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Purpose: This study aimed to characterize the pharmacokinetics/pharmacodynamics (PK/PD) of remimazolam in patients under
general anesthesia using a population analysis and to develop a web-based dashboard tool that directly displays the optimal dosing
regimen for general anesthesia.

Patients and Methods: A total of 20 patients received remimazolam for general anesthesia, during which intensive arterial blood
samples and bispectral index (BIS) values were collected. A population PK/PD model was established, and goodness-of-fit and visual
predictive check plots were utilized to evaluate the model’s accuracy. Additionally, RxODE and Shiny in R were used to design a web-
based dashboard tool to recommend optimal dosing regimens.

Results: The three-compartment model with first elimination best described the PK profiles of remimazolam. PK parameters were
weight-adjusted via allometric scaling. The correlation between drug exposure and the BIS was optimally characterized through an
effect compartment model employing an inhibitory sigmoid Emax model. In addition, a web-based dashboard tool was created to offer
initial personalized dosing strategies for general anesthesia procedures, enhanced by graphical representations of the PK/PD profiles
associated with the recommended dosing regimens.

Conclusion: The developed population PK/PD model effectively captured the dose-exposure-response relationship for remimazolam,
allowing for the optimization of personalized dosing strategies.

Keywords: general anesthesia, monte carlo simulation, optimized dosing regimens, population pharmacokinetics/pharmacodynamics
models, remimazolam, web-based dashboard

Introduction

Remimazolam, being a new type of benzodiazepine sedative, is frequently used for the induction and maintenance of
anesthesia because of its rapid onset and elimination.? It has a certain advantage in clinical anesthesia applications.**
A previous study’ has shown that during non-cardiac surgery, compared with propofol, remimazolam has less effect on
hemodynamics during the induction phase of anesthesia, with fewer patients experiencing hypotension. Other studies®’
have also indicated that during heart valve surgery and coronary artery bypass grafting, remimazolam provides more
hemodynamically stable conditions during anesthesia induction compared to propofol, while also reducing the dosage of
vasopressors required.

Administered intravenously, remimazolam has a plasma protein-binding ratio of approximately 90% and an apparent
volume of distribution of 17.5 L. It is primarily metabolized in the liver by carboxylesterase-1 into inactive metabolites,
with less than 1% of remimazolam eliminated through the kidneys.® This process avoids the significant involvement of
cytochrome P450 enzymes. The terminal half-life of remimazolam is less than one hour. Furthermore, remimazolam
produces deep sedative and anesthetic effects that are usually assessed by electroencephalography (EEG) using the
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bispectral index (BIS) value.” The BIS value can better monitor the changing state of the cerebral cortex and is
considered the most sensitive and accurate objective indicator for evaluating sedative levels.'® '

The necessity for precision dosing of anesthetic drugs in surgery is increasingly recognized. Propofol has seen the
development of multi-center population PK/PD models, leading to the construction of target-controlled infusion (TCI)
systems.'*!'* However, the scope of populations in the establishment of remimazolam’s PK/PD models is still narrow,
with a notable absence of research involving Chinese surgery patients. This indicates that there are ongoing challenges in
the development of a tailored dosing regimen for remimazolam.

Therefore, our study aims to develop a “fit for purpose” model that describes the PK/PD profiles of remimazolam to
lay foundations for a TCI system in patients undergoing general anesthesia. In addition, to establish a convenient tool, we

developed a web-based dashboard with the population PK/PD model to recommend optimal dosing regimens.

Materials and Methods

Study Design

Patients

All patients underwent thoracoscopic resection of lung cancer in the lateral decubitus position. The inclusion criteria
were as follows: a) age between 18 and 75 years, with no limitations on gender; b) scheduled on an elective basis to
undergo thoracic surgery under general anesthesia, with a minimum hospital stay of 3 days; c) expected operative time of
1 to 3 h; d) American Society of Anesthesiologists (ASA) physical status classification of grade I or II; e) body mass
index between 18 kg/m? and 30 kg/m>.

In contrast, the exclusion criteria were: a) allergy to benzodiazepines; b) severe respiratory disease, including acute
respiratory infections; c) acute heart failure; d) moderate-to-severe heart valve disease; €) mental illness, long history of
psychotropic drug use, or cognitive impairment; f) abnormal liver, kidney, or coagulation function; and g) history of
benzodiazepine use, drug abuse, and alcohol abuse within 2 years before the start of the screening period. Detailed
inclusion and exclusion criteria are provided in Table S1.

The study, conducted at Shanghai Chest Hospital, strictly followed the ethical principles of the 2013 Declaration of
Helsinki. The Ethics Committee (Identifier: IS2152) granted approval for the research protocol. Written informed consent
was secured from all participants before their enrollment in the study.

Study Design

This study enrolled a total of 20 patients undergoing general anesthesia. One group consisted of 10 patients who underwent
thoracic surgery who were anesthetized with an intravenous injection of 0.2 mg/kg of remimazolam (Heng-rui
Pharmaceuticals Co., Ltd., Jiangsu, China), and the depth of anesthesia was maintained with a continuous infusion of
propofol (target-controlled at 2 pg/mL). The other group included 10 patients undergoing thoracic surgery, who received an
initial dose of remimazolam at 0.25 mg/kg/min, subsequently maintained with a dosage of 1.2 mg/kg/h. During the surgery
anesthesiologists adjusted the infusion rate of remifentanil in all 20 patients to within the range of 0.1-0.2 pg/kg/min, based
on the patients’ vital signs, clinical experience, and the progress of the surgery. Intensive arterial blood sampling was
performed, and the sampling time information is presented in Table 1. Additionally, to monitor the remimazolam response,
the BIS values were assessed using EEG (BIS EEG VISTA) for up to 4 h post-dosing in both groups. The targeted BIS value
range during surgery was set at 40—-60. A flow chart representing the study is shown in Figure 1.

Table | Study Design of Included Subjects in the PopPK/PD Analyses

Study Dose Regimen and Number of Patients Population PK Blood Samples
Number Subjects with PK/PD
Sampling
| 0.2 mg/kg for IV bolus; 10 lung cancer patients 1,2,5,7,10, 25, 40, 50, 60, 120, 240 min post dose
2 0.25 mg/kg for IV bolus; and 1.2 mg/kg/h for | 10 lung cancer patients 1, 8, 30, 60, 90, 120, 150, 240 min post dose
surgery time;
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Figure | Flow chart of study design.

Bioassay

Remimazolam was detected using ultra high-performance liquid chromatography (ACQUITY UPLC system, Waters
Corporation, Milford, MA) tandem mass spectrometry (QTRAP 5500, Applied Biosystems, Waltham, MA), a validated
method with respect to selectivity, matrix effect, and stability in remimazolam analysis.'> Compounds were separated by
a C18 column (Luna® 5 um C18(2) 100 A, LC Column 50x2 mm, Phenomenex Company, Tianjin, China) at a flow rate
of 0.45 mL/min. The mobile phase included 10 mmol/L (mM) ammonium formate with 0.1% FA in water (A) and
10 mm ammonium formate with 0.1% formic acid (FA) in methanol: acetonitrile (B) in a gradient elution. The column
and sampler temperatures were 30°C and 4°C, respectively.

Plasma (50 pL) was protein-precipitated with the above precipitate solution (150 pL) and centrifuged at 4°C and
12,000 rpm for 10 min. Supernatant (20 uL) was diluted by 40% acetonitrile containing 0.1% FA (180 pL); subsequently,
5 uL was injected into the UPLC system. The quantification range for remimazolam was 2.5-2000 ng/mL. The intra- and
inter-batch accuracies were 85.0%—115.0%, with a precision of < 15%.

Population Pharmacokinetics and Pharmacodynamics Modeling

The population PK/PD model was constructed utilizing nonlinear mixed-effects modeling software, NONMEM (version
7.5, ICON nplc, Ellicott City, MD). The first-order conditional estimation method, incorporating the m-¢ interaction
approach, was applied throughout the modeling process. For statistical analysis and visualization of data, R (version
4.1.2, R Foundation for Statistical Computing, Vienna, Austria) was leveraged.
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Population Pharmacokinetics Modeling

We developed a remimazolam population PK model. Initially, we evaluated one-, two-, and three-compartment models
with first-order elimination to ascertain the optimal PK structural model. The between-subject variability (BSV) in PK
parameters was modeled using exponential functions, as depicted in equation (Eq. 1).

Ti=Tx exp(n") (1

where ' represents the BSV for population parameters of the i™ individual and it is assumed to follow a normal
distribution with be normally distributed with an average of 0 and a variance of w”.

The residual unexplained variability (RUV) was characterized by examining models that incorporated only propor-
tional errors, purely additive errors, and models that included a mix of both proportional and additive error models.

Yi,/':Fi,/'X(l+€1) (2)
Yi;=Fi;+e& (3)
m,/:F[,/X(1+€1)+€2 (4)

" individual in the /™ individual’s dataset, while F;;

where Y;; denotes the observed plasma concentration for the it
corresponds to the predicted plasma concentration for the same subject. The residual errors, &; for proportional errors and
&, for additive errors, are each presumed to be normally distributed, both having a mean of 0 and a variance of &°.
Continuous variables including weight (WT) and age were standardized to the median values of the population using
a power transformation as shown in Eq. 5. WT was incorporated into the PK model using allometric scaling, as shown

in Eq. 6:

A Cov; o

T =T x (Cov ) (5)
) W\ %

T,=Tx ( " ) ©)

where 7} denotes the parameter value of the i™ subject and 7" represents the typical parameter value within the population.
0, signifies the influence of covariates on the model parameters. Cov; is the value of the covariate for it individual, while
Cov,, is the median value of the covariate. WT; represents the WT of the i™ subject, and @, serves as the exponent, with
values set to 0.75 for clearance (CL) and 1 for volume.

Additional variables such as age, gender, albumin, total protein, alanine aminotransferase, alkaline phosphatase,
aspartate aminotransferase, glutamyl transferase, total bilirubin, direct bilirubin, and serum creatinine were analyzed
utilizing a stepwise approach that included both forward selection and backward elimination. A covariate was considered
significant if it resulted in a decrease in the objective function value (OFV) by more than 3.84 (3> test, P <0.05) during
the forward selection phase, and an increase of more than 6.63 (x* test, P <0.05) during the backward elimination phase.

The selection of the model was based on an assessment of the OFV, Akaike information criterion (AIC),'® Bayesian
information criterion (BIC),'” the accuracy of the parameter estimates, and the biological and pharmacological relevance
of the model.

Population PK/PD Modeling
The population PK/PD model was sequentially developed.'®'® Once the population PK model was developed, individual
PK parameters were determined using the empirical Bayes estimation approach. Subsequently, these individual para-
meters were integrated into the overall population PK/PD modeling framework.

The relationship between remimazolam exposure and the BIS value was investigated by examining an effect
compartment model with an inhibitory effect, which could be either sigmoidal or non-sigmoidal. The sigmoid 7,
model depicted in Eq. (7):
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Hill
Imax,i X CE,’JI

BISiJ = BISbaseline,i - W
i iy

(7
where BISpuserine refers to the BIS value prior to the administration of remimazolam. 7, ; denotes the maximum impact
of remimazolam on the BIS for the i™ individual. 1Cs ; signifies the concentration that elicits a half-maximum effect, and
CE;; is the concentration in the effect compartment for the i subject at time j. The Hill coefficient characterizes the
steepness of the dose-response curve. The concentrations in the effect compartment are governed by the rate constant for
the effect compartment (k).

We evaluated both exponential and additive models to describe BSV. In the case of RUV, we utilized models that
included proportional errors, additive errors, and a combination of both proportional and additive error components.

Subsequently, factors such as age, gender, albumin, total protein, alanine aminotransferase, alkaline phosphatase,
aspartate aminotransferase, glutamyl transferase, total bilirubin, direct bilirubin, and serum creatinine were subjected to
a two-step covariate selection process. Initially, they were included in the model using a forward selection method with
a chi-squared (y2) test at a significance level of P<0.05. Following this, a backward elimination approach was applied
with the same chi-squared test, but at a more stringent significance level of P<0.01, to refine the model.

The selection of covariates for the population PK/PD model was guided by the OFV, AIC, BIC, the accuracy of the
estimated parameters, and the biological relevance of the covariates. Following the screening process for covariates, PK
and PD parameters were estimated together to reflect the correlation between drug exposure and therapeutic effect.

Model Evaluation

Diagnostic plots for goodness-of-fit (GOF) were utilized to evaluate the alignment of observed data with the PK/PD
model’s predictive outcomes. Furthermore, visual predictive checks (VPCs) were implemented, encompassing 1000
simulations, to gauge the model’s predictive accuracy. The 2.5th, 50th, and 97.5th percentiles from the simulated
concentration distributions were scrutinized and juxtaposed against actual observational data. A non-parametric bootstrap
approach consisting of 1000 iterations was used to assess the model’s robustness. The 95% confidence intervals (CIs) of
the bootstrap samples were determined and compared with the parameter estimates derived from the final model.

Hemodynamic Monitoring

No other sedative drugs were administered to any patient before entering the operating room. Peripheral venous access was
established, and radial artery puncture was conducted under local anesthesia. During remimazolam administration, the systolic
blood pressure, diastolic blood pressure, and mean arterial blood pressure were continuously monitored using an arterial
catheter. HR was continuously monitored using a standard five-lead electrocardiogram. Peripheral oxygen saturation (SpO;)
was continually monitored using a pulse oximeter.

Anesthesia was induced using remimazolam, followed by sufentanil and rocuronium for muscle relaxation to
facilitate endotracheal intubation. Intraoperative mean arterial pressure and HR were maintained within 20% of baseline
values. To raise the blood pressure, ephedrine or phenylephrine was administered intravenously, whereas urapidil or
perindopril was administered to lower the blood pressure. Atropine was used to treat bradycardia (HR <50 beats/min),
and esmolol was used to treat tachycardia (HR >110 beats/min).

Adverse events were recorded during the operation, including, but not limited to, emergencies during the surgical
procedure, surgical errors, and patient reactions. At the same time, a specific description of the adverse event, the cause
of its occurrence, and countermeasures were provided. The occurrence of adverse events within 6 h postoperatively,
including respiratory and circulatory depression, and postoperative agitation.

Dosing Regimen Design

Under surgical anesthesia, remimazolam was administered according to the measured body weight, a method that can
yield varying drug exposures and influence the anesthetic effect in patients. By utilizing a Bayesian approach in
conjunction with the established population PK/PD model, this study refined dosage predictions for both induction
and maintenance of anesthesia, ensuring the prompt attainment of deep anesthesia.
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For the convenience of anesthesiologists, we developed a user-friendly web-based dashboard tool. This tool leverages
the R programming language packages RxODE (version 1.1.5) and Shiny (version 1.7.1) for its analytical capabilities.
The recommended individual dosing regimens were directly displayed, and the associated concentration-surgery time
profile and BIS-surgery time relationships were also visualized using the ggplot2 (version 3.2.1) package in R.

Results

Demographics

Twenty patients who underwent thoracic surgery received remimazolam according to the research protocol. A total of
190 PK observations and 531 BIS values for remimazolam were utilized to develop a population PK/PD model. The
study cohort comprised 3 males and 17 females, aged between 27 and 69 years, and weighing between 53 and 71 kg. The
demographic profiles of subjects are outlined in Table 2. No significant disparities were observed among patients across
the various dosing regimens.

Population Pharmacokinetics and Pharmacodynamics Modeling

Population Pharmacokinetics Modeling

The three-compartment model with first-order elimination exhibited lower OFV, AIC, and BIC value than alternative
models, and greater accuracy in the estimation of parameters and variability. Consequently, the structural model that best
described PK profiles utilized a three-compartment model with first-order elimination, as illustrated in Figure 2. The
RUYV of remimazolam was described using a proportional model. Additionally, no covariates were found to affect
remimazolam PK. The population PK parameters of remimazolam are summarized in Table 3.

Population PK/PD Modeling

The population PK/PD model of remimazolam was described using a sigmoid 7,,,, model. The proportional model was
determined to be optimal for capturing the characteristics of RUV. No significant covariates were identified within the PD
model. Table 3 also presents the final PD parameters of remimazolam.

Model Evaluation

GOF plots were utilized to assess the population PK/PD models of remimazolam, as illustrated in Figure 3. The VPC
plots, displayed in Figure 4, demonstrated the developed population PK/PD model accurately captured the PK and PD
profiles of remimazolam. Figures 3A and 4A are utilized to evaluate the population PK model, while Figures 3B and 4B
are employed to assess the population PD model. Table 3 shows the results of the bootstrapping analysis. Parameter

Table 2 Demographic Characteristics of Subjects

Characteristic Part 1 (N=10) Part 1l (N=10) Total (N=20)
Median (min, max) | Median (min, max) | Median (min, max)
Sex (male/female) | 1/9 2/8 3/17
Age (years) 58 [27, 69] 43 [28, 66] 53 [27, 69]
Weight (kg) 60 [53, 71] 59 [53, 70] 60 [53, 71]
TP 73 [65, 77] 70 [61, 80] 71 [61, 80]
ALT 22 [I1, 36] 14 [10, 20] 17 [10, 36]
AST 22 [16, 43] 20 [17, 22] 21 [l6, 43]
TBIL 9 [4.4, 12.3] 9.9 [6.8, 18.3] 9.3 [44, 18.3]
DBIL 1.65 [0.4, 2.7] 1.2 1.1, 4] 1.5 [0.4, 4]
SCR 55.5 [48, 62] 49 [39, 109] 54 [39, 109]
GGT I55[I1, 63] 20 [14, 32] 17 [11, 63]
ALB 44.5 [40, 46] 43 [34, 46] 44 [34, 46]
ALP 72 [54, 105] 81 [50, 120] 77 [50, 120]

Abbreviations: ALB, Albumin; TP, Total protein; ALT, Alanine aminotransferase; ALP, Alkaline phosphatase;
AST, Aspartate aminotransferase; GGT, Glutamyl transferase; TBIL, Total bilirubin; DBIL, Direct Bilirubin; SCR,
Serum creatinine.
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Figure 2 Schematic of population PK and PD models of remimazolam. Combined pharmacokinetic/pharmacodynamic model, consisting of a three-compartment model for
the parent drug remimazolam and an effect compartment model with an inhibitory sigmoid Emax model.
Abbreviations: VI, central volumes of distribution; V2,3, peripheral volumes of distribution; ke0, elimination clearances; Q2,3, intercompartmental clearances.

estimates of the final model are contained within the 95% ClIs obtained from the bootstrap process. The bootstrap’s

successful estimation rate of 94.5% suggests that the final model exhibits stability. These assessments confirm that the

population PK/PD model is robustly constructed, indicating that the recommended dose is effective in helping anesthe-

siologists rapidly achieve the target BIS value.

Table 3 Final popPK/PD Model Parameters Estimation of Remimazolam

Parameters Final Model Bootstrap (N=1000)
Estimates RSE (%) Median 95% CI
Typical value
CL (L/min) 1.33 4 1.34 1.20-1.45
VI (L) 6.35 17 6.8 3.74-8.95
V2 (L) 28.2 12 28.7 20.44-35.89
Q2 (L/min) 0.293 16 0.298 0.19-0.39
Q3 (L/min) 1.09 17 1.09 0.46-1.71
V3 (L) 10.9 7 11.14 8.86-12.87
Lax 80.7 4 74.93 61.30-100
ICsy (ng/mL) 809 7 744 561-1056
BIS_ baseline 91.9 | 91.5 88.9-94.7
keo (min") 0.13 7 0.13 0.11-0.15
Hill coefficient 1.65 16 1.74 1.08-2.22
Inter-individual variation (11V)
IIV_CL (%) 16 18 15 7.6-21.2
IIV_VI (%) 71.1 19 64.7 43.9-90.5
IV_Q2 (%) 61.5 18 60.9 32.3-80.7
I\V_V2 (%) 40.6 24 40.2 14-55.7
IV_Q3 (%) 55.8 30 55 0-83.6
IIV_ICso (%) 15 31 15 0-23
IWV_keo (%) 12.2 8l 15.4 0-26
IIV_HILL (%) 472 24 453 26.2-61
Residual unexplained variability (RUV)
prop RUV (%) 0.161 [ 0.162 0.133-0.184
prop RUV (%) 0.09 0 0.089 0.071-0.11

Abbreviations: CL, clearance; VI, central volume; V2, peripheral volume; V3, peripheral volume; Q2, intercompartmental
clearance; Q3, intercompartmental clearance; Ktr, transit rate constant; V5, central volume for CNS 7054; k., elimination
rate constant; RSE, residual standard error; Cl, confidence intervals.
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1e+03

Concentration (mg/dL)

1e+00 4

1e-01+4

A

1e+02 4

1e+01 4

PK

100
Time (hrs)

150 200

250

BIS value

Time after first dose

PD

00 @

o

100

Time (hrs)

150

200 250

Figure 4 Visual predictive check plots of the population PK/PD model. (A) logarithmic scale for the population PK model of remimazolam; (B) normal scale for the
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the simulated values.

Hemodynamic Monitoring
Ten patients were administered remimazolam for both induction and maintenance of anesthesia, during which blood

pressure (Figure 5A) and HR decreased (Figure 5B). Compared to baseline, the maximum decrease in mean arterial

pressure was 26+11%, and the maximum decrease in HR was 17+11%. During the surgical procedure, the SpO, of nine

patients was maintained at >95%. For one patient, SpO, was maintained between 90-95% for 5 min during the one-lung

ventilation process and above 95% at all other times (Figure 5C).
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Figure 5 Time courses of (A) mean arterial blood pressure, (B) heart rate, and (C) peripheral oxygen saturation. Each gray line represents the data of one subject, the dark
lines show the mean values.

No adverse events occurred during the surgery, and no respiratory or circulatory depression or postoperative agitation
was observed during the 6-hour follow-up period.

Dosing Regimen Design
The web-based dashboard tool is divided into two parts, including the input and the output sides. On the input side, users
must enter the target BIS values, actual surgery time, and patient weight. Population PK and PD parameters can be
customized based on different clinical settings, with the initial population PK and PD parameters set as default. On the
output side, the tool displays the recommended bolus dose and infusion dose of remimazolam, along with direct visualiza-
tions of concentration-surgery time profiles and BIS-surgery time correlations. Furthermore, the online web-based dash-
board facilitates access to personalized dosing regimens (https://chenl2yue-ting.shinyapps.io/remimazolam-XK/).

Figure S1 presents screenshots of the dashboard, illustrating a scenario for a 60 kg, 40-year-old patient undergoing
a 2-hour surgical procedure. On the input side, the target BIS values, actual surgery time, and patient weight had been

entered (Figure Sla). To meet surgical anesthesia needs, the BIS was set at 40—-60. On the output side, the recommended
dosing regimen consisted of an initial bolus dose of 1.1 mg/kg, followed by a continuous infusion at a rate of 0.4 mg/kg/h
(Figure S1b). It also shows that the BIS rapidly decreased to levels of 40 and 60, maintaining a consistent level
throughout the surgery (Figure Slc).

Discussion

The study characterized the remimazolam PK and PD profiles in patients undergoing surgery and developed a convenient
web-based tool for remimazolam to recommend optimal dosage regimen. Furthermore, we also determined that
remimazolam administration induced a stable hemodynamic response and with no adverse events observed in patients
undergoing general anesthesia.

The PK profiles of remimazolam were similar to those reported in previous studies. Sheng et al*® reported that the
remimazolam CL was 1.24 L/min/70 kg in healthy Chinese subjects. Additionally, a previous study”' encompassing 11
Phase I-1II trials demonstrated that the remimazolam CL was 1.18 L/min/70 kg, which suggests that ethnicity is not
a significant clinical factor affecting PK. Furthermore, the results of these previous studies were similar to those of our
study, with a CL of 1.33 L/min/70 kg, showing that remimazolam has stable PK profiles in different populations.

In addition, the PD profiles were found to be consistent with other reported studies. In our study, k.o was found to be
comparable to that of previous studies [18, 19] (0.13 min' vs 0.141 min ' and 0.13 min"). However, for I, significant

variations were observed among studies. Previous studies®**®

established an /,,,, of 39.3 at doses ranging from 0.01 to
0.3 mg/kg, whereas our study observed an 7, of 80.7 across doses ranging from 0.025 to 0.4 mg/kg at an infusion rate
of 1 mg/kg/h. Additionally, Zhou et al** reported an I, of 73.3 across infusion rates ranging from 0.5 to 3 mg/kg/h,

which is consistent with our study. This difference may be attributed to the different doses used.
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No covariates exerted a significant influence on the remimazolam PK and PD profiles. Previous studies*'** have identified
gender, ASA status, and extracorporeal circulation as factors influencing the CL and central volume of remimazolam. However,
our study only included patients in a relatively good physical condition and did not identify significant covariates. This is
consistent with the findings of a previous study®* that included only healthy subjects and also did not identify significant
covariates. In addition, gender was not a clinically significant factor associated with remimazolam PK/PD.?! Hence, future
research should encompass a broader spectrum of the population, such as obese individuals, pediatric and geriatric patients, or
those with unique medical conditions, to uncover the factors that may influence remimazolam PK and PD profiles.

The population PK/PD-based dashboard tool is highly convenient for clinical use. Anesthesiologists can enter patient
information into the tool to obtain predicted initial dosing regimens prior to surgery. However, initial feedback on its
practicality is still being gathered in clinical settings.

During remimazolam administration, hemodynamics remained relatively stable Compared with baseline, the maximum
decrease in mean arterial pressure was approximately 26%, which is similar to the maximum decrease of approximately 24% in
mean arterial pressure observed in a previous study®* of healthy adults receiving continuous infusion of remimazolam. Previous
studies have shown that in healthy adults, continuous infusion of remimazolam alone results in an increase in HR of
approximately 28%, which is in contrast to the 17% decrease in HR observed in this study.* This discrepancy may be attributed
to the combined use of opioids, which had a HR-lowering effect, during the induction and maintenance phases of our study.

This study has several limitations. First, we did not investigate the synergistic effect of combined therapy with opioids
in the study patients who received remimazolam along with synergistic drugs. Additionally, remimazolam metabolism is
influenced by liver function, which may affect the patient’s anesthetic depth and awakening time. Therefore, investigating
variability in liver function among patients is also necessary. Lastly, the developed web-based dashboard tool only
provides the initial dosing regimen for patients undergoing general anesthesia, and adjustment of remimazolam dosage
during the surgical procedure has not yet been achieved.

Conclusion

Our study characterized the population PK/PD profiles of remimazolam in patients undergoing general anesthesia.
Furthermore, we developed a web-based dashboard tool based on the established remimazolam population PK/PD
model to recommend an individualized initial dosing regimen for general anesthesia. In the future, studies using
remimazolam should include a more diverse population and a variety of clinical settings, such as those involving
combination drugs, to investigate its population PK/PD profiles.
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