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Abstract

Objective

Anesthesia is correlated with the prognosis of cancer surgery. However, evidence from pro-

spective studies focusing on breast cancer is currently limited. This systematic review

aimed to investigate the effect of anesthesia-related interventions on oncological outcomes

following breast cancer surgery in prospective studies.

Methods

Literature searches were performed from inception to June. 2023 in the Pubmed, Web of Sci-

ence, Embase, and ClinicalTrials databases. The main inclusion criteria comprised a mini-

mum of one-year follow-up duration, with oncological outcomes as endpoints. Anesthesia-

related interventions encompassed, but were not limited to, type of anesthesia, anesthetics,

and analgesics. The risk of bias was assessed using the Cochrane Risk of Bias Tool.

Results

A total of 9 studies were included. Anesthesia-related interventions included paravertebral

nerve block (3), pectoral nerve block (1), sevoflurane (2), ketorolac (2), and infiltration of

lidocaine (1). Cancer recurrence, metastasis, disease-free survival, or (and) overall survival

were assessed. Among all included studies, only infiltration of lidocaine was found to pro-

long disease-free survival and overall survival.

Conclusion

Regional anesthesia and propofol did not improve oncological outcomes following breast

cancer surgery. The anti-tumorigenic effect of ketorolac warrants future studies with larger

sample sizes. Perioperative infiltration of lidocaine around the tumor may be a promising

anti-tumorigenic intervention that can prolong overall survival in patients with early breast

cancer.
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Introduction

As is well documented, surgical resection remains the gold standard for the treatment of

numerous tumors. The influence of anesthesia on cancer recurrence has garnered extensive

attention in recent years [1–3]. Preclinical experiments has established that anesthetics and

analgesics may potentially impact the prognosis of the cancer [4, 5]. Likewise, a previous meta-

analysis reported that propofol can prolong the overall survival of patients with cancer com-

pared with volatile anesthesia [6]. Indeed, compelling evidence suggests that the role of anes-

thesia in cancer recurrence deserves special attention.

More than 2 million women are diagnosed with breast cancer annually, the five-year mor-

tality rate of which was 4.9% in the last decade (Carolyn et al. Corrected in doi: 10.1136/bmj.

p1744, original article: doi: 10.1136/bmj-2022-074684) [7]. In recent years, multiple retrospec-

tive studies have focused on the role of anesthesia in breast cancer recurrence [8, 9]. A previous

systematic review undertaken in 2017 reported that regional anesthesia does not improve

oncological outcomes in patients with breast cancer [10]. Nevertheless, studies reporting long-

term outcomes in the systematic review were limited. The majority of prospective studies on

this topic have been published in the past six years. To the best of our knowledge, there has

been no systematic review focusing on the role of anesthesia intervention in breast cancer

recurrence and long-term survival.

Therefore, this systematic review of prospective studies was performed to address the gap.

Subjects were patients receiving anesthesia-related interventions during breast cancer surger-

ies whose oncological outcomes were assessed during the follow-up period. The primary

objective of this review was to offer valuable insights into the effect of anesthesia-related inter-

ventions on breast cancer recurrence.

Materials and methods

Search strategy

This systematic review was performed in accordance with the PRISMA guidelines (S1 Text).

Two researchers retrieved relevant articles published in English from the Pubmed, Web of Sci-

ence, Embase, and ClinicalTrials databases from inception to June 2023. Only English lan-

guage studies were included. The Search terms were as follows: (((trial) AND (((breast cancer)

OR (mastectomy)) OR (breast neoplasms))) AND (((long term) OR (survival)) OR (cancer

recurrence))) AND ((((anesthesia) OR (anaesthesia)) OR (anesthetic)) OR (analgesic)). The

study protocol was registered in INPLASY (No: 202360070, doi: 10.37766/inplasy2023.6.0070).

The protocol is detailed in the S1 File.

Inclusion criteria

The inclusion criteria were as follows: (1) Patients who underwent breast cancer surgeries

under anesthesia. (2) Implementation of perioperative anesthesia-related interventions. (3)

Data on cancer recurrence and (or) long-term survival as outcomes. (4) A follow-up duration

of at least 1 year.

The exclusion criteria were as follows: (1) Animal research studies. (2) Retrospective stud-

ies. (3) Case series or reviews.

Quality assessment

Two independent authors assessed the bias of the included studies using the Cochrane Risk of

Bias Tool (Revman 5.4.1). Disagreements were resolved via arbitration with a third author
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until a consensus was reached. In this assessment, a small sample size (total patients<200) was

considered a high risk in “other bias”.

Data extraction

Data extraction was carried out using two separate forms: characteristics and outcomes. The

former consisted of design, intervention, sample size, and follow-up durations. The outcomes

form comprised the incidence of cancer recurrence (or metastasis), disease-free survival, and

overall survival rate. The data were initially extracted by one author and were subsequently val-

idated by another author.

Results

Search results

The pre-defined search yielded 2609 studies, among which 300 duplicates were removed. The

titles and abstracts of the remaining 2309 studies were screened, and 2298 studies were

excluded for multiple reasons. Next, the full text of 11 studies was meticulously reviewed. One

study did not involve breast cancer surgery, whilst another study was identified as a duplicate

publication [11, 12]. As a result, 9 studies were finally included (Fig 1). Our search did not

extend to Scopus owing to limited access by the authors, which was a deviation from the proto-

col. Additionally, one trial comparing inhalation and intravenous anesthesia concerning mor-

tality following breast cancer surgery was ongoing, according to the record in ClinicalTrials.

gov (NCT04800393). This trial is projected to conclude in 2028.

Characteristics of studies and patients

All included studies were RCTs and published from 2017 to 2023. Anesthesia-related interven-

tions comprised regional anesthesia (paravertebral nerve block, pectoral nerve block), anes-

thetics (propofol or sevoflurane), analgesic (ketorolac), and local anesthetic (infiltration of

lidocaine). Among the included studies, 3 were multi-center studies (Table 1). Meanwhile, the

single-center studies were conducted in the Chinese mainland (2), Hong Kong (1), Korea (1),

USA (1), and India (1).

Study outcomes

Measured outcomes in these studies included cancer recurrence, metastasis, disease-free sur-

vival, and overall survival rate. Considering that studies with small sample sizes (total sample

size < 200) provided weak evidence, 4 studies were excluded from the outcome analyses (the

outcomes of the excluded studies are detailed in S1 Table). In the study conducted by Sessler

et al, the results of cancer recurrence and metastasis were combined. Oncological outcomes

are summarized in Table 2. Among all included studies, only one study reported positive

results (infiltration of lidocaine around the tumor) [20].

Risk of bias assessment

The quality of the included studies is illustrated in Fig 2. One study did not report the method

of random sequence generation [20]. Blinding to anesthetists is challenging to implement dur-

ing the perioperative period. In most studies, investigators who assessed long-term outcomes

were blinded. As oncological outcomes were key endpoints in these studies, the risk of selective

reporting was low in the included studies. The prognosis after breast cancer surgery requires a

large sample size. Therefore, the risk of ‘other bias’ was high in the four studies (sample

size < 200).
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Discussion

These included studies employing anesthesia-related interventions, including regional anes-

thesia, volatile anesthetics, non-steroidal anti-inflammatory drugs (NSAIDs), and local anes-

thetic. Notably, only local anesthetic infiltration improved clinical outcomes. Meta-analyses

were not performed owing to the high heterogeneity in the interventions.

The administration of regional anesthesia may attenuate the immune response during the

surgical intervention. The serum of the patients under regional anesthesia was associated with

higher human donor natural killer cell cytotoxicity levels [22]. However, previous systematic

reviews and meta-analyses failed to establish the clinical significance of regional anesthesia in

oncological outcomes [10, 23]. Herein, 3 of 9 prospective studies examined the effect of the

paravertebral block on long-term outcomes (2 studies were excluded from the outcome analy-

sis owing to the limited sample sizes). Moreover, a pectoral nerve block was performed in one

study. All these studies noted unfavorable results (even in the well-designed, large sample size

RCT [18]). Clinical evidence from both retrospective and prospective studies indicated that

regional anesthesia may not improve the long-term outcomes of patients who underwent

breast cancer surgeries.

Propofol has been documented to possess anti-inflammatory properties [24]. Indeed, a

prior meta-analysis of retrospective studies described that propofol significantly improved the

Fig 1. PRISMA flow diagram. Flow chart illustrating the search process.

https://doi.org/10.1371/journal.pone.0296158.g001
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overall survival rate compared with volatile anesthesia [6]. Besides, a propensity score-matched

study concluded that volatile anesthetics marginally increased the risk of cancer recurrence fol-

lowing colorectal cancer surgery [25]. However, the results were conflicting in studies involv-

ing breast cancer surgery [9, 26]. In the current review, two studies focused on the differences

between propofol and sevoflurane monotherapies. However, one study was excluded from the

analysis due to its small sample size (a total of 80 patients) [16]. The included study evinced

that sevoflurane was not associated with worse survival outcomes [21]. Another study (Sessler

et al.) compared propofol and sevoflurane in conjunction with the use of regional anesthesia.

However, long-term cancer recurrence was similar across the groups. Taken together, these

results indicated that evidence of the protective role of propofol in breast cancer recurrence is

limited. Another ongoing research investigated differences in the mortality rates between pro-

pofol and sevoflurane after breast cancer surgery. However, the sample size of that study was

merely 130.

Table 1. Design and characteristics of included studies.

Study Design Country

(Region)

Intervention Treatment Control T Group

(n)

C Group

(n)

Measured Outcomes Follow-up

duration

Cho 2017

[13]

RCT Korea Anesthetics Propofol

+ ketorolac

Sevoflurane

+fentanyl

24 24 Cancer recurrence 2 years

Finn 2017

[14]

RCT USA Type of anesthesia PB+GA GA 26 28 Cancer recurrence,

disease-free survival, and

overall survival

2 years

Karmakar

2017 [15]

RCT Hong Kong Type of anesthesia Single PB+GA and

continuous PB

+GA

GA 56+59 58 Cancer recurrence and

mortality

5 years

Yan 2018

[16]

RCT China Anesthetics Sevoflurane Propofol

+remifentanil

40 40 Cancer recurrence,

recurrence-free survival,

and overall survival

2 years

Forget 2019

[17]

RCT Belgium

(Multicenter)

Analgesic Ketorolac Placebo 96 107 Disease-free survival and

overall survival

2 years

Sessler 2019

[18]

RCT Nine countries Type of anesthesia

+ Anesthetics

PB + propofol Sevoflurane

+ opioid

1043 1065 Cancer recurrence Median 36

months

Yu 2022 [19] RCT China Type of anesthesia Pecs II block +GA GA 251 252 Disease-free survival and

overall survival

5 years

Badwe 2023

[20]

RCT India Local anesthetics 0.5% lidocaine

infiltration

No placebo 796 804 Cancer recurrence,

disease-free survival, and

overall survival

Median 68

months

Enlund 2023

[21]

RCT Sweden, China Anesthetics Sevoflurane Propofol 879 885 Overall survival 5 years

Note: GA: general anesthesia; Pecs II: pectoral nerve block type II

https://doi.org/10.1371/journal.pone.0296158.t001

Table 2. Oncological outcomes of included studies.

Study Cancer recurrence Metastasis Disease-free survival rate Overall survival rate Conclusion

Forget 2019 / / 83.1% VS 89.7% 96.8% VS 98.1% Negative

Sessler 2019 10% VS 10% / / Negative

Yu 2022 / 84.9% VS 81.3% 92.8% VS 91.7% Negative

Badwe 2023 3.2% VS 4.1% 8.1% VS 10.9% 86.6% VS 82.6% 90.1% VS 86.4% Positive

Enlund 2023 / / 92.2% VS 91.9% Negative

Note: Outcomes were represented as proportion in the treatment group VS proportion in the control group. The conclusions drawn from the studies were reflected in

the statistical results. In Sessler 2019, cancer recurrence and metastasis records were combined.

https://doi.org/10.1371/journal.pone.0296158.t002
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Long-term administration of aspirin may mitigate cancer recurrence and improve survival

in patients with breast cancer [27, 28]. However, Frisk et al. noted that low-dose aspirin did

not improve oncological outcomes [29], implying that the dose and frequency of NSAID

intake were associated with its anti-tumorigenic effect. Ketorolac is the most frequently used

NSAID during the perioperative period. A previous meta-analysis of retrospective studies

found that perioperative NSAIDs were associated with superior overall survival after breast

cancer surgeries [30]. Furthermore, multiple retrospective studies concluded that intraopera-

tive use of ketorolac reduced the risk of breast cancer recurrence [31, 32]. In the current

review, one study investigated the anti-tumorigenic effect of ketorolac [17], and unexpectedly

reported negative clinical outcomes. It is important to acknowledge that a major limitation of

that study was its relatively small sample size (a total of 203 patients). Buggy et al. postulated

that the sample size of a similar design study should aim to enroll over 1600 patients if the

anticipated survival rate is 30% VS 24 [33]. Given the high survival rate of breast cancer, fur-

ther studies with larger sample sizes are necessitated in the future.

A large number of studies have corroborated the anti-tumorigenic effect of lidocaine [34–

36]. Alexa et al. observed that intravenous lidocaine infusion decreases the risk of cancer recur-

rence in colorectal cancer patients [37]. Notwithstanding, a similar intervention did not

Fig 2. Risk of bias assessment. The risk of bias was assessed using the Cochrane Risk of Bias Tool.

https://doi.org/10.1371/journal.pone.0296158.g002
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improve overall survival rates in patients with pancreatic cancer [38]. Concerning breast can-

cer, prior investigations have showcased that lidocaine reduced the postoperative expression of

neutrophil extracellular trapping [39]. Earlier studies on lidocaine infusion were predomi-

nantly designed to investigate pain management in patients with breast cancer rather than

oncological outcomes [40, 41]. Herein, only one study administered lidocaine as an interven-

tion to evaluate its anti-tumorigenic effect [20], revealing that peritumoral injection of 0.5%

lidocaine significantly prolonged disease-free survival and overall survival rate in patients with

early breast cancer; this was the only study reporting positive clinical outcomes in the studies

included in this review. This result confirms that intravenous infusion is not the sole method

of lidocaine administration. Peritumoral injection of lidocaine was also an easily implemented,

low-cost, and promising intervention [42]. However, the study was associated with shortcom-

ings such as: (1) a lack of blinding among surgeons and the researchers assessing follow-up

outcomes. (2) Absence of a placebo injection group. These limitations should be addressed in

future studies. According to evidence-based medicine, the results of a single RCT are not suffi-

cient to prompt the guideline updates. Therefore, further studies are required to validate the

potential anti-tumorigenic effect of lidocaine.

Some limitations of this systematic review cannot be overlooked. To begin, the number of

included studies was relatively small. Secondly, the types and stages of breast cancer were not

explored, largely due to a lack of subgroup analyses in most studies. Finally, quantitative analy-

sis was be performed due to the high heterogeneity among the studies.

Conclusion

The existing evidence failed to establish long-term anti-tumorigenic effect exerted by regional

anesthesia in breast cancer. Moreover, perioperative administration of NSAIDs did not yield

superior oncological outcomes. Lidocaine infiltration appears to be a promising intervention

against breast cancer recurrence. Additional high-quality trials (especially concerning local

anesthesia) are required in the future.
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25. Hasselager RP, Hallas J, Gögenur I. Inhalation or total intravenous anaesthesia and recurrence after

colorectal cancer surgery: a propensity score matched Danish registry-based study. Br J Anaesth.

2021; 126(5):921–30. Epub 2021/01/03. https://doi.org/10.1016/j.bja.2020.11.019 PMID: 33386126.

26. Shiono S, Shibata SC, Kabata D, Shintani A, Ikeda T, Fujino Y. Comparison of 1-year recurrence-free

survival between sevoflurane and propofol use for general anesthesia management in primary breast

cancer surgery. J Anesth. 2020; 34(5):694–701. Epub 2020/06/12. https://doi.org/10.1007/s00540-020-

02806-7 PMID: 32524294.

27. Holmes MD, Chen WY, Li L, Hertzmark E, Spiegelman D, Hankinson SE. Aspirin intake and survival

after breast cancer. J Clin Oncol. 2010; 28(9):1467–72. Epub 2010/02/18. https://doi.org/10.1200/JCO.

2009.22.7918 PMID: 20159825; PubMed Central PMCID: PMC2849768 are found at the end of this

article.

28. Loomans-Kropp HA, Pinsky P, Umar A. Evaluation of Aspirin Use With Cancer Incidence and Survival

Among Older Adults in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. JAMA Netw

Open. 2021; 4(1):e2032072. Epub 2021/01/16. https://doi.org/10.1001/jamanetworkopen.2020.32072

PMID: 33449095; PubMed Central PMCID: PMC7811183.

29. Frisk G, Ekberg S, Lidbrink E, Eloranta S, Sund M, Fredriksson I, et al. No association between low-

dose aspirin use and breast cancer outcomes overall: a Swedish population-based study. Breast Can-

cer Res. 2018; 20(1):142. Epub 2018/11/22. https://doi.org/10.1186/s13058-018-1065-0 PMID:

30458873; PubMed Central PMCID: PMC6247765.

30. Shaji S, Smith C, Forget P. Perioperative NSAIDs and Long-Term Outcomes After cancer Surgery: a

Systematic Review and Meta-analysis. Curr Oncol Rep. 2021; 23(12):146. Epub 2021/11/09. https://

doi.org/10.1007/s11912-021-01133-8 PMID: 34748112; PubMed Central PMCID: PMC8575753.

PLOS ONE Anesthesia-related invention and oncological outcomes following breast surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0296158 December 21, 2023 9 / 10

https://doi.org/10.21873/anticanres.12024
http://www.ncbi.nlm.nih.gov/pubmed/28982906
https://doi.org/10.1186/s12871-018-0588-3
http://www.ncbi.nlm.nih.gov/pubmed/30243294
https://doi.org/10.1371/journal.pone.0225748
http://www.ncbi.nlm.nih.gov/pubmed/31800611
https://doi.org/10.1016/S0140-6736%2819%2932313-X
http://www.ncbi.nlm.nih.gov/pubmed/31645288
https://doi.org/10.1186/s12893-022-01895-3
http://www.ncbi.nlm.nih.gov/pubmed/36585623
https://doi.org/10.1200/JCO.22.01966
http://www.ncbi.nlm.nih.gov/pubmed/37023374
https://doi.org/10.1016/j.eclinm.2023.102037
http://www.ncbi.nlm.nih.gov/pubmed/37333664
https://doi.org/10.1093/bja/aeu200
http://www.ncbi.nlm.nih.gov/pubmed/25009196
https://doi.org/10.1186/s12957-023-02957-3
http://www.ncbi.nlm.nih.gov/pubmed/36849919
https://doi.org/10.1186/s12871-016-0182-5
http://www.ncbi.nlm.nih.gov/pubmed/27001425
https://doi.org/10.1016/j.bja.2020.11.019
http://www.ncbi.nlm.nih.gov/pubmed/33386126
https://doi.org/10.1007/s00540-020-02806-7
https://doi.org/10.1007/s00540-020-02806-7
http://www.ncbi.nlm.nih.gov/pubmed/32524294
https://doi.org/10.1200/JCO.2009.22.7918
https://doi.org/10.1200/JCO.2009.22.7918
http://www.ncbi.nlm.nih.gov/pubmed/20159825
https://doi.org/10.1001/jamanetworkopen.2020.32072
http://www.ncbi.nlm.nih.gov/pubmed/33449095
https://doi.org/10.1186/s13058-018-1065-0
http://www.ncbi.nlm.nih.gov/pubmed/30458873
https://doi.org/10.1007/s11912-021-01133-8
https://doi.org/10.1007/s11912-021-01133-8
http://www.ncbi.nlm.nih.gov/pubmed/34748112
https://doi.org/10.1371/journal.pone.0296158


31. Retsky M, Rogers R, Demicheli R, Hrushesky WJ, Gukas I, Vaidya JS, et al. NSAID analgesic ketorolac

used perioperatively may suppress early breast cancer relapse: particular relevance to triple negative

subgroup. Breast Cancer Res Treat. 2012; 134(2):881–8. Epub 2012/05/25. https://doi.org/10.1007/

s10549-012-2094-5 PMID: 22622810.

32. Forget P, Vandenhende J, Berliere M, Machiels JP, Nussbaum B, Legrand C, et al. Do intraoperative

analgesics influence breast cancer recurrence after mastectomy? A retrospective analysis. Anesth

Analg. 2010; 110(6):1630–5. Epub 2010/05/04. https://doi.org/10.1213/ANE.0b013e3181d2ad07

PMID: 20435950.

33. Buggy DJ, Riedel B, Sessler DI. Can anaesthetic technique influence cancer outcome? The next

steps. . .. Br J Anaesth. 2021; 127(1):5–7. Epub 2021/05/18. https://doi.org/10.1016/j.bja.2021.04.005

PMID: 33993953.

34. Long D, Chen Y, Qu L, Dong Y. Lidocaine inhibits the proliferation and migration of endometrial cancer

cells, and promotes apoptosis by inducing autophagy. Oncol Lett. 2022; 24(4):347. Epub 2022/09/09.

https://doi.org/10.3892/ol.2022.13467 PMID: 36072001; PubMed Central PMCID: PMC9434716.

35. Chamaraux-Tran TN, Muller M, Pottecher J, Diemunsch PA, Tomasetto C, Namer IJ, et al. Metabolomic

Impact of Lidocaine on a Triple Negative Breast Cancer Cell Line. Front Pharmacol. 2022; 13:821779.

Epub 2022/03/12. https://doi.org/10.3389/fphar.2022.821779 PMID: 35273500; PubMed Central

PMCID: PMC8902240.

36. Lirk P, Hollmann MW, Fleischer M, Weber NC, Fiegl H. Lidocaine and ropivacaine, but not bupivacaine,

demethylate deoxyribonucleic acid in breast cancer cells in vitro. Br J Anaesth. 2014; 113 Suppl 1:i32–

8. Epub 2014/06/21. https://doi.org/10.1093/bja/aeu201 PMID: 24946779.

37. Alexa AL, Ciocan A, Zaharie F, Valean D, Sargarovschi S, Breazu C, et al. The Influence of Intravenous

Lidocaine Infusion on Postoperative Outcome and Neutrophil-to-Lymphocyte Ratio in Colorectal Can-

cer Patients. A Pilot Study. J Gastrointestin Liver Dis. 2023; 32(2):156–61. Epub 2023/06/22. https://

doi.org/10.15403/jgld-4962 PMID: 37345602.

38. Zhang H, Qu M, Guo K, Wang Y, Gu J, Wu H, et al. Intraoperative lidocaine infusion in patients undergo-

ing pancreatectomy for pancreatic cancer: a mechanistic, multicentre randomised clinical trial. Br J

Anaesth. 2022; 129(2):244–53. Epub 2022/06/14. https://doi.org/10.1016/j.bja.2022.03.031 PMID:

35697547.

39. Galoş EV, Tat TF, Popa R, Efrimescu CI, Finnerty D, Buggy DJ, et al. Neutrophil extracellular trapping

and angiogenesis biomarkers after intravenous or inhalation anaesthesia with or without intravenous

lidocaine for breast cancer surgery: a prospective, randomised trial. Br J Anaesth. 2020; 125(5):712–

21. Epub 2020/07/04. https://doi.org/10.1016/j.bja.2020.05.003 PMID: 32616309.

40. Toner AJ, Bailey MA, Schug SA, Corcoran TB. A pilot multicentre randomised controlled trial of lido-

caine infusion in women undergoing breast cancer surgery. Anaesthesia. 2021; 76(10):1326–41. Epub

2021/03/03. https://doi.org/10.1111/anae.15440 PMID: 33651896.

41. Terkawi AS, Durieux ME, Gottschalk A, Brenin D, Tiouririne M. Effect of intravenous lidocaine on post-

operative recovery of patients undergoing mastectomy: a double-blind, placebo-controlled randomized

trial. Reg Anesth Pain Med. 2014; 39(6):472–7. Epub 2014/10/03. https://doi.org/10.1097/AAP.

0000000000000140 PMID: 25275577.

42. Higgins T, Mittendorf EA. Peritumoral Lidocaine Injection: A Low-Cost, Easily Implemented Intervention

to Improve Outcomes in Early-Stage Breast Cancer. J Clin Oncol. 2023; 41(18):3287–90. Epub 2023/

04/07. https://doi.org/10.1200/JCO.23.00418 PMID: 37023390.

PLOS ONE Anesthesia-related invention and oncological outcomes following breast surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0296158 December 21, 2023 10 / 10

https://doi.org/10.1007/s10549-012-2094-5
https://doi.org/10.1007/s10549-012-2094-5
http://www.ncbi.nlm.nih.gov/pubmed/22622810
https://doi.org/10.1213/ANE.0b013e3181d2ad07
http://www.ncbi.nlm.nih.gov/pubmed/20435950
https://doi.org/10.1016/j.bja.2021.04.005
http://www.ncbi.nlm.nih.gov/pubmed/33993953
https://doi.org/10.3892/ol.2022.13467
http://www.ncbi.nlm.nih.gov/pubmed/36072001
https://doi.org/10.3389/fphar.2022.821779
http://www.ncbi.nlm.nih.gov/pubmed/35273500
https://doi.org/10.1093/bja/aeu201
http://www.ncbi.nlm.nih.gov/pubmed/24946779
https://doi.org/10.15403/jgld-4962
https://doi.org/10.15403/jgld-4962
http://www.ncbi.nlm.nih.gov/pubmed/37345602
https://doi.org/10.1016/j.bja.2022.03.031
http://www.ncbi.nlm.nih.gov/pubmed/35697547
https://doi.org/10.1016/j.bja.2020.05.003
http://www.ncbi.nlm.nih.gov/pubmed/32616309
https://doi.org/10.1111/anae.15440
http://www.ncbi.nlm.nih.gov/pubmed/33651896
https://doi.org/10.1097/AAP.0000000000000140
https://doi.org/10.1097/AAP.0000000000000140
http://www.ncbi.nlm.nih.gov/pubmed/25275577
https://doi.org/10.1200/JCO.23.00418
http://www.ncbi.nlm.nih.gov/pubmed/37023390
https://doi.org/10.1371/journal.pone.0296158

