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eab. OnpeaenuTh YacCTOTy U XapakTep 0pTaIbMOJOTUYECKUX HAPYIICHU B 3aBUCUMOCTU OT MPUMEHEHUS
CPEICTB OOILEH aHEeCTe3NH.

Marepnan u Meroapl. OpraHM30BaHO MPOCTIEKTUBHOE KOTOPTHOE HEMHTEPBEHIIMOHHOE MCCIIE0BaHUE, B
Kotopoe 6b110 BkiatoyeHo 100 manueHToB. [IpoBoauioch cpaBHEHME XapakTepa HapylIeHU CO CTOPOHBI OpraHa
3peHUsI B 3aBUCMMOCTHU OT MPOBEACHHOro BUaa obleit aHecte3un. KiuHuueckue obciea0BaHUs BKIIOYAIU CTaH-
NAPTHBIN TIepUoNepallMOHHBII MOHUTOPUHT, KOHCTaTallMIO BUA U XapakTepa (papMaKoJIoruuyeckoro odecrneyeHus
aHEeCTe3UH, TIepUONepallMOHHYI0 OIIEHKY caTypallui, HEMHBA3MBHOTO apTepUabHOTO AABJICHUS C ONpeneeHrueM
€ro CUCTOJIMYECKOTO, AMACTOJIMYECKOr0 U Tepdy3MOHHOTO KOMIIOHEHTOB, O()TaIbMOJIOTMYECKUil OCMOTp, O-
TaIbMOTOHOMETPUIO, OLIEHKY KauyecTBa CJIEe3HOW TUIeHKU, 00beMa 0a30BOil CEKpelMM CcJie3bl, OCTPOThI 3pEHUs,
LIBETOBOTO OIIYIIEHUS, TIepruhepruIecKoro 1 OMHOKYJISIPHOTO 3pEHMUS.

PesyabraTel. YacToTa HapyIlIeHH cO CTOPOHBI OpraHa 3peHUs U 3pUTEIbHOTO aHAIM3aTOpa ToCyIe POBee-
Hus ob1ieit aHecte3uu coctasisiia 19% (n=19). U3 vux y 84,2% (n=16) nauueHTOB HabII01a10Ch HECKOJIBKO O-
TaJIbMOJIOTMYECKUX HApYyLIEHUIA. Y CcTaHOBEHA CBS3b U3BMEHEHMIH ToKazaTeseil apTepuaibHOro AaBJAeHUsT U 4acTo-
Thl O(pTAILMOJIOTMUECKUX HapyleHuid. [1py aTomM pazBuTre odTaibMOJOTUYECKUX HAPYILIEHUI MTPEUMYIIECTBEHHO
OBLIO CBSI3aHO C M3MEHEHHEM Iepdy3moHHOro aprepuanbpHoro masieHus (p=0,02). HampaBieHHOCTb 3THUX W3-
MEHEHWI 3aBHCeNa OT MPUMEHEHUS OTpeneIEeHHOr0 HapKO3HOTO cpencTBa. Tak, MmpernapaTsl TPYIIbl TMITHOTUKOB
(ToneHTan HaTpus, Mpornodos) yMeHblIaau OMTATbLMOTOHYC, CEKPEIMIO Clie3bl, CTOMKOCTb CIE3HOM TUIEHKH,
OCTpOTy 3peHust. DTH 3hdeKThl ObUIM OoJiee BbIpaXeHbl Y THOIEHTajJa HaTpus. Takke moKasaHa CITOCOOHOCTb
KeTaMUHa TIOBHIIIIATh O(MTaIbMOTOHYC, BBI3BIBATH CJIE30TCUCHUE W HApyIIaTh 3pUTEIbHOE BOCIIPUSITUE 3a CUET
HapylleHUs1 nepudepruyeckoro 1 OMHOKYIsIpHOro 3peHus. OdTranbMoaornyeckue HapylieHUsI B CBSI3U C IIpUME-
HEHMEM CeIaTUMBHBIX MpenapaToB (AMa3ernama) ¥ HapKOTUYECKUX aHaJIbIeTUKOB ((heHTaHWIa) JoKa3aHbl He ObLIU.

3akmoyenne. HapyieHust co CTOPOHBI OpraHa 3peHusl U 3pUTeSIbHOrO aHajau3aTopa nocjie npoBeaeHust 00-
el aHeCTe3un HOCAT TIPEXOISIINIA XapakTep U cocTaBlsioT 19%, u3 Kotopbix 84,2% ciaydyaeB — KOMOMHUPOBAH-
Hble oTaTbMONOrMYecKre HapyllleHus. X BOSHUKHOBEHME 3aBUCUT OT MOKa3aTesieil apTepruaibHOTO NaBIeHUS U
(bapmakonornyeckoro neicTBUSI MPUMEHEHHBIX HAPKO3HBIX CPEICTB.

Kntouesvie cnosa: obwjas anecme3us, OCAONCHEHUS AHeCMe3uu, 0PmMarbMosocuvecKue Hapyulenus, 3peHue,
ocmpoma 3penus

Objective. To determine the frequency and nature of ophthalmic disorders, depending on the use of general
anesthesia means.

Methods. A prospective cohort non-interventional study was organized, in which 100 patients were included.
A comparison was made of the nature of the disturbances of the visual organ, depending on the type of general
anesthesia performed. Clinical examinations included standard perioperative monitoring, determination of the type
and nature of pharmacological support for anesthesia, perioperative assessment of saturation, noninvasive blood
pressure with determination of its systolic, diastolic and perfusion components, ophthalmologic examination, ocular
tonometry, quality assessment of tear film, volume of basal secretion of tear, visual acuity, color sensation, peripheral
and binocular vision.

Results. The incidence of disturbances of the visual organ and the visual analyzer after general anesthesia
was 19% (n=19). Of them, 84.2% (n=16) of patients had several ophthalmic disorders. The relationship between
changes in the arterial pressure figures and the frequency of ophthalmic disorders was established. At the same time,
the development of ophthalmic disorders was mainly associated with a change in perfusion blood pressure (p = 0.02).
The character of these changes depended on the use of a certain anesthetic. Thus, the drugs of the hypnotic group
(thiopental sodium, propofol) reduced the ophthalmotonus, tear secretion, tear film resistance, visual acuity. These
effects were more pronounced in thiopental sodium. Also, the ability of ketamine to increase the ophthalmotonus,
to cause lacrimation and to disturb visual perception due to disorder of peripheral and binocular vision was proved.
Ophthalmic disorders resulted from the use of sedatives (diazepam) and narcotic analgesics (fentanyl) were not proven.

Conclusions. Disturbances of the visual organ and visual analyzer after general anesthesia are transient and
account for 19%, of which 84.2% of cases are combined ophthalmic disorders. Their occurrence depends on the
arterial pressure figures and the pharmacological effect of the anesthetics used.
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Hayunas HOBHM3HA CTATbU

B mpocrekKTMBHOM KOrOpTHOM HEMHTEPBEHIIMOHHOM KJIMHUYECKOM MCCIeOBAaHMM M3Yy4eHbl HOBBIE OCOOEHHOCTHU
BJIMSIHUSI PA3IMYHBIX CPEICTB OOIIeH aHeCTe3MU Ha Pa3BUTHE HApYLIEHUI CO CTOPOHBI OpraHa 3peHMs U 3pUTEITb-
HOro aHanu3aropa. [[okazaHo, YTO TaKue HapylleHUs Tocjie MPoBeIeHUs O0llel aHeCTe3UM HOCSAT MPEeXOIsIIuit
XapakTep 1 cocTaBisioT 19%, u3 koTopbix 84,2% ciydaeB — KOMOMHUPOBAaHHBIE O(TaIbMOJIOTMIECKIE HAPYIIIEHMSI.
Mx BOBHMKHOBEHME 3aBUMCUT OT IOKa3aTesell apTepuaibHOTO HaBjieHUs U (hapMaKoJIOrMUecKOro MeHCTBUS MPH-

MCHCHHBbIX HAPKO3HBIX CPCIACTB.
What this paper adds

In a prospective cohort non-interventional clinical study, new features of the influence of various means of general
anesthesia on the development of disturbances from the visual organ and the visual analyzer were studied. Such
disorders after general anesthesia are proved to be transient and account for 19% of which 84.2% of cases are combined
ophthalmologic disorders. Their occurrence depends on the figures of arterial pressure and the pharmacological effect

of the anesthetics used.

Introduction

According to official statistics, ophthalmic
complications associated with anesthesia take the
11% place among all anesthesia complications (0.09-
0.5%) |1]. However, their real frequency is much
larger, as evidenced by the high proportion of law-
suits for this reason (2-3%) in Australia, the United
Kingdom and the United States of America [2, 3].
Targeted studies demonstrate that during anesthesia,
ophthalmologic complications occur in 44-59% of
cases, but are not properly recorded [2, 3, 4, 5].

The most frequent complications are lagoph-
thalmus due to a decrease in the tone of the cir-
cular eye muscle; hypolacrimation and blockade
of spontaneous eye movements, which results in
the drying of the cornea; mechanical injuries as
a result of damage with anesthetic masks, devices
to support airway patency, hands of anesthesiolo-
gist when checking the state of eyeballs; chemical
traumas, mainly by the solutions of antiseptics [2,
3,4,5,6,7, 8].

The visual analyzer can be subjected to both
direct and indirect effects of anesthetic agents on
the receptors of the autonomic nervous system,
opiate and gamma-aminobutyric acid antinocicep-
tive systems, hypothalamic structures, cranial nerve
nuclei and the visual cortex, triggering functional
vision disorders, including blindness against the
background of systemic hypotension during anes-
thesia [9].

Thus, specialists do not exclude the possibil-
ity of influencing the local and systemic reactions
caused by anesthetic maintenance on the visual
analyzer system, but data on their frequency are in-
consistent, and information on prevention is limited.

Objective. To determine the frequency and
nature of ophthalmic disorders, depending on the
use of general anesthesia means.

Methods

A prospective cohort non-interventional study
was organized, in which 100 patients were included.
The study was conducted during 2015-2017 in medi-

cal institutions in Poltava, which are clinical bases
of the Department of Anesthesiology with Intensive
Therapy of the Ukrainian Medical Stomatological
Academy.

During the study, a comparison was made of
the nature of the abnormalities of the visual or-
gan, depending on the type of general anesthesia
performed. The criteria for inclusion in the study
group were: age from 18 to 65 years, planned
interventions for non-ophthalmological reasons,
informed consent of patients. The criteria for
exclusion from this group were: the presence of
ophthalmologic pathology at the time of examina-
tion, the presence of hemodynamically significant
changes in the cardiovascular system, a change in
the tactics of anesthetic maintenance during the
operation.

Prior to conducting the research, written
informed consent were obtained from patients or
their legal representatives. During the study, the
rights of patients, as required by the 1975 Helsinki
Declaration, as amended in 2005, were respected.

Patients in the study group underwent the
planned laparoscopic cholecystectomy (diseases
related to the headings of the International Classi-
fication of Diseases 10t Revision "k80-k83" "Disor-
ders of the gallbladder, biliary tract and pancreas").
The duration of the operations was 2.5+0.6 hours
(Me=2.7, 50L=2.1, 50U=3.2).

All patients underwent total intravenous an-
esthesia with endotracheal intubation and artificial
ventilation. As a muscle relaxant, atracurium be-
silate was used

In the study group, during general anesthesia
the combinations of anesthetics were used at this
frequency:

— thiopental sodium — 66% (n=66);

— diazepam — 100% (n=100);

— ketamine — 92% (n=92);

— fentanyl — 100% (n=100);

— propofol — 26% (n=26).

All preparations were used in doses correspond-
ing to the manufacturers' instructions approved by
the orders of the Ministry of Health of Ukraine.

General clinical trials included standard
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perioperative monitoring in accordance with the
form of the primary accounting document 003-3/0
"Preoperative examination by anesthesiologist and
protocol of general anesthesia" approved by the
Order of the Ministry of Health of Ukraine 110
dated February 14, 2012, and also a statement of
the type and nature of pharmacological support
anesthesia.

Instrumental monitoring included perioperative
assessment of saturation (SaO2) and noninvasive
blood pressure (BP) with determination of its sys-
tolic (BPs), diastolic (BPd), and perfusion (BPp)
components using a patient monitor YM 300-12
(LLC "Company" Yutas ", Ukraine).

Ophthalmological clinical and instrumental
research was conducted before and 2 hours after
anesthesia by ophthalmologists of the relevant medi-
cal and preventive institutions, and included [10]:

— ophthalmologic examination using the
PanOptic panoramic ophthalmoscope Welch Al-
lyn (USA);

— ocular tonometry with the help of indicator
of intraocular pressure IGD-02 “PRA” Diathera
(Russia), followed by the calculation of perfusion
pressure of the eye, which was calculated as the
difference between BPp and intraocular pressure;

— evaluation of the quality of tear film from
the time of its rupture with the use of portable
keratoscope “Placido”;

— evaluation of the volume of basic secretion
of tear film by means of Schirmer’s test with a
filter paper;

— determination of visual acuity using the
Golovin-Sivtsev table and its further calculation
by Snellen chart;

— research of color sensation with the help of
Rubkin's tables;

— evaluation of peripheral vision by an ap-
proximate method of visualizing the object;

— investigation of binocular vision by the
method of adjusting motion.

Statistics
The statistical processing of the results was

carried out using the Microsoft Office Excel 2003
software package. The nature of the mathematical

data distribution was considered to be different from
normal, and nonparametric methods of statistical
data evaluation were used: median (Me), quartile
range (50L, 50U), a criterion for signs with estima-
tion of the sum of atypical shifts with respect to
the tabular critical value (Gcrit). The correlation
between the phenomena was established using the
Spearman’s rank correlation coefficient (R). In the
statistical processing of data, the minimum level of
error-free forecast was P=0.95 and, accordingly, the
level of probability of type I error — p<0.05.

Results

Among 100 patients examined, the incidence
of abnormalities from the visual organ and visual
analyzer after general anesthesia was 19% (n=19).
Of them, 84.2% of patients (n=16) had several
ophthalmic disorders. Patients noted a feeling of
dryness of the cornea, double vision, inability to
focus their vision, reduced visual acuity, change of
color perception.

These disorders were transitory in nature, did
not pose a threat to the development of vital dys-
functions or persistent disability, but affected the
quality of patient’s comfort in the post-anesthesia
period.

During the general anesthesia, significant
changes in blood pressure and Sa02 were not estab-
lished. However, the correlation analysis showed a
direct correlation of the overall frequency of visual
impairment with:

— BPs: R=0.3; p=0.06;

— BPd: R=0.4; p=0.05;

— BPp: R=0.6; p=0.02.

At the same time, the increase in BPp was
associated not only with an increase in the oph-
thalmotonus, but also with visual perception, in
particular with:

— with a change in color sensation: R=0.4;
p=0.04;

— with disorder of peripheral vision (in the form
of metamorphopsia): R=0.4; p=0.04;

— with a disorder of binocular vision: R=0.3;
p=0.03.

Quantitative indicators of the state of the vision
system (Table 1) indicate both the disorder of the

Table 1
Indicators of the state of the vision system in general anesthesia (n=100)
Indicator Before surgery Two hours after Number of shifts G, p
surgery
Me 50L 50U Me 50L 50U zeroth  typical atypical
Ophthalmotonus, mm Hg 20 18 24 32 29 35 5 72 23 38 <0.05
Perfusion eye pressure, mm Hg 75 61 80 66 62 70 17 48 35 33 >0.05
Time of tear film rupture, s 30 27 34 30 27 36 21 45 34 31 >0.05
Basic secretion of tear film, cm 1.2 1.1 1.3 14 1.1 1.5 10 48 42 36 >0.05
Visual acuity, conventional units 1.0 1.0 1.0 0.9 09 1.0 9 66 25 36 <0.05
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ophthalmotonus and the change in visual acuity
during general anesthesia.

The effect of different anesthetics on the for-
mation of ophthalmic disorders is given in Table 2.

Discussion

The results of the above statistical analysis
indicate that the incidence of abnormalities of the
visual organ obtained in this study (19%, of which
84.2% are combined disorders) is higher than the
frequency of such cases according to the literature
[1,2,3, 4, 5]. But these cases were of a transitory
nature and had no lethal and disabling effects.

The relationship between the change in BPp
and the frequency of visual disturbances was estab-
lished, including changes in the ophthalmotonus
and visual impairment (in particular, with a change
in color perception, metamorphosis, a disorder of
binocular vision). The quantitative indicators of
the state of the vision system in the postoperative
period such as indicators of ophthalmotonus and
visual acuity also changed.

In this case, the direction of these changes
depended on the use of a certain anesthetic. Thus,
preparations of the hypnotics group reduced oph-
thalmotonus, secretion of tears, tear film strength,
visual acuity. These effects were more pronounced
in thiopental sodium. At the same time, the obtained
data testify to the ability of ketamine dysplectic to
raise the ophthalmotonus, to cause lacrimation and
to disturb visual perception due to the disorder of
peripheral and binocular vision. The use of sedatives
and narcotic analgesics did not have a significant
effect on the development of disorders of the vi-
sion organ.

Similar results were associated with systemic
influence and mechanisms of the central action of
anesthesia. Thus, hypnotic drugs caused dryness of the
cornea, reducing the time of rupture and secretion of
tears, probably due to oppression of the corneal reflex
and blinking. In addition, with the use of sodium thio-
pental, ophthalmotonus decreased and visual acuity
decreased, which is explained by its ability to develop
arterial hypotension. The absence of a significant de-
crease in ophthalmotonus with the use of propofol,
which also has an antihypertensive effect, is probably
associated with the mode of its administration by
constant drop infusion [11, 12]. [11, 12].

Ketamine is a representative of the group of
dysleptics and has a sympathicotonic effect, which
was probably the cause of an increase in the oph-
thalmotonus and, due to the disregulation of the
connections of the nerve (including the visual)
centers through the action on the limbic system of
the brain, could cause changes in color sensations,
and binocular vision. The latter disorder could also
arise due to the action on the nuclei of the third
and fourth pairs of cranial nerves, which led to the
appearance of transient strabismus in the awakening
and postoperative period [13, 14].

Thus, ophthalmologic disorders due to anes-
thesia are manifested more often than conventional
indicators state, but they are mostly transient. The
use of general anesthesia predominantly influences
changes in the visual perception. Taking into con-
sideration the analysis of the actions of anesthetics
in people with normal initial vision, one can expect
a high incidence of ophthalmological complications
after general anesthesia in individuals with diseases
of the vision organ; an individual tactic of choosing
means for general anesthesia is required.

Table 2
Correlation of the frequency of ophthalmological
disorders depending on the type of anesthetic (n=100)

Ne Character of violation Correlation with the use of:
n/m thiopental  propofol  diazepam  fentanyl  ketamine

sodium (n=26) (n=100) (n=100) (n=92)

(n=66)

R _p R _p R p R p R _p
1. Traumatic injuries 0.1 09 0 - -0.1 0.06 -0.1 0.06 0.1 0.06
2. Increased ophthalmotonus 0.1 006 0.1 0.06 04 006 0.1 0.06 04 0.04
3. Decreased ophthalmotonus 04 0.04 03 005 0.1 006 03 006 -04 0.04
4. Increased tear film rupture time 0.1 0.06 -04 0.07 0.1 0.06 -04 0.07 04 0.07
5. Decreased tear film rupture time 0.3 004 04 006 03 0.07 04 0.06 -04 0.07
6. Increased baseline secretion of tear film -0.2 0.06 0.1 0.07 -02 0.06 0.1 0.07 06 0.07
7.  Decreased baseline secretion of tear film 0.4 0.04 0.2 004 04 007 02 0.06 -0.6 0.07
8.  Decreased visual acuity 0.3 0.04 -02 006 -0.1 006 -02 0.06 -0.2 0.06
9. Change in color sensation 04 006 -0.1 006 04 0.06 -0.1 0.06 0.4 0.04
10. Impaired peripheral vision 0.1 0.06 0.1 0.06 0.1 006 0.1 0.06 0.7 0.02

(in the form of metamorphopsia)

11.  Disturbance of binocular vision 0.1 006 04 0.07 01 0.06 04 007 0.7 0.01
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Conclusions

1. Impairments of vision and of visual analyzer
after a general anesthesia are transient and account
for 19% of which 84.2% of cases are combined
ophthalmological disorders.

2. Occurrence of ophthalmological disorders
associated with anesthesia depends on the systemic
BP values, the change of which changes the oph-
thalmotonus and perfusion pressure of the eye.

3. The use of hypnotics (mainly - thiopental so-
dium) with general anesthesia leads to a decrease in
ophthalmotonus, tear film resistance, visual acuity.

4. The use of dysleptics (ketamine) indicates its
ability to lead to an increase in the ophthalmotonus,
cause lachrymation and impair visual perception
due to disorder of peripheral and binocular vision.
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