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 G Background.© The article presents impact results of vitrectomy for complicated cataract surgery on 
retinal and optic nerve electrogenesis. Materials© and© methods. 30 patients (30 eyes) with history of 
dropped nucleus (1st group) or intraocular lens dislocated into the vitreous cavity after phacoemulsifica-
tion (2nd group) underwent electrophysiological examination before vitrectomy, and on Day 1, Day 3, 
Day 7, Day 14, Day 30, Day 60, and Day 180 after surgery. Results.© In the 1st and 2nd groups, on the 
1st day after vitrectomy, we observed a significant decrease in retinal and optic nerve electrogenesis in 
comparison to normal indices (p > 0.01); to Day 180, electrophysiologic indices returned to normal values. 
In the 1st group, baseline retinal and optic nerve electrogenesis was decreased in comparison to normal pa-
rameters. In the 1st and 2nd groups, the electrogenesis of photoreceptors recovered twice as rapidly, as that 
of bipolar cells; papillomacular bundle neurons were more resistant to vitrectomy. Conclusion. Thus, the 
presence of lens nucleus fragments in the vitreous cavity results in a reliable inhibition of the retinal and 
optic nerve electrogenesis due to phacotoxic effect. Vitrectomy causes a short-term depression of the 
retinal and optic nerve electrogenesis, followed by normalization of indices to Day 180. Photoreceptors 
have greater rehabilitation activity than bipolar cells. The neurons of axial topographic orientation have 
the highest resistance to vitrectomy impact.

 G Keywords:© vitrectomy; IOL dislocation; dropped nucleus dislocation; flash visually evoked potentials; 
complicated cataract surgery; electroretinogram; electrophosphene.
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 G В работе представлены результаты влияния витрэктомии в связи с осложнённой хирургией ката-
ракты на электрогенез сетчатки и зрительного нерва. Материалы©и©методы.©Выполнено электро-
физиологическое обследование 30 пациентам (30 глаз) после витрэктомии по поводу дислокации 
фрагментов ядра хрусталика (I группа), интраокулярной линзы (II группа) в стекловидную камеру 
до операции и на 1, 3, 7, 14, 30, 60, 180-е сутки после операции. Результаты. В I, II группах вы-
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явлено значимое угнетение электрогенеза сетчатки, зрительного нерва на 1-е сутки (р < 0,01) после 
витрэктомии с последующей нормализацией электрофизиологических показателей на 180-е сутки. 
В I группе установлено достоверное угнетение исходного электрогенеза сетчатки, зрительного нерва 
по сравнению с показателями нормы. В I, II группах фоторецепторный электрогенез восстанавливал-
ся в 2 раза быстрее, чем на уровне биполярных клеток; нейроны папилломакулярного пучка отли-
чались большей устойчивостью к воздействию витрэктомии. Выводы. Нахождение фрагментов ядра 
хрусталика в стекловидной камере обусловливает достоверное угнетение электрогенеза сетчатки, 
зрительного нерва за счёт факотоксического воздействия. Витрэктомия вызывает кратковременное 
угнетение электрогенеза сетчатки, зрительного нерва с последующей нормализацией показателей 
на 180-е сутки. Фоторецепторы обладают большей реабилитационной активностью по сравнению 
с биполярными клетками. Нейроны аксиальной ориентации наиболее устойчивы к воздействию 
 витрэктомии.

 G Ключевые©слова:©витрэктомия; дислокация интраокулярной линзы; дислокация ядра хрусталика; 
зрительные вызванные потенциалы на вспышку; осложнённая хирургия катаракты; электроретино-
грамма; электрофосфен.

INTRODUCTION
In developed countries, improvements in 

healthcare are one of the important factors con-
tributing to increasing life expectancy [1]. Due 
to population aging, the number of people with 
cataract is constantly increasing. According to the 
World Health Organization, cataract accounts for 
over 47% of all eye disorders worldwide [2]. In 
fact, approximately 10 million cataract surger-
ies are performed annually, and the number of 
these procedures has been constantly increasing 
by 2–2.5 million annually [3]. Cataract phaco-
emulsification (PE) with implantation of an intra-
ocular lens (IOL) is a widely accepted option that 
can ensure complete functional rehabilitation of a 
patient [4, 5]. However, cataract surgery carries 
the risks of intraoperative and long-term compli-
cations [6]. In 0.05%–1.2% of cases, cataract 
surgery causes dislocation of the lens nucleus, 
its fragments, and lens masses into the vitreous 
chamber (VC) [7, 8]. This intraoperative complica-
tion substantially affects further patient manage-
ment. Approximately 0.2%–2.8% of patients who 
undergo cataract surgery subsequently develop 
late luxation and dislocation of the IOL on the 
ocular fundus [9], a complication that markedly 
reduces the quality of life and functional outcomes 
of the surgery.

In such cases, vitreoretinal surgery should be 
considered to address complications and restore the 
normal anatomical structure of the eyeball [10, 11]. 
However, functional results of vitreoretinal reha-
bilitation are often regarded unsatisfactory by 
surgeons and patients [12]. Unlike uncomplicated 
cataract surgery, vitrectomy (VE) involves many 
potentially damaging physical and chemical fac-

tors, including high-frequency vibration of the vit-
reotome tip, various irrigation solutions, artificial 
vitreous body, and light from an endoilluminator. 
These negative effects on the retina and optic nerve 
probably contribute to the unsatisfactory functional 
outcomes of VE.

The aim of this study was to perform a compre-
hensive comparative analysis of the bioelectric activity 
of the retina and optic nerve before and after VE for 
complicated cataract surgery.

MATERIALS AND METHODS
The inclusion criteria were as follows: dislocation 

of the lens nucleus, its fragments, or IOL into the 
VC; VE to repair dislocation of the lens nucleus, its 
fragments, or IOL into the VC; and patient com-
pliance with electrophysiological monitoring during 
the study. The exclusion criteria were as follows: 
history of ophthalmic disorders that could poten-
tially affect retinal and optic nerve electrogenesis 
(including diabetic retinopathy, retinal detachment, 
and post-thrombotic retinopathy) and intraoperative 
complications that could potentially affect retinal 
and optic nerve electrogenesis (including iatrogenic 
retinal detachment, extensive submacular hemor-
rhage, and circulatory disorders in the retina and 
optic nerve).

This study included patients who underwent VE 
at the Ophthalmology Clinic of S.M. Kirov Military 
Medical Academy between 2012 and 2017.

A total of 1,268 patients were examined; among 
these, 30 patients (30 eyes) met the inclusion criteria. 
The sample included 18 men and 12 women with a 
mean age of 73.26 ± 10.48 years.

All participants underwent 25G transciliary 
subtotal VE using the Accurus vitrectomy sys-
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tem (Alcon, USA). The average operating frequency 
of the vitreotome was 2,500 Hz. The volume of tis-
sue removed was replenished with balanced salt so-
lution. The dislocated fragments of the lens nucleus 
were removed with the vitreotome or ultrasound. 
The dislocated IOL was lifted up toward the pupil 
plane and sutured to the iris.

All patients underwent VE and many elec-
trophysiological tests (EPTs). Visual acuity was 
measured using Sivtsev charts, and the bioelectric 
activity of the retina was evaluated using objec-
tive EPTs, namely, full-field electroretinography 
(ffERG) and flicker electroretinography (fERG) 
at a frequency of 30 Hz. The functional state of 
the optic nerve was evaluated by registration of 
flash visual evoked potentials (fVEPs) (objective 
EPT) and assessment of the electrical sensitivity 
(ES) threshold and critical flicker-fusion frequency 
(CFF) (subjective EPT). All objective EPTs were 
conducted according to the standards of the In-
ternational Society for Clinical Electrophysiology 
of Vision [13, 14]. We used the EP 1000 Multifo-
cal system (Tomеy Corporation, Japan) to evalu-
ate ffERG, fERG 30 Hz, and fVEPs. CFF was 
assessed using the electroophthalmic stimulator 
“Esofi01” (Spetsmedpribor, Russia).

We analyzed the following ffERG parame-
ters: A-wave and B-wave amplitudes (µV), abso-
lute changes in the A-wave and B-wave ampli-
tudes (µV), relative changes in the A-wave and 
B-wave amplitudes (%), A-wave and B-wave la-
tencies (µV), absolute changes in the A-wave and 
B-wave latencies (µV), and relative changes in the 
A-wave and B-wave latencies (%). For fERG result 
analysis, we evaluated the fERG amplitude (µV), 
absolute changes in the fERG amplitude (µV), 
and relative changes in the fERG amplitude (%). 
Moreover, in the analysis of fVEPs, we assessed 
the N2 and P2 latencies (ms), absolute changes 
in the N2 and P2 latencies (ms), relative changes 
in the N2 and P2 latencies (%), N2 and P2 am-
plitudes (µV), absolute changes in the N2 and 
P2 amplitudes (µV), and relative changes in the 
N2 and P2 amplitudes (%). We also estimated 
the ES threshold (µA), CFF (Hz), and relative 
changes in the ES and CFF (%).

Visual acuity testing and EPTs were conducted 
before VE and on days 1, 3, 7, 14, 30, 60, and 180 
after surgery.

Data analysis was performed using Statis-
tica v. 10.0 software. We used the methods of 
descriptive statistics, correlation analysis, and 
Wilcoxon test.

RESULTS
Group 1 included 20 patients (20 eyes) who had 

dislocation of the lens nucleus, its fragments, and 
lens masses into the VC, whereas Group 2 included 
10 patients (10 eyes) with luxation and displacement 
of the IOL into the VC. The control group comprised 
35 patients who underwent standard PE with flexible 
IOL implantation without complications.

Patient characteristics are summarized in Table 1.
Changes in visual acuity in Groups 1 and 2 are 

shown in Figure 1.
Patients from Group 1 had the following baseline 

parameters reflecting retinal electrogenesis: A-wave 
amplitude of 98.44 ± 14.89 µV in ffERG, B-wave 
amplitude of 188.11 ± 27.07 µV in ffERG, and fERG 
amplitude of 19.58 ± 1.84 µV. The functional acti-
vity characteristics of the optic nerve were as fol-
lows: N2 latency of 85.24 ± 4.73 ms in fVEPs, P2 la-
tency of 131.75 ± 4.82 ms in fVEPs, ES threshold 
of 101.5 ± 14.31 µA, and CFF of 35.25 ± 2.35 Hz. 
The dislocated fragments of the lens nucleus and its 
fragments remained in the VC for 6.1 ± 2.1 days.

Group 1. When analyzing the dynamics of retinal 
electrogenesis at the photoreceptor level, we observed 
a significant reduction in the A-wave amplitude mea-
sured using ffERG 1 day postoperatively (p < 0.05). 
Starting from day 3 postoperatively, we observed a 
trend toward the restoration of photoreceptor elec-
trogenesis (increased A-wave amplitude in ffERG). 
By day 30, the A-wave amplitude was completely 
normalized.

Analysis of the dynamics of retinal electrogen-
esis at the level of bipolar cells revealed a signifi-
cant reduction in the B-wave amplitude measured 
with ffERG 1 day postoperatively (p < 0.05) (Figu-
res 5–7). Starting from day 3 postoperatively, we 
observed a trend toward the restoration of electro-
genesis in bipolar cells (increased B-wave amplitude 
in ffERG). Remarkably, by day 60, the B-wave am-
plitude was within the normal limits.

Analysis of the changes in electrogenesis of the 
retinal cone system demonstrated a significant re-
duction in fERG amplitudes 1 day postoperatively 
(p < 0.05) (Figures 8–10). Starting from day 3 after 
VE, there was a trend toward the restoration of elec-
trogenesis in the retinal cone system, i. e., increased 
fERG amplitude. By day 30, the fERG amplitude was 
completely restored.

Analysis of the dynamics of the functional state of 
the optic nerve demonstrated a significant increase of 
P2 latency in fVEPs 1 day postoperatively (p < 0.05) 
(Figures 11–13). Starting from day 3 postoperatively, 
there was a trend toward the restoration of the speed 
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Fig. 2.    Dynamics of the A wave amplitude of the Full-field ERG, µV

Рис. 2.  Динамика амплитуды волны А ОЭРГ, мкВ

Fig.  3.  Dynamics of the absolute inhibition of the A wave amplitude of the Full-field ERG, µV

Рис.  3.  Динамика абсолютного угнетения амплитуды волны А ОЭРГ, мкВ 

Table 1 / Таблица 1

Characteristics
Dislocation of lens nuclear fragments  

and lens masses into the vitreous  
chamber 

Dislocation of the IOL into the vitreous 
chamber

Standard phacoemulsi fication 
with IOL implantation 

Mean age 
(years)

73.8 ± 7.2 78.2 ± 7.4 72.8 ± 10.2

Sex 
Male 12 6 18

Female 8 4 17

Fig. 1.  Dynamics of visual acuity

Рис. 1.  Динамика остроты зрения



G ОФТАЛЬМОЛОГИЧЕСКИЕ ВЕДОМОСТИ.  2018. Т. 11. № 3 ISSN 1998-7102

ORIGINAL RESEARCHES  / ОрИГИнАЛЬныЕ СТАТЬИ 38

Fig.  4.  Dynamics of the relative inhibition of the A wave amplitude of the Full-field ERG, % 

Рис.  4.  Динамика относительного угнетения амплитуды волны А ОЭРГ, %

Fig.  5.  Dynamics of the B wave amplitude of the Full-field ERG, µV 

Рис.  5.  Динамика амплитуды волны В ОЭРГ, мкВ
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Fig.  6.  Dynamics of the absolute inhibition of the B wave amplitude of the Full-field ERG, µV

Рис.  6.  Динамика абсолютного угнетения амплитуды волны В ОЭРГ, мкВ 

of bioelectrical signals, i. e., decreased P2 peak la-
tency in fVEPs. By day 30, the P2 latency was com-
pletely normalized.

In addition, we observed a significant increase of 
N2 latency in fVEPs 1 day postoperatively (p < 0.05) 
(Figures 14–16). Starting from day 3 after VE, we 
detected a trend toward the restoration of the speed of 
bioelectrical signals, i. e., decreased N2 peak latency 

in fVEPs. By day 30, the P2 latency was completely 
restored.

Analysis of changes in parameters that re-
flect the functional state of the internal retinal 
layers demonstrated a significant increase in 
the ES threshold 1 day postoperatively (Figu-
res 17–19). Starting from day 3 postoperatively, 
we observed gradual restoration of the ES thres-
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Fig  7.    Dynamics of the relative inhibition of the B wave amplitude of the Full-field ERG, % 

Рис.  7.  Динамика относительного угнетения амплитуды волны В ОЭРГ, %

Fig. 8.  Dynamics of the wave amplitude of the Flicker ERG, µV

Рис.  8.  Динамика амплитуды РЭРГ, мкВ 

Fig.  9.  Dynamics of the absolute inhibition of the amplitude of the Flicker ERG, µV

Рис.  9.  Динамика абсолютного угнетения амплитуды РЭРГ, мкВ

hold. By day 60, it steadily decreased to baseline 
levels.

Analysis of changes in the condition of the papil-
lomacular bundle of the optic nerve showed a signifi-
cant decrease in CFF 1 day postoperatively (Figu-
res 20–22). Starting from day 14 after VE, we 
observed restoration of CFF, which continued until 
the end of follow-up.

In Group 2, the baseline characteristics of reti-
nal electrogenesis were as follows: A-wave ampli-
tude, 132.8 ± 16.1 µV in ffERG; B-wave amplitude, 
263.31 ± 26.1 µV in ffERG; and fERG amplitude, 
22.7 ± 1.8 µV. The characteristics of functional ac-
tivity for the optic nerve were as follows: N2 latency, 
81.1 ± 6.9 ms; P2 latency, 121.12 ± 4.73 ms; ES 
threshold, 81.12 ± 11.54 µA; and CFF, 38.5 ± 2.54 Hz.
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Fig.  12.  Dynamics of the absolute inhibition of the latency Р2 Flash VEP, ms

Рис.  12. Динамика абсолютного угнетения латентности компонента Р2 в-ЗВП, мс

Fig.  11.  Dynamics of the latency of the Р2 Flash VEP, мs

Рис.  11.  Динамика латентности компонента Р2 в-ЗВП, мс

Fig.  10.  Dynamics of the relative inhibition of the amplitude of the Flicker ERG, %

Рис.  10. Динамика относительного угнетения амплитуды РЭРГ, %

The dislocated IOL remained in the VC for 
404.4 ± 40.5 days.

Group 2. When analyzing the dynamics of retinal 
electrogenesis at the photoreceptor level, we observed 
a significant reduction in the A-wave amplitude mea-
sured with ffERG 1 day after VE (p < 0.05). Star-

ting from day 3 postoperatively, we detected a trend 
toward the restoration of photoreceptor electrogenesis 
(increased A-wave amplitude in ffERG). By day 14, 
the A-wave amplitude returned to baseline levels.

While analyzing the dynamics of retinal elec-
trogenesis at the level of bipolar cells, we also 



ORIGINAL RESEARCHES  / ОрИГИнАЛЬныЕ СТАТЬИ 

G OPHTHALMOLOGY JOURNAL.  2018;11(3) eISSN 2412-5423

41

Fig.  14.  Dynamics of the latency N2 of the Flash VEP, ms

Рис.  14. Динамика латентности компонента N2 в-ЗВП, мс

Fig.  13.  Dynamics of the relative inhibition of the latency Р2 Flash VEP, %

Рис.  13. Динамика относительного угнетения латентности компонента Р2 в-ЗВП, % 

Fig.  15.  Dynamics of the absolute inhibition of the latency N2 of the Flash VEP, ms

Рис.  15. Динамика абсолютного угнетения латентности компонента N2 в-ЗВП, мс 

found a significant reduction in the B-wave 
amplitude measured with ffERG 1 day post-
operatively (p < 0.05) (Figures 5–7). Starting 
from day 3 after VE, we observed a trend to-
ward the restoration of electrogenesis in bipo-
lar cells (increased B-wave amplitude in ffERG). 

By day 30, the B-wave amplitude was within the 
normal limits.

Analysis of the dynamics of electrogenesis in the 
retinal cone system demonstrated a significant re-
duction in the fERG amplitude 1 day postoperatively 
(p < 0.05) (Figures 8–10). Starting from day 3 af-
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Fig.  18.  Dynamics of the absolute inhibition of the electrical sensitivity, µA

Рис.  18. Динамика абсолютного угнетения электрической чувствительности, мкА

Fig.  16.  Dynamics of the relative inhibition of the latency N2 Flash VEP, %

Рис.  16. Динамика относительного угнетения латентности компонента N2 в-ЗВП, %

Fig.  17.  Dynamics of the electrical sensitivity, µA

Рис.  17.  Динамика электрической чувствительности, мкА 

ter VE, we registered gradual restoration of electro-
genesis in the retinal cone system (increased fERG 
amplitude). By day 14, the fERG amplitude was com-
pletely restored.

When analyzing the dynamics of the functional 
state of the optic nerve, we observed a significant 
increase of P2 latency in fVEPs 1 day postopera-

tively (p < 0.05) (Figures 11–13). Starting from day 
3 postoperatively, there was a trend toward the res-
toration of the speed of bioelectrical signals, i. e., 
decreased P2 peak latency in fVEPs. By day 14, the 
P2 latency returned to baseline levels.

We also observed a significant increase of N2 
latency in fVEPs 1 day postoperatively (p < 0.05) 
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Fig.  19.  Dynamics of the relative inhibition of the of the electrical sensitivity, %

Рис.  19. Динамика относительного угнетения электрической чувствительности, % 

Fig.  20.  Dynamics of the electrical lability, Hz 

Рис.  20. Динамика критической частоты исчезновения фосфена, Гц  

Fig.  21.  Dynamics of the absolute inhibition of the electrical lability, Hz

Рис.  21. Динамика абсолютного угнетения критической частоты исчезновения фосфена, Гц 

(Figures 14–16). Starting from day 3 after VE, we 
detected a trend toward the restoration of the speed 
of bioelectrical signals (decreased N2 peak latency 
in fVEPs). By day 14, the P2 latency was completely 
restored.

Analysis of changes in parameters that reflect the 
functional state of the internal retinal layers dem-

onstrated a significant increase in the ES thres-
hold 1 day postoperatively (Figures 17–19). Starting 
from day 3 postoperatively, we observed gradual res-
toration of the ES threshold. By day 14, it steadily 
decreased back to baseline levels.

Analysis of changes in the condition of the pa-
pillomacular bundle of the optic nerve showed 



G ОФТАЛЬМОЛОГИЧЕСКИЕ ВЕДОМОСТИ.  2018. Т. 11. № 3 ISSN 1998-7102

ORIGINAL RESEARCHES  / ОрИГИнАЛЬныЕ СТАТЬИ 44

a significant decrease in CFF 1 day postoperatively 
(Figures 20–22). Starting from day 7 after VE, we 
observed the restoration of CFF, which continued 
until the end of follow-up.

Control group. In the control group, all assessed 
parameters (including A-wave and B-wave amplitudes 
measured with ffERG, fERG 30 Hz amplitude, N2 
and P2 latencies, ES, and CFF) were characterized 
by minor fluctuations during the entire follow-up pe-
riod with no significant differences among the differ-
ent time points.

The baseline latencies in ffERG differed between 
the study groups. In Group 1, the A-wave latency was 
25.66 ± 1.41 ms, whereas the B-wave latency was 
45.96 ± 2.19 ms. In Group 2, the A-wave and B-wave 
latencies were 25.43 ± 0.65 ms and 45.81 ± 1.88 
ms, respectively. Further, in the control group, the 
A-wave latency was 25.48 ± 0.82 ms, whereas the 
B-wave latency was 45.25 ± 1.22 ms. The time-
based characteristics of the A-waves and B-waves 
were stable with no significant differences among 
different time points. The baseline amplitudes of the 
fVEP components also differed among the groups. 
In Group 1, the N2 amplitude was 7.63 ± 1.31 µV 
and P2 amplitude was 15.22 ± 2.56 µV. In Group 2, 
the N2 and P2 amplitudes were 7.41 ± 1.31 µV and 
45.96 ± 2.19 µV, respectively. In the control group, 
the N2 and P2 amplitudes were 25.66 ± 1.41 µV and 
45.96 ± 2.19 µV, respectively. N2 and P2 amplitudes 
in fVEP were stable with no significant differences 
among the different time points.

Comparative analysis of the baseline amplitudes 
in ffERG measured in the three groups demonstrat-
ed following results: significant difference in terms 
of the A-wave amplitude between Group 1 and the 
control group (p < 0.05); no difference in terms of 
the A-wave amplitude between Group 2 and the con-
trol group (p > 0.05); significant difference in terms 

of the B-wave amplitude between Group 1 and the 
control group (p < 0.05); and no difference in terms 
of the B-wave amplitude between Group 2 and the 
control group (p > 0.05).

Comparative analysis of the baseline amplitudes 
in 30 Hz fERG measured in the three groups dem-
onstrated following results: significant difference in 
terms of the fERG amplitude between Group 1 and 
the control group (p < 0.05) and no difference in 
terms of the fERG amplitude between Group 2 and 
the control group (p > 0.05).

Further, comparative analysis of baseline laten-
cies and amplitudes in fVEP measured in the three 
groups demonstrated the following results: significant 
difference in terms of N2 and P2 latencies in fVEP 
between Group 1 and the control group (p < 0.05); 
no difference in terms of N2 and P2 latencies in fVEP 
between Group 2 and the control group (p > 0.05); 
significant difference in terms of both N2 and P2 
amplitudes in fVEP between Group 1 and the control 
group (p < 0.05); and no difference in terms of N2 
and P2 amplitudes in fVEP between Group 2 and 
the control group (p > 0.05). Comparative analysis 
of baseline ES thresholds in the three groups dem-
onstrated following results: significant difference 
in terms of ES between Group 1 and the control 
group (p < 0.05) and no difference in terms of ES 
between Group 2 and the control group (p > 0.05). 
Comparative analysis of baseline CFF values in the 
three groups demonstrated the following results: sig-
nificant difference in terms of CFF between Group 1 
and the control group (p < 0.05) and no difference 
in terms of CFF between Group 2 and the control 
group (p > 0.05).

The mean duration of VE was 35.4 ± 3.6 in all 
three groups. Correlation analysis demonstrated 
the following results: strong positive correlation 
between the duration of VE and relative inhibi-

Fig.  22.  Dynamics of the relative inhibition of the electrical lability, %

Рис.  22. Динамика относительного угнетения критической частоты исчезновения фосфена, %
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tion of the A-wave amplitude (correlation coeffi-
cient: 0.89); strong positive correlation between the 
duration of VE (in min) and relative inhibition of the 
B-wave amplitude (correlation coefficient: 0.92); 
strong positive correlation between the duration 
of VE (in min) and relative inhibition of the fERG 
30 Hz amplitude (correlation coefficient: 0.92); 
strong positive correlation between the duration 
of VE (in min) and relative inhibition of the P2 
latency (correlation coefficient: 0.87); strong posi-
tive correlation between the duration of VE (in min) 
and relative inhibition of the N2 latency (correla-
tion coefficient: 0.86); strong positive correlation 
between the duration of VE (in min) and relative 
inhibition of ES (correlation coefficient: 0.65); and 
strong positive correlation between the duration of 
VE (in min) and relative inhibition of CFF (correla-
tion coefficient: 0.83);

Notably, we observed no correlation between vi-
sual acuity and the electrophysiological parameters 
measured at all time points.

DISCUSSION
Retinal electrogenesis is a fundamental function 

of retinal neurons characterized by the formation and 
spread of a bioelectric signal across the membrane of 
the nerve cell in response to adequate light stimu-
lus [15]. Nervous tissue is highly sensitive to vari-
ous damaging factors that can potentially affect their 
main functions and lead to parabiosis [16].

The currently available literature suggests that 
native lens should be removed if the capsule is 
damaged and when the patient has inflammation, 
increased intraocular pressure, or synechiae in the 
vitreous body because it may lead to permanent vi-
sual impairments [17]. Late IOL dislocations that 
remain in the VC for up to 5 years are associated 
with multiple complications, including retinal de-
tachment, and cystoid macular edema. An active 
surgical tactic is needed to prevent such complica-
tions [18]. In such cases, the IOL can be sutured 
to the iris or explanted [19].

The two main groups in our study comprised pa-
tients who had a foreign body in the VC (lens masses 
and fragments of the lens nucleus in Group 1 and 
IOL in Group 2). Analysis of the baseline electro-
physiological parameters facilitated the determina-
tion of the effect of various foreign bodies on retinal 
and optic nerve electrogenesis. We observed sig-
nificant differences in terms of the amplitudes of 
electrogenesis between patients with dislocation of 
lens nuclear fragments into the VC and controls. 
However, there were no significant differences in 

terms of baseline electrogenesis parameters between 
patients with IOL dislocation to the VC and controls. 
Therefore, the nature of a foreign body located in the 
VC is probably crucial because it inhibits retinal and 
optic nerve electrogenesis primarily by producing a 
phacotoxic effect (not mechanical damage) result-
ing from the interaction between lens masses and 
the retina.

VE had a negative effect on the functional state of 
the retina and optic nerve, manifesting as significant 
inhibition of electrogenesis in various neurons 1 day 
postoperatively in each group.

Subsequent restoration of electrogenesis in the 
retina and optic nerve occurred at different rates 
in different groups of patients. Electrogenesis re-
covered twice faster in participants with IOL dis-
location into the VC compared with those with 
dislocation of the lens nucleus or its fragments. 
Slower restoration of retinal electrogenesis can be 
associated with the phacotoxic effects of the lens 
(or its fragments) on the retina in the patients from 
Group 1, whereas the patients from Group 2 had 
no phacotoxic effects.

A detailed analysis of electrogenesis at the pho-
toreceptor level revealed restoration of the bioelectric 
activity in neurons on day 30 postoperatively in Group 
1 and day 14 postoperatively in Group 2. Electrogen-
esis recovery at the level of bipolar cells was observed 
on postoperative days 60 and 30 in Groups 1 and 2, 
respectively. In both groups, photoreceptors restored 
electrogenesis twice as fast as bipolar cells did. The 
recovery of electrogenesis in the retinal cone system 
was detected on day 30 after VE in Group 1 and on 
day 14 in Group 2. Therefore, type I neurons tend 
to have greater regenerative capacity than type II 
neurons.

A detailed analysis of electrogenesis at the level 
of the retinal ganglion cells demonstrated restoration 
of the speed of bioelectrical signals on postopera-
tive day 30 in Group 1 and postoperative day 14 in 
Group 2. The analysis of CFFs showed that axially 
aligned neurons, which ensure functional activity of 
the papillomacular bundle, are less sensitive to VE 
than extra-axially aligned neurons, which are respon-
sible for functional activity of the ganglion cells of 
the entire retina.

CONCLUSION
Dislocation of the lens nucleus or its fragments 

into the VC significantly inhibits retinal electrogen-
esis due to the phacotoxic effect on photoreceptors, 
bipolar cells, and ganglion cells. VE causes short-
term inhibition of retinal bioelectric activity at the 



G ОФТАЛЬМОЛОГИЧЕСКИЕ ВЕДОМОСТИ.  2018. Т. 11. № 3 ISSN 1998-7102

ORIGINAL RESEARCHES  / ОрИГИнАЛЬныЕ СТАТЬИ 46

level of photoreceptors, bipolar cells, and ganglion 
cells with subsequent restoration by the end of follow-
up. Photoreceptors have greater regenerative capa-
city than retinal bipolar neurons, and axially aligned 
neurons exert the highest resistance to VE.
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