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CHAPTER 7

Pharmacokinetic and pharmacodynamic 
profile of midazolam intranasal spray in 
elderly volunteers

A study protocol
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Pharmacokinetic and pharmacodynamic profile of midazolam intranasal 
spray in elderly volunteers

Study protocol, status: inclusion suspended because of current national SARS‑Cov‑2 
restrictions.

Background

The pharmacological properties of intranasally administered midazolam have not 

been studies in the elderly population. The primary aim of this study is to study the 

pharmacokinetic characteristics and safety of intranasal administration of midazolam in 

elderly volunteers. The secondary aim of this study is to

 study the pharmacodynamic (sedative, hemodynamic and respiratory) effects and 

tolerability of intranasal midazolam in elderly volunteers. To study the safety and 

tolerability of intranasal midazolam in elderly volunteers.

Methods

Single site 2-period cross-over study where 12 healthy, elderly volunteers (aged 65 and 

over) will be administered i.v. and i.n. midazolam in a randomized sequence on separate 

study days separated by a washout period of a minimum of 6 days.

Pharmacokinetic parameters/endpoints

Non-compartmental PK parameters calculated from plasma concentrations for midazolam 
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PK parameters will be summarized using descriptive statistics. Dose proportionality will 

be assessed using the power model approach. Compartmental pharmacokinetic modeling 

will also be performed using NONMEM software. PD metrics: time to peak effect, time 

to 90% attenuation of effect and change from baseline at different time intervals post 

dose (e.g. 5, 10, 15, 30, 45 and 60 min) and time to recovery from sedation and discharge 

conditions as assessed by the Modified Aldrete score (APRS) of the following parameters: 

heart rate in beats per minute, blood pressure in mmHg, ECG parameters (e.g. QTc 

prolongations) in msec and mV, MOAA/S sedation score over time in MOAA/S-scores, 

BIS value in BIS values, Respiratory parameters: in percentage oxygenated hemoglobin 

as measured by pulse oximetry, respiration rate in breaths per minute and end-tidal CO
2
 

in kPa

7.1 Introduction and study rationale

The pharmacokinetics of different formulations of intranasally administered midazolam 

have been studied before in younger healthy adults.103, 133, 141-144 Currently there is no 

information on optimal dosing of midazolam intranasal spray in elderly patients. In clinical 

practice a fixed dose of 5 mg is given. This leads to over- or under-dosing and can lead to 

dangerous situations. Knowledge of the pharmacokinetics of intranasal midazolam is only 

available for younger age groups. The elderly, however, can be up to 75% more susceptible 

to the effects of midazolam.32, 145 Furthermore midazolam is known to have a long t
1/2keo 

which can lead to overdosing when follow-up dosages are given to quickly.

When precise PKPD data of intranasal midazolam are available for this particular patient 

group, titration may become possible and caregivers may start sedation at a safe, minimal 

level of sedation, whereafter the correct timing and dosing of follow-up dosages may be 

used to deepen sedation with less chance of oversedation. The primary aim of this study is 

to determine the pharmacokinetic and pharmacodynamic profiles of intranasal midazolam 

in elderly subjects.

7.2  Methods

7.2.1 Study design

The study is a 2-period (2 separate days) open label cross-over study. 12 healthy, elderly 

volunteers (aged 65 and over) participate in this study during 2 separate study days. 

Study days will be separated by a wash-out period of at least 6 days. During the first 

study day, volunteers be administered a single bolus of i.v. or i.n. midazolam depending 

on randomization. During the second study day volunteers who have received i.v. 

midazolam during the first study day will receive i.n. midazolam and vice versa. During 

the study volunteers will be monitored by an anesthesiologist or a physician assistant 

who is qualified to administer sedative medication (among which midazolam). After 

administration volunteers will be placed in a supine position with a 30 degree head-up 

tilt to facilitate monitoring of the study parameters until fully awake but for at least 2 

hours. During the study period venous blood samples will be taken to determine plasma 

concentrations of midazolam. Pharmacodynamic parameters of interest will be measured 

by clinical monitoring of the heart rate in beats per minute, blood pressure in mmHg, ECG 

parameters (including QTc prolongations) in msec and mV, MOAA/S sedation score over 

time in MOAA/S-scores, BIS value in BIS values and respiratory parameters (respiration 

rate in breaths per minute and end-tidal CO
2
 in kPa).

7.2.2 Primary objective

The primary objective of this study is to study the pharmacokinetic characteristics and 

safety of intranasal administration of midazolam in elderly volunteers.
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7.2.3 Secondary Objectives

The secondary objective(s) of this study are to study the pharmacodynamic (sedative, 

hemodynamic and respiratory) effects and tolerability of intranasal midazolam in elderly 

volunteers, and to study the safety and tolerability of intranasal midazolam in elderly 

volunteers.

7.2.4 Study design:

PK-parameters will be derived from 12 venous blood samples taken via an intravenous 

cannula or venipuncture at pre-defined time points, at 0, 5, 10, 15, 20, 25 and 60 minutes 

after dosing. Thereafter venous blood samples will be taken at 2, 4, 6, 8 and 10 hours after 

dosing. It is expected that volunteers will be minimally to moderately sedated. The period 

from administration until the volunteers being fully awake from sedation is expected to 

last 1-2 hour. Thereafter volunteers will remain under monitored conditions until fully 

recovered. In accordance with national guidelines continuous monitoring after sedation 

of persons with ASA physical status I or II with midazolam can be discontinued after fully 

recovered. The moment of fully recovered is determined by the modified Aldrete score. 

After full recovery volunteers will be free to ambulate but will remain in the study center 

for venous sampling and intermittent vital signs measurements. Full recovery is expected 

to be reached three hours after administration. After the last blood sample has been taken 

and if volunteers have reached full recovery, a physical examination will be undertaken. 

Volunteers will be allowed to leave the facility after the last sample of that day has been 

collected and if they have reached full recovery, are lucid and oriented, have been able to 

eat, drink and mobilise. During the washout period they will go home.

7.2.5 Inclusion criteria

The following criteria must be met by all subjects considered for study participation:

• Adult, men and women (of non-childbearing potential), over 65 years of age, 

inclusive

• Body Mass Index (BMI) ≥ 18 and ≤ 30 kg.m-², inclusive, and a total body weight >50 

kg, at screening and check-in

• American Society of Anesthesiologists (ASA) Physical Status 1 or 2

• Understand the study procedures in the informed consent form(s) (ICF(s)), and be 

willing and able to comply with the protocol.

7.2.6 Exclusion criteria

Subjects will be excluded if they meet any of the following criteria:

• Current use of midazolam

• Contraindications for the use of midazolam

• History or presence of significant cardiovascular disease (ASA >2), or significant 

cardiovascular disease risk factors, significant coronary artery disease, or any known 

genetic pre-disposition to cardiac arrhythmia (including long QT syndrome)

• History or presence of significant (ASA >2) pulmonary, hepatic, renal, hematological, 

gastrointestinal, endocrine, immunologic, dermatologic, neurological (inclusive of any 

seizure disorder), or psychiatric disease

• History of any illness, or medication use that, in the opinion of the PI, might confound 

the results of the study or pose an additional risk to the patient by their participation 

in the study

• Any abnormality found during the screening or on day 1, in the physical examination, 

on the ECG or in the results of hematology and clinical blood chemistry analysis that, 

in the opinion of the PI, might confound the results of the study or pose an additional 

risk to the patient by their participation in the study

• History of difficult intubation or evidence at physical examination of expected difficult 

mask ventilation and/or intubation

• Surgery within the past 90 days prior to dosing judged by the PI to be clinically relevant

• Donation of blood or blood products from the time of screening until the end of the 

last study day

• History of febrile illness within 5 days prior to dosing

• History or presence of alcoholism or drug abuse within the past 2 years.

• History of severe osteoporosis or tendency to fall

• Hypersensitivity or idiosyncratic reaction to components of midazolam, components, 

or to compounds related to the study medications.

• Failure to provide informed consent

• Any (internal) nasal pathology present that may influence patient safety or study 

outcome.

7.2.7 Interpretation of the results

The data of the plasma concentrations of midazolam will be used to construct a two-

compartment model with linear absorption into and elimination from the central 

compartment. A pharmacokinetic-pharmacodynamic model (PopPKPD) will be built in 

NONMEM. Estimated parameters for this model are: central and peripheral volume 

of distribution (V1, V2), clearance from the central compartment (CL), distributional 

clearance between the central and peripheral compartment (Q2), absorption rate 

constant (ka) and absolute bioavailability (Fabs).

The PD will be modelled through an effect-site compartment model and a sigmoid 

emax model. Estimated parameters are the equilibration constant between the central 

compartment and the effect-site (ke0), the maximum effect (Emax), the concentration 

where half of the maximum effect is achieved (EC50) and the steepness of the 

concentration-effect curve (hill factor). The estimated model parameters and the model 

performance (characterized by visual predictive checks, observed versus predicted plots, 

etc.) are the primary endpoints for this study.

The data from the pharmacodynamic parameters will be used to determine the time to 

peak effect, time to 80 and 90% attenuation of effect and change from baseline of the 

following parameters:
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• heart rate in beats per minute

• blood pressure in mmHg

• ECG parameters (e.g. QTc prolongations) in msec and mV

• MOAA/S sedation score over time in MOAA/S-scores

• BIS value in BIS values

• Respiratory parameters: in percentage oxygenated hemoglobin as measured by pulse 

oximetry, respiration rate in breaths per minute and end-tidal CO
2
 in kPa

• Time to recovery from sedation and discharge conditions as assessed by the Modified 

Aldrete score (APRS)

• Nasal mucosal irritation after administration of midazolam intranasal spray assessed 

by 5 point numeric rating-scale and intranasal speculum inspection.

7.3  Conclusion

The information provided by the interpretation of the data from this study will be used to 

advise caregivers on the use of intranasal midazolam in elderly patients. This information 

can give an indication of the safety of its use in this patient group and the obtained 

pharmacokinetic and pharmacodynamic information will be used to construct a safe and 

efficacious dosing regimen. With this information caregivers may be able to start sedation 

at a safe, minimal level, titrating intranasal midazolam according to the patient’s needs 

and safety margins.
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