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Abstract
Purpose  Postoperative delirium is one of the most common complications after cardiovascular surgery in older adults. 
Benzodiazepines are a reported risk factor for delirium; however, there are no studies investigating remimazolam, a novel 
anesthetic agent. Therefore, we prospectively investigated the effect of remimazolam on postoperative delirium.
Methods  We included elective cardiovascular surgery patients aged ≥ 65 years at Hamamatsu University Hospital between 
August 2020 and February 2022. Patients who received general anesthesia with remimazolam were compared with those 
who received other anesthetics (control group). The primary outcome was delirium within 5 days after surgery. Secondary 
outcomes were delirium during intensive care unit stay and hospitalization, total duration of delirium, subsyndromal delirium, 
and differences in the Mini-Mental State Examination scores from preoperative to postoperative days 2 and 5. To adjust for 
differences in the groups’ baseline covariates, we used stabilized inverse probability weighting as the primary analysis and 
propensity score matching as the sensitivity analysis.
Results  We enrolled 200 patients; 78 in the remimazolam group and 122 in the control group. After stabilized inverse prob-
ability weighting, 30.3% of the remimazolam group patients and 26.6% of the control group patients developed delirium 
within 5 days (risk difference, 3.8%; 95% confidence interval −11.5% to 19.1%; p = 0.63). The secondary outcomes did not 
differ significantly between the groups, and the sensitivity analysis results were similar to those for the primary analysis.
Conclusion  Remimazolam was not significantly associated with postoperative delirium when compared with other anesthetic 
agents.

Keywords  Cardiovascular surgical procedures · Cognitive dysfunction · Postintensive care unit delirium · Mental status and 
dementia tests · Remimazolam sedation

Introduction

Delirium in critically ill adult patients is associated with 
long-term cognitive dysfunction after discharge from the 
intensive care unit (ICU), and delirium is a leading cause 
of postintensive care syndrome (PICS) [1–4]. Patients with 
PICS, including those with cognitive impairment, experi-
ence increased mortality rates, higher medical costs, and 
more significant family burdens than those experienced by 
patients without PICS [4]. The risk of developing delirium 
after cardiovascular surgery in older adults aged ≥ 65 years 
is higher than that in younger patients [5, 6]. Furthermore, 
medical advances have increased the number of cardiac sur-
geries performed in older adults. Therefore, delirium is a 
critical issue in the field of intensive care.
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The Pain, Agitation/Sedation, Delirium, Immobility, 
and Sleep disruption guideline and the American Geriat-
rics Society guideline have been published, and as part of 
their content, avoiding benzodiazepines is a critical mes-
sage for delirium prevention [7, 8]. In addition, a recent 
network meta-analysis investigating pharmacological 
interventions to prevent delirium in critically ill patients 
suggested that benzodiazepines are associated with a 
higher risk of developing delirium [9]. Benzodiazepines 
are also associated with postoperative delirium and cog-
nitive dysfunction when administered during cardiac sur-
gery [10]. However, the benzodiazepines included in these 
reports were relatively long-acting drugs, such as mida-
zolam, and the studies did not include short-acting drugs.

Remimazolam besilate is a novel anesthetic agent devel-
oped in Japan that is an ultra-short-acting benzodiazepine 
[11, 12]. Although the chemical structure of remimazolam 
is similar to that of midazolam, remimazolam is rapidly 
hydrolyzed by hepatic carboxylesterases [13, 14]. Remi-
mazolam also has a higher clearance, smaller volume of 
distribution, and shorter half life than those of midazolam 
[15]. Although two randomized controlled trials examin-
ing delirium with remimazolam are ongoing, the results 
are not yet available [16, 17]. Therefore, we conducted 
a prospective observational study to investigate whether 
general anesthesia with remimazolam is associated with 
the development of postoperative delirium when compared 
with other anesthetic agents.

Methods

We conducted a prospective cohort study at Hamamatsu 
University Hospital (Shizuoka, Japan) between 13 August 
2020 and 15 February 2022. The study was registered in 
the UMIN Clinical Trials Registry (registration num-
ber, UMIN000041316; principal investigator, Yoshitaka 
Aoki; date of registration, 12 August 2020). The study 
was approved by the Ethics Review Board of Hama-
matsu University School of Medicine (approval number, 
20–129; date of approval, 6 August 2020). Although this 
was an observational study, written informed consent 
was obtained from all participants because of the minor 
invasive nature of testing using the Mini-Mental State 
Examination (MMSE) [18], regardless of medical treat-
ment. This study was conducted in accordance with the 
STROBE checklist and complied with the tenets of the 
Declaration of Helsinki 1964 and its later amendments. 
The present study involved the primary analysis of data, 
and the detailed analysis process was written after the data 
were accessed.

Patients

We assessed all consecutive patients aged ≥ 65 years who 
underwent elective cardiovascular surgery and who were 
admitted to the ICU postoperatively. The exclusion crite-
ria were: (i) no written informed consent obtained from the 
patient; (ii) patients undergoing a second elective surgery 
during the same hospitalization; (iii) coma and seizures 
after surgery; (iv) alcohol withdrawal; and (v) patients 
with an MMSE score of ≤ 23 preoperatively. In addition, 
patients who met the following criteria were excluded from 
the analysis: (i) patients whose surgery was cancelled after 
inclusion; (ii) patients who could not be admitted to the ICU 
postoperatively; (iii) patients who refused to continue the 
study after surgery; and (iv) patients who had to be reoper-
ated within 5 days postoperatively.

Exposures and comparisons

On the basis of the maintenance anesthetics during sur-
gery, we classified the patients into two groups: patients 
who received remimazolam and those who did not (control 
group). Cases in which remimazolam was administered con-
tinuously were included in the remimazolam group, even 
if multiple maintenance anesthetics were administered (as 
a result, no case received remimazolam for a short time; 
all received remimazolam for the longest duration among 
the anesthetics). In the control group, the anesthetic agent 
administered for the longest duration was considered the pri-
mary maintenance anesthetic. Agents other than the primary 
maintenance anesthetic agent were considered concomitant 
anesthetics. Anesthetic agents administered as a bolus dur-
ing induction of anesthesia were recorded.

Outcomes

The primary outcome was the development of delirium 
within 5 days after surgery. In the ICU, we used the Con-
fusion Assessment Method for the ICU (CAM-ICU) and 
the Intensive Care Delirium Screening Checklist (ICDSC) 
to assess patient delirium [7]. A patient was considered 
to have developed delirium if the CAM-ICU was positive 
or the ICDSC score was ≥ 4. CAM-ICU and ICDSC were 
assessed by ICU nurses who were blinded to the group-
ings in this study. The CAM-ICU and ICDSC were first 
assessed when the patient entered the ICU and were reas-
sessed approximately every 4–6 h, thereafter. After leaving 
the ICU, patients were assessed for delirium within 5 days 
postoperatively by physician interview and using the elec-
tronic medical record system [19–21]. In the interview, the 
following four items describing delirium elements were 
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identified regarding CAM: acute onset and fluctuating 
course, inattention, disorganized thinking, and altered level 
of consciousness [22].

The secondary outcomes comprised the development of 
delirium within the ICU or during the hospital stay, total 
duration of delirium, development of subsyndromal delir-
ium, and the difference in pre- vs. postoperative MMSE 
scores. After the fifth postoperative day, the presence of 
delirium was determined by evaluating the medical records 
only [19], and whether the patient developed delirium before 
the first discharge was determined. The total duration of 
delirium was defined as the time from the onset of delirium 
until the patient became CAM-ICU negative or the ICDSC 
score was ≤ 3 within 5 days postoperatively. If a patient had 
multiple episodes of delirium, the duration of each episode 
of delirium was totaled. Subsyndromal delirium was defined 
as an ICDSC score of 1–3 [7]. MMSE scores have been 
reported to be significantly lower on postoperative day 2 in 
patients with delirium than the scores in patients without 
delirium, with a trend toward recovery on postoperative day 
5 [1]. Therefore, the MMSE was performed three times for 
each patient: before surgery, on postoperative day 2, and on 
postoperative day 5, and the differences between the preop-
erative value and each postoperative value were calculated.

Data collection and variables

The following variables were prospectively collected and 
compared between the groups regarding the background 
characteristics: age, sex, body mass index (BMI), Ameri-
can Society of Anesthesiologists (ASA) class, comorbidi-
ties, preoperative oral medication, preoperative MMSE 
score, living alone, type of surgery, cardiopulmonary 
bypass, and scheduled surgery time. BMI was catego-
rized in accordance with the World Health Organization 
definitions as underweight (< 18.5 kg/m2), normal weight 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and 
obese (≥ 30 kg/m2). Because there are only a small num-
ber of obese patients with BMI > 30 kg/m2 in the Japanese 
population, overweight was defined as a BMI ≥ 25 kg/m2 
in the analysis, in this study. Preoperative oral medica-
tion was investigated for the presence of benzodiazepines, 
statins, and beta-blockers, which may affect delirium [23]. 
The type of surgery was classified into three categories: 
cardiac surgery, endovascular surgery, and aortic aneurysm 
repair, in accordance with the Japanese Intensive PAtient 
Database (JIPAD) surgery codes (Online Resource 1) [24]. 
The following variables were described as intra- and post-
operative factors: actual surgery time, actual anesthesia 
time, anesthesia induction drugs, primary maintenance 
anesthetics, concomitant maintenance anesthetics, the total 
amount of anesthetics and opioids, infusion volume, trans-
fusion volume, urine volume, blood loss volume, intubated 

patients under sedation at ICU admission, the duration 
between ICU admission and extubation, and the lengths 
of ICU stay and hospital stay.

General anesthesia and patient management 
in the intensive care unit

All patients underwent general anesthesia with tracheal 
intubation in accordance with routine practice. Anesthetic 
induction and maintenance drugs were determined at the 
discretion of the attending anesthesiologist. The muscle 
relaxant was rocuronium, and continuous remifentanil was 
administered during surgery. All patients were monitored 
with electrocardiography, partial pressure of end-expiratory 
carbon dioxide, and arterial pressure by radial artery can-
nulation. Central venous catheters or Swan–Ganz catheters 
were inserted according to the case. Vasopressors (ephed-
rine, phenylephrine, and noradrenaline) were administered 
at the discretion of the anesthesiologist in charge. After 
surgery, whether the patient was extubated in the operating 
room or admitted to the ICU while intubated under seda-
tion depended primarily on the type of surgery. Intraopera-
tive events were also considered, and the final decision was 
based on the discussions between the cardiac surgeon and 
the anesthesiologist.

Standardized perioperative care, including preoperative 
and intraoperative care and postoperative pain control, was 
provided to all patients. In addition to delirium assessment 
using the CAM-ICU and ICDSC, pain assessment using a 
numerical rating scale and the Richmond agitation−seda-
tion scale were performed in the ICU. Patients intubated 
under sedation at ICU admission were also assessed for 
delirium during intubation by maintaining light sedation. 
The intensivist determined the timing of extubation and ICU 
discharge. Pain management in the general ward was per-
formed at the discretion of the cardiac surgeon.

Sample size calculation

The incidence of postoperative delirium after cardiac sur-
gery has been reported to range from 11 to 46% [6], and 
we assumed a baseline incidence of 25% for postoperative 
delirium within 5 days, in this study. We considered a 15% 
difference in the incidence of postoperative delirium (pri-
mary outcome) to be a clinically significant increase and 
assumed a 40% incidence of delirium with remimazolam. 
Therefore, the number of patients with 80% power required 
to detect that difference at a level of p = 0.05 was calculated 
to be 152. We planned to prospectively enroll 200 patients, 
considering that some patients may meet the exclusion cri-
teria after inclusion.
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Statistical analysis

Categorical variables were reported as number and percent-
age, and continuous variables were reported as the mean and 
standard deviation. Chi-squared tests were used to compare 
the categorical variables, and continuous variables were ana-
lyzed using Student’s t test.

We used a propensity score method to adjust the baseline 
covariates between the remimazolam and control groups 
because numerous confounders collected prospectively 
would be difficult to adjust using a multivariate regression 
model owing to the number of outcomes. A logistic regres-
sion model was created to calculate the propensity scores 
for patients receiving remimazolam. The following vari-
ables were used to calculate the propensity score: age, sex, 
BMI category, ASA class, comorbidities, preoperative oral 
medication, preoperative MMSE score, living alone, type 
of surgery, cardiopulmonary bypass, and scheduled surgery 
time. For each variable, balances in baseline variables using 
absolute standardized differences were examined, and val-
ues ≥ 10% were considered unbalanced [25].

To maintain a predetermined sample size, stabilized 
inverse probability treatment weighting (IPTW) via the pro-
pensity score was used as the primary analysis. Stabilized 
IPTW is a propensity score-based method to adjust for meas-
ured potential confounding factors, and the method creates 
a pseudo-dataset by preserving the sample size [26]. Stabi-
lized IPTW estimates the average treatment effects over a 
marginal distribution of measured covariates in the matched 
cohort [25]. Regarding the outcomes, we used a generalized 
linear model after stabilized IPTW and calculated the risk 
differences, 95% confidence intervals (CI), and p values. 
Two subgroup analyses were performed, one with three cat-
egories in accordance with the JIPAD surgery codes and the 
other with or without intraoperative cardiopulmonary bypass 
as the primary outcome. Two-sided p values of < 0.05 were 
considered significant.

Propensity score matching was used as a sensitivity anal-
ysis. In the sensitivity analysis, we performed one-to-one 
nearest-neighbor matching without replacement for esti-
mated propensity scores using a caliper width set at 20% of 
the standard deviation of the propensity scores on the logit 
scale [27, 28]. All analyses were performed using Stata/BE 
17 (StataCorp, College Station, TX, U.S.A.).

Results

Patient selection and characteristics

During the study period, 292 consecutive patients 
aged ≥ 65  years were assessed for eligibility, and 222 

patients were included in the study. After excluding 
patients who met the exclusion criteria, 200 patients were 
included in the final analysis (Fig. 1). The patients were 
divided into the remimazolam group (n = 78) and the 
control group (n = 122). The primary maintenance anes-
thetics in the control group comprised propofol (n = 83), 
desflurane (n = 16), and sevoflurane (n = 23). In surgeries 
involving cardiopulmonary bypass (n = 114), the mainte-
nance anesthetic during cardiopulmonary bypass was rem-
imazolam in all cases in the remimazolam group (n = 37) 
and propofol in all cases in the control group (n = 77). No 
patients died in-hospital and none were censored during 
the study period.

Table 1 shows the patients’ baseline characteristics. 
Before adjusting using stabilized IPTW, the remima-
zolam group comprised higher percentages of underweight 
patients; patients with higher ASA class and undergoing 
endovascular surgery; and lower percentages of patients 
with hypertension, chronic kidney disease, cerebral infarc-
tion, smoking, alcohol use, β-blocker medication, cardiac 
and aortic aneurysm surgery, cardiopulmonary bypass, and 
shorter scheduled surgery time when comparing these data 
categories with those in the control group. After using 
stabilized IPTW, a pseudo-dataset comprising 200 patients 
(76 in the remimazolam group and 124 in the control 
group) was created, and all baseline characteristics were 
well balanced between the two groups. The C statistic was 
0.72. The intra- and postoperative variables between the 
groups are shown in Online Resource 2.

Primary analysis (stabilized IPTW)

The proportions of patients who developed delirium within 
5 days of surgery were 18/78 (23.1%) in the remimazolam 
group and 34/122 (27.9%) in the control group (Table 2). 
Table 3 shows the outcomes after adjustment by stabilized 
IPTW; the remimazolam group was not associated with 
increased delirium within 5 days of surgery when compar-
ing the rate in the control group (remimazolam vs. control: 
30.3% vs. 26.6%; risk difference, 3.8%; 95% CI −11.5 to 
19.1; p = 0.63). Figure 2 shows that there were no signifi-
cant differences in the results of the subgroup analyses. 
The development of delirium in the ICU and during the 
hospital stay, and the differences in MMSE scores from the 
preoperative measurement to the measurements on post-
operative days 2 and 5 did not differ between the groups. 
In addition, the total duration of delirium and the rate of 
development of subsyndromal delirium did not differ sig-
nificantly between the groups. Online Resource 3 shows 
the preoperative MMSE score and the scores on postopera-
tive days 2 and 5 before and after stabilized IPTW.
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Sensitivity analysis (propensity score matching)

In the sensitivity analysis using propensity score matching, 
both groups’ baseline characteristics were almost balanced 
(Online Resource 4). After one-to-one propensity score 
matching, delirium developed within 5 days of surgery 
in 16/61 (26.2%) patients in the remimazolam group and 
17/61 (27.9%) patients in the control group, with no signif-
icant difference between the groups (risk difference −1.6%; 
95% CI −17.4 to 14.1; p = 0.84). For all other secondary 
outcomes, the remimazolam group and control group did 
not differ significantly, similar to the primary analysis 
results (Online Resource 5).

Discussion

We showed that the use of remimazolam for general anes-
thesia in cardiovascular surgery was not associated with 
an increase in the rate of development of postoperative 
delirium with 5 days of surgery or in the ICU and during 
hospitalization when compared with the rates with general 
anesthesia with other anesthetics. Furthermore, the dura-
tion of delirium, the rate of development of subsyndromal 
delirium and the difference in pre- vs. postoperative days 
2 and 5 MMSE scores did not differ between the groups. 
All results were robust in the sensitivity analysis.

Fig. 1   Study flowchart. ICU 
intensive care unit, MMSE 
Mini-Mental State Examination

292 patients assessed for
eligibility

Patients were ineligible based on the following criteria

Written informed consent was not obtained from patients

own (n=39)

Patients undergoing a second elective surgery in the same

hospitalization (n=5)

Patients who could not examine MMSE preoperatively or

who only got an MMSE score of < 23 (n=26)

Included
222 patients

Remimazolam group
78 patients

Control group
122 patients

Propofol (n=83)

Desflurane (n=16)

Sevoflurane (n=23)

Patients were excluded from the analysis
based on the following criteria

Patients whose surgery was canceled after inclusion (n=3)

Patients who could not be admitted to the ICU

postoperatively (n=14)

Patients who refused to continue the study after surgery

(n=4)

Patients who had to be reoperated within five days

postoperatively (n=1)

Analysis
200 patients
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To our knowledge, this is the first study to show that remi-
mazolam is not associated with the development of postoper-
ative delirium up to 5 days postoperatively, which is a novel 
finding that contradicts the conventional notion that benzo-
diazepines are associated with delirium [7–9]. The chemical 
structure of remimazolam is like that of midazolam, and 
its affinity for the significant subtypes of benzodiazepine 
receptors and its potentiation of chloride ion intracellular 
transfer are almost identical to those of midazolam [13, 14]. 

However, remimazolam has a side chain with an ester bond 
attached to the diazepine ring, which allows this drug to be 
rapidly hydrolyzed by carboxylesterases in the liver. The 
major metabolite of midazolam, α-hydroxymidazolam, is 
approximately one-eighth as potent as midazolam, and the 
affinity of remimazolam metabolites for the benzodiazepine 
receptor is only one four-hundredth that of remimazolam 
[13]. Therefore, remimazolam may act differently from 
classical benzodiazepines and may not be associated with 

Table 1   Baseline characteristics of the patients before and after stabilized inverse probability of treatment weighting

ASD absolute standardized difference, SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists, MMSE mini-
mental state examination
a Cardiac surgery mainly comprised surgical cardiac valve repair and coronary artery bypass
b Endovascular surgery comprised transcatheter aortic valve replacement and aortic stenting surgery
c Aortic aneurysm surgery comprised elective aortic surgery, excluding aortic stent surgery

Variable Unadjusted groups Adjusted groups

Remimazolam 
group (n = 78)

Control group (n = 122) ASD (%) Remimazolam 
group (n = 76)

Control group (n = 124) ASD (%)

Age (years), mean (SD) 76.9 (5.9) 77.2 (6.0) 4.3 77.7 (6.1) 77.2 (5.9) 7.5
Male, n (%) 43 (55.1) 71 (58.2) 6.2 (54.6) (54.6) 0.1
BMI (kg/m2), n (%)
  < 18.5 11 (14.1) 12 (9.8) 13.1 (13.7) (13.6) 0.2
 18.5–24.9 52 (66.7) 85 (69.7) 6.4 (63.6) (64.8) 2.6
 ≥ 25.0 15 (19.2) 25 (20.5) 3.1 (22.7) (21.6) 3.0

ASA class, n (%)
 II 9 (11.5) 21 (17.2) 16.1 (14.6) (14.7) 0.2
 III 69 (88.5) 101 (82.8) 16.1 (85.4) (85.3) 0.2

Comorbidities, n (%)
 Hypertension 64 (82.1) 110 (90.2) 23.5 (84.6) (84.5) 0.3
 Diabetes mellitus 17 (21.8) 26 (21.3) 1.2 (21.2) (21.4) 0.6
 Chronic kidney disease 38 (48.7) 74 (60.7) 24.0 (55.2) (54.6) 1.2
 End-stage kidney disease 5 (6.4) 9 (7.4) 3.8 (5.5) (6.4) 3.6
 Dyslipidemias 46 (59.0) 71 (58.2) 1.6 (56.5) (56.7) 0.3
 Cerebral infarction 8 (10.3) 24 (19.7) 26.5 (14.9) (15.7) 2.1
 Smoking 3 (3.8) 8 (6.6) 12.2 (3.6) (5.0) 6.1
 Alcohol use 6 (7.7) 15 (12.3) 15.3 (8.8) (10.3) 5.3

Preoperative oral medication, n (%)
 Benzodiazepine 4 (5.1) 6 (4.9) 1.0 (3.9) (4.4) 2.4
 Statin 45 (57.7) 71 (58.2) 1.0 (55.3) (56.3) 2.0
 β-blocker 25 (32.1) 62 (50.8) 38.6 (38.0) (41.2) 6.6

Preoperative MMSE score, mean 
(SD)

27.9 (1.6) 28.0 (1.6) 0.9 28.0 (1.5) 28.0 (1.7) 0.7

Living alone, n (%) 9 (11.5) 14 (11.5) 0.2 (11.2) (11.1) 0.3
Type of surgery, n (%)
 Cardiac surgerya 33 (42.3) 70 (57.4) 30.3 (47.9) (50.8) 5.8
 Endovascular surgeryb 37 (47.4) 31 (25.4) 46.8 (38.2) (35.3) 6.2
 Aortic aneurysm surgeryc 8 (10.3) 21 (17.2) 20.2 (13.9) (13.9) 0.2

Cardiopulmonary bypass, n (%) 37 (47.4) 77 (63.1) 31.8 (52.7) (55.9) 6.5
Scheduled surgery time (min), mean 

(SD)
263.7 (129.1) 309.0 (123.3) 35.9 282.3 (124.4) 288.9 (130.3) 5.2
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Table 2   Primary data to 
determine delirium within 
5 days of surgery

The CAM-ICU and ICDSC evaluations, and the physician interviews were assessed separately. Some 
patients were determined to have delirium on the basis of more than one criterion
CAM-ICU confusion assessment method for the intensive care unit, ICDSC intensive care delirium screen-
ing checklist, SD standard deviation

Remimazolam group 
(n = 78)

Control 
group 
(n = 122)

Overall, n (%) 18 (23.1) 34 (27.9)
 Delirium evaluated using CAM-ICU, n (%) 4 (5.1) 8 (6.6)
 Delirium evaluated using ICDSC (ICDSC score ≥ 4), n (%) 13 (16.7) 21 (17.2)
  ICDSC maximum score, mean (SD) 1.29 (1.61) 1.43 (1.65)

 Delirium evaluated using physician interview, n (%) 14 (18.0) 31 (25.4)

Table 3   All outcomes in the stabilized inverse probability of treatment weighting

CI confidence interval, ICU intensive care unit, SD standard deviation, MMSE mini-mental state examination, preop preoperative

Remimazolam 
group (n = 76)

Control group (n = 124) Risk difference (95% CI) p value

Delirium, %
 Within 5 days of surgery 30.3 26.6 3.81 (−11.5 to 19.1) 0.63
 In the ICU 25.5 21.6 3.97 (−10.5 to 18.4) 0.59
 In the hospital 31.9 32.2  −0.29 (−15.8 to 15.3) 0.97

Total duration of delirium (min), mean (SD) 589.0 (570.7) 544.1 (525.4) 34.5 (−85.6 to 154.7) 0.57
Subsyndromal delirium, % 61.1 66.6  −5.51 (−20.4 to 9.4) 0.47
Difference in MMSE score, mean (SD)
 Postoperative day 2 − preop  −2.49 (3.63)  −2.53 (3.56) 0.046 (−1.05 to 1.14) 0.93
 Postoperative day 5 − preop  −0.63 (1.79)  −1.10 (2.69) 0.47 (−0.16 to 1.09) 0.14

-80 -60 -40 -20 0 20 40 60 80

Number of 
patients

Risk difference, %
(95% CI) Favors remimazolam Favors control P value

Overall 200
3.81

(−11.5 to 19.1)
0.63

Analysis categorized by the JIPAD surgery codes

Cardiac surgery 103
6.07

(−14.1 to 26.3)
0.56

Endovascular surgery 68
−4.16

(−28.8 to 20.5)
0.74

Aortic aneurysm surgery 29
18.0

(−28.9 to 64.8)
0.45

Analysis classified by with or without cardiopulmonary bypass

Surgery with 

cardiopulmonary bypass
114

1.44

(−17.7 to 20.6)
0.88

Surgery without 

cardiopulmonary bypass
86

6.86

(−17.5 to 31.3)
0.58

(%)

Fig. 2   Subgroup analyses for the primary outcome after stabilized inverse probability of treatment weighting. CI confidence interval, JIPAD 
Japanese Intensive PAtient Database
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long-term adverse effects, such as PICS, including postop-
erative delirium.

The most common basis for the diagnosis of delirium in 
the present study was physician interviews, followed by the 
ICDSC, and least commonly, the CAM-ICU. The CAM-ICU 
and ICDSC cannot fully diagnose patients with delirium in 
the ICU because these scoring systems were designed as 
screening tools [29]. Therefore, we attempted to compensate 
to improve the diagnostic performance for detecting delirium 
in the ICU by simultaneously assessing the CAM-ICU and 
ICDSC, and using CAM-based interviews and reviewing the 
electronic record systems in the general wards [19, 22]. The 
reason for the high proportion of a diagnosis of delirium on 
the basis of physician interviews may be because the ICDSC 
and CAM-ICU were evaluated during the ICU stay (aver-
age of approximately 40 h; Online Resource 2), whereas 
the physician interviews were conducted daily over 5 days.

With the increasing demand for sedation in critically 
ill patients and limited intravenous sedatives available to 
anesthesiologists, remimazolam deserves attention. Remi-
mazolam has been adopted as a general anesthetic in some 
countries and as a sedative during other procedures [30]. 
Hypotension is considered a determinant of perioperative 
morbidity and mortality, and high-dose propofol sedation 
may be harmful [31]. Remimazolam has the advantages over 
propofol of having a more negligible hypotensive effect and 
an antagonist (flumazenil) [12, 30, 32]. Remimazolam can 
also be administered safely in patients with renal and hepatic 
impairment without the need for volume adjustment [33]. 
The finding in this study that remimazolam is not associated 
with increased delirium suggests that remimazolam may be a 
promising agent for sedation and general anesthesia in criti-
cally ill patients.

We acknowledge that this study has some limitations, 
although it has the strength of including dialysis patients 
and those who underwent endovascular surgery, which 
are patients who would be excluded in a randomized con-
trolled trial, and the generalizability of the results is high. 
First, despite the study’s prospective enrollment, randomly 
assigning anesthetics as an interventional study was impos-
sible. We initially planned a randomized controlled trial 
comparing remimazolam vs. propofol for cardiac surgery. 
However, most anesthesiologists disagreed with the study 
design, which was planned as an observational study. We 
also considered the European phase III randomized trial of 
remimazolam vs. propofol in cardiac surgery, which was 
terminated early owing to anesthesiologist opposition (28 
of 530 planned patients were enrolled, and the trial was 
terminated) [34]. Second, over half of all patients received 
other concomitant anesthetics. Although intraoperative 
electroencephalographic monitoring was performed in this 
study, the optimal anesthetic depth for remimazolam is still 
unknown, and other anesthetic agents were combined with 

remimazolam for short periods to prevent intraoperative 
awakening. In addition, among the other benzodiazepines 
known to be associated with the risk of delirium, only mida-
zolam was administered as the anesthetic induction drug. 
The number (%) of patients who received a single dose of 
midazolam differed significantly between the remimazolam 
and control groups (Online Resource 2). However, the 
administration of midazolam in this study was intermittent 
in all patients, and a large observational study reported that 
benzodiazepines were associated with an increased risk of 
delirium with continuous administration but not with inter-
mittent administration [35]. Finally, we could not evaluate 
the outcomes in the present study at a fixed time of day. 
Human circadian rhythms influence delirium; therefore, 
ideally, the patients’ delirium and MMSE scores should be 
assessed at the same time of day [36].

Conclusions

This prospective observational study showed that continuous 
administration of remimazolam as a general anesthetic in 
patients aged ≥ 65 years undergoing elective cardiovascular 
surgery was not associated with an increased risk of post-
operative delirium.
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