
 

Archives of Anesthesiology and Critical Care (In Press); x(x): xx-xx. 

Available online at http://aacc.tums.ac.ir 

 

 

The authors declare no conflicts of interest.  

*Corresponding author.  

E-mail address: maliagh20@gmail.com 

DOI: 

Copyright © 2025 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-

nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited. 

The Association of Gut Microbiome with Anesthesia 

Outcomes, Pain Management, and Patient Recovery 

Masoomeh Tabari, Soheila Milani, Malihe Aghasizadeh* 

Department of Anesthesiology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.  

ARTICLE INFO 

Article history:  

Received 22 May 2025 

Revised 12 June 2025 

Accepted 26 June 2025 

Keywords:  

Anesthesiology; 

Pain management; 

Postoperative 

 
ABSTRACT 

Background: The gut microbiome has emerged as a notable factor in the field of 

anesthesiology. It affects different dimensions of anesthesia outcomes, pain control, 

and recovery following the surgery. A comprehensive understanding of the interplay 

between gut microbiota and anesthetic methods is imperative for improving patient 

care. 

Methods: This narrative review synthesizes existing scholarly literature on the 

interactions between gut microbiota and anesthetic agents, examining their 

implications for drug metabolism, inflammatory responses, and the gut-brain axis. 

Results: It highlights clinical trials that explore the effectiveness of probiotics and 

prebiotics in reinstating microbial equilibrium and augmenting surgical outcomes. A 

study indicates that alterations in the composition of the gut microbiome can notably 

influence the pharmacokinetics and therapeutic efficacy of anesthetic agents. So, 

there are effects on dosage regimens and strategies for controlling postoperative pain. 

An equilibrated microbiome has been demonstrated to enhance anti-inflammatory 

mechanisms and bolster immune function; thus, it promotes an optimal recovery 

trajectory. Also, the gut-brain axis suggests that microbiome profiles may serve as 

predictors for postoperative cognitive dysfunction and pain perception. 

Conclusion: This review emphasizes the relevance of the gut microbiome within 

anesthesiology and advocates for the adoption of personalized anesthetic approaches 

that consider individual microbiome characteristics. Prospective research in this field 

holds significant potential for the development of innovative perioperative care 

strategies. It may enhance recovery and mitigate complications associated with 

surgical procedures. 

Introduction 

he relationship between gut microbiome and 

anesthesiology is an expanding field of study and 

investigation. This topic aims to find out how the 

gut microbiome affects anesthesia outcomes, pain 

control, and patient recovery after surgical procedures. 

The gut microbiota refers to the collection of various 

microorganisms located in the gastrointestinal tract [1]. 

Previous studies have highlighted that this community of 

microorganisms significantly influences various 

biological processes, leading to health and disease [2-3]. 

Among the diverse functions of the gut microbiome, a 

key role is producing microbial metabolites, such as 

short-chain fatty acids. These metabolites are not just 

waste products; they actively participate in important 

communication between the central nervous system 

(CNS) and the gut. This relationship is often referred to 

as the microbiota-gut-brain axis. There are multiple 

pathways for this communication, including neural 

signaling, endocrine signaling [4], and immune system 

signaling. Hormone levels are affected by gut microbes. 

So, gut microbes indirectly influence mood, appetite, and 
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stress response, impacting overall brain function [5]. This 

phenomenon highlights the importance of the growing 

field of microbial endocrinology. This domain of study 

explores how the gut microbiota interacts with the 

endocrine system and how this colony of microorganisms 

can affect physiological activities, including brain 

function [4]. There may be some influences of gut 

microbiome on the metabolism of certain anesthetic 

agents, as alterations in the gut microbiota can change the 

pharmacokinetics and pharmacodynamics of these 

agents. The gut microbiota influences brain health and 

function indirectly by interacting with the immune 

system. This interaction may be due to the release of 

various signaling molecules. 

The association between the gut microbiota and host 

systems underscores the need for an equilibrated 

microbiome. Understanding the different influences of 

these microorganisms on body organs may help to better 

maintain both physical and mental health. Exploring 

these mechanisms may open new avenues for the 

treatment of various health issues related to gut health. 

Our goal in this review is to examine the impact of the 

gut microbiome on anesthesia from various issues from 

multiple perspectives and to categorize the limited 

clinical trials conducted in humans in this field. 

Results 

Impact on Anesthetic Drug Metabolism 

The efficacy and side effects of certain anesthetic 

agents can be modified by the gut microbiome due to the 

alterations in the metabolism of the anesthetic drug. 

Changes in the metabolism of these agents lead to 

different results in the breakdown of drugs. Then there 

will be variations in their potency and duration of action. 

Pathways associated with drug absorption and 

metabolism of the anesthetic drugs can be affected by 

alterations in bacterial populations. These changes may 

potentially modify systemic drug levels and outcomes 

after anesthesia [6]. Besides the anesthetic drugs, the 

metabolism of opioids and other analgesics may be 

influenced by the gut microbiome. This may influence 

postoperative pain management and the risk of opioid-

related side effects [7]. Certain gut bacteria affect the 

pharmacokinetics and pharmacodynamics of anesthetics 

by possessing enzymes that can change their chemical 

structure [8]. The modifications in the gut microbiota can 

improve or diminish the metabolism of specific 

anesthetic drugs, leading to variations in drug levels in 

the bloodstream and, consequently, affecting the depth 

and duration of anesthesia experienced by the patient [9].  

Impact on Immune Response and Inflammation  

Anti-inflammatory pathways may be promoted by a 

balanced microbiome, leading to enhanced recovery and 

a reduction in complications after the procedure [10]. On 

the other hand, a dysregulated microbiome can lead to an 

abnormal immune response, which could increase the 

risk of infections and anesthesia following the surgery. 

Moreover, this heightened inflammation affects wound 

healing. Also, inflammation increases susceptibility to 

infections. Prolonged wound healing and infections lead 

to more intensive care post-surgery and prolonged 

hospitalization.  Additionally, the microbiome's influence 

on the immune system may affect the efficacy of 

anesthetics. Some anesthetic drugs can reduce immune 

responses, further complicating recovery [11]. The 

relationship between microbiota and immune modulation 

highlights the importance of preoperative evaluation of 

patients’ gut health. This assessment could be pivotal in 

tailoring anesthetic strategies to ensure optimal 

outcomes. Providing a healthy microbiome through 

dietary interventions or probiotics before surgery 

enhances immune activities and helps fast and smooth 

recovery, minimizing side effects and improving overall 

surgical results. These facts suggest that exploring the gut 

microbiota's role in inflammation and immunity is 

essential for developing more effective perioperative care 

strategies. 

Impact of Gut-Brain Axis 

In this narrative review we try to understand the 

association between the gut microbiome and 

neurocognitive disorders. We focus on their mutual 

influence on cognitive functions, especially following 

anesthesia and surgery. The neuroinflammation and 

cognitive outcomes after surgery are influenced by the 

gut-brain axis, notably [12]. The microbiome's role in 

these disorders is significant. This fact suggests to 

anesthesiologists and surgeons several strategies to lower 

neurocognitive risks, which improve perioperative 

management. The gut-brain axis also offers a perspective 

on how intestinal microbiota might influence anesthetic 

responses and, in turn, the risk of postoperative cognitive 

dysfunction (POCD) [13]. In this study, we understood 

that correlations between changes in gut microbiome 

diversity and patient outcomes indicate that the 

microbiome is a critical factor in perioperative care and 

recovery. The gut-brain axis makes an improvement in 

the connection between the gastrointestinal tract and the 

central nervous system. Neuroinflammation and the 

brain's response to anesthesia might be affected by 

changes in the gut microbiota. These responses may 

impact the postoperative cognitive function. For instance, 

the risk of delirium and POCD might be different after 

alterations in the gut microbiome [14]. Recent studies 

highlight that the gut microbiome may influence pain 

control; it differs in how patients experience pain and 

respond to anesthesia postoperatively. 
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Postoperative Complications 

Complications Related to Gut Health  

Recovery from surgery, particularly gastrointestinal 

complications, is affected by the gut microbiome. The 

role of gut microbiota in complications after surgery and 

the prognosis of gastrointestinal surgery was explored in 

a narrative review. Lack of balance in the patients’ 

microbiome might lead to conditions like ileus or 

infections, potentially affecting postoperative recovery 

[15-16].  

Antibiotics and Microbiome Disruption: Prophylactic 

antibiotic usage during surgery can interrupt the gut 

microbiome’s positive efficacy, leading to complications 

such as Clostridium difficile infection and other 

gastrointestinal conditions. 

A study involving 353 colorectal cancer surgery 

patients demonstrated that a significant portion exhibited 

intestinal dysbacteriosis before the operation. Based on 

findings, 75.9% of cases had normal or slightly decreased 

microflora, 16.4% of them had moderate dysbacteriosis, 

and 7.6% of patients had severe dysbacteriosis. 

Imbalanced intestinal microbiome diversity was related 

to higher rates of early postoperative diarrhea, correlated 

with increased infectious complications and anastomotic 

leakage during the first 30 days following the surgery. 

This study highlights that preoperative dysbiosis may 

influence postoperative outcomes. Further research is 

needed to understand its specific role in anastomotic 

leakage [17]. In another study, a randomized double-

blind clinical trial evaluating the effects of perioperative 

probiotic treatment in colorectal cancer surgery, the 

probiotics group showed significant improvements 

compared with the control group. Patients in the 

probiotics group experience increased transepithelial 

resistance and lower bacterial translocation. They also 

experienced lower transmucosal permeability of 

horseradish peroxidase and a decreased 

lactulose/mannitol ratio. Levels of ileal-bile acid binding 

protein and blood bacterial DNA positivity were reduced 

in this group. Additionally, the probiotics group had a 

greater variety of fecal bacteria. Postoperative recovery 

of peristalsis improved in the probiotics group.  Also, a 

lower incidence of diarrhea and infection-related 

complications, signaling enhanced mucosal barrier 

function and overall recovery outcomes, was documented 

in the cases of the probiotics group [18]. 

Microbiome Influences on Anesthetic Response  

Recent studies regarding the gut microbiome may offer 

new personalized anesthetic strategies, along with a 

context connected to neurocognitive disorders from a 

surgical perspective. In this research, we found that the 

gut microbiome can affect a patient’s response to 

anesthetic drugs [19-20]. The efficacy and metabolism of 

anesthetics and opioids may be different in various 

microbial compositions [21], which may lead to 

alterations in dosing requirements and pain management 

outcomes, patient by patient [22]. Some microbial 

species may promote or inhibit the function of certain 

anesthetics such as propofol. This finding indicates that 

tailored anesthetic protocols could improve patient 

outcomes by aligning drug choice and dosage with the 

patient's microbiome characteristics [23-24]. Previous 

studies showed that the bacterial species have been 

shown to affect the pharmacokinetics and 

pharmacodynamics of commonly used anesthetics. We 

may require tailored anesthetic protocols that consider a 

patient's microbiome profile [19]. In both preclinical and 

clinical settings, the relationship between the gut 

microbiome and anesthetic agents has been recorded. In 

an animal study, researchers found that general 

anesthesia could significantly change the gut microbiota. 

Alterations in gut microbiota affect the metabolism of 

anesthetic drugs like propofol [25]. 

Implications for Pain Management  

Knowing about a patient’s microbiome could help 

health care providers to anticipate potential 

complications, such as pain or neurocognitive disorders, 

after the procedure. For instance, patients with certain 

microbiome profiles may be at greater risk for cognitive 

decline after surgery. This might be due to the 

inflammatory responses influenced by the gut 

microbiome [26]. By understanding these risks, 

anesthesiologists can improve their strategies. They can 

modify the type of anesthetic used or incorporate adjunct 

medications to target these concerns. Anesthetic and 

analgesic strategies based on an individual’s microbiome 

analysis may be more effective for pain management 

protocols. By adjusting pain relief strategies to individual 

microbiome profiles, clinicians may improve analgesic 

efficacy while lowering the complications. This method 

is beneficial, particularly in vulnerable populations such 

as the elderly or those with chronic pain conditions. 

Impact on therapeutic potential 

Probiotics and prebiotics usage has been investigated 

for their benefits in improving gut health and surgical 

outcomes. Probiotics and prebiotics may help restore 

microbial balance, reduce inflammation, and enhance 

immunity. Probiotics can modulate the gut-immune 

response. Producing short-chain fatty acids by probiotics 

has been proposed as the underlying mechanism causing 

the reduction in complications after surgery [27]. 

Review of literature (RCTs) 

In the study of Brenner et al., the relationship between 

gut microbiota composition and post-surgery pain was 

investigated in twenty ASA I-II patients undergoing 

upper limb surgery. This study revealed that analgesic 
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use was associated with gut microbiota diversity 

inversely. It suggests a possible relationship between 

microbiota and pain levels. Specifically, a higher 

abundance of Collinsella was connected with increased 

maximum pain scores, while cases experiencing 

acceptable pain levels had a greater prevalence of 

Porphyromonas. This study highlights potential 

therapeutic targets within the gut microbiome for 

controlling pain after surgery. However, the limited 

sample size reduces the reliability of the conclusion [28]. 

Xia et al. studied the effect of cardiovascular surgery 

on the gut microbiome and systemic inflammation [29]. 

The methodology in their study included microbial DNA 

extraction, amplification of the 16S rRNA gene, 

sequencing, and evaluation of various inflammatory 

markers. During this study, patients showed notable 

increases in inflammatory markers in the postoperative 

period, along with a decrease in gut microbiome diversity 

and alterations in microbial composition. Also, a notable 

rise in Enterococcus and a reduction in beneficial 

anaerobes like Blautia and Bifidobacterium were 

documented. This dysbiosis was linked to increased 

systemic and intestinal inflammation. These findings 

suggest a connection between gut microbiome 

disturbances and compromised gut barrier function. 

Results indicate that microbiome dysbiosis plays a role in 

disturbed gut homeostasis and heightened inflammation, 

especially significant on the first day of defecation and 

during the first week after surgery. Xia et al. suggest that 

more study is needed to find out the reasons for changes 

and to understand diagnostic and treatment options for 

patients undergoing cardiovascular surgery. 

The relationship between changes in gut microbiome 

and postoperative pulmonary infections in patients 

suffering from gastric cancer was observed in the study 

of Yang et al. Researchers gathered a total of 120 stool 

samples from 30 individuals, revealing notable 

alterations in the microbiome, particularly the 

proliferation of bacteria like Klebsiella and Escherichia. 

These bacteria were related to the regulation of 

lipopolysaccharide synthesis pathways and disruptions in 

short-chain fatty acid (SCFA) production, which may 

contribute to inflammation and immunosuppression. 

Through a nested case-control design, fecal samples were 

analyzed using advanced sequencing methods, and a 

variety of statistical methods were utilized. The results 

indicate that focusing on the gut microbiome and SCFA 

pathways might help prevent infections. The authors 

recommend 1- oral cleansing to minimize pathogenic 

bacterial colonization, 2- monitoring intestinal flora to 

maintain homeostasis, and 3- adding dietary fiber to 

enhance SCFA production. More research is required to 

confirm these conclusions through animal models [30]. 

Masaud et al. investigated a study about the relationship 

between gut microbiota and persistent post-surgical pain 

(PPSP) in patients who underwent surgery for breast 

cancer. Their study employed a prospective observational 

design. Stool samples were obtained from 45 out of 68 

participants. Based on findings from stool samples, 

specific bacterial species, like Bifidobacterium longum 

and Megamonas hypermegale, are linked to PPSP. 

Conversely, Faecalibacterium prausnitzii is related to 

lack of pain. Findings demonstrated decreased alpha 

diversity in cases experiencing severe pain 60 minutes 

and 12 weeks after surgery. The researchers indicate that 

gut microbiota might influence pain perception. They 

also concluded that gut microbiota could affect future 

strategies for pain management [31]. 

The study by Zhi-Wen Yao et al. observed the 

connection between gut microbiota and chronic 

postoperative pain (CPP) in breast cancer survivors [32]. 

A total of 203 patients participated in this study. Among 

them, 66 individuals developed CPP. Various methods 

like quantitative PCR, fecal microbiota transplantation in 

mice, and statistical analyses were utilized in this 

research to evaluate pain outcomes. Based on the results, 

gut microbiota composition before surgery made a 

significant difference among CPP patients, with an 

increased Ruminococcaceae and a decreased 

Acidaminococcaceae observed in CPP patients. The 

authors concluded that preoperative gut microbiota can 

predict and prevent CPP, suggesting a causal effect in its 

development through the PPAR-γ-microglia pathway. 

The research emphasizes the potential for targeting gut 

microbiota in strategies for the prevention of CPP. 

Conclusion 

Various aspects of anesthesiology are affected by the 

gut microbiome. Drug metabolism, inflammation, 

postoperative recovery, and pain management might be 

influenced by the gut microbiome. We can optimize 

anesthesia practices and improve patient outcomes and 

satisfaction by understanding the relationship between 

anesthesia and gut microbiota. Further research in this 

field may lead to personalized strategies in 

anesthesiology, where microbiome profiling could 

inform improved management approaches for patients 

who require surgical procedures. 

Regarding neurocognitive disorders, this study 

highlights the fact that the interaction between the gut 

microbiome and the CNS can impact cognitive activity, 

especially after surgical procedures. The gut-brain axis—

a complex communication network connecting gut health 

with brain function—plays a key role in 

neuroinflammation and cognitive outcomes following the 

operations. Understanding the role of the gut microbiome 

in such disorders, anesthesiologists and surgeons might 

apply the optimal approaches that minimize 

neurocognitive risks. They can ensure that there is safer 
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and more effective perioperative care by utilizing this 

strategy. 

At the end, we can summarize that the gut microbiota 

notably affects hormone levels that influence mood, 

appetite, and stress responses. The interaction of these 

effects through microbial metabolites and the gut-brain 

axis offers new possibilities for understanding how we 

might modulate the microbiome to improve health 

outcomes and effectively manage metabolic and 

psychological disorders. 
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