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Abstract
Background: The objective of this study is to compare the effects of remimazolam and dexmedetomidine on the incidence of hypotension in middle-aged and elderly patients undergoing general anesthesia, and to evaluate the safety profiles of both medications.
[bookmark: _Hlk211941318]Methods: We searched PubMed, Cochrane Library, EMBASE, and Web of Science for randomised controlled trials comparing remimazolam and dexmedetomidine. The primary outcome was the incidence of hypotension after general anesthesia induction. Secondary outcomes included the occurrence of intraoperative hypertension, bradycardia, tachycardia, and postoperative nausea and vomiting. We employed random-effects models to pool the risk ratios for all outcomes, both primary and secondary.
Results: This meta-analysis included 8 randomized controlled trials with 741 patients (384 remimazolam; 357 dexmedetomidine). There was no statistically significant difference in intraoperative hypotension between groups (RR 0.78, 95% CI 0.36-1.68, P=0.53, I²=71%). Remimazolam showed a significant reduction in bradycardia risk compared to dexmedetomidine (RR 0.41, 95% CI 0.23-0.73, P=0.002, I²=0%). However, remimazolam had a higher risk of tachycardia (RR 3.41, 95% CI 1.47-7.90, P=0.004, I²=0%). There was no significant difference in intraoperative hypertension (RR 0.85, 95% CI 0.38-1.90, P=0.69, I²=0%) or postoperative nausea and vomiting(RR 0.98, 95% CI 0.30-3.23, P=0.97, I²=0%).
Conclusions: Remimazolam and dexmedetomidine did not differ significantly in intraoperative hypotension, intraoperative hypertension, or postoperative nausea and vomiting in middle-aged and elderly patients. Remimazolam reduced the incidence of bradycardia. In contrast, dexmedetomidine had an advantage in reducing intraoperative tachycardia.
[bookmark: _Hlk171796302]1.INTRODUTION
[bookmark: _Hlk211927517]General anesthesia is a critical component of surgical procedures, with its safety and controllability remaining central to clinical research. While the ideal anesthetic would provide unconsciousness without ancillary effects, in reality, modulating consciousness invariably carries hemodynamic consequences. The clinical challenge, therefore, lies in selecting agents that minimize these perturbations[1]. The administration of anesthetic agents may result in hemodynamic instability during surgical procedures because of their inherent vasodilatory properties and myocardial depression. This instability may appear as intraoperative hypotension, which is strongly correlated with adverse perioperative outcomes and a range of complications[2]. Even transient hypotension can result in organ damage, increasing the risk of complications and mortality[3, 4]. Additionally, older patients may have an elevated risk due to age-related physiological changes, such as vascular ageing. These changes can cause microcirculatory structural and functional disruptions, as well as modifications in cardiac structure and function[5, 6].
[bookmark: OLE_LINK8]Remimazolam is a short-acting benzodiazepine sedative that acts on gamma-aminobutyric acid type A receptors and is used for induction and maintenance of general anesthesia[7]. It provides good haemodynamic stability, has a low incidence of complications, and causes minimal respiratory depression[8-11]. As a "soft drug"—rapidly inactivated through predictable metabolism—it features rapid onset, fast degradation, safe sedation, and organ-independent metabolism[12-14]. Unlike midazolam, remimazolam is rapidly converted to an inactive compound, offering a safe and effective alternative for clinical sedation[15]. However, it is noteworthy that despite its reputation for hemodynamic stability, remimazolam can still potentially induce intraoperative hypotension. This has been observed in clinical studies and practice, particularly during the induction or maintenance of anesthesia[16]. Elderly patients or those with limited hemodynamic reserve remain especially susceptible[17, 18]. Hence, this potential risk warrants attention and appropriate management in clinical application.
Dexmedetomidine is a potent, selective α-2 adrenergic receptor agonist with a unique pharmacologic profile that offers promising clinical benefits[19]. Its sedative-hypnotic effects stem from inhibiting noradrenergic neurons in the locus coeruleus, a key arousal regulator. These neurons, mediated by α-2 adrenergic receptors, inhibit adenylate cyclase and lower intracellular cAMP. As an important second messenger, cAMP participates in cellular metabolism. Dexmedetomidine favors anabolic pathways, diminishing arousal and producing sedative-hypnotic effects[20]. Its minimal respiratory depression and ability to reduce the need for analgesics during general anesthesia make it a suitable sedative[21].
[bookmark: _Hlk171955821][bookmark: _Hlk211928420]At present, there is no consensus on the comparative incidence of hypotension between remimazolam and dexmedetomidine in middle-aged and elderly patients undergoing general anesthesia. Randomised controlled trials by Deng et al.[22]and Liao et al.[23] found the incidence of hypotension to be lower with remimazolam than with dexmedetomidine. However, studies by Gao et al. [24]and Xu et al. [25] reported the opposite, indicating a lower probability of hypotension with dexmedetomidine. Recent studies have described the changes in haemodynamics caused by remimazolam and dexmedetomidine in patients under general anesthesia. Still, a comprehensive assessment specifically addressing hypotension incidence in middle-aged and elderly populations remains elusive. To address this gap, a meta-analysis was performed. The main objectives are to compare the impact of remimazolam versus dexmedetomidine on hypotension incidence and to examine changes in other hemodynamic parameters. The findings from this meta-analysis are expected to inform clinical decision-making between these two anesthetic agents.
2. METHODS
2.1. Search strategy
[bookmark: _Hlk211929487][bookmark: _Hlk171955856]We conducted a meta-analysis adhering to the PRISMA guidelines[26, 27] and registered the study in the PROSPERO database (CRD42024574177). We searched four databases (PubMed, Embase, Cochrane Central Register of Controlled Trials, and Web of Science) from inception to July 23, 2024, without language restrictions. Inclusion criteria were as follows: randomised controlled trials involving middle-aged and elderly patients (as defined in the original studies), undergoing general anesthesia, and comparing the incidence of hypotension between remimazolam and dexmedetomidine. Each database was searched using a combination of Medical Subject Headings (MeSH) terms and free words, including “aged”, “general anesthesia”, “remimazolam”, “dexmedetomidine”, and “hypotension”. To ensure comprehensive coverage, supplementary searches were performed in trial registries and reference lists of relevant publications; however, these methods did not yield additional studies meeting the inclusion criteria.
2.2. Study selection criteria
[bookmark: _Hlk171955878]The inclusion criteria were established based on the PICOS framework as follows: this systematic review included randomized controlled trials that enrolled middle-aged and elderly patients (age ≥45 years) undergoing general anesthesia, comparing the use of remimazolam versus dexmedetomidine for anesthesia induction or maintenance, with the primary outcome being the incidence of intraoperative hypotension and secondary outcomes encompassing hemodynamic fluctuations and other adverse events.
Exclusion criteria were: (1) literature of inappropriate type (case reports, conference proceedings, letters, guidelines, etc.), (2) interventions not meeting criteria, (3) duplicate or cross-reported literature, (4) low-quality literature or lacking outcome detail, and (5) non-randomised or age-mismatched trials.
2.3. Data extraction
[bookmark: _Hlk211938808][bookmark: _Hlk171955894]Two authors (M. Wang and Z. Song) independently performed the study selection using predefined inclusion and exclusion criteria, and subsequently extracted the data using a standardized data collection sheet. If there were any discrepancies in data extraction, two independent reviewers (R. Dong and L. Sun) were consulted to adjudicate and reach a consensus. The data extracted included the first author's name, year of publication, patient age, loading dose and infusion rate of remimazolam, loading dose and infusion rate of dexmedetomidine, and the incidence of intraoperative hypotension, intraoperative hypertension, bradycardia, tachycardia, and postoperative nausea and vomiting in each group.
[bookmark: _Hlk211971491]2.4. Assessment of trial quality
[bookmark: _Hlk171955940]Three investigators (X. Zhang, H. Wang, and X. Lin) independently assessed the risk of bias in included studies using the Cochrane Risk of Bias tool, version 2 (RoB 2)[28]. The evaluation covered five domains: bias arising from the randomization process, bias due to deviations from intended interventions, bias due to missing outcome data, bias in measurement of the outcome, and bias in selection of the reported result. Each domain was rated as "low risk," "some concerns," or "high risk" according to established criteria. Any disagreements were resolved through discussion with three additional investigators (Y. Jiang, G. Zhang, and Y. Bi) to ensure scientific rigor. Furthermore, we employed the GRADE approach to systematically evaluate the quality of evidence, with detailed results provided in the supplementary material. 
[bookmark: OLE_LINK30]2.5. Statistical analysis
[bookmark: _Hlk171955957][bookmark: _Hlk211941636][bookmark: _Hlk211942127]We utilize Review Manager 5.4 professional software for precise handling of dichotomous data, calculating RR and 95% CI to assess the effect and its uncertainty. Heterogeneity among studies is comprehensively evaluated using the I² statistic and the chi-square test. All analyses were performed using a random-effects model to account for potential heterogeneity among the included studies. The I² statistic was used to quantify the degree of heterogeneity, with values of 50% or greater indicating substantial heterogeneity. To explore the sources of heterogeneity and validate the robustness of our findings, we performed sensitivity analyses by sequentially excluding each included study. Specifically, we re-ran the meta-analysis after excluding each study and observed changes in the pooled effect size, confidence intervals, and I² values. A study was considered a potential major source of heterogeneity if its exclusion led to a substantial reduction in heterogeneity or a reversal of the conclusion. 
3. RESULTS
3.1. Search results
The specific literature retrieval and screening process is illustrated in Fig. 1. Following the retrieval strategies stipulated above, we initially identified 2440 articles. We then used the EndNote X9 software to identify and remove 758 duplicate articles from the list. Further screening involved reviewing titles, abstracts, and full-text articles to eliminate studies that did not meet the inclusion criteria and those for which full-text access was unavailable. Finally, 8 studies[22-25, 29-32] were included in the meta-analysis.
[bookmark: _Hlk171955974]3.2. Characteristics of trials
This study enrolled a total of 741 patients, with 384 patients allocated to the remimazolam group and 357 patients assigned to the dexmedetomidine group. The selected literature comprised articles published between 2022 and 2024. Table 1 provides a comprehensive overview of the characteristics of the included trials.
3.3. Risk of bias in included studies
[bookmark: _Hlk211933123]To assess the methodological quality of the eight included trials, we employed the risk of bias assessment tool in Review Manager 5.4. The results indicated a low overall risk of bias in the included literature. A detailed assessment of each trial is presented in Fig.2.
3.4. Effect of interventions
3.4.1. Primary outcomes
Among 652 patients in 7 studies, 106 intraoperative hypotensive events were recorded: 47 in the remimazolam group and 59 in the dexmedetomidine group. There was no statistically significant difference between these drugs in reducing intraoperative hypotension among middle-aged and older patients under general anesthesia (RR 0.78, 95% CI 0.36-1.68, P=0.53, I²=71%) (Fig.3).
3.4.2. Secondary outcomes
Intraoperative hypertension was reported in 597 patients across 6 trials, and meta-analysis showed no statistical difference between the remimazolam group and the dexmedetomidine group (RR 0.85, 95% CI 0.38-1.90, P=0.69, I²=0%) (Fig.4a). Three additional trials (251 patients in total) provided data on postoperative nausea and vomiting, which also showed no significant difference between the remimazolam group and the dexmedetomidine group (RR 0.98, 95% CI 0.30-3.23, P=0.97, I²=0%) (Fig.4b). Of the bradycardia events reported in 7 trials comprising 667 patients, the remimazolam group showed a significantly reduced incidence of postoperative bradycardia compared with the dexmedetomidine group (RR 0.41, 95% CI 0.23-0.73, P=0.002, I²=0%) (Fig.4c). For the incidence of tachycardia, four trials comprising 377 patients showed a higher probability of occurrence in the remimazolam group compared to the dexmedetomidine group (RR 3.41, 95% CI 1.47-7.90, P=0.004, I²=0%) (Fig.4d).
3.5. Sensitivity analysis
[bookmark: _Hlk211949308]Sensitivity analysis revealed that the high heterogeneity (I²>50%) for the hypotension outcome was substantially reduced after excluding the studies by Deng and Liao. Further analysis indicated that the divergent results in these two studies may be attributed to the higher mean age of the study populations and differences in remimazolam induction doses. Older patients may have diminished cardiovascular compensatory capacity, while higher induction doses could potentiate hemodynamic effects. These factors collectively contributed to the observed variations across studies. As each of these two studies contributed approximately 25% weight to the pooled analysis, they exerted a considerable influence on the overall heterogeneity.
3.6. Publication bias
We investigated and analysed potential publication bias, Egger's plot with hypotension as an endpoint, P=0.354, and Begg's test showed P=0.368(Fig.5), both p-values were greater than 0.05, so the results showed that there was no publication bias.
4. DISCUSSION
[bookmark: OLE_LINK21][bookmark: OLE_LINK12][bookmark: _Hlk211949815]In this study, we found no statistically significant difference in the efficacy of remimazolam in reducing the incidence of hypotension in middle-aged and elderly patients undergoing general anesthesia compared with the efficacy of dexmedetomidine. However, the risk of bradycardia was significantly reduced by 62% (RR 0.38, 95% CI 0.22-0.67, P=0.0008, I²=0%), and the risk of tachycardia was higher when remimazolam was used perioperatively compared with dexmedetomidine. This finding is particularly critical for elderly patients with pre-existing cardiac conditions (e.g., sick sinus syndrome or coronary artery disease), who often require pacemaker implantation or antiarrhythmic adjustments due to bradycardia. The use of remimazolam may mitigate intraoperative hemodynamic instability, thereby reducing perioperative cardiac complications[33]. In contrast, while dexmedetomidine effectively suppresses tachycardia, its α-2 receptor-mediated vasoconstrictive effects may exacerbate cardiac afterload, necessitating caution in patients with hypertension or heart failure[34-36]. Clinicians should integrate cardiac status and surgical type to tailor sedative selection. There was also no statistically significant difference between the two drugs in the incidence of intraoperative hypertension and postoperative nausea and vomiting.
The safety and smoothness of general anesthesia are closely tied to the rational use of anesthetics, and perioperative hemodynamic monitoring is essential[37]. Intraoperative hypotension may indicate patient frailty, which could contribute to a heightened risk of postoperative adverse events[38]. Intraoperative hypotension may indicate patient frailty, which could contribute to a heightened risk of postoperative adverse events[39]. Additionally, because hypotension can directly harm high-risk patients, effective intraoperative management is crucial[40, 41].
[bookmark: OLE_LINK25][bookmark: OLE_LINK5]Both remimazolam and dexmedetomidine are commonly used sedatives in the induction of general anesthesia, and the causes of intraoperative hypotension are both different and similar. In terms of similarities, both drugs act on blood vessels to cause hemodynamic changes; however, the mechanisms of hypotension differ significantly. The precise mechanism by which remimazolam causes intraoperative hypotension remains unclear. However, it is postulated that the vasodilatory effect of remimazolam and the indirect impact on sympathetic activity following sedation may be responsible[42, 43]. In addition, remimazolam, a benzodiazepine sedative, produces sedation by increasing inhibitory neurotransmission of GABA[44], which may indirectly lead to decreased sympathetic nerve activity, which in turn leads to decreased vasoconstriction and ultimately the development of intraoperative hypotension. As an α-2 agonist, dexmedetomidine can act on the α-2 receptors on the walls of blood vessels to cause vasoconstriction, which leads to a fall in blood pressure, and it can also inhibit the central nervous system, which in turn causes a calming and slowing of the heart rate, which reduces cardiac output and leads to a fall in blood pressure[45]. Although the mechanisms of hypotension caused by the two drugs are different, the conclusion of this study indicated that there is no difference in the incidence of hypotension between them in clinical practice. 
This study also has some limitations: (1) studies published in other languages were not included in this study, and only English studies were selected for inclusion; (2) the number of cases in the included studies was small, and the stability of the risk of bias detection still needs to be investigated; (3) the heterogeneity of some of the included studies was high, which may lead to instability of the results; (4) due to the different age groups of patients in the included studies, subgroup analyses of age could not be performed in this study, so middle-aged and older people could not be analyzed separately, which may affect the interpretation of the results. 
5. CONCLUSION
[bookmark: _Hlk179144374]In conclusion, in middle-aged and elderly patients under general anesthesia, the perioperative use of remimazolam does not reduce the incidence of intraoperative hypotension compared with dexmedetomidine, but it can significantly reduce the risk of intraoperative bradycardia. After the induction of general anesthesia with remimazolam, it is necessary to closely monitor patients' vital signs and enhance intraoperative anesthesia management to reduce and prevent perioperative adverse reactions and complications.
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Figure Legends
Figure 1. PRISMA flow diagram of the literature search process.
Figure 2. The methodological quality of trials using the Cochrane risk of bias methods. (+), low risk of bias; (?), unclear; (−), high risk of bias.
Figure 3. The outcome of hypotension after remimazolam sedation versus dexmedetomidine sedation.
Figure 4. (a) Forest plot of intraoperative hypertension. (b) Forest plot of nausea and vomiting. (c) Forest plot of intraoperative bradycardia. (d) Forest plot of tachycardia.
Figure 5. (a) Egger's plot of the primary outcome (hypotension after general anesthesia). (b) Bgger's plot of the primary outcome (hypotension after general anesthesia).
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