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INFLUENCE OF DIFFERENT TYPES OF ANESTHESIA ON THE INFLAMMATO-
RY RESPONSE IN LAPAROSCOPIC HYSTERECTOMY

Stanislav Zaychenko, Ruslan Tkachenko

The aim of the study was to evaluate the influence of different variants of anesthesia, including low-opioid (LOA) and
opioid-free anesthesia (OFA), on the dynamics of the inflammatory response during laparoscopic hysterectomy.
Materials and methods: 102 patients were randomly allocated into 3 groups: 37 women assigned to receive a standard
opioid-based anesthesia (OBA group), 33 women — LOA group and 32 patients — OFA group. In the LOA group, the
amount of fentanyl was halved and lidocaine infusion and ketamine were additionally infused during induction. In the
OFA group, ketamine, lidocaine and dexmedetomidine were additionally infused instead of fentanyl.

Results: Conducting a laparoscopic hysterectomy is accompanied by the activation of the inflammatory process and is
manifested by an increase in the content of leukocytes and granulocytes, and a decrease in the number of lymphocytes,
which is accompanied by an increase in the leukocyte index of intoxication. These changes were most significant in
patients undergoing standard anesthesia. The activation of the inflammatory process is confirmed by an increase in the
level of pro-inflammatory IL-6 in all groups from 28.8 % to 92.9 %, and it was most pronounced in patients who un-
derwent LOA. In the same group, the greatest increase in the level of anti-inflammatory 1L-10 was also noted, the level
of which was 115.4 % higher (p=0.036) than in the control group. An increase in the content of the pro-inflammatory
cytokine IL-6 in each group and a parallel increase in anti-inflammatory IL-10 in groups 2 and 3, with a simultaneous
decrease in it in group 1 led to a significant increase in the IL-6 / IL-10 ratio in the control group. This indicator was
significantly higher than in groups 2 and 3 by 42.3 % (p=0.043) and 52.7 % (p=0.041), respectively, while the IL-6 /
IL-10 ratio in these groups was not differed from the initial state.

Conclusion: Laparoscopic hysterectomy is accompanied by activation of the inflammatory process and is manifested by
an increase in the content of leukocytes and granulocytes and a decrease in the humber of lymphocytes, which is ac-
companied by an increase in the leukocyte index of intoxication. These changes were most significant in patients under-
going standard anesthesia. The use of LOA and OFA is accompanied by a lower activation of the inflammatory re-
sponse in laparoscopic hysterectomy than in standard anesthesia, but requires further study
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1. Introduction Despite advances and progress in medicine and

Hysterectomy is one of the most common gyneco-
logical surgeries [1], and in recent years, preference is
given to laparoscopic methods of its implementation. It is
considered the standard of surgical treatment in most
women with uterine leiomyoma [2]. The advantages of
laparoscopic surgery are obvious. They are: minimal
tissue trauma, rapid rehabilitation, no scars. However,
despite these obvious advantages of laparoscopic sur-
gery, it is associated with the risk of developing a num-
ber of complications in the perioperative period.

Anesthesia of laparoscopic surgeries in gynecolo-
gy has been the subject of widespread discussion and
debate for a long time. In accordance with the concept of
safety of endosurgical intervention, the meaning of
which is low trauma and good tolerability by the patient,
the methods of anesthesia and their safety are improved.
In this regard, long-term gynecological surgeries are in-
creasingly performed using endoscopic surgical treat-
ment techniques [3].

pharmacology, the problem of antinociceptive protection
of patients from acute surgical pain, both during and after
surgery, remains unresolved in anesthesiology and sur-
gery [4]. Therefore, one of the main directions of devel-
opment of modern anesthesiology is the treatment of
perioperative pain in order to limit the negative conse-
guences of intra- and postoperative pain.

Opioids have been the “gold standard” for peri-
operative analgesia in most countries for many years.
Traditionally, opioids have played a central role in
balanced anesthesia, as they help to control nocicep-
tion and optimize hemodynamics [5], but have many
side effects, such as respiratory depression, postopera-
tive nausea and vomiting (PONV), pruritus, constipa-
tion, and more. These side effects prolong the patient's
stay in the hospital [6].

Opioid-induced respiratory depression is a ma-
jor cause of opioid mortality [7]. Thus, the side effects
of opioids not only increase the incidence of patients
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and worsen the postoperative course, but also increase
the cost of medical care [8].

Many publications on new side effects of narcotic
analgesics: opioid-induced postoperative hyperalge-
sia[9], opioid-induced postoperative immunosuppres-
sion, and cancer progression [10, 11] and opioid-induced
decrease in local anesthetics [12] appeared from 2015 to
2020. Thus, opioid-related side effects and the problem
of inadequate post-surgical analgesia lead to the search
for new methods of anesthesia without the use of opioids
or low-opioid anesthesia (LOA), based on a multimodal
approach to perioperative analgesia with opioid-free an-
algesics and adjuvants. It has been established that the
use of opioid-free anesthesia (OFA) with non-steroidal
anti-inflammatory drugs, dexamethasone, lidocaine and
ketamine either reduces or avoids intraoperative and
postoperative use of opioids in patients after laparoscopic
gynecological operations [13]. Dexmedetomidine has
also been shown to provide adequate analgesia in pa-
tients undergoing laparoscopic surgery [14].

It is well known that surgical trauma is accompa-
nied by the development of inflammation at the site of
surgery, which is aimed at destroying damaged tissues
and is the basis of the healing process. Virtually any sur-
gery can cause a secondary immunodeficiency of varying
severity. In the perioperative period, immune reactivity is
affected by such components of surgical stress as surgi-
cal trauma, blood loss, blood transfusions, blood pressure
fluctuations, hypothermia, hyperglycemia and postopera-
tive pain. In addition, the level of activity of the body's
protective inflammatory mechanisms depends not only
on the degree of tissue damage and the level of immuni-
ty, but also on certain drug effects, including drugs for
anesthesia [15]. The components of surgical stress induce
the release of cortisol and catecholamines, which, in turn,
interact with the corresponding glucocorticoid and f-
adrenoceptors of monocytes, macrophages and T-
lymphocytes, inhibiting the production of Thi-
lymphocytes by pro-inflammatory Th2-cytokines and IL-
cytokines, lymphocytes of anti-inflammatory cytokines
IL-4 and IL-10 [16]. Although Th2 cytokines normally
limit the inflammatory response to surgical injury, their
excessive and uncontrolled secretion leads to immuno-
suppression. Activated monocytes, macrophages and
lymphocytes secrete such pro-inflammatory cytokines as
IL-1, IL-6, TNF-q.

In the light of recent publications and research on
the immunosuppressive effects of opioids [11], it is very
important to find adequate methods of anesthesia that
minimize immunosuppression and the inflammatory re-
sponse of the body to surgery. The inclusion of ketamine
and lidocaine in the complex of components of low-
opioid and opioid-free anesthesia, which have a certain
anti-inflammatory effect [17, 18] is quite promising in
this sense. Still, we have not found thorough studies on
the effect of LOA and OFA on the inflammatory re-
sponse. This raises the question of finding an alternative
to standard opioid anesthesia in laparoscopic hysterecto-
my, taking into account its immunosuppressive effect in
the postoperative period with appropriate analysis of stra-
tegic approaches and search for different options for an-
esthesia that minimize immunosuppressive effects and
inflammatory response.
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The aim of the research was to evaluate the in-
fluence of different variants of anesthesia, including
LOA and OFA, on the dynamics of the inflammatory
response during laparoscopic hysterectomy.

2. Materials and methods

The work was performed on the basis of Munici-
pal non-profit enterprise “Kyiv City Center of Reproduc-
tive and Perinatal Medicine” of the executive body of the
Kyiv City Council (Kyiv City State Administration) (Di-
rector — Corresponding Member of the National Acade-
my of Medical Sciences of Ukraine, Professor
V. V. Kaminskyi) and on the basis of LLC “Citi Doctor”
(Director — V. O. Reonov ) during 2017—-2020 in compli-
ance with the basic biotic provisions of the Council of
Europe Convention on Human Rights and Biomedicine,
the Helsinki Declaration of the World Medical Associa-
tion on the ethical principles of scientific medical re-
search with human participation. The research protocol
was approved at the meeting of the commission on bio-
medical ethics of the National Medical Academy of
Postgraduate Education named after P. L. Shupyk (proto-
col No. 10 of November 20, 2017). All patients signed
written informed consents in accordance with the Decla-
ration of Helsinki.

The study involved 102 patients who underwent
laparoscopic hysterectomy and who met the criteria for
inclusion in the study (age 35 to 65 years and compen-
sated extragenital pathology); physical condition of pa-
tients corresponded to class I-11 for ASA. Patients with
ASA> grade 11, body mass index (BMI1)> 35 kg / m?,
decompensated extragenital pathology, previous laparot-
omies, hypersensitivity to drugs used during anesthesia
were excluded from the study.

Depending on the variant of anesthesia used, all pa-
tients were randomly divided into three groups. The first
(control) group included 37 women who underwent stand-
ard opioid-based anesthesia (OBA), the second group in-
cluded 33 patients who underwent low-opioid anesthesia
(LOA group), and the third group included 32 patients
who received opioid-free anesthesia (OFA group).

The mean age of the examined patients was
47.4+11.8 (36-64) years. Body mass index (BMI) was
25.2+6.3 kg / m? Differences in height, weight and age
in patients of all groups were not detected (Table 1),
which allowed us to consider groups with different
methods of analgesia as statistically homogeneous.

Table 1
Demographic and anthropometric indicators in re-
search groups, M+SD

Group _ _ _
Indicator OBA (n=37)|LOA (n=33)|0FA (n=32)
Age, years 47.4+11.3 | 46.6£9.4 | 47.6£8.9
Height, cm 164.5+6.4 | 164.4+8.1 | 165.8+4.8
Weight, kg 70.2+13.2 | 69.349.8 | 71.7+£14.3
Body mass index
(BMI) kg/m? 254447 | 24.9+£3.8 | 25.546.5

All surgeries were performed under general anes-
thesia with mechanical lung ventilation (MLV) and inha-
lation of sevoflurane 2-2.5 vol %. All patients were ad-
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ministered  dexketoprofen 50 mg intravenously
10 minutes before surgery. Propofol 1.5 mg / kg was
used for induction of anesthesia. Tracheal intubation was
performed after bolus administration of atracurium be-
sylate — 0.3 mg / kg. Ventilation was performed in the
control mode by volume of oxygen-air mixture with a
tidal volume of 6-8 ml / kg. Correction of ventilation
parameters was carried out according to capnometry to
maintain normoventilation with the target level of partial
pressure of carbon dioxide on exhalation (PETCO,) 30—
35 mm Hg. If necessary, the neuromuscular block was
supported by additional administration of atracurium
besylate at the dose of 0.15-0.3 mg / kg.

Intra-abdominal pressure at all stages of the op-
eration was maintained in the range of 12-15 mm Hg.

Protocol of anesthesia in the first (control)
group of opioid-based anesthesia: induction — fentanyl —
2 ng / kg + propofol — 1.5 mg / kg + atracurium besylate —
0.3 mg / kg, followed by tracheal intubation and mechan-
ical ventilation. Anesthesia was maintained by inhalation
of sevoflurane 2.0-2.5 vol. % and infusion of fentanyl
3-5 pg / kg / per hour.

Protocol of anesthesia in the group of low-
opioid anesthesia (group Il): induction — fentanyl —
2 ug / kg + propofol — 1.5 mg / kg + atracurium besylate —
0.3 mg / kg + ketamine 12.5 mg + lidocaine 1.0 mg / kg.
It was followed with tracheal intubation and mechanical
respiration in the normoventilation mode. Anesthesia was
maintained by inhalation of sevoflurane 2.0-2.5 vol. %
and infusion of lidocaine 1.0 mg / kg / per hour and fen-
tanyl 1.5-2 pg / kg / per hour. Paracetamol at a dose of
1000 mg was administered intravenously 15 minutes
before the end of the surgery.

Anesthesia protocol in the group of safe anes-
thesia (group I11): gabapentin 600 mg 2 hours before
surgery; nefopam 20 mg / intramuscularly 10 minutes
before surgery + lidocaine 1.0 mg / kg + infusion of
dexmedetomidine 1.0 ug / kg + dexamethasone — 8 mg.
Induction: propofol — 1.5 mg / kg + atracurium besylate —
0.3 mg / kg + ketamine 12.5 mg, followed by tracheal in-
tubation and mechanical lungs ventilation. Anesthesia was
maintained by inhalation of sevoflurane 2.0-2.5 vol. %
and infusion of ketamine 0.5 mg / kg / h, lidocaine
1.0 mg / kg [/ per hour and dexmedetomidine
0.6 pg / kg / per hour. Paracetamol — 1000 mg was ad-
ministered intravenously 15 minutes before the end of
the surgery.

The number of leukocytes, granulocytes, lympho-
cytes was determined to evaluate the severity of the in-
flammatory process and immune reactions that accompa-
ny surgical trauma, using an automatic hematology blood
analyzer MicroCC-20Plus (USA). The leukocyte formula
and the leukocyte intoxication index (LII) were calculat-
ed manually. LIl was calculated according to the formula
worked out by Ya.Ya. Kalf-Khalif (1941) [19]. Normal-
ly, LIlis 0.3-1.5.

Also in the perioperative period, the dynamics of
circulating cytokines (IL-6, IL-10) and their ratios as
markers of systemic inflammatory and anti-inflammatory
response were studied. Serum cytokine levels were de-
termined by enzyme-linked immunosorbent assay (ELI-
SA) on an automatic enzyme-linked immunosorbent as-
say (Lazurite) (Dynex Technologies Inc., USA) using
standard reagent kits (Human IL-6, Human IL-10, Bender
MedSystems GmbH, Austria), respectively to the manu-
facturer's instructions. The study was performed in the
dynamics — before surgery and 24 hours after surgery.

Descriptive and analytical biostatistics methods
were used for statistical processing of research materials.
Under the normal distribution law, parametric character-
istics and methods of analysis were used: arithmetic
mean (M) and standard deviation (SD). Evaluation of the
reliability of differences between groups was performed
on the basis of parametric analysis of variance ANOVA
and nonparametric Kraskel-Wallis test. Differences were
considered statistically significant under the condition of
statistical error, which did not exceed 5 % (p<0.05).

Statistical analysis of the obtained data was per-
formed using the software package Statistica for Win-
dows 6.1 (Statsoft Inc., USA).

3. Research results

Analysis of changes in inflammatory response
found that on the first day after surgery in patients of 1
(control) group there was an increase in the number of
leukocytes by 16.4 % (p=0.024) and LIl by 190.4 %
(p<0.001) compared with pre-surgery level (Table 2).
The increase in LIl was due to an increase in the content
of granulocytes, the number of which significantly in-
creased by 18.7 % and a decrease in the content of lym-
phocytes by 28.2 % (p=0.029). The detected changes
indicated the activation of inflammatory processes in
response to surgical trauma in patients who underwent
standard opioid-based anesthesia.

Table 2
Dynamics of leukocyte content at the stages of the study depending on the type of anesthesia, M+SD
Grou Indicator
ps Leukocytes, x107I Granulocytes, % Lymphocytes, % LIl, conventional units
Sta Before 24 hours Before 24 hours Before 24 hours Before 24 hours
ges surgery | after surgery surgery after sur- surgery after sur- surgery after
gery gery surgery
1 7.1£0.8* 73.6+8.9* 22.243.9* 2.73+£0.87*
2 6.1£0.5 6.9+0.4* 65.24£7.9 71.1+£7.8 30.945.6 24.7+4.2%* 0.94+0.42 2.01+1.01*
3 6.7+0.6 72.8+11.1 22.1+5.7* 1.76+0.55%*
Intergroup p p>0.05 p>0.05 p>0.05 p13=0.048

Remark. * — p<0.05 compared with the pre-surgery stage
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Similar dynamics of changes in the indicators of
the inflammatory response was observed in patients of
the LOA group (Table 2). Thus, on the first day after
surgery there was an increase in the number of leuko-
cytes by 13.1 % (p=0.041), and LIl exceeded the norm
by 113.8 % (p<0.001). The increase in LII, as in the con-
trol group, was due to an increase in the content of
granulocytes, the number of which increased significant-
ly by 9.0 % and a decrease in lymphocytes by 20.1 %
(p=0.042), which indicated some activation of inflamma-
tory processes in response for surgical trauma.

The study of the dynamics of changes in inflam-
matory response in patients of the OFA group showed
that in contrast to patients in groups 1 and 2, on the first
day after surgery there were no statistically significant
changes in the number of leukocytes. The content of leu-
kocytes had an insignificant tendency to increase by
11.6 % (p=0.076), and LIl exceeded the norm by 87.2 %
(p<0.001). The increase in LIl was due to a decrease in
lymphocytes by 29.5 % (p=0.037), which indicated some
activation of inflammatory processes in response to sur-
gical trauma in patients in this group.

Comparative analysis of leukocyte dynamics and
changes in leukocyte formula in different groups showed
that the pre-surgery condition of patients was character-

ized by no inflammation and the formation of low-
intensity inflammation in a day after surgery and did not
depend on the variant of anesthesia (Table 2). In all
groups, there was an increase in the levels of leukocytes
and granulocytes and a decrease in the number of lym-
phocytes, which, however, had no clinical significance
and did not exceed the reference values. Due to the in-
crease in the number of granulocytes and a decrease in
lymphocytes, there was an increase in LIl from 87.2 %
(p<0.001) to 190.4 % (p<0.001) compared with the pre-
surgery condition, and the most significant increase in
LIl was observed in patients of the control group up to
2,7340.87 conventional units, which was significantly
higher by 55.1 % (p=0.048) than in patients of group 3,
which indirectly indicates the lowest activation of the
inflammatory response in patients undergoing opioid-free
anesthesia.

Intergroup analysis of the dynamics of changes in
the cytokines content on the first post-surgical day
showed that there was an increase in the level of pro-
inflammatory IL-6 from 28.8 % to 92.9 % in all compari-
son groups and that fact depended on the type of anesthe-
sia. The most significant increase in IL-6 was observed
in patients who underwent LOA and was significantly
higher than in the control group (p=0.044) (Table 3).

Table 3
Dynamics of cytokines at the stages of the study depending on the type of anesthesia, M+SD
Groups Indicator
IL-6, pg/ml IL-10, pg/mi IL-6/1L-10
Stages Before sur- 24 hours after Before sur- 24 hours after Before sur- 24 hours after
gery surgery gery surgery gery surgery
1 2.01+0.47* 2.34+1.19 0.84+0.22*
2 1.56+0.38 3.01+0.72* 3.03+1.41 5,04+1.79* 0.52+0.15 0.59+0.21
3 2.17+0.85 3.94+1.12 0.55+0.24
Intergroup P p1.,=0.044 P1..=0.036 2 i;;ggﬁ

Remark. * — p<0.05 compared with the pre-surgey stage

4. Discussion of research results

The dynamics of changes in the levels of anti-
inflammatory IL-10 in different groups was quite inter-
esting. The analysis showed that the level of anti-
inflammatory IL-10 changed statistically significantly
during the study stages within the groups and depended
on the type of anesthesia. In patients who underwent
standard anesthesia 24 hours after surgery, there was a
decrease in IL-10 by 22.8 % (p=0.469) in comparison
with pre-surgery levels, while in women from 2™ and
3" groups, its content increased by 66.3 % (p=0.039)
and 30.0 % (p=0.378), respectively. The most signifi-
cant increase in the level of anti-inflammatory IL-10
was observed in patients of the LOA group and was
significantly higher by 115.4 % (p=0.036) than in the
control group.

The increase in the content of pro-inflammatory
cytokine IL-6 in all groups and the parallel increase in
anti-inflammatory 1L-10 in groups 2 and 3, with a simul-
taneous decrease in group 1 led to a significant increase
in the ratio of IL-6 / IL-10 in the control group. This fig-
ure was significantly higher than in groups 2 and 3 by

20

42.3 % (p=0.043) and by 52.7 % (p=0.041), respectively,
while the ratio of IL-6 / IL-10 in these groups did not
differ from the initial state. This fact may be related to a
certain anti-inflammatory effect of ketamine and lido-
caine, which were infused in groups 2 and 3, which coin-
cides with the studies of S. Van der Wal et al. (2015)
[17] and E.M. to Vale et al. (2016) [18].

5. Conclusions

1. Laparoscopic hysterectomy is accompanied by
the inflammatory process activation and is manifested by
an increase in the content of leukocytes and granulocytes
and a decrease in the number of lymphocytes, which is
accompanied by an increase in the leukocyte index of
intoxication. These changes were most significant in pa-
tients undergoing standard anesthesia.

2. Activation of the inflammatory process is con-
firmed by an increase in the level of pro-inflammatory
IL-6 in all groups from 28.8 % to 92.9 % and was most
pronounced in patients who underwent low-opioid anes-
thesia. In the same group there was the greatest increase
in the level of anti-inflammatory IL-10, the level of
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which was higher by 115.4 % (p=0.036) than in the con-
trol group.

3. The use of low-opioid and opioid-free anesthe-
sia is accompanied by less activation of the inflammatory
response in laparoscopic hysterectomy than standard
anesthesia, which may be associated with the anti-

inflammatory effects of ketamine and lidocaine, but re-
quires further detailed study.
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