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Abstract

Background: Sevoflurane is the inhalational anesthetic agent that is used widely in operating room. It is currently the most commonly used inhalation
anesthetic in operating rooms. A series of studies on animal and human model detected the association of intraoperative use of sevoflurane and postoperative
cognitive dysfunction (POCD) manifestation. On the other hand other studies demonstrate the same POCD associated with intravenous agents. Relevant
multicentric trials got the reasons to suspect other key factors in developing postoperative cognitive dysfunction.

Conclusions: The intra-anesthetic use of sevoflurane has been associated for a long time with the higher incidence of POCD. The mechanism was
not identified, and the theory of neuroinflammation remained the main key of pathophysiological reaction that leads to cognitive dysfunction. Recent
multicentre trial gives reliable information that the use of intravenous anesthetic agents is associated with the same POCD. Neuroinflammation remains
to be the mediator of cognitive disorders, and apparently IL-6 keeps a major role in them. Future studies are needed to be conducted to identify the role

of anesthetic agents in determining the neuroinflammation.
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Introduction

Inhalational anesthetic agents have a long lasting his-
tory, from the beginning of general anesthesia and the dis-
covery of ether in 1866, and our days where we can use a
large variety of inhalational agents: desflurane, sevoflurane,
isoflurane and others, to provide a safe general anesthesia.
Despite large use of them, worldwide there are still many
questions remain to be clarified concerning the use of in-
halation anesthesia and its effects on the recovery of the pa-
tients. Sevoflurane is one of the most widely used anesthet-
ics for the induction and maintenance of general anesthesia.
Despite the large use, however, its anesthetic mechanism
remains unclear like for the rest of the agents. Sevoflurane
reportedly causes amnesia, analgesia, coma, and quiescence,
primarily by inhibiting N-methil-D-aspartat (NMDA) re-
ceptors. In addition, in vivo studies have suggested that
gamma-aminobutyric acid (GABA) type A (GABAA) re-
ceptors, nicotinic acetylcholine receptors, and voltage-gated
sodium channels are potential targets for sevoflurane relat-
ed to its hypnotic effects.

The clinical use of the sevoflurane extended in countries
from Eastern Europe as well, for the last 10 years. It is cur-
rently the most commonly used inhalation anesthetic in
operating rooms. It has been demonstrated excellent respi-
ratory tolerance in different clinical cases, as well as the he-
modynamic stability in cardiopulmonary bypass, providing

a safe anesthetic process for different categories of surgery
from one-day surgery to complex long-lasting surgery.

Material and methods

There was made a scientific review of the latest articles
from PubMed database that were published between 2016-
2021, concerning sevoflurane and its effects. The selection
criteria were: prospective studies, guidelines, trials and me-
ta-analyses. Key words used in search: “sevoflurane”, “pro-
pofol’, “outcome”, “postoperative cognitive dysfunction”
(POCD). The articles contain a detailed analysis and synthe-
sis of the recommendations, concerning the use of the sevo-
flurane and cognitive disfunction after its use. There were
selected articles, taking into consideration their title, and
selecting abstracts. In the process of searching by title using
key words, there have been found 686 results. After selec-
ting the period of years 2016-2021, 352 results were found.

Results

One of the most frequent postanesthetic complications,
especially in elderly patients, after the use of the sevoflurane
is POCD, which is a multifactorial, neurodegenerative con-
dition, mechanisms of which remain unclear. Many studies
and repeated clinical trials have shown that after exposure
to sevoflurane-inhalation anesthesia, humans and animals
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experience varying degrees of cognitive dysfunction [I,
2]. Different hypotheses like neuroinflammation, changes
in neurotransmitters, a decrease in brain-derived neuro-
trophic factor (BDNF), mitochondrial oxidative stress, and
changes in AP concentrations regarding the pathogenesis of
sevoflurane-induced POCD, are described by researchers.
Still these mechanisms are not completely independent and
interact with each other, finally resulting in POCD. In recent
years, increasing attention has been paid to the relationship
between sevoflurane-induced POCD and neuroinflamma-
tion, changes in neurotransmitters, and BDNF reduction
[3]. Alalawi R. and Yasmeen N. in 2018 showed that the
incidence of POCD was at least twice as high in individu-
als older than 60 years as compared to younger age groups
[4]. The high incidence of POCD in older patients may be
related to specific susceptibility factors. Aging itself is a risk
factor for cardiovascular, respiratory, renal, and neurode-
generative diseases. Immune responses also decrease with
age. Also, the pharmacokinetics and pharmacodynamics of
older patients are considerably altered compared to young-
er patients. Sevoflurane-based anesthesia in older patients
results in a lower minimum alveolar concentration of gas
and an increased cumulative effect of it, with gradual degen-
eration of various organ functions [4]. Hence, sevoflurane
may remain in the blood for longer periods in older than
in younger patients after anesthesia [5]. The fragile balance
between neuroinflammation and neuronal functioning in
older patients is easily interrupted upon pathological in-
vasion [6, 7]. In 2015 Qiao Y. et al., have found elevated
plasma concentrations of S-100p protein, TNF-a, and IL-6
in patients receiving sevoflurane anesthesia [7]. Other ani-
mal study in 2020, headed by Yang L. et al., determined that
sevoflurane has been found to induce increased inflamma-
tion and apoptosis of hippocampal neurons in older rats [6].
Sevoflurane-induced anesthesia disturbs the balance be-
tween neuronal functioning and neuroinflammation, espe-
cially in older patients, increasing the incidence of POCD.
To reduce the incidence of sevoflurane-induced POCD the
optimal management of pre-existing diseases and mainte-
nance of optimum functioning of the nouronal homeostha-
sis may be an effective way. Another randomized controlled
trial of sevoflurane-induced anesthesia in laparoscopic cho-
lecystectomy, showed aggravated POCD compared to pro-
pofol group of patients after laparoscopic cholecystectomy
[8]. On the other hand, some studies have confirmed that
sevoflurane exerts neuroprotective effects through specif-
ic pathways, in a rat model of focal cerebral ischemia [9].
Recently in 2020, Lu G. et al., presented the results of an ani-
mal model study where sevoflurane pre-treatment exerted
a neuroprotective effect by reducing signaling activity and
activating autophagy [10]. Also, sevoflurane post-treatment
can regulate mir-203 expression to attenuate cerebral isch-
emia — reperfusion-induced neuroinflammation by target-
ing MyD88 [11].

Neuroinflammation is one of the multifactorial determi-
nants, particularly in the hippocampus, that has been shown
to play an important role in POCD. Block et al., in 2007,

then Lu B. et al.,, in 2020 showed in their studies that the
activation of microglia may play the most important role in
the development of POCD, as inflammation of microglia is
recognized as the main source of pro-inflammatory cyto-
kines and chemokines in the central nervous system (CNYS)
[12, 13]. Another study headed by Su W. et al., in 2020 is
concerning neuroinflammation and microglial activation
trigger that amplify a complex cascade of reactions, includ-
ing immune response activation, microcirculatory chang-
es, increased hippocampal oxidative stress, and increased
blood-brain barrier permeability [14]. Other studies that
researched the pro-inflammatory cytokines IL-1pB, IL-6, and
TNF-a determined that they were statistically significantly
increased in the brains of rats exposed to sevoflurane in a
number of studies [8].

Zhu X. et al,, in their study from 2021 showed the corre-
lation between the property of sevoflurane to be highly and
lightly diffused across the cell membrane without binding to
specific receptors on the cell membrane and to direct stimu-
lation of NF-«B signaling. Sevoflurane has been shown to
increase intracellular Ca2+ by activating GABA receptors,
inducing mitochondrial damage, and increasing the lev-
els of intracellular reactive oxygen species (ROS) [15]. A
sevoflurane-induced increase in intracellular Ca2+ may ac-
tivate NF-kB signaling and lead to increased concentrations
of pro-inflammatory cytokines. IL-17A, a novel cytokine,
increases statistically significantly in the hippocampus of
sevoflurane-induced aged rats and can promote the binding
of Actl (an activator of NF-kB) and IL-17R to induce activa-
tion of the NF-«B signaling pathway [15].

Neuroinflammation is a critical neuropathological pro-
cess for postoperative cognitive dysfunction. This finding
is mostly based on results from animal studies. It has been
shown that surgery on peripheral tissues causes systemic
inflammation that then induces neuroinflammation in
rodents [16, 17]. Consistent with this finding, serum in-
terleukin-6 concentrations were increased after surgery in
patients with or without delayed neurocognitive recovery,
but the interleukin-6 concentrations were higher in pa-
tients with delayed neurocognitive recovery than that in
patients without delayed neurocognitive recovery, provid-
ing initial evidence that heightened inflammation may be a
pathologic process for delayed neurocognitive recovery in
humans. There were no changes in the serum interleukin-
1P, interleukin-10, and tumor necrosis factor-a within 24
h after the surgery. These results suggest that only selected
cytokines, like interleukin-6 in this surgical population, are
induced after surgery. Interestingly, the serum concentra-
tions of vascular endothelial growth factor, intercellular ad-
hesion molecule, transforming growth factor-pf1, C3a, and
advanced glycation end products were first decreased and
then recovered after surgery. The first four factors can mod-
ulate immune functions. Advanced glycation end products
are an oxidative stress marker. The reasons for this pattern
of change are not known but may indicate a decreased im-
mune function at the end of surgery, which recovers with
time after surgery [18].
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A multicenter, randomized trial on intravenous versus
volatile anesthetic effects on postoperative cognition in el-
derly patients undergoing laparoscopic abdominal surgery,
published in 2021, showed that patients with laparoscopic
abdominal surgery under propofol-based anesthesia had a
delayed neurocognitive recovery incidence similar to that
of patients under sevoflurane-based anesthesia. This recent
study determines clinicians to take into consideration that
anesthetic choice may not be a decisive factor for delayed
neurocognitive recovery [8]. That study has identified the
fact that a high concentration in serum interleukin-6 is an
independent risk factor for delayed neurocognitive recov-
ery, and this is a marker that should be taken into consid-
eration regarding patients with risk to develop POCD. This
finding provides clinical evidence for the role of inflamma-
tion in delayed neurocognitive recovery.

In the sevoflurane model studies, calcium influx and in-
creased exposure to ROS can lead to the activation of the
NLRP3 inflammasome, which may influence the neurologi-
cal outcome in postoperative period (fig. 1).

Fig. 1. Sevoflurane induces neuroinflammation
and leads to POCD (8]

The damage of mitochondria and exposure to mitochon-
drial contents, such as ROS, are essential for the assembly of
the NLRP3 inflammasome. Also is required calcium influx
for optimal activation of the NLRP3 inflammasome [8].

Dong P. et al. in their study in 2018, confirmed as well
that sevoflurane could contribute to inducing the neuroin-
flammation mediated by microglia by downregulating hip-
pocampal PPAR-y, exacerbating cognitive dysfunction [19].
The theory of neuroinflammation, has more power to dem-
onstrate the incidence of POCD after sevoflurane model an-
esthesia since peroxisome proliferator-activated receptor-y
(PPAR-y) is a ligand-inducible transcription factor of the
nuclear hormone receptor family and is expressed in several
cell types in the brain, including microglia, astrocytes, and
neurons. The Nod-like receptor protein 3 (NLRP3) inflam-
masome is determinant to the immune response, and in-
cludes NLRP3, apoptosis-associated speck-like protein con-
taining a caspase-recruitment domain, and procaspase-1.

Discussion

In recent years, many studies provided information
considering the relationship between sevoflurane-induced
POCD and neuroinflammation, changes in neurotransmit-
ters, and BDNF reduction.

Postoperative cognitive disfunction is a multifactorial,
neurodegenerative condition mechanisms of which remain
unclear due to many studies conducted for the last 5 years.
Several clinical trials, as well as many animal studies have
shown that after sevoflurane-inhalation anesthesia, humans
and animals experience different degrees of cognitive dis-
function. Hypotheses regarding the pathogenesis of sevoflu-
rane-induced POCD, including neuroinflammation, chang-
es in neurotransmitters, decrease in BDNF, mitochondrial
oxidative stress, and changes in AP concentrations, couldn’t
give a complete answer to the question of correlation be-
tween sevoflurane anesthesia and POCD. The answer is
more difficult to get as long mechanisms are not completely
independent and they interact with each other.

The importance of patient-related factors, such as age,
cognitive status before the surgery, may also affect the inci-
dence of POCD, being related or not to the choice of the an-
esthetic agent, shows a recent multicenter randomized trial
[20]. Related studies that confirm the correlation between
sevoflurane anesthesia and neuroinflammation, exacerbat-
ing that way cognitive dysfunction, recent randomized trials
show the same cognitive dysfunction being relative to intra-
venous anesthesia agents. Neuroinflammation still remains
the key factor of POCD and its correlation or not with the
selection of anesthetic agent was not determined.

Regarding the limitation of studies, it was determined
by the American Society of Anesthesiology that the physical
status classification, mini-mental status examination scores,
and duration of hospitalization were predictors for delayed
neurocognitive recovery. Regardless of the type of anesthe-
tic agent, a high blood interleukin-6 concentration in post-
operative period is a risk factor for developing delayed neu-
rocognitive recovery. In fact, interleukin-6 concentration in
the blood at this time is the only independent risk factor for
delayed neurocognitive recovery as determined by multiple
studies [21, 22]. However, its concentration as a risk factor
for delayed neurocognitive recovery has not been reported.

The role of intravenous and volatile anesthetics in post-
operative cognitive dysfunction in humans remains unclear.
Therefore, future research should be aimed at further eluci-
dating the pathogenesis of induced POCD and developing
an effective combination therapy to minimize the neuroin-
flammation and protective strategies for minimizing POCD,
and the length of stay in hospitals.

Conclusions

The intra-anesthetic use of sevoflurane has been associ-
ated for a long time with the higher incidence of POCD.
The mechanism was not identified, and the theory of neuro-
inflammation remained the main key of pathophysiological
reaction that leads to cognitive dysfunction. Recent multi-
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centric trial gives reliable information that the use of intra-
venous anesthetic agents is associated with the same POCD.
Neuroinflammation remains to be the mediator of cognitive
disorders, and apparently IL-6 keeps a major role in them.
Future studies are needed to be conducted to identify the
role of anesthetic agents in determining the neuroinflam-
mation.
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