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Aims: Remimazolam is a new, ultra-short-acting benzodiazepine developed for intra-

venous (IV) use during procedural sedation and in general anaesthesia. Two trials

were conducted to characterize its effects on cardiac repolarization.

Methods: A thorough QT/QTc (TQT) study assessed electrocardiography effects of

therapeutic and supratherapeutic doses of remimazolam and midazolam. To investi-

gate whether RR-QT hysteresis effects due to rapid heart rate changes might have

confounded the QTc assessments in the TQT trial, a second trial used continuous IV

remimazolam infusion to achieve stable heart rates during periods of stable

remimazolam plasma concentration.

Results: During the TQT, both compounds produced a 10–20-beats/min increase in

heart rate within 30 seconds, persisting for 5–10 minutes. Within 30 seconds, the

upper bound of the 2-sided 90% confidence interval for the placebo-corrected

change from baseline for QTcI (ΔΔQTcI) exceeded 10 ms for both doses of

remimazolam (ΔΔQTcI 7.2 [3.2, 11.2] ms for the 10 mg dose and 10.4 [6.5, 14.3] ms

for the 20 mg dose) as well as for the 7.5-mg dose of midazolam (8.2 [4.4, 12.1] ms).

At 2 minutes after IV bolus, the upper bound of the 2-sided 90% confidence interval

for ΔΔQTcI exceeded 10 ms only for the remimazolam 20-mg dose (6.3 [2.3, 10.2]

ms). During the second study, during periods of stable heart rate, remimazolam had

no clinically significant effect on QTc (peak ΔΔQTcI 3.4 [−1.1, 7.6] ms).

Conclusion: Remimazolam does not prolong cardiac repolarization (QTc). The

methods reported here may allow assessment of the QTc effects of other drugs given

by IV bolus.
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1 | INTRODUCTION

Remimazolam (CNS 7056) is a new benzodiazepine for intravenous

use that is being developed as an ultra-short-acting agent for induc-

tion and maintenance of general anaesthesia and for procedural seda-

tion. Remimazolam is an ester-based drug with molecular weight

439 D that is rapidly hydrolysed, primarily in the liver, by

carboxylesterase-1 to an inactive metabolite, CNS 7054. Protein bind-

ing of remimazolam to human serum is 92%. Remimazolam inhibited

hERG tail current in a concentration-dependent manner with esti-

mated 25 and 50% inhibitory concentration values of 62 and 207 μM,

respectively (data on file, Paion). This compares favourably to plasma

concentrations of remimazolam required for procedural sedation of

0.25–0.50 μg/mL (0.6–1.1 μM). CNS 7054 produced no inhibition of

hERG tail current at concentrations up to 100 μM. During cardiovas-

cular safety studies conducted in rats, pigs, sheep and monkeys,

remimazolam produced a dose-related transient drop in mean arterial

blood pressure (maximum reduction 12%) and a compensatory

increase in heart rate (HR; maximum increase 25%), but no effects on

QTc (data on file, Paion).

In humans, remimazolam is rapidly cleared from plasma, with

mean initial half-life (t½α) of 1.3 (±0.3) min and rapid and extensive

formation of CNS 7054.1

During the clinical development of a new chemical entity,

assessment of its effects on cardiac repolarization is required. The

principles are outlined in the ICH E14 Guidance for Industry, which

describes the rationale and design for a so-called thorough QT/QTc

trial, referred to nowadays as a TQT trial.2 Study CNS7056–005

was therefore designed as a standard single-dose, placebo and

active-controlled (moxifloxacin) 6-period cross-over TQT trial to

assess the effects of remimazolam and midazolam, each at thera-

peutic and supratherapeutic doses, on the QTc intervals in healthy

subjects. In this study, a small QTc (ΔΔQTcI) effect was observed

for both remimazolam groups as well as for the supratherapeutic

midazolam dose; however, the results may have been biased by the

observed, rapid changes in HR. Intense electrocardiography (ECG)

monitoring was subsequently incorporated into a second study uti-

lizing infusion of remimazolam at constant rates (Study

CNS7056–017), in which ECG effects could be studied during

periods of stable HRs.

2 | METHODS

2.1 | Study population and study design

The TQT study was a blinded (except for moxifloxacin), randomized,

single-site, 6-arm crossover design in healthy male and female sub-

jects. Fifty-seven healthy subjects were randomized to receive all

6 treatment regimens for 1 day with a minimum 3 day washout

period. Subjects were nonsmokers, age 18–45 years, with body mass

index 18–28 kg/m2. Standard inclusion/exclusion criteria for a healthy

volunteer QT study were used.

The 6 treatment sequences included placebo, moxifloxacin

400 mg, remimazolam 10 mg (therapeutic dose), remimazolam 20 mg

(supratherapeutic dose), midazolam 2.5 mg (therapeutic dose) and

midazolam 7.5 mg (supratherapeutic dose). Placebo, remimazolam and

midazolam were administered by intravenous (IV) bolus over 60 sec-

onds, and time zero for assessments started at the end of the bolus.

Moxifloxacin was administered as a single oral dose.

The second infusion study was a prospective, placebo-controlled,

open-label, randomized, 2-arm, single-centre, cross-over phase 1 clin-

ical trial primarily designed to allow pharmacokinetic (PK)/pharmaco-

dynamic modelling of the hypnotic effect of remimazolam. The trial

was also designed to evaluate the effect of steady state plasma

concentrations of remimazolam and metabolite CNS 7054 on car-

diac repolarization during constant infusion of remimazolam.

Blinding of the subject and the trial site staff were not feasible due

to the sedation produced by remimazolam, but the technician and

cardiologist analysing the ECGs were blinded to the treatment

sequence.

Twenty male subjects aged 18–40 years, with body mass index

20–30 kg/m2, were enrolled into the trial. The inclusion and exclu-

sion criteria were similar to those used for the TQT. In a cross-over

design, subjects received remimazolam or placebo in randomized

sequence with a 10-day washout between treatments. Remimazolam

was administered at an initial infusion rate of 5 mg/min for

5 minutes, followed by 3 mg/min for the next 15 minutes and

1 mg/min for a final 15 minutes. The initial infusion rate of 5 mg/min

for 5 minutes was selected to provide the best conditions for char-

acterization of the different stages of sedation and hypnosis prior to

loss of consciousness. The infusion rates of 3 and 1 mg/min over

15 minutes each were selected to produce 2 plateaus in plasma

What is already known about this subject

• Parenterally administered drugs may produce rapid

changes in both heart rate and QTc.

• Due to RR-QT hysteresis, it may be difficult to determine

if this represents a true effect on cardiac repolarization.

• Methods for mathematical correction for RR-QT hystere-

sis have been proposed but have not been widely

validated.

What this study adds

• Demonstration that the new chemical entity

remimazolam does not produce clinically significant pro-

longation of cardiac repolarization (QTc).

• Demonstration of a method for assessing the effects on

cardiac repolarization of drugs that produce rapid

changes in both heart rate and QTc without relying on

attempts to mathematically correct for RR-QT hysteresis.
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remimazolam levels of approximately 1.9 and 1.0 μg/mL, matching

the mean maximum plasma concentration (Cmax) values for the sup-

ratherapeutic and therapeutic doses of remimazolam evaluated in

the TQT study. It was expected that each plateau would last for at

least 5–10 minutes, allowing evaluation of the effects of

remimazolam on cardiac conduction during periods of stable plasma

concentration and HR, eliminating any confounding effects of QT-

RR hysteresis. Placebo was administered as an IV infusion of normal

saline without active medication.

2.2 | ECG collection and processing

During the TQT, ECGs were collected digitally using a Mortara Instru-

ment (Milwaukee, WI, USA) H-12+ ECG continuous 12-lead digital

recorder, on Day −1 (predose baseline day) and Day 1 (dosing day)

during each period. The central ECG laboratory (eResearch Technol-

ogy; ERT) extracted triplicate 12-lead ECGs approximately 1 minute

apart at the following timepoints on Day −1 and Day 1 of each treat-

ment period: 15 minutes prior to dose, and at 0.5, 2, 5, 10, 30 and

60 minutes, and 2, 3, 4, 6, 8, 12, 18 and 23 hours postdose.

The digital 10-second 12-lead ECGs extracted from the continu-

ous recordings were processed in ERT's Expert system. Each subject's

ECGs were processed by the same analyst. ECG readers were blinded

to subject identifiers, treatment and visit. Interval duration measure-

ments were collected using computer assisted calliper placements on

3 consecutive beats on a single lead with Lead II as the primary lead,

as previously described.3 A trained analyst reviewed all ECGs for cor-

rect lead and beat placement and adjudicated the preplaced algorithm

callipers as necessary. A cardiologist verified the interval duration

measurements and performed the morphology analysis.

During the second infusion study, ECGs were recorded using the

same recording device and analysed by ERT with the same methodol-

ogy. Triplicate 12-lead ECGs were extracted from the recordings prior

to each dose at −45, −30 and − 15 minutes, and 5, 10, 15, 20, 30, 40,

65, 110, 120, 180, 240 and 360 minutes postdose in each treatment

period.

2.3 | PK sampling and processing

In the TQT study, venous PK samples were collected to be time-

matched to the ECG timepoints: predose (at −15 minutes), and post-

dose at 0.5, 2, 5, 10, 30 and 60 minutes, and 2, 3, 4, 6, 8, 12, 18 and

23 hours postdose. In the infusion study, PK samples were drawn

from an indwelling radial artery catheter prior to start of IMP adminis-

tration and at approximately 1, 3, 5 (first reduction of rate of IMP

administration), 7, 10, 15, 20 (second reduction of rate of IMP admin-

istration), 25, 30, 35 (end of IMP administration), 36, 37, 39, 42,

45, 50, 55, 65, 80, 95, 125, 155, 185, 215, 275 and 395 minutes

thereafter. One PK sample was collected from the venous cannula in

the forearm during the control visit (to confirm absence of

remimazolam and metabolite).

During both trials, ECG extractions were performed before the

actual plasma sampling to avoid changes in autonomic tone from

bloodletting.

3 | STATISTICAL METHODS

3.1 | Trial endpoints

In the TQT study, the primary cardiac endpoint was the time-matched

(Day 1 vs Day −1) placebo-corrected, change from baseline QT inter-

val corrected for HR based on an individual correction method (QTcI;

ΔΔQTcI).

In the infusion study, the primary cardiac endpoint was also

(ΔΔQTcI), using a predose baseline. In both studies, secondary end-

points included placebo corrected change from baseline for PR, QRS,

QT and QTcF, as well as assessment of ECG morphological changes.

3.2 | TQT study

The sample size for the TQT study (n = 44) was calculated using an

assumed underlying effect on ΔΔQTcI of 3 ms and a SD of ΔQTcI of

8 ms, which would provide over 80% power to show that the upper

limit of the 90% 2-sided confidence interval (UCI) for the comparison

of remimazolam to placebo fell below 10 ms.

Moxifloxacin was included to allow demonstration of assay sensi-

tivity.4 Demonstration of assay sensitivity required that for at least

1 prespecified time point (hours 1, 2, 3 and 4), the lower confidence

bound of the moxifloxacin ΔΔQTcI exceeded 5 ms (Bonferroni

adjusted for α error level of 0.05/4 = 0.0125).

The primary QTc correction formula (individual QT correction

method, QTcI) was determined for each subject by iterating the QT-

RR relationship using the ECGs from Day −1 of each treatment

period. To determine QTcI, the goal was to determine the exponent β

such that QTcI was a constant, where: QTcI = QT/ (RR)β.5–7

The primary analysis for QTc was based on the time-matched

analysis for each treatment group, evaluating the placebo adjusted

change from baseline for QTc. Specifically, for each individual subject,

the baseline value for a timepoint was subtracted from the time-

matched value on Day 1. The measurements from the 3 ECGs col-

lected at a time point were averaged to produce a single value for

each ECG interval for that time point. Baseline was defined separately

for each period for each subject. These data were then subjected to a

mixed effects model (using the SAS Procedure PROC MIXED) with

the following covariates: time (categorical), treatment, time by treat-

ment interaction, sex and the baseline value of the parameter. Since

this was a crossover design, period and sequence terms were also

included in the model. Subject was included as a random effect. The

estimate of the delta delta and its CIs were performed using a

LSMEAN statement within PROC MIXED and a diff option. For this

analysis 90% 2-sided confidence intervals were calculated. Hypothe-

ses were based upon the Intersection UnionTest as specified below.

1602 KLEIMAN ET AL.



To evaluate the drug effect, the statistical hypotheses was stated

as follows:

HO: [ {μremimazolam(i) – μplacebo(i)} ≥ 10, i = 1, 2, …, k and.

HA: \ {μremimazolam(i) – μplacebo(i)} < 10, i = 1, 2, …, k.

where μremimazolam(i) and μplacebo(i) are the mean change from baseline

of QTc for the drug and placebo at time point i for k time points,

respectively. Since the intersection–union test can be applied here, no

multiple endpoint adjustment was needed. Based on the ICH E14

guidance, this hypothesis was evaluated by observing if any of the

time points had a 2-sided 90% upper confidence bound (i.e. 1-sided

95%) ≥10 ms.

A similar analysis was performed for the supratherapeutic and

therapeutic doses of midazolam.

3.3 | Infusion study

The sample size chosen for the infusion study was primarily driven by

the requirements of the EEG based PK-PD modelling objectives.

The primary endpoint for QTc was based on the by timepoint

analysis of the placebo adjusted change from baseline for QTcI.

QTcI was derived from the ECGs collected during the placebo treat-

ment sequence, and baseline was defined as the mean of the inter-

val duration measurements of the 3 sets of triplicate ECGs collected

prior to dosing for each treatment sequence. For the time point

analysis, baseline measurements were subtracted from the mean of

the triplicate ECGs obtained at each of the following time points on

during the placebo and remimazolam treatment periods: 5, 10,

15, 20, 30, 40, 65, 110, 120, 180, 240 and 360 minutes postdose

using a mixed effects model. The UCI on treatment was compared

to the 10 ms bound for remimazolam vs placebo. If the UCI for

remimazolam vs placebo (at timepoint corresponding to the mean

therapeutic and supratherapeutic Cmax of 0.9–1.0 and 1.9 μg/mL,

respectively) fell below 10 ms, it was concluded that the therapeutic

dose and therapeutic exposure did not prolong the QTc interval to a

clinically significant degree. Standard analyses of categorical outlier

measurements and ECG morphological changes were also

performed.

4 | RESULTS

4.1 | TQT study

In the TQT study, 57 subjects were randomized and 47 completed all

treatment sequences. A consort cohort chart describing the number

of subjects completing each treatment sequence is shown in

Figure S1. The geometric mean Cmax for remimazolam 10- and 20-mg

doses were roughly 1 and 2 μg/mL, respectively, and were reached

about 2 minutes after infusion (Figure S2). Remimazolam remained

detectable for 1 and 2 hours, following 10 and 20 mg, respectively.

The inactive metabolite CNS 7054 was formed rapidly, with a median

time to Cmax (Tmax) of 0.617 hours. Cmax for CNS 7054 was 647 and

1264 ng/mL for the 2 dose levels. The half-life of CNS 7054 was

2.3 hours, nearly 5 times longer than that of remimazolam.

A bolus infusion of remimazolam caused a very rapid increase in

HR (Figure 1). Simultaneous with the increase in HR, absolute QT

interval decreased by up to 30 ms. At the 30-second postdose time-

point, mean placebo-corrected changes-from-baseline HR (ΔΔHR)

were 14.5 beats/min (bpm) for the remimazolam 10 mg dose group,

18.8 bpm for the remimazolam 20 mg dose group, 12.8 bpm for the

midazolam 7.5 mg dose group and 8.6 bpm for the midazolam 2.5 mg

dose group. These HR increases persisted for 5–10 minutes before

resolving by 30–60 minutes after dosing.

F IGURE 1 Heart rate: change from
baseline (thorough QT/QTc study)
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A small effect on QTcI was observed immediately after the bolus

infusion of remimazolam and midazolam (Figure 2). The largest mean

ΔΔQTcI was seen 30 seconds after dosing and reached 7.2 (2-sided

90% UCI 11.2) and 10.4 (2-sided 90% UCI 14.2) ms on remimazolam

10 and 20 mg, and 5.4 (2-sided 90% UCI 9.4) and 8.2 (2-sided 90%

UCI 12.1) ms on 2.5 and 7.5 mg midazolam, respectively. Following

the 2-minute postdose timepoint, when HRs were more stable, the

ΔΔQTcI upper 2-sided 90% boundary was <10 ms for all timepoints

in the remimazolam and midazolam treatment groups. QTcI and QTcF

performed similarly in correcting QT for HR, with slight superiority for

QTcI (Figure S3). The results of the by timepoint analysis using QTcF

were very similar (Table S1).

The study's ability to demonstrate small QTc changes was con-

firmed by moxifloxacin with largest mean ΔΔQTcI of 11.6 ms

observed at 3 hours and the lower bound of the 90% CI above

5 ms at 3 and 4 hours. (Figure 2 and Table 1). Overall, QTcI

corrected very well for HR, as shown in Supplementary Figure S3.

No clinically significant effects on PR, QRS or ECG morphology

were detected.

4.2 | Infusion study

In the infusion study, 20 subjects were randomized and completed

both treatment sequences. Figure 3 illustrates the plasma concentra-

tions of remimazolam plotted against time. The remimazolam plasma

concentration was between 1.63 and 1.96 μg/mL 5–20 minutes post-

dose, and between 0.58 and 1.06 μg/mL 30–40 minutes postdose

(Figure 3 and Table 2).

Five minutes after the start of the remimazolam infusion, mean

ΔΔHR increased by 15 bpm, then remained stable for the next

60 minutes (Figure 4).

Figure 5 details ΔQTcI vs time for the placebo and remimazolam

treatment sequences, and Table 2 details ΔΔQTcI and mean

remimazolam plasma concentrations by time point. The largest mean

ΔΔQTcI was observed after 15 minutes infusion and reached 3.4 ms

(2-sided 90% UCI 7.6 ms). None of the remimazolam time points dem-

onstrated an upper bound that approached or exceeded 10 ms. The

mean remimazolam plasma concentration peaked at 1.96 μg/mL at

20 minutes after start of infusion, with corresponding placebo-corrected

change from baseline for QTcI of 0.8 ms (2-sided 90% UCI 4.9 ms).

Thirty minutes after the start of infusion, the mean remimazolam plasma

concentration was 1.06 μg/mL, with corresponding placebo-corrected

change from baseline for QTcI of −1.0 ms (2-sided 90% UCI 3.1 ms).

The 5- and 10-ms ΔΔQTcI bounds of regulatory interest are shown in

grey in Figure 5. QTc vs RR plots demonstrated that QTcI performed

significantly better than QTcF at correcting QT for RR (Figure S4), and

therefore QTcF data are not presented here.

No clinically significant effects on PR, QRS or ECG morphology

were detected.

5 | DISCUSSION

5.1 | Effects of remimazolam on cardiac
repolarization

An important part of the development of any new drug is the assess-

ment of its risk of producing ventricular arrhythmias, which is cur-

rently evaluated by determining if the drug produces QTc

prolongation. For most new small molecules that can safely be admin-

istered to healthy volunteers, QTc liability is assessed in a dedicated

TQT study, or, more recently, using extensive ECG and PK data col-

lected during phase I. For drugs that do not produce large changes in

F IGURE 2 QTcI change from baseline
vs time (thorough QT/QTc study)
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HR (or autonomic tone), QT correction for HR may be achieved with

the use of the Fridericia QT correction method (QTcF). For drugs that

do produce changes in HR exceeding 10 bpm, a variety of methods

for minimizing the contribution of HR changes to QT assessment have

been proposed; foremost among these is the use of the individual QT

correction method (QTcI).5–7 Provided a sufficiently wide range of

HRs can be captured at baseline, an individual QT correction method

is preferred to the Fridericia correction formula in cases where there

is a substantial change in HR.8 However, all standard QT correction

methods, including QTcI, are effective only if the HR is relatively sta-

ble at the time that an ECG is recorded. It has been estimated that fol-

lowing a change in HR, it takes 90–180 seconds for QT to reach a

new steady state value.9,10 If an ECG is recorded when the preceding

HR has not been stable, correction of QT for HR with standard

methods (correction based on the preceding RR interval, or the

average of 3 beats or 10 seconds of preceding RR intervals) will not

adequately account for QT/RR hysteresis. QTc changes that are

detected at the time of rapid changes in HR may represent effects of

QT/RR hysteresis rather than true effects on cardiac repolarization,

and thus may not be a valid biomarker for increased risk of drug

induced ventricular arrhythmias.

Methods for performing hysteresis correction for calculation of

QTc, using either a weighted or unweighted average of the RR inter-

vals from 30–300 seconds prior to the measured QT interval have

been proposed.7,10 However, they have not been extensively vali-

dated in scenarios involving rapid HR changes, and their appropriate-

ness for regulatory decision making in such cases is uncertain.

The QT assessment of remimazolam demonstrates the difficulty

of assessing the QTc effects of a drug that is administered by IV bolus

and that produces very rapid changes in HR. When a drug is

TABLE 2 Placebo-corrected QTcI change from baseline (infusion study)

Time following start of
infusion

Mean remimazolam plasma
concentration (μg/mL)

Remimazolam (n = 20)

Mean placebo-corrected QTcI change from
baseline (ms)a

Lower bound
(ms)b

Upper bound
(ms)b

5 min 1.94 −1.6 −5.7 2.6

10 min 1.63 3.1 −1.1 7.3

15 min 1.79 3.4 −0.7 7.6

20 min 1.96 0.8 −3.4 4.9

30 min 1.06 −1.0 −5.2 3.1

40 min 0.58 −4.7 −8.8 −0.5

65 min 0.24 −6.6 −10.8 −2.4

110 min 0.11 −1.3 −5.5 2.8

120 min 0.07c −2.4 −6.6 1.7

180 min 0.03c 0.5 −3.7 4.6

240 min 0.01c −1.4 −5.5 2.8

360 min 0.003c 0.8 −3.3 5.0

aThe mean estimate and upper and lower confidence intervals are model-based estimates.
bLower/upper bound = lower/upper 2-sided 90% (1-sided 95%) model-based confidence limit.
cElectrocardiograms were extracted at listed times, but closest corresponding plasma samples were collected at 125, 155, 275 and 395 minutes.

F IGURE 3 Remimazolam plasma
concentration vs time (infusion study)
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administered by IV bolus, Cmax occurs very shortly after the injection.

Since QTc prolongation by drugs which block cardiac ion channels is

generally related to plasma concentration, the largest QTc effects

therefore tend to occur around Tmax. As a result, when an IV drug pro-

duces a rapid change in HR, this will occur coincident with Tmax and

may result in QT-RR hysteresis, interfering with the ability to use

changes in QTc to accurately reflect true changes in cardiac

repolarization.

During the CNS7056–005 TQT study, this exact scenario was

encountered for both remimazolam and midazolam. Each drug pro-

duced a large change in HR (10–20 bpm) immediately after injection.

Simultaneously, the timepoint analysis demonstrated an increase in

QTcI, which slightly exceeded the regulatory threshold of concern

(2-sided 90% CI >10 ms) as cited in the ICH E14 guidance. It was

unclear if the increase in QTc was caused by inability of QTcI to

appropriately correct for the rapid HR changes or to true changes in

repolarization.

Rather than attempting mathematical hysteresis correction, an

alternative approach was taken. In the infusion study, remimazolam

was administered as a continuous infusion, with dosing that produced

plateaus in remimazolam concentration of approximately 2.0 and

0.9 μg/mL, the observed Cmax values for the supratherapeutic and

F IGURE 5 QTcI interval: change from
baseline (infusion study)

F IGURE 4 Heart rate change from
baseline (infusion study)
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therapeutic doses of remimazolam in the TQT. Immediately after dos-

ing, mean HR increased by 15 bpm, but HR subsequently remained

stable, allowing the collection of ECGs and PK samples during periods

of stable HR. Under these conditions, remimazolam plasma concentra-

tions of up to 2.0 μg/mL did not produce clinically significant QTc pro-

longation, demonstrating that the effects on QTc observed in theTQT

study were probably related to QT-RR hysteresis effects and were

not evidence of a true effect of remimazolam on cardiac

repolarization.

5.2 | Implications for QTc assessment in the
setting of rapid changes in HR

The trial design used for the infusion study has proven to be valu-

able for assessing the QTc effects of compounds that produce rapid

changes in HR at or around Tmax. This is particularly an issue for

drugs administered by IV bolus that produce vasodilatation, sedation

or direct increases in sympathetic tone. For such drugs, Tmax occurs

within the first minutes following dosing. Since drug induced QTc

prolongation (if present) generally also peaks near Tmax, both HR

changes and QTc prolongation may occur simultaneously, making it

difficult to distinguish whether QTc prolongation is simply an arte-

fact of QT/RR hysteresis or represents a true drug-related effect on

cardiac repolarization. The trial design proposed here may eliminate

this concern.

This trial design may, furthermore, be appropriate for other drugs

whose PK parameters are similar to remimazolam (i.e. IV bolus dosing,

short half-life of parent and metabolites, and amenable to continuous

infusion permitting stable plasma concentrations). This may be the

preferred method for assessing the QTc effects of drugs that produce

rapid changes in HR following IV dosing. Achieving periods of stable

plasma concentration and HR allows for control of the potential con-

founding influence of QT-RR hysteresis. This permits the generation

of true measurements of the QT-interval followed by the use of stan-

dard QTcF or QTcI calculations without need for mathematical manip-

ulations of RR data for hysteresis correction. In general, we believe that

it is preferable to use time-tested QT correction methods rather than

to perform data manipulations that are based on unproven assump-

tions and which have not been fully validated.

6 | CONCLUSIONS

Remimazolam produces a relevant increase in HR immediately after

bolus infusion, which led to a false positive result during a standard

TQT trial. Administration of remimazolam as a continuous infusion

allowed analysis of its effects on QTc during periods of HR stability,

and demonstrated no clinically relevant effects on QTc. This demon-

strates that remimazolam does not alter cardiac repolarization, and

that the QTc increase noted in the presence of a large, rapid HR

increase is probably related to QT-RR hysteresis. Furthermore, this

novel trial design may offer a useful, or even superior, paradigm for

assessing a drug's effects on cardiac repolarization in the face of large,

rapid changes in HR, but without requirement attempts to mathemati-

cally correct for the effects of QT-RR hysteresis.

7 | LIMITATIONS

The 2 studies presented in this paper studied the effects of

remimazolam at similar plasma concentrations, but at different times

after initial exposure. It is therefore possible that the small QTc

increase noted very early after IV bolus administration was due to a

very transient direct effect of remimazolam directly on cardiac ion

currents, or a very transient indirect effect of remimazolam rather

than to QT-RR hysteresis effects. Such effects might theoretically

have dissipated by the time of the QTc measurements in

CNS7056–017, but are considered very unlikely when taking the

absolute shortening of the QT interval into consideration. In general,

however, drugs that prolong QTc due to direct ion channel effects do

so in an exposure dependent fashion, and QTc prolongation does not

dissipate while plasma concentrations remain constant. Another limi-

tation of CNS7056–017 is that a positive control was not included to

demonstrate assay sensitivity. However, assay sensitivity was demon-

strated in CNS7056–005, which used the same ECG analysis methods

as CNS7056–017. Finally, the difference in the sex mix between the

2 studies may be viewed as a limitation; the infusion study included

only males, while the TQT study included a nearly equal mix of males

(n = 30) and females (n = 27). In theTQT study, however, there was no

evidence of a sex effect. Even though there is a sex difference in

terms of the absolute QTc interval (females typically having 10–15 ms

longer QTc interval), sex has been shown to have an impact on the

level of QTc prolongation only for potent QT-prolonging drugs, such

as quinidine and sotalol.8 It therefore seems very unlikely that the sex

difference across the 2 studies can explain the observed differences

in results.
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