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Abstract

Background: Post-induction hypotension (PIHO) is a hemodynamic abnormality commonly observed during the induction of
general anesthesia. Previous studies have found that etomidate is considered a safer drug for the induction of anesthesia because
it has only minor adverse effects on the cardiovascular and pulmonary systems. Remimazolam is a innovative benzodiazepine.
Recent evidence found that remimazolam has minimal inhibitory effects on circulation and respiration. However, the efficacy
and safety of remimazolam versus etomidate in the induction of anesthesia are unclear.

Objective: To compare the efficacy and safety of remimazolam versus etomidate for general anesthesia.

Methods: We plan to search the Web of Science, Cochrane Library, EMBASE, and PubMed from the date of their creation until
December 31, 2023. The language limit is English only. The search terms that will be employed are "randomized controlled
trials," "etomidate," and remimazolam." The incidence of PIHO was the primary outcome measure. Secondary outcomes
included depth of anesthesia after induction, sedation success rate, time to loss of consciousness (LOC), hemodynamic profiles,
recovery time, the incidence of injection pain, and postoperative nausea and vomiting. Reviews, meta-analyses, case studies,
abstracts from conferences, and comments will not be accepted. The heterogeneity of the results will be evaluated by sensitivity
and subgroup analysis. RevMan software and Stata software will be used for data analysis. We will evaluate the quality of
included studies using the Cochrane Collaboration's risk of bias tool. The confidence of the evidence will be assessed through the
Grading of Recommendations, Assessments, Developments, and Evaluations (GRADE).

Results: Our study will conclude which drug has more stable hemodynamics and lower incidence of PIHO by comparing the use
of etomidate and remimazolam in the induction of general anesthesia. The results of this systematic review and meta-analysis
will be publicly available and published in a peer-reviewed journal.

Conclusions: This is the first meta-analysis comparing remimazolam with etomidate for general anesthesia. The results of this
study will provide data guidance for future anesthesia induction drugs. Clinical Trial: PROSPERO Registration Number:
CRD42023463120.
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[Abstract]  Background: Post-induction  hypotension  (PIHO)  is  a  hemodynamic  abnormality  commonly
observed during the induction of general anesthesia. Previous studies have found that etomidate is considered
a safer drug for the induction of anesthesia because it has only minor adverse effects on the cardiovascular and
pulmonary systems. Remimazolam is a innovative benzodiazepine. Recent evidence found that remimazolam
has  minimal  inhibitory  effects  on  circulation  and  respiration.  However,  the  efficacy  and  safety  of
remimazolam versus etomidate in the induction of anesthesia are unclear.  Objective: To further understand
the potential of remimazolam, it is necessary to design a meta-analysis to evaluate remimazolam versus the
classic safe anesthetic etomidate in the induction of general anesthesia. Our study will conclude which drug
has more stable hemodynamics and lower incidence of  PIHO. In addition our study will also yield data on
sedation  efficiency,  time  to  loss  of  consciousness,  time  to  awakening,  incidence  of  injection  pain  and
postoperative nausea and vomiting in both groups. Methods: We plan to search the Web of Science, Cochrane
Library, Embase, PubMed, China National Knowledge Infrastructure, Wanfang Database, from the date of
their creation until March 31, 2025. The language limit is English and Chinese. The search terms that will be
employed are "randomized controlled trials", "etomidate", and remimazolam". The incidence of PIHO was
the primary outcome measure. Secondary outcomes included depth of anesthesia after induction, sedation
success rate, time to loss of consciousness, hemodynamic profiles, recovery time, the incidence of injection
pain,  and  postoperative  nausea  and  vomiting.  Reviews,  meta-analyses,  case  studies,  abstracts  from
conferences,  and  comments  will  not  be  accepted.  The  heterogeneity  of  the  results  will  be  evaluated  by
sensitivity and subgroup analysis. RevMan software and Stata software will be used for data analysis. We will
evaluate the quality of included studies using version 2 of the Cochrane risk-of-bias tool. The confidence of
the evidence will be assessed through the  Grading of Recommendations, Assessments, Developments, and
Evaluations (GRADE).  Results: The protocol  was registered in  the  International  Prospective Register  of
Systematic Reviews (PROSPERO) in November 2023. The review is expected to be completed in March
2025. We expect to be able to submit manuscripts for peer review by the end of June 2025. Conclusion: By
synthesising the available evidence and comparing remazolam and etomidate, we hope to provide valuable
insights into the selection of anaesthesia-inducing drugs to reduce the incidence of PIHO and improve patient
prognosis. PROSPERO registration number: CRD42023463120. 

Keywords: General  Anesthesia;  Anesthesia  Induction;  Post-induction  hypotension;  Remimazolam;
Etomidate; Meta

Introduction:
As medical care advances worldwide, the number of patients undergoing surgery under general anesthesia

has  increased[1].  Post-induction  hypotension  (PIHO) is  a  hemodynamic  abnormality  commonly observed
during  induction  of  general  anesthesia[2].  The  hypotension  occurring  within  20  minutes  after  anesthesia
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induction or before surgical incision is referred to as  PIHO. Some studies have found that the incidence of
PIHO was  as  high  as  45%~  55%.[3-5].  Common  PIHO risk  factors  include  methods  and  dosages  of
anesthesia, patient's poor baseline condition, hypovolemia, and poor cardiac function[6]. Because circulatory
reserves weaken with age, older patients are especially vulnerable to the development of PIHO[7]. Acute renal
damage[8], neurocognitive dysfunction[9], and perioperative cardiovascular events[10] are all linked to PIHO.
Increased  mortality  (8.8%),  ICU  stay  (7.9%),  and  postoperative  mechanical  ventilation  (20.7%)  were
observed in  PIHO patients[8,  11].  Therefore,  it  is  important  to  find safer  and  more effective  anesthesia-
inducing drugs to avoid PIHO.

Most intravenous anesthetics have a direct inhibitory effect on circulatory function[12]. Previous studies
have found that etomidate has minimal adverse effects on the cardiovascular and pulmonary systems[13-15].
Etomidate is thought to be a somewhat safer drug for the induction of anesthesia in patients having heart
surgery because of the reduced risk of hypotension[16, 17]. However, the etomidate's drawbacks, including
adrenocortical depression and myoclonus, have limited its usage[18]. 
   Remimazolam is an innovative benzodiazepine[19]. Its effects began and ended more quickly than
with midazolam. Remimazolam can be continuously infused due to its ultra-short-acting profile[20].
Additionally, its clearance is not dependent on liver or renal function, because it's metabolized by
tissue esterase.[21, 22]. Recent research has shown that remimazolam and propofol have comparable
rates of sedative success but that remimazolam has less respiratory and circulatory depression[23-25]. 

However,  the  conclusions  are  controversial  in  comparing  remimazolam  and  etomidate  for
induction  of  general  anesthesia.  Huang  et  al.  found  that  the  remimazolam  group  had  a  higher
incidence  of  PIHO and  a  lower  heart  rate  during  induction  than  the  etomidate  group  did[26].
However, some studies have found that low-dose remimazolam is hemodynamically more stable and
has fewer adverse effects than etomidate in noncardiac and cardiac surgery[27, 28]. 

Therefore, to further understand the potential of remimazolam, it is necessary to design a meta-
analysis to evaluate remimazolam versus the classic safe anesthetic etomidate in the induction of
general anesthesia. By comparing the use of etomidate and remimazolam in the induction of general
anesthesia, our study will conclude which drug has more stable hemodynamics and lower incidence
of  PIHO.  In  addition  our  study  will  also  yield  data  on  sedation  efficiency,  time  to  loss  of
consciousness, time to awakening, incidence of injection pain and postoperative nausea and vomiting
in both groups.

Methods:
 Study registration
 We have registered this meta-analysis in the International Prospective Registry of Systematic Reviews under
CRD42023463120. The Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols were
followed for reporting it[29]. This meta-analysis doesn't need ethical approval.
 
 Search strategy

 We plan to search the Web of Science, Cochrane Library, Embase, PubMed, China National Knowledge
Infrastructure, Wanfang Database, from the date of their creation until March 31, 2025. The language limit is
English and Chinese. We will look for more studies by looking through the references of related research and
the International Clinical Trials Registry Platform.  Multimedia  Appendix 1 displays  the complete PubMed
search flowchart.

 Eligibility criteria
Studies were considered eligible for inclusion using the following PICOS criteria: Patients aged 18 years or

older undergoing surgery under general anaesthesia (P); Remimazolam was used in the intervention group at
the induction of anaesthesia (I);  The intervention group was induced with etomidate anaesthesia (C); The
primary outcome was the incidence of PIHO (O); Randomized controlled trials (S).
 
Study selection

Two authors will independently determine which research is eligible by screening the title and abstract of
prospective eligible  papers  and then examining the entire  texts  of  those publications.  Arguments  will  be
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settled through dialogue with a third author. Studies will be selected by using Preferred Reporting Items for
Systematic Reviews and Meta-Analyses. 
 
Data extraction

Two authors will independently extract the following information from included studies: first author, year
of publication,  patient characteristics,  sample size, dosage of remimazolam, type of surgery, Incidence of
PIHO, time to loss of consciousness, and recovery time. We will attempt to contact the corresponding author
for raw data if the results were found by median with range. If there is no response, the median with range
will be converted to the mean with standard deviation according to the methods described by hozo et al[30].
Disagreements were solved through discussion with a third author.
 
 Risk of Bias Assessment

We will evaluate the quality of included studies using version 2 of the Cochrane risk-of-bias tool [31]. The
judged domains were the randomisation process, deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported results. Each domain was judged as high,
low, or some concern. 

Statistical Analysis
Meta-analysis will be carried out using RevMan software and Stata software. For continuous data, we will

use the mean difference and 95% confidence interval (CI), and for dichotomous data, we will calculate the
risk ratio and 95% CI. The I2 statistic will be used to analyze study heterogeneity. When there is insignificant
heterogeneity (I2< 50%), a fixed-effects model will be used. Otherwise, a random-effects model will be used.
In addition, if high heterogeneity is encountered, sensitivity analysis or subgroup analysis will be conducted to
determine the reasons behind it. Methods for sensitivity analysis include, but are not limited to, single-study
exclusion method,  meta-regression,  etc.  Subgroup analysis will  be performed based on the final  included
studies, focusing on patient age, gender, type of surgery, intervention dosage, etc. When more than ten studies
are included, publication bias will be assessed using Stata software for Egger's test or Begg's test[32]. For all
analyses, two-tailed tests with a significance level of p< 0.05 will be employed. The GRADE working group
approach will be used to assess the confidence of the evidence[33].

Results
  The protocol was registered in the PROSPERO in November 2023. The review is expected to be completed
in March 2025. We expect to be able to submit manuscripts for peer review by the end of June 2025.

Discussion
Because of decreased vascular elasticity, autonomic nerve reflexes, and cardiac function reserve,  PIHO is

more common in the  elderly[34],  and may have disastrous results  such as  myocardial  ischemia,  cerebral
infarction, kidney injury, neurocognitive impairment, death, and so on[35]. A recent large sample (409 cases)
multicentre  randomised  controlled  trial  found  that  induction  of  general  anaesthesia  with  remimazolam
significantly reduced the incidence of  PIHO and the use of vasoactive drugs compared with propofol.  In
addition, the incidence of bradycardia was significantly lower in patients in the remimazolam group. 

Although etomidate has a lesser effect on circulation, several recent studies have found a lower incidence of
PIHO with remimazolam than with etomidate[27, 28, 36]. However, these studies had small sample sizes
and were single-centre studies, and lacked meta-analysis studies. Therefore, meta-analysis is necessary to pool
the  results  of  the  current  studies.  Many  anaesthetic  drugs  during  induction  of  anaesthesia  affect  PIHO,
including opioids. Considering the impact of opioids on PIHO, we will avoid it in data extraction and analysis.
The effect of opioids on the primary outcome PIHO was reduced by ensuring that the same opioid medication
was used across studies or by using subgroup analyses.

  This study also has some limitations. Firstly, only articles published in English and Chinese were searched
in this study. Second, due to the novelty of this topic, fewer studies are available for analysis in the results of
the current search. Despite this limitation, it is necessary to synthesise current studies on the incidence of
PIHO in the induction of general  anaesthesia with remimazolam and etomidate to inform evidence-based
clinical decision-making and plan future studies.

Conclusion:
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By synthesising the available evidence and comparing remazolam and etomidate, we hope to provide
valuable insights into the selection of anaesthesia-inducing drugs to reduce the incidence of PIHO and
improve patient prognosis.
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CI: confidence interval.
GRADE:Grading of Recommendations, Assessments, Developments, and Evaluations.
PIHO: Post-induction hypotension.
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