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Abstract

Anaesthesia plays a crucial role in modern medicine. Recent research suggests that anaesthesia may also have
significant effects on the immune system. This article provides a comprehensive review of the current understanding
of how anaesthesia affects immune function. It is divided in two parts. The first one, explores the underlying mecha-
nisms and discussing the clinical implications of leukocyte function, cell-mediated immunity, humoral immunity, gut
microbiota and cytokine signaling pathways. The second part review the inflammatory response modulation, stress
response and cancer recurrence rates. By elucidating these complex interactions, we aim to enhance our understanding of
anaesthesia-related immunomodulation and facilitate the development of strategies to mitigate potential adverse effects.
Advancing our knowledge of anaesthesia’s immunomodulatory effects is a cornerstone to improve patient safety and the
effectiveness of perioperative management. Anestezjologia i Ratownictwo 2025; 19: 172-184. doi:10.53139/A1R.20251918
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Introduction infection site and initiates an inflammatory response
to contain and eliminate pathogens. Noninfectious
This article is the second part of a review on the stimuli such as major surgery can also induce this
impact of anaesthesia on the immune system. We response, causing tissue damage, sometimes in an
analyzed in the first part the mechanisms and clinical uncontrolled manner. The reasons why the usually
implications on leukocyte function, cell-mediated moderate post-surgical inflammatory reaction causes
immunity, humoral immunity, gut microbiota and an exaggerated inflammatory response are unknown.
cytokine signaling pathways. A multifactorial process occurs that includes immune
The second part focuses on the inflammatory cell recruitment, proinflammatory peptide release,
response modulation, stress response and cancer recur- endothelial and tissue damage. The recruitment of
rence rates and also exposes the effects of the different immune cells such as leukocytes and platelets (whose
anaesthesia drugs on the immune system. role as inflammatory mediators appears to be more
The literature search criteria are the same that active than traditionally recognized [1]) is activated by
described in the first part. tissue damage and the release of Damage-Associated
Molecular Patterns (DAMPs) [2], closely related with

Inflammatory response modulation Pathogen-Associated Molecular Patterns (PAMPs).
Peptides released with proinflammatory effects
The immune system is a complex defense mecha- include cytokines (from macrophages, natural killer
nism that activates different immune cell lineages at the (NK) cells, B cells, and T lymphocytes), interferons,
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interleukins (ILs), tumor necrosis factors, colony-
stimulating factors, and others such as Transforming
Growth Factor p (TGF-pB) and prostaglandins.
Inflammatory cell recruitment, cytokines, and the
release of Reactive Oxygen Species (ROS) induce endo-
thelial dysfunction and glycocalyx damage, facilitating
leukocyte and platelet adhesion to the endothelium,
neutrophil activation, and ultimately tissue and mul-
tisystem organ damage, with the release of chemokines
involved in neutrophil infiltration [3].

Anaesthesia can modulate the inflammatory
response, leading to alterations in the production and
release of inflammatory mediators, and should be con-
sidered when assessing perioperative inflammatory sta-
tus and other measures such as pharmacologic agents
(tables 1 to 3) [4], remote ischemic preconditioning
protocols, cytokine blockade or clearance, and surgical
and anaesthetic procedure optimization. It is impor-
tant to note that tables 1 to 3 include published results
from in vitro and in vivo studies, both in animals and
humans. Controversial results from different studies
have also been included, especially those affecting
tumor progression or antimicrobial activity.

These effects appear in several clinical situations,
such as ischemia-reperfusion injury [5], cancer progres-
sion [5-7], and perioperative infections [5]. Sevoflurane
alleviates perioperative cognitive dysfunction [5] and
improve immune function in elderly patients when
compared with propofol [8]. Immunomodulation is
particularly relevant in transplant surgery outcomes.
Volatile anaesthetics exert immunomodulatory effects
that could influence postoperative outcomes through
interactions with GABA, (Gamma-aminobutyric
acid),, glycine, nicotinic acetylcholine, serotonin and
N-methyl-D-aspartate (NMDA) receptors, potassium
and sodium channels and B2 integrin [5].

Desflurane (vs. sevoflurane) induces peripheral
blood regulatory T cells to increase with better kid-
ney transplant tolerance and graft function [9] and
dexmedetomidine is associated with improved cardiac
transplant outcomes [10].

Patient characteristics and the magnitude of the
surgery may be more important factors than anaesthe-
sia itself in some cases. Thus, it has been reported that
the effect of general anaesthesia on cytokines in the
immune system in healthy patients and short-term
surgeries is not significant, and changes in the immune
system are related to surgical trauma, particularly in
major surgery [11].
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Stress response

Surgery and anaesthesia induce a systemic stress
response in patients, releasing cortisol, adrenaline,
and noradrenaline, and impairing immune function
by modulating leukocyte activity and cytokine pro-
duction. Chronic exposure to stress hormones during
surgery and anaesthesia may contribute to immune
suppression and an increased susceptibility to infec-
tion. Several combinations of anaesthetic techniques,
especially those involving regional anaesthesia, try to
reduce the surgical stress-induced immunosuppres-
sion, with different reported favorable outcomes (e.g.,
interscalene block for shoulder surgery [12], general
anaesthesia combined with epidural anaesthesia for
colon cancer [7], total intravenous anaesthesia vs.
balanced anaesthesia in neurosurgery [13] or propofol
vs. isoflurane in gastric surgery [14]). However, other
factors should be considered, such as the effect of sur-
gery (epidural anaesthesia as well as general anaesthesia
may not protect patients from this immunosuppression
during upper abdominal surgery [15]) or coexisting
diseases (e.g., blood hypertension may act as a stimulus
for inflammation and affect the inhibitory effect of dif-
ferent anaesthetic techniques to reduce postoperative
stress response [13]).

Cancer recurrence rates

There is an increasing incidence of cancer diagno-
sis. Nearly two-thirds of these patients will undergo
anaesthesia and surgery for intended cure or palliation
as first-line treatment. Thus, the effects of anaesthesia
on cancer recurrence could have wide-ranging impact
on population health.

The perioperative period induces relative immu-
nosuppression and creates a tumorigenic physiologi-
cal environment. Cancer is a pathological condition
influenced by several perioperative factors, including
surgical stress and inflammatory responses, hypother-
mia, blood transfusions, tissue hypoxia, and the direct
effects of anaesthetics and other perioperative drugs.

Surgical stress response involves the release of
catecholamines, prostaglandins, and growth factors
that activate pathways that may increase the metastatic
ability of cancer cells.

Inflammatory response to surgery includes the
liberation of interleukin-6 and prostaglandin E2,
which may provoke the inhibition of NK cells activity,
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TableI. Immunologic effects of volatile anaesthetics
Drug Effect Action Research Intervention
R NK cell activity Human, in vitro | Breast cancer
Hyposalivation. Altered nonimmunological
R oral mucous host defences with maintained Human, in vivo | Hysterectomy
immunoglobulin responses
S T-lymphocyte apoptosis Human, in vitro | Cancer
S Angiogenesis through HIF-1a activity Human, in vitro | Cancer
Volatile Tumor progression by triggering pro- L
anaesthetics inflammatory signaling e
[16, 19, 29, 30] Metastasis, potentiating cancer cells and
suppressing the immune function by different
S mechanisms: HIF-1a up-regulation, increased | Human, in vitro | Cancer
angiogenesis, cell proliferation, and migration
(increased ILGF, and VEGF)
No differences (vs. intravenous anaesthesia) Abdominal
N on the serum Hepatitis B Virus-DNA level in Human, in vivo ST
non-hepatobiliary minimally invasive surgery gery
Tét(;fus il N No effect on cancer progression Human, in vivo | Colon cancer
Mild immunosuppression Human, in vitro
Favorable preservation of IL-2/IL-4 and
CD4(+)/CD8(+) T cell ratio in the perioperative
period. Less adverse immune responses of Human, in vivo |Breast cancer
Desflurane Ieukoctyhtes_ and NK cells than propofol
[31-34] anaesthesia.
A Genotoxic and pro-inflammatory effect Human, in vivo | Minor surgery
R Neutrophil recruitment and phagocytosis Human, in vitro
Regulatory T cells (better transplant tolerance A of Kidney
o and graft function) AL, [ Ye transplant
Enflurane Greater depression than halothane of A ool
[35] | leucocyte function Human, in vivo | Hysterectomy
Halothane ; e Human,
[36, 37] Rare fulminant form of hepatitis animal, in vitro
. . - L Cognitive
A Blood-brain barrier permeability Human, in vivo dysfunction
R T lymphocyte activity and cytokine production | Human, in vivo |Lung cancer
| Phagocytic function Human, in vitro | Tympanoplasty
Isoflurane Interleukin-6 to interleukin-10 ratio after Alcoholic
[33, 38-41] R surgery (compared with propofol). Greater risk | Human, in vivo i
of infection P
Signal transducer and activator of Coronary
transcription (STAT) 5, protecting myocardium A oufl
o from ischemia/reperfusion injury through AU, T a:g?’[i)rg bypass
remote ischemic preconditioning 9 9
Mild immunosuppression. Greater Cervites
lymphopenia than propofol in laparoscopic Human, in vivo ST
radical hysterectomy
Sevoflurane R Pro-inflammatory cytokines production Human, in vitro
[3, 4, 34, 42, 43] Pol h | I .
olymorphonuclear cells, reactive oxygen A
R species and chemotaxis FIGTEL (7)) | SLEERY
R Neutrophil recruitment and phagocytosis Human, in vitro
Xenon and sevoflurane anaesthesia did not
Xenon have a pro-inflammatory effect and reduced A oof Abdominal
[44] . phagocytosis and oxidative burst of AL, [ YE surgery,

granulocytes without affecting monocytes

Actions: reduce (R), augment (A), not effect (N), inhibit (I), stimulate (S).
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Table II.  Immunologic effects of intravenous anaesthetics
Drug Effect Action Research Intervention
. . A oof Cancer
N T-lymphocyte apoptosis (midazolam) Human, in vivo EETEREE
Neutrophil function and activation of A o
| T el Human, in vitro
: : Human and
R Pro-inflammatory cytokine levels EniiraEl fin vive
Benzodiazepines S M2 monocyte/macrophage phenotype [Animal in vitro |Rats
[16, 45-49] Polymorphonuclear leukocytes
| phagocytosis and bactericidal activity Human, in vitro
(midazolam)
Significantly decreased chemotaxis,
phagocytosis, and reactive oxygen
R species (ROS) (0O2-, H202, OH) Human, in vitro
production of neutrophils in a dose-
dependent manner.
Major histocompatibility complex-II _
I?se())(]amethasone R signaling, selecting P ligand signaling, Human, in vivo S:t\i/gﬁsCOVID 19
and T cell recruitment P
Surgery outcomes improvement in heart . . .
. . transplant and cardiac surgery Al It wive | Cetlie surgeny
Dexmedetomidine . . . .
[10, 51, 52] Pro-inflammatory cytokine levels in Experimental
T R experimental sepsis and neutrophil Animal, in vivo |sepsis and
infiltration (prevented lung injure) pulmonary injury
Droperidol Polymorphonuclear leukocytes A oof
[49] | phagocytosis and bactericidal activity Human, in vitro
I/N NK cell activity Human, in vitro | Cancer
T lymphocyte function (induces - Cancer
| T-lymphocyte apoptosis) Human, in vivo recurrence
Th1/Th2 ratio, stimulating immune P Healthy
- function ARIED, ) volunteers
A Anti-inflammatory cytokines Animal, in vitro |Sepsis
Pro-inflammatory cytokines in endotoxin : i
R eliees dheelk Animal, in vivo |Rats
Macrophages nitric oxide production . S
Ketamine R |(inhibition NO synthetase) AL, U i
[16, 33, 45, 53-60] A Phagocytic activity of macrophages Human, in vitro | Tympanoplasty
Maturation of bone marrow-derived A of
! dendritic cells Human, in vitro
Neutrophil adhesion, degranulation, and I
! antioxidant activity ARIED, ) G
| Platelet aggregation Human, in vitro
Significantly decreased chemotaxis,
phagocytosis, and reactive oxygen
R species (ROS) (02-, H202, OH) Human, in vitro
production of neutrophils in a dose-
dependent manner.
NK cell activity. Fentanyl reduces NK- A oof
R cells and CD8+ cytotoxic T-cells Human, in vitro | Cancer
Macrophage recruitment at the site of A o
R A EEiom Human, in vitro
| Macrophage phagocytosis Human, in vitro
Opioids A Regulatory T cells (morphine) Human, in vitro
[49, 56, 61-65] R Bactericidal function of neutrophils Human, in vivo
: ; Human and
R T-cells Antigen presentation animal, in vitro
T-cells early pro-inflammatory response
R to opportunistic infections and altered Human and

differentiation to Th2 phenotype

animal, in vitro

175




Anestezjologia i Ratownictwo 2025; 19: 172-184

Nauka praktyce / Science for medical practice

Drug Effect Action Research Intervention
Polymorphonuclear phagocytosis and
N bactericidal activity (fentanyl and Human, in vitro
alfentanil)
s Tumor neovascularization and SER. iR vive Cancer
Opioids expansion (morphine) ’ recurrence
[49, 56, 61-65] Immune responses and stimulate Cancer
| pathways that may support cancer cell Human, in vivo EEURTEREE
proliferation
Gut microbiota dysbiosis in chronic - fmi
S opioid use Human, in vivo | Opioid use
R T lymphocyte activity Human, in vitro
Activation and differentiation of e oo Lung cancer
A peripheral T-helper cells Human, in vivo surgery
R Neutrophilic oxidative stress Human, in vitro
R Serum cortisol response (vs. Isoflurane) [ Human, in vivo |Hysterectomy
Release of pro-inflammatory cytokines
R (anti-inflammatory effect) in Animal, in vivo |Rat
endotoxemia-induced acute lung injury
Interleukin-6 to interleukin-10 ratio after P Long-term
. surgery (compared with propofol). AR, ) Y alcoholics
Oxidative damage to tissues during
R surgical procedures (neuroprotective Human, in vitro
effects)
; A : Animal, in vitro,
R Inducible nitric oxide synthetase i vive
Pulmonary immune response P
R (antiapoptotic and neuroprotective effects) Human, in vitro
A Respiratory burst neutrophil’s function Human, in vitro | Tympanoplasty
Propofol Neutrophil superoxide and elastase P
[33',)38, 40, 66-80] l release, chemotaxis A, i e
N Phagocytic activity Animal, in vitro
Macrophages chemotaxis, oxidative : A of
| burst, and phagocytosis Animal, in vitro
N NK cell activity Human, in vitro |Breast cancer
Less inhibitory effect on T lymphocytes, Bronchoscopy,
on the differentiation of Th cells into Th1 A oof severe
R cells, and better preserve Th1/Th2 ratio Human, in vitro mycoplasmal
than inhalational sevoflurane in children pneumonia
Myocardium protection from ischemia- G oof :
reperfusion injury Human, in vivo |Cardiac surgery
Negative consequences associated P
R with perioperative immunosuppression Human, in vivo | Breast cancer
Antitumoral effects (immune-preserving
effects, reductions in IL-6 and other CEEER
A inflammatory markers and directly Human, in vivo EULTERGE
regulating key ribonucleic acid
pathways and signaling in cancer cells)
TIVA inhibit neuroinflammation by inhibiting A oo Parkinson
I the increase in serum levels of IL-17 AR, T e surgery
Moderate immunosuppressive effects Human, in vitro
Anti-inflammatory effects on neutrophil s
= antibacterial functions e
| NK cell activity Human, in vitro
i T lymphocyte activity and lymphocyte A oof
Thiopental R apoptosis (protective effects) Human, in vitro
[45; 49, 81:84] R Pro-inflammatory cytokines Human, in vitro
Neutrophil polarization, chemotaxis,
adherence, phagocytosis, oxidative
| burst and reactive oxygen species Human, in vitro
(ROS) (0O2-, H202, OH) production in a
dose-dependent manner.

Actions: reduce (R), augment (A), not effect (N), inhibit (I), stimulate (S).
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Table ITI. Immunologic effects of local anaesthetics

Drug Effect

Local
anaesthetics
[16, 17, 85-90]

R
R Edema formation
S

Action

s Anti-inflammatory effects on
polymorphonuclear cells

Adherence, migration and accumulation of
macrophages at the site of inflammation

Preservation of endothelial barrier integrity

Cancer progression by decreasing the need
for systemic opioids and volatile agents

Neutrophil and macrophage’s function:
adhesion, chemotaxis, phagocytosis, and

| production of superoxide anion and
hydrogen peroxide (lidocaine, mepivacaine,
procaine, prilocaine and tetracaine)
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Research Intervention

Human, in vitro

Human, in vitro

Human, in vitro

Human, in vivo
and in vitro

Human, in vivo

Human, in vitro

S NK cell activity

Lidocaine macrophages

[2, 4, 16, 85, 91] R
and inflammation

R Pro-inflammatory cytokines

Adhesion, chemotaxis, phagocytosis, and
| the production of superoxide anion and
hydrogen peroxide by neutrophils and

Cell injury induced by ischemic-reperfusion

Anti-nociceptive and anti-inflammatory
effects mediated by toll-like receptor, nuclear
A factor kappa-f3, downstream cytokine
effectors high mobility group box 1 and
tumor necrosis factor-a

Human, in vitro
Human, in vitro

Human, in vitro

Human, in vitro

Human, in vivo
and in vitro

Bupivacaine s

ek e (more than lidocaine)

Tissue inflammation and release of
inflammatory cytokines at the site of injection

Human, in vitro

Mepivacaine

Immune profile similar to that of lidocaine,
with mild anti-inflammatory effects

Adhesion, chemotaxis, phagocytosis, and

macrophages

[90] the production of superoxide anion and .
l hydrogen peroxide by neutrophils and Altmz, i vLire
macrophages
Adhesion, chemotaxis, phagocytosis, and
Prilocaine the production of superoxide anion and A ol
[90] ! hydrogen peroxide by neutrophils and AT, 0 VL

Ropivacaine
[85, 92]

ropivacaine alone

s Tissue inflammation (Less inflammatory
effects than bupivacaine)

Caudal block anaesthesia with
s hydromorphone-ropivacaine had lesser
impact on immune function compared to

Human, in vitro

Children
hypospadias
surgery

Human, in vivo

Actions: reduce (R), augment (A), not effect (N), inhibit (I), stimulate (S).

responsible for detecting and destroying circulating
tumor cells.

Tissue hypoxia induces upregulating expression of
the transcription Hypoxia-Inducible Factor 1-Alpha
(HIF-1a), which is important in the promotion of
cellular pathways for angiogenesis, cell proliferation,
and metastasis.

Traditionally, laboratory, animal, and retrospective
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human data suggest that anaesthetic agents may affect
cancer recurrence or improve cancer-related survival,
but there is scarce evidence to support using a specific
anaesthetic agent or technique to reduce the risk of can-
cer recurrence after surgery. There are few high-quality
prospective clinical trials. These trials are difficult to
design (considering population studied, number of
patients, type of cancer...) and should continue over
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time to evaluate recurrences and to isolate the effects
of anaesthetics from all factors (including genomics or
ambient exposition) that can affect cancer outcome.

It has been described that surgical inflammation,
some anaesthetics, and inadvertent anaesthesia mana-
gement suppress antitumor cells (CD4+ T helper 1-type
cells, CD8+ cytotoxic T cells, and NK cells), and induce
suppressive immune cells, which render cancer patients
susceptible to tumor recurrence and metastasis after
surgery. Accumulated basic and clinical data suggest
that total intravenous anaesthesia with propofol,
cyclooxygenase antagonists, and regional anaesthesia
can decrease negative consequences associated with
perioperative immunosuppression, possibly due to less
surgical stress, perioperative immunosuppression, and
angiogenesis when compared to general anaesthesia
with volatile anaesthetics and opioids [16, 17].

Volatile anaesthesia, systemic morphine or syn-
thetic opioids administration, unnecessary blood
transfusions, intraoperative hypoxia, hypotension,
hypothermia, and hyperglycemia should be avoided
[16, 18]. These effects also depend on dose, duration,
and time-of-use.

If we try to analyze these factors separately, we find
that in the case of volatile anaesthetics, the published
results are controversial. Some studies suggest the
existence of proinflammatory effects, not confirmed
in a following meta-analysis [19]. Laboratory studies
concluded that volatile anaesthetics could enhance
metastasis, potentiating cancer cells and suppressing
immune function through different mechanisms, inc-
luding the upregulation of HIF-1a, increased angioge-
nesis, cell proliferation, and migration associated with
rising levels of Insulin-Like Growth Factor 1 (ILGF,)
and Vascular Endothelial Growth Factor (VEGF).

There is little data about the effect of nitrous oxide
that may not increase the risk of cancer recurrence after
colorectal surgery [20].

Propofol has demonstrated anti-inflammatory;,
antioxidative and antitumoral effects (directly regu-
lating key ribonucleic acid pathways and signaling
in cancer cells) in laboratory studies and in different
cancer cell lines in vitro. In animal models, propofol
did not suppress NK cell activity or increase metastasis,
whereas ketamine and thiopental did.

Regarding the anaesthesia technique, total intra-
venous anaesthesia (TIVA) vs. inhalation anaesthesia,
the great majority of retrospective clinical studies
showed no differences [21] or better overall survival
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with TIVA. Studies comparing circulating tumor cells,
fractions of postoperative immune cells or cancer
regulatory factors have not been conclusive or present
contradictory results.

Classically, it was described that perioperative
regional anaesthetic and analgesic techniques may
play a beneficial role in long-term oncological surgery
outcomes due to attenuated surgical stress response
by reducing catecholamine levels and minimizing
immunosuppression [22]. However, the diversity and
multifactorial complexity of patients and carcinogenic
factors make it impossible to separate the effects of
anaesthesia, surgery and other interference factors on
cancer recurrence and metastasis [23].

Regional anaesthesia may prolong recurrence-free
survival and overall survival after gastrointestinal
cancer surgery, including gastric and esophageal can-
cer, by modulating the immune and inflammatory
response. A fair number of articles proposed plausible
reasons why regional anaesthesia may reduce cancer
recurrences. However, the results from human studies
are conflicting [24,25]: e.g., there was no clear evidence
that change in single anaesthesia technology could
directly affect the long-term prognosis of lung cancer
patients [23].

This disparity of findings and its clinical impor-
tance motivated the performance of meta-analyses
analyzing the impact of regional techniques effects on
survival and cancer recurrence after oncologic surgery,
although most of them encountered the same problems:
heterogeneous studies and different results, which do
not allow us reaching a definitive conclusion.

Therefore, several meta-analyses concluded that
regional techniques might improve overall survival but
not reduce cancer recurrence [26], whereas others did
not find differences between the regional techniques
and general anaesthesia groups in overall survival
rate, time to cancer recurrence, and cancer-related
mortality [22]. A recent meta-analysis of 15 randomi-
zed trials including approximately 6000 patients who
underwent various types of cancer surgery, confirmed
these results, concluding that perioperative regional
anaesthesia did not reduce postoperative recurrence-
-free survival, overall survival, or time to tumor pro-
gression [27].

We must also consider that the heading of regional
analgesia/anaesthesia includes different techniques
that are very different from each other. This makes it
difficult to draw evidence-based conclusions. However,
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there are two analgesic regional techniques frequently
used to improve oncologic surgery outcomes: the
paravertebral block and epidural analgesia. There are
no definitive data to support or refute the use of para-
vertebral blocks for the reduction of cancer recurrence,
but this block is associated with lower levels of inflam-
mation and a better immune response in comparison
with general anaesthesia and opioid-based analgesia
[24], and may have a beneficial effect on the overall
survival of patients with lung cancer [28]. Concerning
epidural analgesia, there is no evidence to recommend
or refute its use to reduce cancer recurrence after
gastroesophageal cancer surgery [24].

It is necessary to verify the hypothesis that regio-
nal analgesia/anaesthesia might improve recurrence-
-free survival and overall survival after oncologic
surgery by conducting large multicenter randomized
clinical trials. However, until conclusive data will be
available, in patients or situations where there are no
anaesthetic contraindications, it is reasonable to select
those anaesthetic techniques described as beneficial in
some studies.

Conclusion

In the first part of this review, we outlined the
need to design strategies to minimize the immune
alterations that are essential to prevent periopera-
tive dysfunction.

There is no one-size-fits-all technique to preserve
immune function during anaesthesia and the variabi-
lity in existing studies complicates this issue. Therefore,
we must change our attitude, moving away from the
classic concept of anaesthesia directed exclusively at
the surgical and immediate postoperative periods
and adopting the concept of perioperative medicine,
including long-term implications. We should enhance
the patient’s preoperative preparation, with physical
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and treatment optimization through patient blood
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homeostasis and mitigating excessive pro-inflamma-
tory responses to surgery by selecting the best drugs,
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glycemic control. Finally, we should apply all these
techniques and postoperative care available in post-
-anaesthesia care units.

Several topics remain unanswered despite of
progress made in clarifying how anaesthesia affects
immune function. Future research should focus on
understanding the mechanisms behind anaesthesia-
-induced immunomodulation, identifying immune
biomarkers, and developing strategies to reduce adverse
outcomes. Large-scale clinical trials are also crucial
to assess how these immune changes affect surgical
outcomes and long-term morbidity.

In conclusion, advancing our knowledge of ana-
esthesia’s immunomodulatory effects is a keystone to
improve patient safety and the effectiveness of perio-
perative management.
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Continuing education questionnaire:

1.- Regarding the modulation of the inflammatory response, indicate the incorrect answer:
a. It can be triggered by infectious, non-infectious or surgical stimuli.
b. It is a controlled reaction, through known pathophysiological mechanisms.
¢. Anaesthesia can modulate the inflammatory response.
d. Surgery could exert a more important stimulus on the immune system than anaesthesia.
e. Immunomodulation is especially important in transplant anaesthesia.
Answer:
b. The modulation of the immune response can sometimes appear in an uncontrolled manner, causing tissue
damage. The reasons that induce this response are unknown.

2.- Indicate the correct answer regarding the effect of regional anaesthesia in tumor surgery:

a. Regional anaesthesia improves survival.

b. Regional anaesthesia does not improve survival.

c. Regional anaesthesia does not improve tumor recurrence rates.

d. Regional anaesthesia does not improve tumor progression time.

e. All of the above are correct.
Answer:
e. All of the above are correct. The effect of regional anaesthesia on the outcome of oncologic surgery is controversial.
There are different meta-analyses that come to different conclusions, from that regional anaesthesia can improve
survival but not the rate of tumor recurrence, to that it has no effect on survival, recurrence rate, or time to tumor
progression. For this reason, more randomized multicenter studies are needed.

3.- The effects of anaesthesia on the intestinal microbiota have been correlated with the following, except for:
a. Postoperative and chronic pain.
b. Neuropathic pain.
c. Headache.
d. Opioid intolerance.
e. Delirium.
Answer:
d. Dysbiosis of the intestinal microbiota is accompanied by all of the above, in addition to inflammatory pain,
postoperative neurological alterations, and increased tolerance to opioids

4.- Halogenated anaesthetics cause all of the following effects on the immune system except:
a. Moderate immunosuppression.
b. Angiogenesis.
c. Decreased recruitment and phagocytosis of neutrophils (sevoflurane).
d. Myocardial protection from ischemia-reperfusion injury (isoflurane).
e. Improved tolerance and function of renal transplantation (desflurane).
Answer:
a. Halogenated anaesthetics cause mild immunosuppression.
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5.- Indicate the incorrect statement:

a. Midazolam inhibits the bactericidal activity and phagocytosis of polymorphonuclear leukocytes.

b. Droperidol inhibits the bactericidal activity and phagocytosis of polymorphonuclear leukocytes.

c. Fentanyl inhibits the bactericidal activity and phagocytosis of polymorphonuclear leukocytes.

d. Propofol does not alter the function of NK (natural killer) cells.

e. Ketamine does not alter the function of NK (natural killer) cells.
Answer:
c. Fentanyl and alfentanil do not alter the bactericidal activity and phagocytosis of polymorphonuclear leukocytes.
The rest of the statements are true. In the case of ketamine, there are articles that indicate that it does not alter
the function of NK cells, while others indicate that it can inhibit their function. This is another example of the
diversity of results and the need for multicenter clinical trials that allow us to more adequately assess the effects of
anaesthesia on the immune system.
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