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Purpose: Remimazolam, a novel hypnotic agent, has demonstrated superior hemodynamic stability compared with propofol during 
general anesthesia, particularly in elderly patients. However, the dose-dependent reduction in blood pressure associated with 
remimazolam has not been quantitatively modeled in this population.
Patients and Methods: We analyzed data from 432 patients aged ≥ 65 years who underwent elective gastrectomy as part of a randomized 
trial comparing remimazolam with propofol. Remimazolam was administered via zero-order infusion at 6 mg/kg/h, whereas propofol was 
delivered using target-controlled infusion (TCI) guided by the Schnider model. Blood pressure data were transformed into fractional 
changes in mean arterial pressure (MBP) relative to baseline. A modified simple logistic regression model was developed to characterize the 
relationship between cumulative remimazolam dose and MBP reduction, with body weight evaluated as a covariate.
Results: A total of 209 patients were analyzed in each group. The modified logistic model effectively described the dose-dependent 
MBP reduction associated with remimazolam. Body weight was identified as a significant covariate that improved model performance. 
Although the remimazolam group exhibited a statistically greater MBP reduction before intubation than the propofol group 
(28.0 ± 9.9% vs 25.8 ± 10.1% reduction from baseline, P = 0.024), the difference was not considered clinically meaningful.
Conclusion: In elderly patients undergoing general anesthesia with remimazolam, the relationship between dose and MBP reduction 
during induction was well characterized using a modified logistic model, with body weight as a significant covariate. TCI may 
represent an effective dosing strategy for maintaining hemodynamic stability during anesthetic induction.
Trial Registration: This study was registered at the Clinical Research Information Service of the Korean National Institute of Health 
(CRIS, http://cris.nih.go.kr), with registration number KCT0006877, on December 27, 2021.
Keywords: remimazolam, anesthesia, hemodynamics, aged, pharmacodynamics

Introduction
Remimazolam is a relatively new hypnotic agent introduced into clinical practice, primarily for procedural sedation.1 In several 
countries, including South Korea, it has also received regulatory approval for use as a general anesthetic.2 Based on a Phase IIb/ 
III clinical trial conducted in Japan,3 the Korean Ministry of Food and Drug Safety recommends a continuous infusion of 
remimazolam at 6–12 mg/kg/h for the induction of anesthesia.2 Several studies have consistently reported that remimazolam 
offers superior hemodynamic stability compared to propofol during general anesthesia and a lower incidence of hypotension.4–8 

Consequently, remimazolam may be particularly advantageous for elderly patients, who are more likely to experience significant 
hemodynamic fluctuations during anesthetic induction.9 Furthermore, some studies have demonstrated that the incidence of 
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postoperative delirium and the quality of recovery with remimazolam are non-inferior to those observed with propofol,10–12 

suggesting that its use in elderly patients requiring general anesthesia will likely increase. However, elderly patients exhibit 
substantial pharmacodynamic and pharmacokinetic (PK) variability,13 which may contribute to considerable interindividual 
differences in blood pressure reduction during anesthesia with remimazolam. Therefore, developing a model to quantify the 
dose-dependent reduction in blood pressure associated with remimazolam would be valuable for achieving more stable 
hemodynamic control in this population.

Target-controlled infusion (TCI) is an established method of intravenous drug administration, in which the infusion rate is 
continuously adjusted based on PK models to maintain a user-defined target plasma or effect-site concentration in real time.14 

Studies have shown that TCI provides better hemodynamic stability than conventional continuous infusion of the same agent.15 

Consequently, TCI is widely used for intraoperative propofol administration in many countries, excluding the United States.16 

Although PK models for remimazolam have been developed,17,18 the drug is not yet integrated into commercially available TCI 
pumps, making clinical implementation challenging without specialized equipment. The primary aim of this study was to develop 
a pharmacodynamic model to quantify the relationship between remimazolam dosing and blood pressure reduction in patients 
aged ≥ 65 years. Additionally, we aimed to indirectly assess the potential advantages of TCI-based administration by comparing 
the degree of blood pressure reduction observed during anesthetic induction using standard clinical infusion methods for 
remimazolam and propofol.

Materials and Methods
Study Design
This study involved a retrospective analysis of blood pressure data, dosing information, and patient characteristics 
collected from a previously conducted randomized controlled trial.12 The original trial compared the incidence of 
postoperative delirium and quality of recovery between remimazolam and propofol in patients aged ≥ 65 years under
going elective gastrectomy.12

Ethical Considerations
The original randomized controlled trial was conducted at a single center and was approved by the Institutional Review Board 
of Asan Medical Center (Seoul, Korea; approval number: 2021–1668, approval date: November 25, 2021). The study was 
conducted in accordance with the Declaration of Helsinki. It was also registered with the International Clinical Trials Registry 
Platform (http://cris.nih.go.kr, KCT0006877; principal investigator: Byung-Moon Choi; registration date: December 27, 
2021) prior to the enrollment of the first patient. Written informed consent was obtained from all participants. During the 
consent process, all patients agreed that the data collected could be used for academic purposes, with appropriate protection of 
personal and sensitive information.

Patient Population
Data from 432 patients who completed the original trial were included in the analysis. The inclusion and exclusion 
criteria and the randomization procedures are detailed in the original publication.12

Study Procedure
Upon arrival in the operating room, patients were monitored using electrocardiography, pulse oximetry, end-tidal carbon 
dioxide, and train-of-four (TOF) monitoring (Carescape B850; GE Healthcare, Milwaukee, Wisconsin, USA). A bispectral 
index (BIS™; Medtronic, Dublin, Ireland) sensor was placed on the forehead. All monitoring data were continuously recorded 
onto a personal computer throughout the procedure, with time synchronization based on Korean Standard Time. For patients 
who consented to electroencephalogram (EEG) monitoring, an 8-channel electrode montage was applied before induction, 
and a minimum of 5 minutes of baseline EEG was recorded before administration of anesthetic agents.19 To ensure adequate 
stabilization, patients remained in the supine position on the operating table for at least 10 minutes before anesthetic 
administration. After administration, blood pressure was measured at 1-minute intervals. Loss of consciousness was defined 
as the point at which the patient no longer responded to verbal commands to “open your eyes.” Following loss of 
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consciousness, rocuronium (0.6 mg/kg) was administered. Subsequently, remifentanil was initiated via target effect-site 
controlled infusion using the Minto model,20 with an initial target concentration of 2 ng/mL. If systolic blood pressure was 
maintained above 90 mmHg, the remifentanil target concentration was increased to 3 ng/mL. Endotracheal intubation was 
performed once a TOF count of zero and a BIS value below 60 were confirmed. To maintain hemodynamic stability (systolic 
blood pressure ≥ 80 mmHg and heart rate ≥ 45 bpm), ephedrine or phenylephrine was administered as needed. Blood pressure 
monitors used in this study were calibrated every 6 months following hospital medical device maintenance protocols.

Administration of Anesthetic Agents
Each anesthetic agent was administered using clinically established methods, without changes to the initial dosing strategy 
until endotracheal intubation was completed. Remimazolam was administered as a continuous infusion at 6 mg/kg/h. Propofol 
was administered via TCI using the Schnider model,21,22 with a target effect-site concentration set at 3.5 μg/mL. Both agents 
were delivered using a commercial TCI pump (Perfusor Space; B. Braun Melsungen AG, Germany). Real-time simulations 
were conducted using the AsanPump TCI control software (version 2.1.5; Bionet Co. Ltd., Seoul, Korea) to obtain detailed 
time-stamped dosing information. The software settings were manually updated to match any adjustments made on the actual 
TCI pump during administration. The computer running the AsanPump software was synchronized to Korean Standard Time 
to ensure accurate time alignment. This procedure allowed for precise synchronization between blood pressure measurements 
and anesthetic dosing data, even though these data were recorded on separate computers.

Development of a Prediction Model
Blood pressure data were transformed into fractional changes relative to baseline rather than using absolute values to facilitate 
effective modelling and enhance clinical applicability. Baseline blood pressure was defined as 100% of the value immediately 
before anesthetic administration, and subsequent reductions were expressed as percentage changes. Blood pressure data up to 
immediately before intubation were used for modeling. For example, if the baseline mean blood pressure (MBP) was 
80 mmHg and the MBP immediately before endotracheal intubation was 64 mmHg, the corresponding fractional MBP 
would be 80% (64/80). Given that perioperative blood pressure management primarily focuses on MBP rather than systolic 
blood pressure,23,24 the predictive model was developed using fractional changes in MBP.

A model that best described the fractional MBP data was selected, and a modified simple logistic regression model 
was employed.25 The structural model is presented in Equation (1).

Here, ϕ1 represents the horizontal asymptote range of 100 – fractional MBP as the cumulative dose (“amount”) 
approaches infinity; that is, ϕ1 denotes the overall range of reduction in fractional MBP. Parameter ϕ2 represents the 
value of the amount at which 100 – fractional MBP equals ϕ1/2, corresponding to the inflection point of the logistic 
curve. Parameter ϕ3 is a scale parameter that reflects the steepness of the curve and the distance on the amount axis 
between the inflection point and the point at which fractional MBP is approximately 100–0.73ϕ1. In this model, “amount” 
refers to the cumulative dose of remimazolam administered during anesthetic induction. Between-subject variability was 
estimated using an additive random effects model, as shown in Equation (2).

Where ϕki is the k-th parameter for the i-th individual, ϕk is the typical value, and ηki is a random effect with a mean of zero and 
variance w2

k . Within-subject variability was modeled using an additive residual error model. The Akaike Information Criterion 
(AIC) was used to select the final model.26 Age, sex, weight, and histories of hypertension and diabetes were evaluated as 
potential covariates. Model estimation was conducted using the NLMIXED procedure in SAS (version 9.4, SAS Institute Inc., 
Cary, NC, USA). Stochastic simulations based on the final model estimates were performed to visualize covariate effects.
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Statistical Analysis
The primary endpoint was the development of a pharmacodynamic model describing the dose-dependent blood pressure 
reduction in patients aged ≥ 65 years who received remimazolam. The secondary endpoint was to indirectly assess the 
hemodynamic stability of TCI by comparing the degree of blood pressure reduction during anesthetic induction between 
remimazolam (administered via zero-order infusion) and propofol (administered via target effect-site controlled infusion). 
Given that the primary endpoint involved exploratory model development, a formal sample size calculation was not required. 
However, a sample size calculation was performed for the secondary endpoint, which involved comparing the degree of blood 
pressure reduction between the two groups prior to endotracheal intubation. Before conducting the original study designed to 
evaluate delirium incidence and quality of recovery, a pilot test was performed.19 In that study, the mean (standard deviation) 
reduction in blood pressure from the start of drug administration to immediately before endotracheal intubation was 26.8 ± 9.6% 
for remimazolam and 24.9 ± 13.4% for propofol. Based on a non-inferiority margin of 5% for the between-group difference in 
mean blood pressure reduction, with an alpha of 0.05 and a beta of 0.8, and accounting for a 5% dropout rate, the required sample 
size was calculated to be 172 patients per group.

All statistical analyses were conducted using SigmaStat version 3.5 (Systat Software, Inc., Chicago, IL, USA), R software 
(version 4.5.1, R Foundation for Statistical Computing, Vienna, Austria), or SAS version 9.4 (SAS Institute Inc., Cary, NC, 
USA). Continuous variables were summarized as mean (standard deviation) for normally distributed data or median (inter
quartile range) for non-normally distributed data. Categorical variables were presented as counts and percentages (n [%]). Group 
comparisons were performed using the two-sample t-test, Mann–Whitney U-test, or chi-square test, as appropriate.

Results
The CONSORT flow diagram for this study is presented in Figure 1. Patients with missing blood pressure, anesthetic 
dosing data, or inconsistent timing between these datasets were excluded from the analysis. A total of 209 patients per 

Figure 1 CONSORT flow diagram. This analysis was based on patient data from a previously conducted randomized controlled trial; therefore, there were no screening 
failures in this study.
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group were included in the final analysis. Demographic characteristics are summarized in Table 1. No statistically 
significant differences were observed between the two groups. Variables related to anesthetic induction, including time to 
endotracheal intubation, are summarized in Table 2. The difference in cumulative dose up to endotracheal intubation was 
attributed to the difference in potency between the two agents. The fractional change in MBP from the start of anesthetic 
infusion to immediately before endotracheal intubation is shown in Figure 2. In both groups, a progressive reduction in 
MBP was observed as infusion continued and the cumulative dose increased. Individual relative MBP values, calculated 
as MBP immediately before intubation divided by baseline MBP, are presented in Figure 3. Although the remimazolam 
group exhibited a statistically greater reduction in MBP than the propofol group (remimazolam: 72.0 ± 9.9%; propofol: 
74.2 ± 10.1%; Student’s t-test, P = 0.024), this difference was not considered clinically significant. The modified logistic 
model adequately described the dose-dependent changes in fractional MBP. In the base model, the scale parameter ϕ3i 

was treated as a fixed effect. When weight was included as a covariate for ϕ1i and ϕ2i, the AIC decreased significantly 
(base model: 7412, covariate model: 7369). Other covariates, including age and sex, were not statistically significant. 
Parameter estimates and their standard errors for the final model are presented in Table 3. To ensure stable model 
estimation, body weight was centered and scaled using the transformation weightc = (weight − 40)/60, yielding values 

Table 1 Baseline Characteristics

Remimazolam (n = 209) Propofol (n = 209) P Value

Age, year 74.0 (70.0–78.0) 73.0 (68.0–78.0) 0.196

Sex, female, n (%) 74 (35.4%) 66 (31.6%) 0.468

Height, cm 161.9 (155.4–167.0) 162.6 (155.4–169.0) 0.270
Weight, kg 62.9 ± 10.1 64.2 ± 10.3 0.219

Body mass index, kg/m2 24.1 ± 3.2 24.4 ± 3.0 0.440

Comorbidities
Diabetes mellitus 67 (32.1%) 49 (23.4%) 0.063

Hypertension 117 (56.0%) 123 (58.9%) 0.621

ASA PS 0.359
I 2 (0.9%) 2 (0.9%)

II 194 (92.8%) 186 (89.0%)

III 13 (6.2%) 21 (10.0%)
Social history, n (%)

Alcohol use 80 (38.3%) 77 (36.8%) 0.840

Smoking 26 (12.4%) 35 (16.7%) 0.268

Notes: Data are expressed as mean (SD), median (25%–75%), or count (percentage) as appropriate. 
Abbreviation: ASA PS, American Society of Anesthesiologists physical status.

Table 2 Variables During Anesthetic Induction

Remimazolam 
(n = 209)

Propofol 
(n = 209)

P Value Difference  
(95% CI)

Time from start of anesthetic administration to endotracheal intubation, min 6.2 (5.8‒6.6) 6.2 (5.6‒8.3) 0.393 ‒0.4 (‒6.3 to 3.0)

Total dose until endotracheal intubation, mg 35.4 (30.6‒40.6) 96.1 (83.1‒116.6) < 0.001 ‒61.4 (‒123.7 to ‒28.1)

Relative risk  
(95% CI)

Number of ephedrine doses, n (%) 0 (0.0) 2 (1.0) 0.499 ‒
Number of phenylephrine doses, n (%) 1 (0.5) 0 (0.0) 1.0 ‒
Number of patients with MBP < 60 mmHg, n (%) 12 (5.7) 13 (6.2) 1.0 0.923 (0.431‒1.975)

Notes: Data are expressed as mean (SD), median (25%–75%), or count (percentage) as appropriate. Each patient who received ephedrine was administered a single 5 mg 
dose. One patient received 100 µg of phenylephrine. Fisher’s exact test was used for categorical comparisons between groups. For continuous variables, the Hodges– 
Lehmann estimator and its 95% confidence interval were calculated to estimate the difference in medians. For categorical variables, the relative risk and corresponding 95% 
confidence intervals were calculated. Confidence intervals could not be computed for events with zero incidence. 
Abbreviations: CI, confidence interval; MBP, mean blood pressure.
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approximately between 0 and 1. Diagnostic plots for the final model are presented in Supplementary Figure S1. Results 
of the stochastic simulations illustrating the relationship between remimazolam dose and fractional MBP stratified by 
body weight are presented in Figure 4. As body weight decreased, the fractional MBP reduction at a given cumulative 
dose became more pronounced.

Discussion
In elderly patients aged ≥ 65 years, the dose-dependent reduction in MBP associated with remimazolam was well 
described by a modified logistic model. Body weight was identified as a significant covariate in the model. Anesthetic 
administration using a TCI method may offer greater hemodynamic stability than zero-order infusion.

The modified logistic regression model was particularly well suited to characterize the dose-dependent reduction in MBP, as it 
effectively captures the characteristic sigmoid (S-shaped) relationship between dose and hemodynamic response. In contrast to 
linear or simple exponential models, the logistic model accommodates a threshold effect, a steep reduction phase, and a plateau, 

Figure 2 Fractional changes in mean blood pressure (MBP) following induction with remimazolam (A) and propofol (B). Each dotted line represents the fractional change in 
MBP (%) for an individual patient over time. The solid red line indicates the locally weighted scatterplot smoothing (LOWESS) trend. The LOWESS curve was plotted only 
up to the average time of endotracheal intubation during anesthetic induction with each agent. Fractional MBP was calculated by normalizing the blood pressure immediately 
before the administration of the anesthetic agent to 100%.

Figure 3 Comparison of fractional mean blood pressure (MBP) before endotracheal intubation between the remimazolam and propofol groups. Each dot represents an 
individual patient. The red horizontal line indicates the group mean, and the black vertical line represents the standard deviation. Fractional MBP was calculated by 
normalizing the blood pressure immediately before anesthetic administration to 100%. *P < 0.05 vs propofol.
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thereby reflecting the pharmacodynamic properties of remimazolam observed in clinical settings. Furthermore, the model 
parameters, including the asymptote, inflection point, and steepness, provide intuitive and clinically meaningful insights into 
the dose-response relationship. The incorporation of random effects further enabled the model to account for inter-individual 
variability, enhancing its flexibility and predictive performance. The inclusion of body weight as a covariate was appropriate, as 
remimazolam was administered using a weight-based dosing regimen (6 mg/kg/h). Given that the infusion rate is directly 
dependent on patient weight, it is reasonable that body weight would influence the relationship between cumulative dose and 
MBP reduction.TCI is considered one of the most advanced methods of drug administration.16 Unlike conventional approaches 
such as constant-rate (zero-order) infusion or manually adjusted variable-rate infusion, TCI continuously calculates and adjusts 
the infusion rate approximately every 10 seconds based on PK models to maintain a user-defined target concentration.14 This 
approach allows for more precise drug delivery than manual adjustments. When covariates such as body weight or age are 
incorporated into the PK model, interindividual variability in PK parameters can be accounted for. Consequently, even when 
maintaining the same target concentration for the same duration, the actual amount of drug administered will vary according to 
individual patient characteristics, facilitating personalized dosing. Furthermore, general anesthetics typically exhibit a steep dose- 

Table 3 Pharmacodynamic Parameter Estimates and Relative 
Standard Error (RSE) of the Final Pharmacodynamic Model

Parameter Estimate (SE) RSE (%) 95% CI

ϕ1 ¼ ϕ10 þ ϕ11WTc
ϕ10 41.23 (2.63) 6.38 36.04‒46.42

ϕ11 ‒20.03 (5.62) ‒28.06 ‒31.11 to ‒8.94
ϕ2 ¼ ϕ20 þ ϕ21WTc

ϕ20 18.60 (1.38) 7.42 15.88‒21.32

ϕ21 14.55 (3.34) 22.96 7.96‒21.13
ϕ3 5.92 (0.25) 4.22 5.42‒6.42

w2
1 102.08 (14.93) 14.63 72.64‒131.53

w2
2 31.85 (5.41) 16.96 21.19‒42.51

w3
2 ‒ ‒ ‒

σ2 18.8 (0.96) 5.11 16.91‒20.68

Notes: w2
1 , w2

2 , and w3
2 represent the variances of the interindividual variability for ϕ1, ϕ2, 

ϕ3, respectively. σ2 is the variance of the residual (intraindividual) error. The interindivi
dual variability for ϕ3 was fixed to 0 and not estimated. WTc = (weight ‒ 40)/60. The 
structural equation used in the final pharmacodynamic model is as follows: 
Fractional MBP ¼ 100 � ϕ10þϕ11WTc

1þexpð
ϕ20þϕ21 WTcð Þ� amount

ϕ3
Þ
. 

Abbreviations: SE, standard error; RSE, SE/estimate × 100 (%); ϕ1, horizontal asymptote 
range; ϕ2, inflection point of the logistic curve; ϕ3, a scale parameter indicating the 
steepness of the curve.

Figure 4 Stochastic simulations illustrating the relationship between cumulative remimazolam dose and fractional mean blood pressure (MBP) by body weight. Panels (A–C) 
represent patients weighing 40 kg, 60 kg, and 80 kg, respectively. Remimazolam was simulated at an infusion rate of 6 mg/kg/h using the final model parameter estimates. A 
total of 1,000 simulation replicates were conducted for each weight group. The red solid line indicates the 50% prediction line, and the blue shaded area represents the 90% 
prediction interval.
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response relationship, whereby small changes in dose can result in substantial differences in effect.27 Therefore, accurate titration 
is particularly important when administering these agents, and TCI offers a distinct advantage. Recent efforts have also explored 
the use of TCI beyond general anesthetics, including certain antibiotics,28–30 particularly in clinical scenarios where maintaining 
drug concentrations above the minimum inhibitory concentration is critical. In patients undergoing endoscopic procedures, the 
use of TCI for propofol administration has been associated with faster recovery times and a lower incidence of moderate 
hypotension compared with manually controlled infusion.31 These findings suggest that TCI may be an effective strategy for 
maintaining hemodynamic stability. In a previous study comparing zero-order infusion of remimazolam and TCI propofol 
administration during anesthetic induction, no statistically significant difference in MBP reduction was observed between the two 
groups.32 Although the small sample size (n = 20 per group) raises concerns regarding statistical power, the observation that 
propofol administered via TCI produced hemodynamic changes similar to those of remimazolam is consistent with the findings 
of the present study. If remimazolam could be administered using a TCI method, anesthetic induction is expected to be performed 
with even greater hemodynamic stability.This study has some limitations. First, the number of patients included in the analysis 
was relatively small for the development of a predictive model. Generally, the performance of predictive models improves when 
trained on larger and more diverse populations.33,34 For this reason, many predictive models are developed using large 
retrospective datasets derived from routine clinical practice.34,35 However, cumulative dosing data recorded during anesthetic 
induction with remimazolam are not routinely captured and must be prospectively collected in a research setting, which 
inherently limits the sample size. Nevertheless, because the primary objective of this study was not to develop a clinical 
prediction model, but rather to construct a pharmacodynamic model to quantitatively describe the dose-response relationship, the 
sample size was considered sufficient for this purpose. Second, when comparing blood pressure reductions between two agents, 
using different administration protocols introduces the possibility that the method of administration itself may act as a 
confounding factor. Ideally, both agents would be administered using the same method to eliminate such potential confounding. 
However, we believe that using administration protocols that are not routinely employed in clinical settings may limit the 
practical applicability of the study findings. In Korea, remimazolam is currently not available for administration via TCI because 
its pharmacokinetic model has not yet been incorporated into approved infusion pumps. In contrast, propofol is commonly 
administered using TCI in clinical practice. Therefore, rather than applying uniform administration methods solely for the 
purpose of standardization, we opted to reflect real-world clinical practices by using the typical administration protocol for each 
agent. Furthermore, the observation that propofol administered with effect site-controlled TCI produced a similar degree of blood 
pressure reduction to that of remimazolam administered by constant rate infusion suggests that TCI may be a useful approach for 
controlling hemodynamic responses during anesthetic induction. Third, the plasma concentration of remimazolam was not 
measured in this study, and therefore the concentration–effect relationship could not be explored. When quantifying the 
relationship between dose and effect, the titration paradox may arise. Measuring the actual plasma concentration would help 
reduce potential misinterpretation by enabling analysis of the concentration–effect relationship. However, the original study was 
designed to compare the incidence of postoperative delirium between propofol and remimazolam, and therefore intraoperative 
blood sampling for remimazolam concentrations was not performed. Nonetheless, since the current analysis incorporated a 
pharmacodynamic model that accounts for interindividual variability, we believe that the analytical robustness of the results 
remains sound.

Conclusion
In elderly patients aged ≥ 65 years undergoing general anesthesia with remimazolam, the relationship between 
remimazolam dose and the reduction in mean arterial pressure during anesthetic induction was well characterized 
using a modified logistic model. Body weight was identified as a significant covariate. When comparing the degree of 
mean arterial pressure reduction during induction, remimazolam administered via zero-order infusion resulted in a 
statistically greater decrease than propofol administered via TCI; however, this difference was not considered clinically 
significant.

Data Sharing Statement
The data supporting the findings of this study are available from Byung-Moon Choi upon reasonable request. Data will 
be shared if the request is considered appropriate.
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