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Background: Postoperative delirium (POD) commonly occurs in patients following major surgeries and is associated with adverse prognosis. The modes of anesthesia may be associated with POD occurrence. General anesthesia (GA) causes loss of consciousness in the patient by altering the levels of some neurotransmitters as well as signaling pathways. We conducted this meta-analysis to investigate the effect of GA vs. regional anesthesia (RA) on POD incidence in surgical patients.

Methods: The databases of Pubmed, Embase, and Cochrane Library were searched till October 22, 2021. The eligible criteria were participants aged 18 years or older, patients undergoing surgery under GA and RA, and articles reporting the effect of GA vs. RA on POD incidence. RevMan 5.3 was used to perform statistical analyses.

Results: A total of 21 relevant trials with a total of 1,702,151 patients were included. The pooled result using random-effects model with OR demonstrated significant difference in POD incidence between patients with GA and RA (OR = 1.15, 95% CI: [1.02, 1.31], I2 = 83%, p for effect = 0.02). We did not obtain the consistent pooled result after sensitivity analysis (OR = 0.95, 95% CI: [0.83, 1.08], I2 =13%, p for effect = 0.44) and excluded the articles without the information on preoperative cognitive or neuropsychological assessment (OR = 1.12, 95% CI: [1.00, 1.25], I2 =80%, p for effect = 0.05), respectively.

Conclusion: This meta-analysis could not identify that GA was significantly associated with POD occurrence in surgical patients compared with RA.
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INTRODUCTION

Postoperative delirium (POD) is a kind of acute complication characterized by brain dysfunction following surgery, and its main manifestations include inattention, disorganized thinking, and altered states of consciousness (1). Commonly, POD occurs in the first 3 days following surgery, and its higher incidence is in patients undergoing cardiac and major non-cardiac surgeries (2, 3). Furthermore, POD is independently associated with other short- and long-term postoperative complications, adversely affecting prognosis (4–6). Given that there is no effective treatment for POD due to its unclear pathogenesis, identifying its risk factors is particularly important (7). Previous studies have identified some risk factors of POD, including major surgery, advanced age, lower educational level, preoperative anxiety, perioperative poor sleep quality, and imperfect postoperative analgesia (8).

Anesthesia is a critical intervention process for surgical patients. There are several methods of anesthesia, like general anesthesia (GA) and regional anesthesia (RA). RA includes neuraxial anesthesia (epidural anesthesia or spinal anesthesia) and peripheral nerve block (PNB). GA is the anesthesia method that keeps the patient in the state of unconsciousness, analgesia, and relaxed skeletal muscle through intravenous and/or inhaled general anesthetics during surgery. Some anesthetics act on the central nervous system to produce the effects of consciousness loss and analgesia by altering the levels of some neurotransmitters as well as signaling pathways (9, 10). However, the neuraxial anesthesia and PNB can contribute to analgesia and skeletal muscle relaxation without affecting the consciousness of the patient. Therefore, the patients undergoing GA are theoretically more likely to develop POD. Unexpectedly, the results of anesthesia mode associated with POD incidence are not consistent based on previous studies (11). Thus, we performed this systematic review and meta-analysis to clarify the effect of GA vs. RA on the incidence of delirium in adult patients undergoing surgery.



METHODS

This systematic review and meta-analysis were conducted according to the guidelines of the 2009 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Supplementary Table 1) (12).


Search Strategy

Two authors independently searched the database of Pubmed, Embase, and Cochrane Library using the PICOS (Population, Intervention, Comparison, Outcome, and Study design) methods by the time of October 22, 2021. The entry terms included “general anesthesia” OR “general anesthesia” AND “local anesthesia” OR “local anesthesia” OR “regional anesthesia” OR “regional anesthesia” OR “spinal anesthesia” OR “spinal anesthesia” “epidural anesthesia” OR “epidural anesthesia” OR “neuraxial anesthesia” OR “neuraxial anesthesia” AND “delirium” OR “confusion” OR “agitation” OR “acute confusional state” OR “acute confusional syndrome,” and the search field was “title and abstract.” Since we sought to investigate all studies about the effect of GA vs. RA on POD incidence in adult patients undergoing surgery, we did not constrain the search terms for study designs.



Study Selection

Two authors were independently responsible for the screening process for titles and abstracts, while another two authors conducted the screening process for full text. The inclusion criteria were: (1) participants aged 18 years or older, (2) patients undergoing surgery under general and regional or local anesthesia, and (3) articles reporting the effect of GA vs. RA on POD incidence. The exclusion criteria were: (1) duplicate articles, (2) participants younger than 18 years old, (3) review or meta-analysis, (4) articles published as an abstract, letter, case report, basic research, editorial, note, method, or protocol, (5) articles presented in a non-English language; (6) studies without a specific number of patients with and/or without delirium, and (7) studies of all patients receiving GA or RA.



Quality Assessment of Included Studies

Two authors independently assessed the quality of included studies. For retrospective and prospective observational trials, the risk of bias was assessed using the Newcastle–Ottawa Quality Assessment Scale (NOS), which comprises the following three domains: selection, comparability, and outcome for cohort studies (13). There were four stars in the selection domain, two stars in the comparability domain, and three stars in the exposure domain. Trials with seven or more cumulative stars were considered to be of high quality, those with six stars of moderate quality, and those with <6 stars of low quality (13). For RCTs, risk of bias was assessed using the Cochrane Collaboration Risk of Bias Assessment tool, which included the following seven items: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and others (bias due to vested financial interest and academic bias) (14). If a trial was found to have one or more of the items associated with a high or unclear risk of bias, this trial was classified as high risk. If the two authors disagreed on their assessment, they consulted the third or fourth author. Eventually, we reached a consensus (14).



Data Extraction

Two authors were responsible for extracting the following information: (1) authors, (2) publication year, (3) study designs, (4) country of publication, (5) total number of participants in each study, (6) percentage of male, (7) mean age of all the participants, (8) procedures that the participants underwent, (9) the volatile anesthetic in patients underwent GA, (10) the anesthetic method of RA, (11) number of patients with and without POD, (12) methods of POD assessment, and (13) the follow-up time. Another three authors were responsible for adjusting data discrepancies.



Outcome Measures

The sole aim of this meta-analysis was to determine whether different anesthesia methods were associated with POD incidence in adult patients undergoing surgery.



Data Analysis

Review Manager version (RevMan) 5.3 (Cochrane collaboration, Oxford, UK) was used to perform statistical analyses. We assessed the heterogeneity of included studies using the values of I2 and the Mantel–Haenszel chi-square test (p-value for heterogeneity). The values of I2 <40%, I2 = 40–60%, and I2 > 60% indicated low, moderate, and high heterogeneity, respectively (15). If we identified I2 > 50% or a p-value for heterogeneity <0.1, we used a random-effect model to analyze the data. Conversely, if we identified I2 <50% or a p-value for heterogeneity ≥ 0.1, we used a fixed-effect model to analyze the data (16). The dichotomous outcomes were presented as odds ratios (OR) with 95% confidence intervals (CI). The statistical tests were two-sided, and overall effects with a p-value for effect < 0.05 were considered to exhibit significant differences.

We conducted a sensitivity analysis to address high heterogeneity (I2 > 50%) through the methods of one-by-one article removal. Lastly, we performed the subgroup analyses according to study designs (retrospective and prospective), male percentage (≥50 and <50%), age gaps (≥80, 70–80, 60–70, and <60 years), and anesthesia methods (neuraxial anesthesia and PNB) in RA group to observe if these risk factors could affect the outcome.




RESULTS


Study Selection

Figure 1 shows the PRISMA flow chart for our screening process. We obtained 120 trials from Pubmed, 405 from Embase, and 89 from Cochrane Library. We removed 367 duplicate trials and excluded 221 trials at the title-and-abstract review stage based on our exclusion criteria. We excluded five trials at the full-text review stage, including three without a specific number of patients with POD, two with all included patients who underwent general anesthesia. Eventually, our search strategy yielded 21 relevant trials with a total of 1,702,151 patients (Figure 1) (17–37).


[image: Figure 1]
FIGURE 1. The screening process of the eligible trials.




Study Characteristics

Tables 1, 2 present the basic characteristics of the included studies. There were nine retrospective (17, 18, 22, 25, 28–31, 35), and 12 prospective (19–24, 26, 27, 32–34, 36, 37) articles, including seven randomized and non-randomized controlled trials, in the prospective studies (20, 23, 24, 32–34, 37). Male accounted for 50% or more of all patients in 4 trials (17, 22, 23, 25). The mean or median age of all included patients was 80 years or older in five trials (20, 26, 31–33), 70–80 years in seven trials (21, 28, 29, 34–37), 60–70 years in seven trials (17, 18, 23–25, 27, 30), and younger than 60 years in two trials (19, 22). Except that the patients underwent lower limb vascular surgery in two articles (23, 25) and uncertain surgeries in one article (19), the patients underwent orthopedic surgery in the other trials. One trial included the patients undergoing simple urgent surgery (29), and five trials simple planned surgery (19, 21, 24, 27, 30). Three articles did not provide information on preoperative cognitive or neuropsychological assessment (23, 28, 35). The patients in the RA group received the sole PNB in only two trials (17, 29), and underwent PNB or neuraxial anesthesia in another two trials (25, 35), while neuraxial anesthesia was the sole anesthesia in RA patients in the other 17 enrolled trials. The follow-up time was hospital stay after surgery in 13 trials (18, 22, 25–33, 35, 36), 1 year in one trial (23), 30 days in one trial (17), 1–7 days in one trial (20), 1–5 day in one trial (34), 1–4 days in one trial (37), 1–3 days in two trials (21, 24), and 1 day in one trial (19). The methods of POD identification included antipsychotic drug use (17, 18, 22, 30), Confusion Assessment Method for Intensive Care Unit (CAM-ICU) or CAM (19, 21, 36, 37), DSM-IV criteria (24, 27), NEECHAM confusion scale (25), change in mental state (23), and Pittsburgh Agitation Scale (26). Seven articles did not provide a specific diagnostic method of POD (20, 28, 29, 31–33, 35), and a combination of CAM with DSM-IV criteria (34).


Table 1. The basic characteristics of included trials.
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Table 2. The follow-up time and number of patients with POD under different anesthesia modes.
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Study Quality

We used NOS to assess the risk of bias in observational studies (retrospective and prospective), and all 14 trials obtained seven stars or more, indicating high quality (Supplementary Table 2) (17–19, 21, 22, 25–31, 35, 36). We used the Cochrane Collaboration Risk of Bias Assessment tool to assess the risk of bias in RCTs. Due to the considerable procedural difference in GA and neuraxial anesthesia or PNB, it is extremely difficult to conduct blindness in participants. Therefore, the performance bias was high risk in all included RCTs and non-RCTs. The included studies clearly assessed random sequence generation (three studies-42.9%), allocation concealment (four studies-57.1%), blinding of participants (0%), blinding of outcome assessment (seven studies-100%), incomplete outcome data (seven studies-100%), and selective outcome reporting (seven studies-100%), and the other bias (three-42.9%) (Supplementary Figures 1, 2) (20, 23, 24, 32–34, 37).



POD Incidence

The pooled result using random-effects model with OR demonstrated significant difference in POD incidence between patients with GA and RA (OR = 1.15, 95% CI: [1.02, 1.31], I2 = 83%, p for effect = 0.02) (Figure 2). I2 = 81% and the funnel plots demonstrated the considerable heterogeneity of included trials (Figure 3A). The sensitivity analysis was performed to solve the high heterogeneity by the method of one-by-one literature removal and found that six trials were the main sources of heterogeneity (Figure 3B) (18, 19, 24, 30, 35, 36). We conducted post-hoc meta-analysis for the remaining articles using a fixed-effects model with OR, and the pooled result was not consistent with that prior to sensitivity analysis (OR = 0.95, 95% CI: [0.83, 1.08], I2 = 13%, p for effect = 0.44) (Figure 4). Additionally, we excluded the articles without the information on preoperative cognitive or neuropsychological assessment and did not obtain the statistical difference in POD incidence between patients with GA and RA (OR = 1.12, 95% CI: [1.00, 1.25], I2 = 80%, p for effect = 0.05) (Figure 5).


[image: Figure 2]
FIGURE 2. The pooled results of POD incidence after surgery between the patients with GA and RA.
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FIGURE 3. The funnel plots of all included trials: the considerable heterogeneity of included trials (A) and lowering heterogeneity through six trials exclusion (B).
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FIGURE 4. The pooled result of POD incidence in surgical patients with GA and RA after sensitivity analysis.
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FIGURE 5. The pooled result of POD incidence in surgical patients with GA and RA after excluding the studies without the information on preoperative cognitive or neuropsychological assessment.


The subgroup analyses according to study designs, male percentage (≥50 and <50%), mean (or median) age gaps (≥80, 70–80, 60–70, and <60 years), and anesthesia methods in RA group (neuraxial anesthesia and PNB) demonstrated the significant difference in retrospective articles (OR = 1.23, 95% CI: [1.08, 1.39], p for effect = 0.001) (Figure 6), male percentage <50% (OR = 1.26, 95% CI: [1.09, 1.46], p for effect = 0.002) (Figure 7), age gap between 60 and 70 years (OR = 1.20, 95% CI: [1.07, 1.35], p for effect = 0.002) (Figure 8), and neuraxial anesthesia (OR = 1.15, 95% CI: [1.01, 1.31], p for effect = 0.03) (Figure 9). However, we did not obtain statistical difference in the subgroups in prospective studies (OR = 0.91, 95% CI: [0.55, 1.49], p for effect = 0.70) (Figure 6), male percentage ≥ 50% (OR = 0.96, 95% CI: [0.82, 1.12], p for effect = 0.60) (Figure 7), age gaps ≥ 80 years (OR = 0.98, 95% CI: [0.61, 1.57], p for effect = 0.93), 70–80 years (OR = 1.93, 95% CI: [0.66, 5.60], p for effect = 0.23), <60 years (OR = 0.67, 95% CI: [0.26, 1.71], p for effect = 0.40) (Figure 8), and PNB group (OR = 1.64, 95% CI: [0.70, 3.87], p for effect = 0.26) (Figure 9).


[image: Figure 6]
FIGURE 6. The subgroup analysis according to study designs (retrospective and prospective).
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FIGURE 7. The subgroup analysis according to the male percentage (≥50 and <50%).
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FIGURE 8. The subgroup analysis according to mean (or median) age gaps (≥80 years, 70–80 years, 60–70 years, and <60 years).
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FIGURE 9. The subgroup analysis according to anesthesia methods in the RA group (neuraxial anesthesia and PNB).





DISCUSSION

Although this meta-analysis concluded that compared with RA, the incidence of POD significantly increased in GA patients, we did not obtain the positive result after solving the high heterogeneity of included trials and excluded the trials that did not provide the information on preoperative cognitive or neuropsychological assessment, respectively. Besides, subgroup analyses showed the statistical difference in retrospective studies, studies with male percentage <50%, studies with a mean (or median) age gap 60–70 years, and studies with neuraxial anesthesia group in RA group. However, we did not obtain the considerable difference in POD occurrence between the patients with GA and RA in the trials of prospective designs, the male percentage ≥ 50%, patients with another mean (or median) age gaps except 60–70 years, and patients undergoing PNB in the RA group.

Although the mechanisms of POD occurrence are complex and currently unclear, some studies have exhibited its possible pathogeneses. Severe neuroinflammation may be a main cause of POD in patients undergoing cardiac or non-cardiac surgery (38, 39). The serum S100A2 is a pro-inflammatory factor associated with POD and also a biomarker indicating neural injury according to a clinical study, and maybe an effective predictor of POD (40). Increasing perioperative plasma cortical level is considered as another mechanism of POD occurrence due to its related neuron apoptosis in the hippocampal region (41, 42). Besides, plasma neurofilament light level is also a predictor of POD, independent of changes in inflammation. Elevated plasma neurofilament light level is correlated with reduced hippocampal volume and fractional anisotropy of white matter (43). Furthermore, the preoperative neurotransmitter imbalances occurred in POD patients, such as increased dopamine and glutamate, and decreased glutamine, which potentially increase the fragility of the brain (44). Due to the complex and unclear mechanism of POD, currently, the main method to decrease POD incidence is the intervention of its perioperative risk factors, like preoperative fasting, temperature control, blood pressure management, perioperative sleep improvement, moderate anesthesia depth, and perfect analgesia (7).

General anesthesia can affect the individual conscious state through complex molecular biological mechanisms, including ligand-gated ionotropic receptors, like γ-aminobutyric acid, glutamate, and acetylcholine receptors, and then intervene synaptic transmission between neurons (45). However, the specific mechanism of action of general anesthetics is still elusive. According to animal and clinical studies, GA-related varieties of consciousness and cognition are reversible and transient (46, 47). But some studies exhibited that GA or general anesthetics could produce neural toxicities, and be associated with short- or long-term cognitive dysfunction, and the extent of cognitive defect was proportional to the duration of anesthesia (48, 49). The volatile anesthetics may be a critical risk factor of neural injury through elevating the neural injury biomarkers total tau, neurofilament light, and tau phosphorylation (50, 51). Additionally, GA can increase frontal slow-wave activity, and impaired functional connectivity on diffusion tensor imaging, which may be associated with POD occurrence (52). Besides, GA may disturb the postoperative sleep structure of patients, thereby resulting in POD (53). Therefore, more patients undergoing GA theoretically tend to develop POD. Interestingly, compared with RA, the patients receiving GA did not show significant POD incidence according to some studies (11).

In this meta-analysis, although the pooled result of all included trials demonstrated that POD incidence was higher in surgical patients undergoing GA than RA, the consistent result did not be obtained after solving the high heterogenicity of included trials. Besides, the pooled result from retrospective studies was positive, while the prospective ones were negative. Given that the retrospective studies have a higher incidence of selection and recall biases, we are not yet sure whether GA is associated with higher POD incidence than RA (54). Additionally, preoperative cognitive function or neuropsychological state of patients considerably affects their POD incidence. In this meta-analysis, all trials provided the cognitive or neuropsychological baseline information without statistical difference between GA and RA groups except for three articles (23, 28, 35). We excluded the three trials and found that GA did not significantly increase the POD incidence of patients compared with RA.

Subgroup analyses of this meta-analysis also exhibited unexpected results. According to previous studies, both male gender and advanced age are risk factors of POD occurrence (55, 56). Interestingly, in this meta-analysis, the pooled result of trials with a higher male percentage (≥50%) was not significant in POD incidence between patients with GA and RA, meanwhile, the advanced age did not exhibit a considerable difference in POD occurrence in patients between GA and RA, either. We consider the possible reasons, including the following ones: (1) The POD occurrence in female gender may be more susceptible to the modes of anesthesia; (2) the number of included trials in subgroup of male percentage ≥50% is too small to prove the result; (3) the patients aged 60–70 years are more affected by anesthesia modes in POD occurrence; (4) the subgroup of mean (or median) age gap of 60–70 years included the retrospective studies with large sample size of patients, while the sample size of patients in other mean (or median) age gaps is relatively smaller, respectively. Besides, we obtained the significant result in POD incidence in the subgroup of neuraxial anesthesia. The more studies and larger sample size may be the main cause of this result. The potential reasons above mentioned also need to be further proved in the updated meta-analysis with increasing number of high-quality studies in this field.

There are several limitations in this meta-analysis. Firstly, over 90% of patients are from retrospective studies, which may result in unreliable outcomes due to the selection and recall biases and data loss. Secondly, emergency surgery has been identified as a risk factor of POD (57), however, most of the included trials with patients undergoing both urgent and selective operations did not provide the specific number of urgent and selective patients, which may impact the results. Thirdly, most of the included studies did not clarify whether sedative drugs were used during surgery in the RA group, which might be another factor in interfering with the results. Fourthly, the type and/or dose of general anesthetics varied in the GA group among the included trials, which also is a cause of the uncertain results.



CONCLUSION

In this systematic review and meta-analysis, we did not confirm that GA was associated with a higher incidence of POD in surgical patients when compared with RA. The pooled result should be updated by cumulative high-quality studies in the future.
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