extraction based on confo-
cal microscopy.

Materials and methods. The studies
were conducted on the clinical material of
20 operations of extracapsular cataract
extraction, which were performed on 20
patients aged 52 to 74 years. Criteria for
exclusion from the observation group:
pathological changes in the cornea of
any origin and systemic polyneuropathy
of various etiologies. All patients gave in-
formed consent to participate in the study.

In the process of extracapsular ex-
traction at a distance of 0.5 mm from the
limbus, a corneal incision was performed
from 10:00 to 02:00 hours of the dial
scale, tangential capsulotomy in the up-
per third of the anterior capsule, nuclear
expression, lens sac lavage, intercapsu-
lar implantation of an intraocular lens,
and removal of the central part of the
anterior capsule. The incision was sealed
with a continuous X-shaped nylon suture
with a dipping knot.

The condition of CNF was assessed
before and after 7-10 days, 2—2.5 and 6
months after the operation. When choos-
ing the maximum period of postoperative
follow-up (6 months), we took into ac-
count the known and noted in previous
studies time period of reinnervation pro-
cesses in case of CNF damage [15].

The previously developed algorithm
for assessing the state of CNF is based
on the analysis of images obtained using
a laser confocal microscope (HRT Il de-
vice with a corneal attachment Rostock
Cornea, Germany) using the original Lin-
er 1.2S software [1, 7]. As the main crite-
ria for assessing the structure of the CNF,
we used the length and density of the
main branches of the CNF (in mm/mm2
and U/mm2, respectively) in the central
zone of the cornea.

Statistical analysis and assessment of
the reliability of the results obtained were
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Average length and density of the main CNF (M £ d)

Examination terms
Index 1 2 3 4
Main CNF lepgth (/|- 344050 | 190+3.9% | 213443 | 268+3.4%
Density of main CNF 5217 2.240.9% 34413 3.941.6
(units/mm?)

* differences compared to baseline are statistically significant (p <0.05)

carried out using Microsoft Excel 2010
and Statistica 8.0 software.

Results and discussion. Differences
in the initial parameters were within the
limits of age fluctuations, the average
values of the length and density of the
main branches of the CNF were 34.4 +
5.1 mm/mm2 and 5.2 + 1.7 units/mm2,
respectively. The table shows the aver-
age values of the indicated indicators of
the state of CNF at different periods of
observation. Designations 1, 2, 3and 4 in
the table correspond to the terms of the
examination (before and after 7—-10 days,
2-2.5 and 6 months after the operation,
respectively).

Regardless of the timing of follow-up,
a decrease in the length and density of
the main CNFs was revealed with a mod-
erate tendency to recovery by the 6th
month after the intervention. Despite this,
a statistically significant decrease in the
average length of the main CNFs per-
sisted throughout the entire observation
period, and the density of the main CNFs
persisted for 2—2.5 months. As a clinical
example, Figure 1 shows the results of
confocal microscopy before and after ex-
tracapsular cataract extraction.

In a previous study, changes in the
CNF structure after standard ultrason-
ic and hybrid phacoemulsification were

The results of laser confocal microscopy and the length (mm/mm2) and density (un/mm2) indices
of the main CNFs, respectively, before (a) and at different times (b, c, d) after extracapsular
cataract extraction: a) before surgery - 54.91 /7, b) after 10 days - 18.69/ 3, c) in. after 2 months

-41.04 / 5, d) after 6 months - 54.10/ 6
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analyzed using the directional anisotro-
py and directional symmetry coefficients
characterizing the state of the CNF based
on the analysis of their tortuosity and di-
rectionality [5]. Regardless of the opera-
tion technique, there was a tendency to a
decrease in the directional anisotropy co-
efficient and an increase in the directional
symmetry coefficient, which indicates an
increase in the crimp of the fibers and a
violation of their orientation. After hybrid
phacoemulsification, the decrease in the
directional anisotropy coefficient 2-2.5
months after the intervention turned out
to be statistically less significant com-
pared to the standard ultrasound tech-
nique, which may be due to a lower en-
ergy “load” on the cornea in the process
of fragmentation and emulsification of the
lens nucleus.

The factors that induce changes in
CNF after various phacosurgery tech-
niques include the intersection of fibers
during the surgical incision and the en-
ergy impact on the cornea. When using
microinvasive techniques, taking into
account the minimization of the length of
the incision, ultrasound and/or laser ra-
diation may be the dominant factor, and
when using the extracapsular technique,
the directly extended corneal incision,
accompanied by the intersection of the
CNF.

Conclusion. With the obvious con-
ditionality of comparing the results of
assessing the state of CNF after extra-
capsular cataract extraction and microin-
vasive phacosurgery, it should be noted
that in the first case there are more pro-
nounced changes that persist even in the
long term after surgery. In clinical prac-
tice, potential disturbances in the CNF
structure after phacosurgery should be
taken into account in situations accom-
panied by pronounced initial changes in
CNF (condition after keratoplasty and ex-

cimer laser keratorefractive surgery, var-
ious types of systemic polyneuropathy).
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