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Abstract
The operative trauma triggers an inflammatory response that leads to a series of cascade changes
known as the stress response to surgery. During extensive surgical procedures, the development
of excessive stress response can result in transient suppression of the immune system. Natural
killer cells (NK cells) and Cytotoxic T lymphocytes (CTLs) are the basis of the innate immunity,
which is considered the primary defense against the dissemination of malignant cells and
infection. One very significant discovery in anesthesiology was that anesthetic treatment can
limit the excessive stress response after surgery. It is confirmed that both intravenous lidocaine as
a part of a combined anesthesia protocol and regional anesthesia (RA), have positive effects in
the reduction of proliferation and migration of malignant cells, as well as in the prevention of
excessive and potentially harmful inflammatory reaction and preservation of the innate
immunity. Regional anesthesia techniques have already surpassed their primary role in
performing operative analgesia. Rather, they are a valuable addition to anesthetic strategy in the
prevention of excessive and potentially harmful inflammatory reaction and preservation of the
innate immunity.

Aim: we conducted a literature search to identify the most recent available data on the
inflammatory and stress responses associated with the use of regional anesthetic techniques. In
addition, we also provide our practical experience with these two techniques.
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Introduction

Aim: The aim of this educational review is to discuss the most recent literature data, and to take
into consideration our experiences regarding the role and the potential benefit of both
intravenous lidocaine and regional anesthesia in reducing the stress response and the preservation
of innate immunity during surgery in patients with malignant disease.

Methods: A search using PubMed, Google Scholar, EMBASE, and Scopus databases with the
terms “regional anesthesia”, “stress response”, “inflammation”, “malignancy” and “‘surgery” was
performed. The most recent articles were reviewed and this review was written relying on the

most current information.



1.1 Stress Response to Surgery
The level and magnitude of the stress response and inflammatory reaction are considered
proportional to the severity of tissue destruction caused by surgical trauma. The main aim of the
secretion of inflammatory mediators (cytokines, chemokines and catecholamines) is the
activation of cell-based immunity in order to repair and heal the damaged tissues and organs.
However, during extensive and prolonged surgical procedures, we can expect the development of
stronger and even excessive stress responses, which can paradoxically produce transient
immunosuppression and inhibition of cellular immune elements. Surgical excision of the
malignancy inevitably causes significant stress and potential damage to the surrounding tissues
that additionally triggers prolonged inflammation in the postoperative period.
The knowledge of the influence of the stress response and inflammation on immune competence
derives from research conducted over the past 10 years. One of the pioneers in this field is
Horowitz, who introduced the term “inflammatory response syndrome” for the first time in 2015,
in order to emphasize the negative impact of the immune suppression on dissemination of
malignant cells and infection during surgery. (1) This is particularly important in oncology
patients where the rapid division rate of the malignant cells and the hypoxic microenvironment
are main stimuli of the inflammatory reaction and secretion of pro-inflammatory cytokines (IL6,
IL10, HIFa and VEGF). Changes in the immune function are most profound in the early
postoperative period when strong inflammatory response can cause decreased number and lower
activity of T lymphocytes. Current data show that impaired innate immunity in any phase of the
treatment of malignancy has strong negative prognostic value, in terms of tumor recurrences,
metastatic spread as well as overall survival. (2,3)

1.2 Innate Immunity
Although there isn’t a rigid distinction, immune processes are generally divided into innate and
adaptive immunity, which regularly intertwine in different clinical scenarios. The primary
defense against the dissemination of malignant cells and/or infection is the activity of innate
immune cells. These subtypes of T lymphocytes have a natural ability to eliminate malignant,
infected, or damaged cells without prior training, memory, or activation. This inherited
cytotoxicity is basically the foundation of modern immune-based therapies that are replacing
classic cytotoxic therapy. Following initial contact with malignant cells, these groups of T
lymphocytes undergo a complex and still not well-understood activation process during which
their cytotoxicity increases several times. The main carriers of this T lymphocytes subgroup also
called “Innate lymphoid cells - ILCs”, are Natural killer cells — NK cells and Cytotoxic T
lymphocytes — CTLs.

1.2.1 NK Cells
NK cells are primarily cytotoxic T lymphocytes that exert a dual mechanism of action against
malignant and infected cells. Innate cytotoxicity is mediated through direct lysis of damaged
cells via exocytosis of lytic granules containing perforin and granzyme B, as well as through
activation of death receptors and induction of genetically programmed cell apoptosis.
Additionally, these T lymphocytes are considered the primary source of secretion for the



anti-inflammatory cytokines group (IL2, IL12, IL18 and IFNY) that oppose pro-inflammatory
cytokines and excessive inflammatory reactions. According to the available data, the secretory
phase and excretion of cytokines occur after the primary receptor activation period on the surface
of NK cells. In the period that follows, NK cells exert direct cytotoxic activation by
degranulation of lytic granules and elimination of malignant cells. (4) During the activation
phase of the immune cells, a series of morphological and phenotypic changes on NK cells can be
detected. Increased cell metabolism is necessary for the rapid increase in cytokines secretion and
rise in the anti-inflammatory cytokines concentration, both locally and in circulation. Once
activated, NK cells have higher rate of exocytosis of lytic granules and a several-fold increase in
cytotoxicity. (5,6)

1.2.2  Cytotoxic T Lymphocytes — CTLs
CTLs are the 2nd active element of the innate immune response that also have a direct cytotoxic
activation mechanism. A part from the exocytosis of lytic granules and secretion of perforin and
granzyme B, CTLs create direct synapse-like connections with the membranes of malignant and
infected cells. Damaged cells can also be eliminated by activating death receptors and initiating
genetically programmed apoptosis. The average circulating half-life of NK cells and CTLs is 17
days, however, recent studies have confirmed the existence of long-living NK cells that can be
isolated from circulation several months after the initial invasion of the organism. After
restimulation, these so-called “memory NK cells and CTLs” have a significantly stronger direct
immune response compared to non-stimulated “naive” T lymphocytes. Additionally, research
data indicate that memory NK cells and CTLs exhibit cross-reactivity and retain strong cytotoxic
potential against malignant cells, even after non-malignant stimulation. These findings are the
foundation of modern immunotherapeutic approaches to malignancies that are resistant to
standard cytotoxic therapy. (4,7)
During malignant cell elimination, a part from the absolute number of NK cells and CTLs, their
activation process that results in increased cytotoxic and secretory function is particularly
important. According to the results of experimental and clinical studies, oncology patients who
had a lower average number of NK cells and CTLs in the early postoperative period also had a
worse prognosis in the final treatment outcome. These patient populations in the 3- and 5-year
follow-up period had significantly higher incidence of metastatic spread and recurrence of the
malignancy compared to patients with normal or above the average concentration of NK cells
and CTLs. (5) The continuous follow-up of the concentration and the activity of T lymphocytes
plays an important role in the creation of a prognostic profile during the treatment of patients
with different forms of malignancy.

2. The Role of Anesthetic Management and Regional Anesthetic Techniques in Innate

Immunity

One of the more significant recent discoveries in anesthesiology is the fact that certain
anesthetics and anesthesiology techniques can modulate the severity and duration of the
inflammatory response and preserve the immune function. (8-11) Anesthesiology techniques that
can limit excessive stress response after surgery include: regional anesthetic techniques,



combined anesthesiology treatment, and non-opioid anesthesia. However, there is only a small
number of high-quality randomized clinical studies and the majority of scientific data comes
from experimental and in-vitro research that are inconsistent and difficult to translate into clinical
recommendations. (12)

Lidocaine is the only amide local anesthetic that is safe for intravenous use in patients.
Indications for intravenous use of lidocaine are expanding in recent years as a result of recent
findings from clinical and experimental studies. In addition to its primary antiarrhythmic
indication, lidocaine is beneficial in controlling and reducing the inflammation and operative
stress response. Modern approaches include intravenous lidocaine (i.v. bolus and continuous
infusion) in creating an anesthesia protocol based on combined anesthetic strategies. In-vitro and
clinical trials have confirmed that lidocaine has a positive effect in reducing proliferation and the
invasive potential of malignant cells. Moreover, lidocaine stimulates the cytotoxicity of NK cells
in the early postoperative period. (13) Patients treated with continuous intravenous infusion of
lidocaine have lower postoperative concentration of pro-inflammatory cytokines (IL1, IL4, IL6,
IL10 and VEGF). (14) The impact of lidocaine on the immune system remains a subject of
ongoing debates, as 4 activation mechanisms have been identified thus far: 1) apart from the
sodium channels, lidocaine also has an inhibitory effect on M, muscarine receptors. 2) the
anti-inflammatory potential of lidocaine opposes the pro-inflammatory cytokines by inhibiting
the Src signal protein that plays a vital role in the destruction of cell membranes and proliferation
of malignant population. (15) 3) lidocaine engages in direct interaction with the membranes of
NK cells and CTLs and stimulates their cytotoxicity. 4) the analgesic properties of intravenous
lidocaine are particularly important, as it create an opioid-saving effect during combined
administration of general anesthesia (GA).

There is still no clear consensus on the recommended intravenous dose of lidocaine. For different
clinical settings, most authors recommend intravenous bolus dose of lidocaine 1-1.5mg/kg
followed by continuous infusion of 1.5-2mg/kg until the end of surgery. The safe therapeutic
range for plasma lidocaine concentrations is 1.5-5.0pg/ml, as concentrations >5ug/ml are
considered toxic and cause most complications. (16)

Bupivacaine is a local anesthetic used exclusively for epidural, spinal and regional anesthesia
(RA). Regional anesthetic techniques are used both as independent techniques and as part of
combined general anesthesia. The principal action of RA is the blockade of the sensory neural
transmission, thereby providing sufficient analgesia in the affected dermatomes. The additional
effect of neuraxial anesthesia and regional techniques is the blockade of the sympathetic
transmission that effectively reduces the stress response to the surgical trauma. The damage
caused by the surgery triggers neuro-endocrine, metabolic, and inflammatory response, which
leads to a series of cascade changes known as the stress response to surgery. In the postoperative
period, the end result of these defense mechanisms is suppression of innate immunity and
prolonged immunodeficiency, which can be detrimental in oncology patients.

Regional anesthesia techniques (RA) have a great potential in reducing the level of stress
response, primarily by blocking the afferent neurotransmission of nociceptive impulses to the



CNS. As RA is performed before surgery and before the occurrence of tissue damage, many
authors emphasize this preemptive modality. (17) With the introduction of new and more
advanced ultrasound aids, new approaches and safer regional techniques for different operative
procedures are emerging. It should be noted that most of the available data regarding the positive
effects of RA on inflammatory and stress response come from experimental studies; and
implementing these findings into clinical practice remains challenging. In recent years the results
of randomized clinical studies comparing the impact of GA and combined anesthesia modalities
including RA in different clinical settings were published. Most authors report that the clinical
benefits of RA as an analgesia providing tool during surgery or other painful procedures exceeds
its primary role. (18-20)

3. Conclusion
The activity of the innate immunity is a natural defense mechanism against the dissemination of
malignant cells and the spread of infectious disease. This is especially important during surgeries
and in the postoperative period when multiple factors that promote malignancy progression
occur. Excessive inflammation and stress response have a detrimental impact on the immune
response expressed as a decrease in both concentration and activity of NK cells and CTLs.
Regional anesthesia techniques have already significantly extended their role in providing
operative analgesia within the corresponding dermatomes. The use of regional anesthetics, both
intravenously (lidocaine) or as a nerve plexus block (bupivacaine), is a valuable addition to the
anesthesia plan, in terms of preventing the excessive and potentially harmful inflammatory
reaction. It is clear that the individualized approach is the future of anesthetic strategy when it
comes to applying the most beneficial technique and anesthetic agent for different clinical
scenarios. The significance and role of RA in clinical practice remain to be fully established, as
additional high-quality, randomized clinical trials across various surgical procedures are needed;
however, the immense potential of these techniques is already recognized.

References:

1. Horowitz M, Neeman E, Sharon E, Ben-Eliyahu S. Exploiting the critical perioperative
period to improve long-term cancer outcomes. Nat Rev Clin Oncol. 2015
Apr;12(4):213-26. doi: 10.1038/nrclinonc.2014.224. Epub 2015 Jan 20. PMID:
25601442; PMCID: PMC5497123.

2. Poznanski SM, Singh K, Ritchie TM, Aguiar JA, Fan 1Y, Portillo AL et al. Metabolic
flexibility determines human NK cell functional fate in the tumor microenvironment. Cell
Metab. 2021 Jun 1;33(6):1205-1220.e5. doi: 10.1016/j.cmet.2021.03.023. Epub 2021 Apr
13. PMID: 33852875.

3. Vivier E, Raulet D, Moretta A, Caligiuri M, Zitvogel M, Lanier L, Wayne M. Yokoyama
W and Ugolin S. Innate or Adaptive immunity? The example of natural killer cells.
Science 2011 January 7; 331(6013): 44—49. doi:10.1126/science.1198687.



10.

11.

12.

13.

14.

15

Vivier E, Ugolini S, Blaise D, Chabannon C, Brossay L. Targeting natural killer cells and
natural killer T cells in cancer. Nature reviews. Immunology. 2012 Mar;12(4):239-252.
DOI: 10.1038/nri3174. PMID: 22437937; PMCID: PMC5161343.

Kadia-Mehta et al. Cytokine-induced natural killer cell training is dependent on cellular
metabolism and is defective in obesity. Blood Advances 1* Edition 4 Oct 2021 vol 5, N
21.

Gerbec Z, Hashemi E, Nanbakhsh A et al. Conditional deletion of PGC-1a results in
energetic and functional defects in NK dells. iScience 2020 Sept; 23(9) 101454,.
DOI:10.1016/j.1s¢1.2020.101454.

Standish LJ, Sweet ES, Novack J, et al. Breast cancer and the immune system. Journal of
the Society for Integrative Oncology. 2008; 6(4):158-168. PMID: 19134448; PMCID:
PM(C2845458.

Li R, Liu H, Dilger JP, Lin J. Effect of Propofol on breast Cancer cell, the immune
system, and patient outcome. BMC Anesthesiol. 2018 Jun 26;18(1):77. doi:
10.1186/s12871-018-0543-3. PMID: 29945542; PMCID: PMC6020422.

Feng Y, Spezia M, Huang S, Yuan C, Zeng Z, Zhang L et al. Breast cancer development
and progression: Risk factors, cancer stem cells, signaling pathways, genomics, and
molecular pathogenesis. Genes Dis. 2018 May 12;5(2):77-106. doi:
10.1016/j.gendis.2018.05.001. PMID: 30258937; PMCID: PMC6147049.

Lirk P, Fiegl H, Weber NC, Hollmann MW. Epigenetics in the perioperative period. Br J
Pharmacol. 2015 Jun;172(11):2748-55. doi: 10.1111/bph.12865. Epub 2015 Apr 27.
PMID: 25073649; PMCID: PM(C4439872.

Raigon Ponferrada A, Guerrero Orriach JL, Molina Ruiz JC, Romero Molina S, Gomez
Luque A, Cruz Mafias J. Breast Cancer and Anaesthesia: Genetic Influence. Int J] Mol
Sci. 2021 Jul 17;22(14):7653. doi: 10.3390/ijms22147653. PMID: 34299272; PMCID:
PMC8307639.

Ciechanowicz SJ, Ma D. Anesthesia for oncological surgery - can it really influence
cancer recurrence? Anesthesia. 2016 Feb;71(2):127-31. doi: 10.1111/anae.13342. Epub
2015 Dec 16. PMID: 26669960.

Ramirez MF, Tran P and Cata JP. The effect of clinically therapeutic plasma
concentrations of lidocaine on natural killer cell cytotoxicity. Reg Anesth Pain Med. 2015
Jan-Feb;40(1):43-8. doi: 10.1097/AAP.0000000000000191. PMID: 25469757.

Wall TP, Crowley PD, Sherwin A, Foley AG, Buggy DJ. Effects of lidocaine and Src
inhibition on metastasis in a murine model of breast cancer surgery. Cancers (Basel).
2019;11(10):1414. doi:10.3390/cancers11101414.

. D’Agostino G, Saporito A, Cecchinato V, Silvestri Y, Borgeat A, Anselmi L, et al.

Lidocaine inhibits cytoskeletal remodelling and human breast cancer cell migration. Br J
Anaesth. 2018 Oct 1;121(4):962—-8. doi: 0.1016/1.bja.2018.07.015.


http://dx.doi.org/10.1016/j.isci.2020.101454
https://doi.org/10.1016/j.bja.2018.07.015

16.

17.

18.

19.

20.

Hollmann MW, Durieux ME. Local anesthetics and the inflammatory response: a new
therapeutic indication? Anesthesiology. 2000 Sep;93(3):858-75. doi:
10.1097/00000542-200009000-00038. PMID: 10969322.

Sacerdote P, Manfredi B, Mantegazza P, Panerai AE. Antinociceptive and
immunosuppressive effects of opiate drugs: a structure-related activity study. Br J
Pharmacol. 1997 Jun;121(4):834-40. doi: 10.1038/sj.bjp.0701138. PMID: 9208156;
PMCID: PMC1564723.

Heaney A, Buggy DJ. Can anaesthetic and analgesic techniques affect cancer recurrence
or metastasis? Br J Anaesth. 2012 Dec;109 Suppl 1:117-128. doi: 10.1093/bja/aes421.
PMID: 23242747.

Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. Can anesthetic
technique for primary breast cancer surgery affect recurrence or metastasis?
Anesthesiology. 2006 Oct;105(4):660-4. doi: 10.1097/00000542-200610000-00008.
PMID: 17006061; PMCID: PMC1615712.

Zhu G, Zhang L, Dan J, Zhu Q. Differential effects and mechanisms of local anesthetics
on esophageal carcinoma cell migration, growth, survival and chemosensitivity. BMC
Anesthesiol. 2020 May 25;20(1):126. doi: 10.1186/s12871-020-01039-1. PMID:
32450791; PMCID: PMC7249391.



