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Abstract: The stress of surgery is characterized by an inflammatory response with immune
suppression resulting from many factors, including the type of surgery and the kind of
anesthesia, linked with the drugs that are used and the underlying disease of the patient.
The trauma of surgery triggers a cascade of reactions involving the immune response and
nociception. As strong analgesics, opioids provide the analgesic component of general
anesthesia with bi-directional effect on the immune system. Opioids influence almost all
aspects of the immune response in regards to leukocytes, macrophages, mast cells, lympho-
cytes, and NK cells. The suppressive effect of opioids on the immune system is limiting their
use, especially in patients with impaired immune response, so the possibility of using
multimodal anesthesia without opioids, known as opioid-free anesthesia (OFA), is gaining
more and more sympathizers. The idea of OFA is to eliminate opioid analgesia in the
treatment of acute pain and to replace it with drugs from other groups that are assumed to
have a comparable analgesic effect without affecting the immune system. Here, we present
a review on the impact of anesthesia, with and without the use of opioids, on the immune
response to surgical stress.
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Introduction

The function of the immune system consists of distinguishing between self-antigens
and foreign antigens, which in turn protects the organism from the many potentially
deadly antigens by triggering their elimination.

When speaking about the mechanisms of immune responses one should mention
the innate and the acquired immunity. The main differences between them concern
the duration of the reactions and the type of the immune cells involved in them.
A characteristic feature of the innate response is its short reaction time and the
participation of leukocytes and dendritic cells. Macrophages, formed from mono-
cytes, together with dendritic cells belong to the group of antigen-presenting cells.
Innate immunity is the first stage response to many pathogens and it also plays an
important role in the development of autoimmune diseases, such as demyelinating
syndromes, connective tissue diseases, and atherosclerosis.!

In contrast, lymphocytes play a key role in the acquired response and two types of
functional immune responses can be identified: humoral immune response, sometimes
called antibody-mediated immune response, where the antibodies are secreted by
B lymphocytes, and cell-mediated immune responses involving T lymphocytes
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which are activated by peptides from the antigens displayed
on the antigen-presenting cells.® ™

The next important difference between humoral and
cellular immunity concerns the places of response. The
humoral immunity occurs outside the infected cells and
while cellular immunity takes place inside cells.

Among the T-lymphocytes, several subpopulations can
be mentioned, among them helper (Th helper, CD4), reg-
ulatory (Treg CD4 + CD25), and cytotoxic (T cytotoxic
CDB8) T-cells, which regulate the immune response.

The trauma of surgery triggers a cascade of reactions
involving the immune response and nociception, which
attempts to minimize its effects and maintain a homeostasis.
The relationship between the inflammatory response and the
nociception is maintained by the release of endorphin, enke-
phalin, and dynorphin from leukocytes by stimulation of the
CRF and IL-1B. The effect is similar to the one achieved as
a result of stimulation of adrenergic fibers by noradrenaline
(NA), which causes the release of endorphins through the
receptors on sensory neurons, which in turn inhibits the con-
ductivity of nociception at the site of the injury.>

To paraphrase, it can be said that the cascade of pro-
cesses involved in the immune response is activated and
then ended by the start and then the curbing of the
inflammation.

The extent of surgical trauma depends on three basic
elements: the general condition of the patient, the scope
and duration of the surgery, and the kind of anesthesia in
terms of the used drugs and the technique. The next impor-
tant factor in surgical stress is pain, the intensity of which is
reflected in the CNS response, especially within the
hypothalamic-pituitary-adrenal (HPA) axis since the HPA
stimulation by nociceptive stimuli causes a decrease in the
activity of the NK cells and upsets the CD4/CDS8 ratio.”

The NKT (natural killer T cell) cells are lymphocytes
that have the ability to recognize the CD1d molecules that
form a lipid antigen complex, which is not recognized by
classic lymphocytes. Another characteristic feature of the
NKT cells is their ability to be immediately active.

The NKT cells are known as cells belonging to both the
innate and the acquired response. NKT like cytotoxic
T lymphocytes and activated macrophages are involved
in cellular immunity. Among these,

NK cells play a critical role in limiting cancer cells devel-
opment and progression and are involved in cellular immunity
after surgery. A suppression of the NKT cells may increase the
possibility of infection and postoperative tumor spread.

By releasing many cytokines, the NKT cells can stimulate
the activity of other cells involved in the immune response.

Surgical stress causes a decrease in circulating NKT
cells through the activation of the programmed death-1
(PD-1) receptor and the programmed death of its ligand-
1 (PD-L1), whose expression increases on the surface of
stimulated T and B lymphocytes.®

Surgical stress may also contribute to the weakening of
lymphocyte activity and to changes in the Th1/Th2 ratio in
favor of the Th2 lymphocytes that participate in humoral
response.”'°

Excessive inflammation or multiple immune cell suppres-
sion may cause immune response disorder during surgical
stress.

Opioids are strong analgesics used in the treatment of
acute and chronic pain. Analgesics from this group are very
effective, but they cause many side effects, among which
their bi-directional action on the immune system has been
arousing the interest of researchers and clinicians for years.
At the base of this relation are opioid receptors, with affinity
for both endogenous and exogenous opioids, distributed on
the cells of the immune system.'' Recent investigations
confirmed the interrelationship between the immune system
and the opioids, both in terms of stimulatory and suppressive
effects, but this is still not clearly understood. For this
reason, researchers and clinicians are interested in the pos-
sibility of using multimodal anesthesia without opioids.

In this review, we discuss the influence of either
opioids or non-opioid analgesics used under opioid-free
anesthesia (OFA) on the immune response to surgical
stress as described in scientific literature and official
reports. We conducted a systematic search in MEDLINE
for biomedical literature, as well as in multidisciplinary
databases, such as Scopus and Web of Science, using the
following combined terms: opioids, anesthesia, acute pain,
opioids free anesthesia, drugs used in OFA, factors of
immune response, stress surgery.

The Influence of the Opioids Used in
Anesthesia on the Immune
Response in Relation to Surgical
Trauma
During anesthesia, opioids belonging to the fentanyl group
(sufentanil and remifentanil) produce powerful analgesia
of acute pain.

Fentanyl (FN) is the reference opioid in the group of
synthetic opioids whose potency is 100 times greater than
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morphine. Like other opioids, it demonstrates analgesic
and sedative effects. Both the onset of its action and the
severity of its side effects, manifesting in the form of
respiratory and circulatory depression, depend on its dose
and way of administration.

The metabolism of fentanyl is mediated by cytochrome
P450 and its CYP3A4 isoenzyme. These enzymes may
have an essential influence on its effectiveness and this
fact should be stressed, as the same isoenzyme participates
in the metabolism of other drugs, eg, psychotropic drugs
and benzodiazepines, or is blocked by other drugs, eg,
antifungal and anti-arrhythmic drugs, which constitutes
a possibility for a very risky interaction.'*"?

Different opioids or different methods of opioid admin-
istrations show various effects on the immune system:
immunosuppressive, immunostimulatory, or dual effect.

Sufentanil (sFN) is a high potency synthetic fentanyl
analog; with about 5-10 times stronger, faster, and shorter
action, which is due to its very good solubility in fat, and
thus an easy penetration of the blood-brain barrier. Like
fentanyl, sufentanil is also metabolized by the CYP3A4
isoenzyme, so its risk of interaction is similar to fentanyl.
Unlike the mentioned opioids, remifentanil (rFN) is an
opioid of which 95% is metabolized in the plasma and in
tissues by non-specific blood and tissue esterases.

Therefore, remifentanil has the highest margin of
safety (LD50/ED50). Its potency is similar to the potency
of fentanyl.'*!>

Opioids interact via mu-, delta-, and kappa receptors
among which the p receptor deserves special attention
because it is a preferential receptor for exogenous opioids.

Like other opioids and opiates, the drugs from this
group: fentanyl, remifentanil, and sufentanil, are ligands
of the p opioid receptors (MOP, p-opioid peptide) belong-
ing to one of three types of membrane receptors with
different affinities for exogenous and endogenous opioids.
Opioid receptors belong to the G-protein-coupled receptor
family (GPCRs). Following the binding of the opioid,
there is a change in the configuration of the receptor,
which after attaching to the G protein activates intracellu-
lar processes with inhibition of cAMP synthesis and
a change in the configuration of an ionic channel that
ultimately leads to inhibition of the release of neurotrans-
mitters and the transmission of nociceptive signals.'®

Results of scientific research as well as by clinical obser-
vations of patients confirming different analgesic responses
and severity of side effects made it possible to isolate the
p receptor subtypes: p opioid type 1 (MOP1) and p opioid

type 2 (MOP2) having a diverse sequence of polypeptides
associated with a nucleotide polymorphism in the MOR-1
gene coding for the receptor proteins.'”'® Differences
between these types of receptors refer to their sensitivity for
their selective antagonists, such as naloxazone (the hydra-
zone derivative of naloxone) and naloxone."”

The p receptors transmit their activity through pre- and
postsynaptic neurons. The effect of stimulation of the p
receptors is similar with respect to the opioids, but differ-
ent with respect to their action at the level of the neuron.
And so, in the presynaptic part, there occurs a calcium
channel blockage, while in the postsynaptic part
a hyperpolarization occurs due to the influx of potassium
ions into the cells. To sum up, the MOR receptors inhibit
Ca"" influx through calcium channel blockage at presy-
naptic terminals, and postsynaptically inhibit the flow of
K" ions through the potassium channels, which reduces the
frequency of pain impulses. Studies conducted on isolated
tissues of the spinal cord of rats confirmed two opioid
attachment points, whose synergistic effect results in an
analgesic effect.””

Studies presented in recent years confirmed high
expression of miRNAs in the cells of the immune system
and in the CNS, the main sites for the opioid activity, and
for the transformation of nociceptive stimuli.?' >

MicroRNAs (miRNAs) belong to the group of single-
stranded non-coding RNAs that regulate gene expression
at transcriptional and post-transcriptional levels. MiRNAs
are made up of short fragments of 21-23 nucleotides.
Their regulation is usually negative, as after binding to
the target gene’s mRNA the micro-RNA accelerates its
degradation or inhibits the process of its translation,
depending on the degree of its complementarity with the
gene.”

Silencing of the immune response by the expression of
miR-146a and miR-21 on the T lymphocytes and PBMCs
is an example of a negative feedback, whereas the expres-
sion of miR-155 on the T and B lymphocytes promotes
activation of the immune response.?

The relationship between the miRNAs and the immune
response is confirmed by numerous studies showing the
presence of miRNAs in the cells of the immune system.
For example, the study by Liston et al confirmed the
expression of miR-29 family in the T and B lymphocytes
and dendritic cells.?

Zhang et al in turn isolated 108 miRNAs present in
peripheral blood mononucleated cells (PBMCs) obtained
from healthy volunteers.>’
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Additionally, based on the obtained results, the research-
ers determined 10 abundantly expressed miRNAs in the
studied material, including miR-223, mi-16, and mi-150, or
miRNAs with confirmed involvement in the modification of
the innate response associated with a change in their expres-
sion in B lymphocytes, monocytes, and neutrophils.*®

The involvement of miR-146, miR-155, and miR-223
in the regulation of innate responses and the association of
miR-155 and miR-181a with responses from the T and
B lymphocytes has also been demonstrated.”” Studies
have shown that miRNAs are involved in the regulation
of both the analgesia-related and the side effects-related
opioid activities.”

For example, studies conducted by Zheng H. on an
animal model showed a reduction of the miRNA-190
expression in the hippocampal neurons due to chronic
fentanyl administration.>™*' The negative regulation of
the miR-134 expression of the MORI receptor at the
level of the spinal cord neurons following a chronic
inflammatory pain stimulation in laboratory animals has
also been confirmed.*?

Opioids are responsible for the modulation of the
immune response due to a release of cytokines from the
immune cells in response to stimulation of the opioid
receptors. The released cytokines exhibit pleiotropic auto-
para- and auto-endocrine activity in both types of immune
responses. It has been shown that opioids can induce the
IL-4 release by T lymphocytes, while both buprenorphine
and morphine reduce the level of IL-4 protein synthesis,
which would confirm both the anti-inflammatory and the
pro-inflammatory effects of the opioids.>

Interleukin —1 (IL-1) belongs to the pro-inflammatory
cytokines released from many cells, such as the cells of
central nervous system, monocytes, macrophages, dendri-
tic cells, and NK cells. Opioids can reduce the plasma
levels of IL-1. Like opioids, ketamine and propofol can
also reduce plasma IL-1.%*

In comparative studies of remifentanil vs fentanyl, it
was found that in response to surgical stress remifentanil
caused a greater than FN reduction in IL-6.°> Research
conducted by Von Drossow et al showed that remifentanil
more than FN attenuated the inflammatory response in
patients after cardiac surgery.*

The presence of opioid receptors on T cells is one more
evidence of the immunomodulatory effect of opioids on the
differentiation of the cellular response.”’ For example,
a stimulation of the kappa receptors on macrophages increases

the synthesis of reactive oxygen species and the IL-1.%

Opioids influence almost all aspects of the immune
response, both innate and acquired, in relation to leuko-
cytes, macrophages, mast cells, lymphocytes, and NK
cells, although the results of the studies presented by
Jakobs et al did not confirm the effect of fentanyl on the
number of circulating B and T lymphocytes and on the
production of superoxide by the PMNCs.*®

The presence of MOR and & and « receptors has been
confirmed on the surface of human dendritic cells (DCs)
involved in both the cellular (inducing T cell proliferation
and presentation of antigens to T lymphocytes) and
humoral (at the level of lymphoid papules, they participate
in the presentation of antigen to B lymphocytes) response.

The presence of MOR receptor agonists on activated
dendritic cells (DCs) provoked them to increase the synth-
esis of IL-10 with a decrease in proinflammatory cytokines
IL-12 and IL-23.*° The cytokines IL-12 and IL-23 are
involved with carcinogens. The IL-12 has a strong anti-
tumor effect by inhibiting angiogenesis and by stimulating
the synthesis of anti-proliferative IFN-y and TNF, as well
as a positive effect on the T and NK lymphocyte cytotoxi-
city and the tumor infiltration by CD8 lymphocytes,
whereas the IL-23 reduces the CDS infiltration and pro-
motes angiogenesis.*’

With respect to tumors, opioids can modulate their
development potential by affecting both their proliferation
and apoptosis. On the one hand, confirmed MOR over-
expression, and thus the opioid effect, is associated with
tumor development and metastasis. The published data
seem to confirm the diversity of opioid activity depending
on the type of cancer, shown, for example, by the results
of the research concerning lung cancer, and bowel and
pancreatic cancer.*'

The research conducted by Yardeni et al evaluated the
effect of different doses of fentanyl on pro- and anti-
inflammatory cytokine production and on NK cell cyto-
toxicity in perioperative patients. The obtained results
showed the influence of the dose of FN on the secretion
of IL-1P, IL-2, IL-6, and IL-10. Significant attenuation of
the IL-1B and IL-6 cytokine was noticed in groups of
patients taking high (70-100 pg/kg) and medium (23-30
pg/kg) doses, while doses of 2—4 ng/kg lacked significant
postoperative effect on the concentration of the cytokines
tested. Dose-independent suppression by opioids was
found for the IL-2 and for the NK cells.**

Beilin et al, in turn, assessed the effect of intraopera-
tive administration of doses of FN defined as high (75-100
pg/kg) and small (1-5 pg/kg) on NK cells in the presence
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of IL-2 or INFa and [ because these cytokines exert
a positive effect on the NK cytotoxicity. The obtained
results confirmed the postoperative decline of the NK
cytotoxicity at 24 hours regardless of the FN dose. In the
group of patients receiving a low dose of FN, the activity
of the NK cells returned to the ground level at 48 hrs,
while in the patients receiving a high dose, the NK activity
remained at the lowered level.

In addition, this study showed that the presence of
cytokines improved the NK cytotoxicity, and IL-2 contrib-
uted especially to the reversal of the NK suppression.** The
results of these studies, showing the negative effect of high
doses of fentanyl on the NK activity should force us to
verify the intraoperative dosing of FN, especially in cancer
patients. Inhibition of the NK activity and T cell prolifera-
tion by synthetic opioids should be taken into account while
making decisions about their administration.*¢

Key Points
The presence of MOR on the surface of immune cells con-
firms opioids participation in cellular and humoral response.

Remifentanil more than fentanyl attenuated the inflam-
matory response.

With respect to tumors, opioids can modulate their
development potential by affecting both their proliferation
and apoptosis. The diversity of opioid activity depends on
the type of cancer.

The synthetic opioids cause depression of the activity
of the natural killer (NK) cells. Negative effect of high
doses of fentanyl on the NK activity should force the
doctors to verify the intraoperative dosing of FN, espe-
cially in cancer patients.

The suppressive effect of opioids on the immune
response is an element limiting their use, especially in
patients with impaired immune response, so the possibility
of using multimodal anesthesia without opioids, known as
opioid-free anesthesia (OFA), is gaining more and more
sympathizers. This can undermine the paradigm that has
existed for years, about the necessity of using opioids
during general anesthesia.

Is Opioid-Free Anesthesia a Good
or Bad Idea in Relation to the

Immune System?

The concept of OFA is to eliminate opioid analgesia in the
treatment of acute pain and to replace it with drugs from
other groups that are assumed to have a comparable

analgesic effect, but without affecting the immune system.
The perioperative analgesic effect of OFA is achieved
through the use of non-opioid analgesics, NSAIDs, and
coanalgesics.

It should be clearly emphasized here that the drugs
used in OFA, such as ketamine and lidocaine, may also
be used with opioids. Intravenous and inhalational anes-
thetics, as well as regional anesthesia, may also be used as
permanent elements of the OFA or opioid anesthesia.

Obese patients, patients with opioid addiction as
a result of chronic use, and oncological patients are part
of a group where OFA plays a particular role. Among the
contraindications to the use of OFA are circulatory insuf-
ficiency, cardiac arrhythmias (especially bradyarrhyth-
mias), hypovolemia, shock, unstable coronary artery
disease, autonomic neuropathy with orthostatic hypoten-
sion, and history of allergic reactions to the proposed
drugs. 4748

Therefore, since OFA is used in a significant group of
patients, it is reasonable to analyze the effects of the drugs
used in OFA with respect to their analgesic effect and their
impact on the immune system. The section below presents
the effects of the drugs used in OFA on the immune
system and may be interpreted as an attempt to answer
the question whether the OFA is better than the opioid
anesthesia in terms of the immune system.

Ketamine

Ketamine belongs to the recognized OFA anesthetics
because it has better hemodynamic stability than other
intravenous anesthetics. Ketamine is an antagonist of the
glutaminergic ionotropic NMDA receptor.

As was shown in human and animal studies, ketamine
exerts immunomodulatory and anti-inflammatory effects.
The anti-inflammatory effect of ketamine is manifested by
inhibition of both the humoral and the cellular responses. In
contrast, its immunosuppressive effect consists of inhibiting
lymphocyte proliferation, limiting the NK cell activity and
abundance, as well as the phagocytic capacity of neutro-
phils. Ketamine also impairs the function of macrophages
and weakens the adhesion of neutrophils and leukocytes to
the substratum.*’ Noteworthy are the results of the studies
conducted by Beilin et al, in which the authors demon-
strated the effect of low doses of ketamine, 0.15 mg/kg
administered before the induction of anesthesia, on the
concentration of the cytokines IL-1p, IL-2, IL-6, and
TNFa, the cytotoxicity of neutrophils, and the mitogen-
stimulated lymphocyte proliferation.”® A single dose of
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ketamine inhibited the increase in IL-6 and TNFa at 4 hours
after surgery, while the subsequent determinations showed
an increase in the concentration of these cytokines similar to
the control group. The inhibitory effects of ketamine on the
concentration of proinflammatory cytokines have also been
confirmed by the studies reported by other authors.’' >
However, studies led by Li et al have shown an increase
in the pro-inflammatory cytokines IL-6 and IL-1f in mouse
hippocampal cells irrespective of the time and method of
administration, while the concentration of TNFa measured
in the study increased under the influence of a single dose
and decreased under the influence of a chronic supply,
which may indicate the participation of ketamine in neu-
roinflammatory processes.>

Another noteworthy fact is that the ketamine-induced
immunosuppression that is associated with a decrease in
the NK cell activity and lymphocyte counts is reflected as
a greater risk of the growth of cancer cells, which may
constitute a significant contraindication to long-term use of
ketamine in cancer patients.>

Ketamine plays a significant role in analgesic man-
agement in both acute and chronic pain. Supplying
ketamine makes it possible to reduce the need of admin-
istration of opioids while reducing the intensity of pain
by inhibiting the flow of nociceptive stimuli into the
CNS,56-58

With regard to the inflammatory response, ketamine
reduces the adhesion of neutrophils and leukocytes and
lowers the phagocytic activity of neutrophils. In addition,
in LPS-stimulated neutrophils it weakens the expression of
CD11 and CD16 surface receptors, affecting this way their
chemotaxis and adhesion.*’

Xylocaine
Another drug used in OFA is xylocaine, which is generally
used as a local anesthetic.

The analgesic effect of xylocaine is associated with
blockade of nerve conduction, including nociceptive
stimuli, due to sodium channel blockage. In relation
to the immune system, xylocaine has anti-inflammatory
effects by blocking the EGF receptor, inhibiting IL-1

release, and improving the cytotoxic activity of

neutrophils.%*%°

Undoubted benefits of xylocaine include reduction of
pain intensity and demand for opioids and lowering the
risk of intestinal atony and vomiting, especially in patients

after abdominal surgery.®!

NSAIDs

Nonsteroidal anti-inflammatory drugs (NSAIDs) participate
in pain control and inflammation reduction due to their
analgesic potency and anti-inflammatory effects. NSAIDs
act by inhibition of the cyclooxygenase (COX) enzyme
pathway and synthesis of prostaglandins that play key roles
in trauma response.’> The positive response to NSAIDs is
not only related to their analgesic and anti-inflammatory
effects. For example, they can also promote the process of
healing in tissues by stimulation of collagen synthesis.®’

NSAIDs can also disturb immune homeostasis within
the gastrointestinal mucosa. The results of a study on
animal model presented by Maseda et al has shown an
imbalance in the synthesis of the PG and damage to the
intestinal barrier resulting in bacterial penetration into the
blood vessels due to short-term oral dose of indomethacin.
These symptoms are connected with dysregulation of the
immune responses, intestinal microbiota, and severe his-
topathologically confirmed intestinal tissue damage.®*

NSAIDs inhibit neutrophil and macrophage functions.
By inhibiting the proliferation and differentiation of
B-lymphocytes, NSAIDs can contribute to the reduction
of antibody synthesis. In relation to T lymphocytes,
NSAIDs act rather as stimulants of their function.®>¢¢
On the other hand, animal studies have shown that the
perioperative combination of f§ blockers (propranolol, eto-
dolac) and NSAIDs (COX-2 indomethacin inhibitor, cel-
ecoxib) reduce the risk of the spreading of cancer as
a result of their weakening of the inhibition of the NK
cell toxicity by surgical trauma.®” In comparative studies
of fentanyl vs a combination of fentanyl and flurbiprofen,
it has been shown that when a combination of NSAID with
a low dose of fentanyl is used, more than single doses of
fentanyl contribute to a decrease in the levels of VEGF-C,
TNF-a, and IL-16 molecules, which at increased concen-
trations are associated with higher risk of postoperative
metastases.®®

Dexmedetomidine

Dexmedetomidine is a complete agonist of a2 receptors for
which it has high selectivity. Stimulation of alpha-2-adrener-
gic receptors changes the activity of ion channels (potassium
and calcium) in the cell membrane of spinal cord neurons, the
effect of which manifests as the analgesic, hypnotic, and
sedative effects of dexmedetomidine.®®’® Over 90% of dex-
medetomidine is bound to proteins, after which its metabo-
lism takes place in the liver with the participation of
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isoenzymes of the cytochrome CYP2B6. Ninety percent of
their removal occurs through the kidneys. Dexmedetomidine
used as a continuous intravenous infusion during anesthesia
reduces the need of supplying inhaled anesthetics and
opioids. Common side effects include disturbances of glu-
cose concentrations, hypotension, and arrhythmias.”'’
Since dexmedetomidine is an adrenoreceptor agonist, it is
worth noting that the sympathetic nervous system plays an
important role in the autoregulation of the relationship
between the CNS and the immune system through the adre-
nergic receptors.

Like opioid receptors, adrenergic receptors belong to
the group of G receptors and are located on the central and
peripheral cells of the lymphatic, immune, and CNS
organs, with B receptor expression confirmed mainly on
the immune response cells and with o receptors also
recognized on some of them.”>”’®> Through adrenergic
receptors, adrenaline (A) and NA neurotransmitters stimu-
late monocytes to synthesize the C2-C5 complement fac-
tors involved in the activation and regulation of the
complement system. The expression of mRNA for a
receptors was also confirmed in polymorphonuclear leu-
kocytes (PMN), and although both amines limited the
PMN migration through B receptors, the effect of adrena-
line on the expression of CD11 was observed with the use
of an a receptor.”®

Furthermore, noradrenaline has been shown to influ-
ence the migration of dendritic cells and helper lympho-
cytes via the o and P receptors located on the cells.”” It has
been confirmed that the immune response cells express
predominantly the B receptors with a receptors also dis-
tinguished on some of them. As an example, it has been
confirmed that the NK cell expresses predominantly
B receptors, although it has been shown in an animal
model that NA, just like clonidine, increases the NK
cytotoxicity via the a-receptors.’®

According to the research conducted by Priyanka and
ThyagaRajan on an animal model, activation of the a recep-
tors was contributing to the inhibition of lymphocyte prolif-
eration and to IFNy synthesis by modulating the expression
of the signaling pathways ERK, CREB, Akt, and NF-«B that
depend on the al or 02 receptor subtype.” The above study
results may explain the negative effect of dexmedetomidine
on immune modulation. Dexmedetomidine inhibits the
maturation and activity of dendritic cells by reducing the
expression of I-A (b) and CDS86 signaling molecules on
their surface. It also limits the proliferation of helper lym-

phocytes and cytotoxic activity.**®!

Perioperative use of dexmedetomidine contributes to
a decrease in the intensity of postoperative pain when, as
shown by the results of the research by Andjelkovi et al,
the analgesic effect of dexmedetomidine lasted shorter
than the effect of xylocaine in patients undergoing abdom-
inal surgery.®” According to the authors, an undesirable
effect of using both drugs was a decrease in bowel
function.

It should be emphasized, however, that the results of
many studies indicate that the use of dexmedetomidine has
reduced the need for analgesics in the postoperative
period.®*%

Considering the effects of dexmedetomidine in redu-
cing the number of leukocytes and the concentration of
proinflammatory cytokines synthesized by monocytes, the
effect
inflammatory, which in groups of patients with impaired

of dexmedetomidine is predominantly anti-
immune function may be unfavorable in terms of the risk
of infection and to wound healing.

Dexmedetomidine like clonidine belongs to group of
op-adrenoceptor (o AR) agonists.

Clonidine
Clonidine is an agonist for the imidazoline and the alpha-
adrenergic class of receptors with stronger affinity for
presynaptic o, adrenoceptors (o, AR) than for a; receptors
(a; AR).

The action of clonidine via o, AR, located on sympa-
thetic
concentration.

terminals  decreased

85,86

norepinephrine  plasma

Clonidine compared to dexmedetomidine has similar
sedative and analgesic properties and these o, agonists
used in anesthesia have been associated with reduced
anesthetic and analgesic requirements.®’

There is numerous evidence that a, AR agonists have
influence on stress reaction in two ways: centrally, they
induce analgesia via presynaptic a, AR in the descending
pathways and peripherally by stimulation of anti-inflamma-
tory response.®® Clonidine also has immunomodulating prop-
erties via attenuating the sympathetic activity. The study
conducted by von Drossov et al confirmed the immunomo-
dulating properties of clonidine infusion on cellular response
in patients who underwent cardiac surgery.®

The obtained results showed the significantly lower
ratio of Th1/Th2 (helper lymphocytes) and Tc1/Tc2 (cyto-
toxic lymphocytes) in patient from clonidine group at
6 h postoperatively, which may indicate a modulating
effect of clonidine on lymphocytes T subpopulations in
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the early postoperative period. The authors did not observe
the influence of clonidine on systemic inflammatory
response assessed with plasma cytokines TNF-o, IL-6,
IL-8, and LPS-stimulated.

In turn, Devereaux et al presented the results of POST
2 study applied the impact of low-dose clonidine in the
prevention of myocardial infarction in patient with a risk
of ischemia who underwent noncardiac surgery.*” The
obtained results did not confirm the efficacy and safety
of clonidine compared with placebo and aspirin in
assessed groups of patients. Moreover, the authors
observed more incidences of hypotension, bradycardia,
and nonfatal cardiac arrest in clonidine group.

The animal study conducted by Forget et al has shown
the influence of various analgesics (fentanyl, ketamine,
clonidine) on cellular immunity in particular NK cells
activity and an expansion of tumor metastases.*® The
obtained results have shown that either surgery or chosen
analgesics can effect on NK cells activity and cancer cells
spread. So that, among these chosen drugs, only fentanyl
seemed to have stronger depressive effect on NK cells
activity and as the only analgesic can provoke a growth
metastases.

Both ketamine and clonidine revealed the significant
attenuating of NK cells activity and negative impact on
metastases spread.

In conclusion, clonidine has positive effects on cardio-
vascular system, reduces catecholamine release and can be
useful for management sedation and pain with minimal
risk of respiratory depression unlike the other drugs. With
respect to immune response, clonidine does not seem to be
a significant drug, particularly when used in low dose
under anesthesia. It needs to be highlighted that severe
and sometimes fatal side effects like rebound hyperten-
sion, tachycardia, and cardiac arrest should be kept in
mind.

Key Points

Ketamine-induced immunosuppression is reflected as
a greater risk of the growth of cancer cells, which may
constitute a significant contraindication to long-term use of
ketamine in cancer patients.

Benefits of xylocaine include reduction of pain inten-
sity, demand for opioids, and lowering the risk of intestinal
atony and vomiting.

NSAIDs inhibit neutrophil and macrophage functions.
By inhibiting the proliferation and differentiation of
B-lymphocytes, NSAIDs can contribute to the reduction

of antibody synthesis. A combination of NSAID with
a low dose of fentanyl more than single doses of fentanyl
can limit the risk of postoperative metastases.

Dexmedetomidine presents the negative predominantly
anti-inflammatory which in groups of patients with
impaired immune function may be unfavorable in terms
of the risk of infection and to wound healing.

With respect to immune response, clonidine does not
seem to be a significant drug, particularly when is used in
low dose under anesthesia. It needs to be highlighted that
severe and sometimes fatal side effects like rebound
hypertension, tachycardia, and cardiac arrest should be
kept in mind.

It is worth emphasizing that apart from the drugs
assigned to these methods of anesthesia, there is a group
of common drugs used in both opioid and opioid-free
anesthesia, which also leave a mark on the immune system
response. Among the drugs and methods of anesthesia that
are successfully used both together with opioids and in the
OFA method include intravenous, inhalational, and regio-
nal anesthetics.

To sum up, it may be acknowledged that among the
techniques and drugs used during anesthesia there are none
that would not leave their marks on the immune response.
Whether their reflection will remain a scar or a memory
depends primarily on the condition of the patient’s organ-
ism, the efficiency of its defensive mechanisms, and its
ability to maintain homeostasis, which are the elements of
the response to a surgical trauma.

The efficiency of defensive reactions is a reflection of
the efficiency of the immune, nervous, and endocrine
systems, each of which individually and all together con-
stitute the first line of defense in response to injury. The
age-old rule “primum non nocere” particularly relates to
cancer patients with significant attenuated immune
response to stress surgery when the drugs given periopera-
tively can be the other factors provoking a growth of
metastases. So the old truth still stands, that the choice
of anesthesia depends on the patient’s condition, the scope
of surgery, and the experience of the anesthesiologist, and
it should still be followed.
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