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SYNOPSIS

Versed® (Midazolam HCL) has been in use since 1986 in the United States (NDA
18-654) in adults for conscious sedation/anxiolysis/amnesia following IV and IM administration.
It is also indicated following IV administration, for the induction of general anesthesia and as a
continuous infusion in intubated, mechanically ventilated patients, during anesthesia and/or in a
critical care setting. Outside the U.S., a midazolam 15 mg oral tablet formulation (Dormicum®)
has been approved for use as a hypnotic. Although not indicated, midazolam has been used in
pediatrics as a premedicant by mixing the midazolam injectable solution with flavored syrups or
juices, to mask the bitter taste, for subsequent oral administration to pediatric patients. A
supplement addressing the sedation of pediatric patients following IV and IM midazolam
administration was approved on March 18, 1997. Roche developed the Versed® oral syrup,
subject of the current NDA, to address FDA'’s request that an oral dosage form for midazolam in
pediatric patients be developed. Versed® syrup is indicated for sedation, anxiolysis and amnesia
prior to diagnostic, therapeutic or endoscopic procedures or before induction of anesthesia. The
recommended dose is 0.5 mg/kg (not to exceed 20 mg) with up to 1.0 mg/kg in younger patients
(6 months to <6 years of age) and as low as 0.25 mg/kg in older patients (6 to <16 years of age).

The data submitted in this NDA consists of two studies (one each of clinical and
pharmacokinetic studies) conducted in pediatric population using the to-be-marketed Versed®
oral syrup, data acquired by the sponsor earlier in support of NDA 18-654, and literature articles.
Data summarized from published studies in adults indicates that midazolam undergoes oxidative
metabolism mediated by cytochrome P450II1A4 isozyme to a major and active metabolite, a-
hydroxymidazolam. Binding of midazolam and a-hydroxymidazolam to albumin is about 96.5%
and 89.4% respectively. A number of published studies, conducted in adult subjects, using effect
compartment PK/PD modeling (sigmoidal Em.x model), consistently demonstrated a strong
correlation between_plasma midazolam concentrations and surrogate CNS effects (EEG, digit
symbol substitution test, reaction time, tracing errors, saccadic eye movement, visual evoked
response, drowsiness etc.) in doses ranging from 0.03 mg/kg to 0.15 mg/kg IV and 15 mg oral
midazolam. Published reports also show that a-hydroxymidazolam is equipotent to midazolam
and contributes significantly to the efficacy of midazolam after an oral dose compared to an IV
dose (AUCo ratio.of a-hydroxymidazolam to midazolam after an oral dose is.about two fold
higher than after an TV dose). e

In a study conducted by the sponsor (protoco! 15323) in pediatrics stratified
into three groups of 6 months to <2 years, 2 years to <12 years, and 12 years to < 16 years, the
general pharmacokinetics and dose-proportionality of three oral doses of 0.25, 0.5, and 1.0 mg/kg




Versed® syrup, absolute bioavailability of a 0.50 mg/kg dose of Versed® syrup, and general IV

pharmacokinetics of a 0.15 mg/kg midazolam dose were determined. The absolute bioavailability

of 0.50 mg/kg oral dose was about 35%. Dose-linearity was demonstrated in the dose range of
0.25 to 1.0 mg/kg across the age range of 6 months to 16 years. Dose-linearity was also

demonstrated within the age group of 2 years to <12 years across the three age groups. The

AUG,., ratio of a-hydroxymidazolam to midazolam for the oral dose in pediatric. patients was

higher than for an IV dose (0.38 to 0.75 versus 0.21 to 0.39 across the age group of 6 months to

<16 years). IV data indicated that pediatrics in general have a higher clearance than adults. No

change in pediatric pharmacokinetics with age was apparent, although this could be due to not,
having sufficient patients in the age groups of 6 months to <2 years and 12 years to <16 years.

Pharmacokinetic data suggests that the optimum dose is likely to be 0.25 mg/kg and not 0.5 -
mg/kg as the sponsor is recommending. Pharmacokinetic data also suggests that the sponsor’s’.
recommendation of a higher dose of 1.0 mg/kg in pediatric patients 6 months te <6 years may not
be appropriate and the same dose of 0.25 mg/kg can be used in this sub group as well.

Published studies on drug-drug interactions in adults indicate that CYPIIIA4
inducers such as rifampin and carbamazepine decreased the Cp and AUC of orally administered
midazolam by about 95% while CYPITIA4 inhibitors such as erythromycin, diltiazem, verapamil,
ranitidine, cimetidine, itraconazole, fluconazole, and ketoconazole markedly increased the C,.,
and AUC of orally administered midazolam. The increases in Coux and AUC, respectively, of
midazolam were, 170% and 341% with erythromycin, 105% and 275% with diltiazem, 97% and
192% with verapamil, 240% and 980% with itraconazole, 150% and 250% with fluconazole, and
309% and 1490% with ketoconazole. Pretreatment with grapefruit juice was reported to result in
a 56% and 52% increase in C,. and AUC, respectively, of oral midazolam. Published studies in
hepatic failure patients indicate that chronic hepatic disease alters the pharmacokinetics of
midazolam. Following IV administration, the clearance of midazolam was reported to be reduced
by about 40-50%, and the elimination half-life was increased by about 90-100% in patients with
alcoholic cirrhosis compared with subjects having normal hepatic function. After oral
administration, Cquy and bioavailability were reported to be increased by about 43% and 100%
respectively. Although the pharmacokinetics of intravenous midazolam in patients with chronic
renal failure differed from those of subjects with normal renal function, there were no alterations
in the distribution, elimination, or clearance of unbound drug in the renal failure patients.
However, the accumulation potential of the major and active metabolite a-hydroxymidazolam
which is excreted in the urine as a glucuronide is unknown,

Recommendation

Section 6.0 of NDA 20-942 submitted on February 4, 1998 meets the Agency’s
Clinical Pharmacology and Biopharmaceutics requirements. Therefore, from the viewpoint of the
Office of Clinical Pharmacology and Biopharmaceutics, NDA 20-942 can be approved provided a

mutually agreeable- package insert (pharmacokirretics section) between the Agency and the
sponsor can be worked out.
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1. BACKGROUND

Versed® (Midazolam HCL) has been in use since 1986 in the United States (NDA
18-654) for conscious sedation/anxiolysis’amnesia prior to diagnostic, therapeutic, and
endoscopic procedures following IV and IM administration. It is also approved for the induction
of general anesthesia following IV administration and as a continuous IV infusion in intubated,
mechanically ventilated patients, during anesthesia and/or in a critical care setting. Outside the
U.S., a midazolam 15 mg oral tablet formulation (Dormicum“) has been approved for use as a
hypnotic.

Currently, there is no commercially available midazolam oral dosage form
approved in the United States. Although not indicated, there is an extensive off-label use of
midazolam in pediatric patients by mixing the midazolam injectable solution with flavored syrups
or juices, to mask the bitter taste, for subsequent oral administration to pediatric patients.
Compounding of oral midazolam solutions from the parenteral formulation is potentially
problematic because of the pH-dependent water solubility of midazolam and the potential use of
grapefruit juice as a vehicle. At the March 1, 1994 Anesthetic and Life Support Advisory
Committee meeting, a request was made to the sponsor that available IV and IM data in pediatric
patients be submitted and that an oral dosage form be developed. In response to the above, a
supplement addressing the sedation of pediatric patients following IV and IM midazolam
administration was submitted to the Agency on September 28, 1995 and subsequently approved
on March 18, 1997. Roche developed the Versed® oral syrup, subject of the current NDA, to
address the FDA’s request that an oral dosage form for midazolam be developed. Currently,
Versed® syrup is not approved in any other country and no applications have been withdrawn or
are pending outside the U.S. -

2. OVERVIEW OF THE NDA

The primary objectives of the clinical plan for this pediatric oral syrup dosage form
were to obtain additional information to improve dosing guidelines and to further characterize the
safety and efficacy profile of oral midazolam in the target pediatric population. The basis for
these objectives is that the safety and efficacy of IV and IM midazolam as premedicant in pediatric
patients was already demonstrated earlier by the sponsor in the supplement that was approved on
March 18, 1997,

The data submitted in this NDA consists of two studies (one each of clinical and
pharmacokinetic studies) conducted in pediatric population using the to-be-marketed Versed®
oral syrup, data acquired by the sponsor earlier in support of NDA 18-654, and literature articles.
The clinical trial (protocol NR15345) evaluated the safety and efficacy of the Versed® oral syrup
in about three hundred and ninety seven (397) pediatric patients. The pharmacokinetic study
(protocol NR15323) conducted in about one hundred and eleven (111) pediatric patients
characterized the absolute bioavailability, general pharmacokinetics, and dose-proportionality
aspects of the oral syrup. In addition, sponsor summarized results from about one hundred and

NDA 20-942 5
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one (101) published articles and nine technical reports from Hoffman La Roche. Information on
the metabolism, protein binding, drug-drug interactions, special populations (renal failure, hepatic
failure etc.) was summarized from studies conducted in adults (i.c., other than the aspects covered
in protocol NR 15323, no other studies were specifically conducted in pediatrics).

2.1 RATIONALE FOR USE OF ORAL MIDAZOLAM AS A PEDIATRIC
PREMEDICANT

The aim of premedication is to establish or maintain mental and emotional
relaxation, reduce sensory input and metabolic rate and suppress adverse reactions of the
autonomic nervous system. Premedication allows the patient to enter the procedure room with
minimal apprehension, sedated but easily aroused and cooperative without untoward side effects. -
Overall, premedication results in a less traumatic medical experience for the patient. The need for .
a premedicant is often greater in children than in older patients due to heighteried fears of bodily
harm, communication limitations, and difficulties distinguishing between reality and fantasy.
Separation from parents also brings about a strong feeling of anxiety. Since IV and IM routes are
painful and increase the level of anxiety in children, oral route is preferred by children (more
convenient as well). In contrast to other benzodiazepines, midazolam can be prepared as a water-
soluble formulation for both parenteral and oral use.

2.2 RATIONALE FOR DOSE OF MIDAZOLAM

Based on established efficacious IM doses (0.10 to 0.15 mg/kg) for pediatric
patients and an estimated 21% bioavailability of oral midazolam, oral doses of 0.48 to 0.71 mg/kg
would be predicted to yield a midazolam concentration-time profile similar to 0.10 to 0.15 mg/kg
IM midazolam. Therefore, doses of 0.25, 0.50,_and 1.0 mg/kg were tested in the two studies
submitted in this NDA to produce sub-optimal, optimal, and slightly excessive pharmacologic
effects. This strategy was used to develop dosing guidelines and to characterize the safety and
pharmacokinetic profile of midazolam.

2.3 FORMULATION

The two pivotal studies were conducted using the to-be-marketed formulation. It
contains 2.0 mg of midazolam per mL at a pH of 3.2 + 0.3. The composition of the formulation is
shown in table 1 with an explanation of the function of each of the ingredients.

NDA 20-942 6




Table 1. Composition of Versed® oral syrup.

Y'Midazolam Active
Hydrochloric acid Solubilizer
Sorbitol solution 70% (w/w) Sweetener
Y Glycerin Thickener, sweetener, Anticaplocking agent
“Citric acid anhydrous Buffer system component
v'Sodium citrate Buffer system component
/Sodium Benzoate Preservative
“Sodium saccharin Sweetener
Disodium edetate Chelating Agent
/D&C Red #33 . | Colorant
“Artificial cough syrup flavor #134681 | Flavoring agent
“Artificial bitterness modifier # 36734 Bitterness modifier
-Purified water Vehicle mL

3. METABOLISM

Metabolism and excretion information summarized below pertains to studies
conducted in adults and not specifically conducted in pediatric patients. Midazolam is primarily
metabolized by oxidation at the 1- or alpha- position mediated by cytochrome P450I11A4 in the
liver and gut, followed by glucuronidation of the a-hydroxyl metabolite. a-Hydroxymidazolam is
present in both unconjugated and conjugated forms in human plasma (1, 22, 28). It is excreted in
urine as the glucuronide to the extent of 63% to 80% of the total midazolam dose (12, 24, 26,
27). Midazolam is also metabolized to two other minor metabolites. The 4-hydroxy metabolite
(about 3% of the dose) and 1,4-dihydroxy metabolite (about 1% of the dose) are excreted in small
amounts in the urine as conjugates (22).

The extent of binding of midazolam to albumin is moderately high and
concentration independent (upto 10 pg/mL). The free fraction of midazolam in plasma varies
between 2.3 and 6%, but generally is between 3.5% to 3.7% (2, 41, 42, 43, 44). The midazolam
blood to plasma ratio is 0.53 (24).

In one study in which the free fraction of both a-hydroxymidazolam and
midazolam in plasma were determined in healthy volunteers, the free fraction of a-
hydroxymidazolam was higher (10.610.6%) than that (2.410.12%) of midazolam (43).

fand P el
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Figure 1. Schematic of the partial metabolic pathway of midazolam.

Labeling notes: Spoﬁsor’s labeling statements pertaining to this section should be changed as

follows (original text is acceptable; strikeout text is to be deleted; underlined text should be
inserted);
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4. ANALYTICAL METHODOLOGY

5. PHARMACOKINETIC AND PHARMACODYNAMIC EVIDENCE FOR
THE EFFICACY OF ORAL MIDAZOLAM

Midazolam and a-hydroxymidazolam exert the pharmacologic effects via a
reversible interaction with GABA benzodiazepine receptor in the CNS. A number of published
studies, conducted with adult subjects, using effect compartment PK/PD modeling (sigmoidal Eumu
model), consistently demonstrated a strong correlation between plasma midazolam concentrations
and surrogate CNS effects (EEG, digit symbol substitution test, reaction time, tracing errors,
saccadic eye movement, visual evoked response, drowsiness etc.) in doses ranging from
mg/kg to mg/kg IV. A summary of these results is presented in Table 2. As can be
expected, the ECsy values vary with different effect measures. After IV administration, there is a
short equilibrium delay between the achievement of threshold concentrations and the effect. The
half-time of equilibration exit rate constant of the effect compartment (K) was 1 to 5 minutes.
Although the clinical end point for this product is degree of sedation, it has to be noted that these
studies were conducted in healthy volunteers and therefore difficult to relate to the clinically
relevant drug effects (sedation, anxiolysis, cooperation, time to recovery etc.) However,
collectively these studies do provide evidence of the efficacy of midazolam. Although, in vitro
studies reported that &-hydroxymidazolam is half as potent as midazolam, an in ¥ivo study where
a-hydroxymidazolam was administered intravenously demonstrated that E,,. and ECsy of
midazolam and a-hydroxymidazolam are equivalent (43). A full copy of this article (reference 43)
is attached in appendix III at the end of the list of references. Although, oral midazolam produces

NDA 20-942 9




is attached in appendix III at the end of the list of references. Although, oral midazolam produces
the same pharmacologic effects as IV or IM midazolam, the dose needed, and the onset and
duration of action will be influenced by differences in bioavailability, * relatively higher
concentrations of a-hydroxymidazolam, and the kinetics of oral drug absorption and disposition.

In contrast to rapid IV administration of midazolam, with oral administration of midazolam, the
rate of midazolam absorption is slow compared to effect compartment equilibration.
Consequently, an equilibrium delay is not observable. Two studies of oral midazolam did not
consider the contribution of a-hydroxymidazolam to the pharmacologic activity of oral
midazolam thus noting a longer equilibration delay (64, 91). Formation of a-hydroxymidazolam
most likely delayed the peak effect of oral midazolam, resulting in a longer equilibration delay.

However, when a-hydroxymidazolam was taken into account, no delay between concentration
and effect was observed with oral midazolam (12). o

Table 2. Summary of results of PK/PD modeling studies with IV and PO midgiblam and IV
a-hydroxymidazolam.

Midazolam -IV
8/3x0.05 mg/kg : Cardiovascular 51 - 92
_— Respiration 53
10/0.1 mg/kg : EEG (%) 40428 | 2.540.4 93
8/15 mg over 5 minutes EEG () 290498 | 3.1t1.0 94
3/1.5,15,and 25 mg at 5 EEG - 152448 | 1.9402 |- 95
mg/min
12/0.03 or 0.07 mg/kg Digit symbol substitution test | 16-21 | - 96
20 patients/ Namebirth date 173 . 97
0.42mg every 10 minutes, then Space/time 168
0.125 mg/kg/h Drowsiness 116
Partial amnesia 81
6/0.15 mg/kg Reaction time 104 1.25 i 12
Tracing errors 171 1.27
8/0.1 mg/kg 5 EEG @) 77415 | 3.130.3 43
Saccadic eye movement 4017 4.5+1.2
a-Hydroxy Midazolam-IV :
EEG () 98417 | 3.140.5 43
8/0.15 mg/kg Saccadic eye movement 49+10 | 4.741.0
Midazolam-oral EEG (@) 42436 | 37418 - |9
6/15mg - Visual evoked response P=100 | 48434 | 2.9+1.4
. EEG (%) 4067 | 1717 64
6/15 mg on 4 occasions Visual evoked response P-100 | 25.51 | 2.8-3.2

NDA 20-942 10
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5.1 ROUTE DEPENDENT CONTRIBUTION OF a-HYDROXYMIDAZOLAM TO THE
THERAPEUTIC EFFECTS OF MIDAZOLAM

Following IV or IM administration, the plasma concentrations of o-
hydroxymidazolam are low compared to those of midazolam. The ratio of the AUC of a-
hydroxymidazolam to the AUC of midazolam ranges from Because of these low
levels, its contribution to the pharmacologic effects of IV midazolam may not be substantial. In
contrast, because of the extensive first-pass metabolism, a-hydroxymidazolam concentrations are
substantially higher (about 50% of those of midazolam) after oral administration. The ratio of the
AUC of a-hydroxymidazolam to the AUC of midazolam ranges from . therefore, it is
expected to contribute substantially to the pharmacologic effects of oral midazolam. Based on the
ECso and relative plasma concentration of a-hydroxymidazolam, contribution of a-
hydroxymidazolam to the observed pharmacodynamic effects is estimated to be about 10% after
IV administration and about 34% after oral administration of midazolam in adults. In a published
article, no statistically significant differences were detected between the pharmacodynamic
parameters (ECso and Em.) of midazolam and a-hydroxymidazolam, indicating that o-
hydroxymidazolam is equipotent and equally effective as unchanged midazolam on a total plasma
concentration basis.

Labeling notes: Sponsor’s labeling statements pertaining to this section should be changed as
follows (original text is acceptable; strikeout text is to be deleted; underlined text should be
inserted);

6. PHARMACOKINETICS OF MIDAZOLAM IN PEDIATRIC PATIENTS

Alth%ugh oral midazolam produces the same pharmacologic eﬁ';ts as IV and IM
midazolam in pediatric and adult patients, the required dose, onset, intensity and duration of drug
action may be influenced by differences in bioavailability, concentrations of a-hydroxymidazolam,

NDA 20-942 11
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drug absorption, dose-dependent pharmacokinetics in pediatric patients, and changes in
pharmacokinetics with increasing pediatric age.

Therefore, the objectives of pharmacokinetic study NR15323 were to characterize
the pharmacokinetics, dose-proportionality, absolute bioavailability of oral midazolam. - To this
effect, study was conducted as a three arm study-Arm I evaluated the dose-proportionality
aspects of the oral syrup in age stratified pediatric patients (0.25, 0.5, 1.0 mg/kg doses)-sedation
and anxiolytic scores were also obtained in this arm; Arm II evaluated the absolute bioavailability
of the oral syrup with oral (0.5 mg/kg) and IV (0.15 mg/kg) doses given to age-stratified pediatric
patients in a cross-over fashion; Arm III evaluated the IV pharmacokinetics of midazolam (0.15
mg/kg dose).

-

6.1 PHARMACOKINETICS AND DOSE-PROPORTIONALITY OF ORAL DOSES OF
VERSED SYRUP (ARM |) ’

The objective of this arm was to characterize the oral ﬁhannacokinetics of
midazolam and a-hydroxymidazolam and to determine the dose-proportionality. This was a
multicenter, observer blind, parallel group study, in which eighty five (85) pediatric patients (in-
patients and out-patients, requiring a sedative for day-stay or minor procedures) were randomized
to receive one of the three single oral doses of midazolam. The pediatric patients were stratified
by age (6 months to <2 years, 2 to <12 years and 12 to <16 years and were randomly assigned to
receive either 0.25 mg/kg, 0.50 mg/kg, or 1.0 mg/kg of midazolam (total oral dose not to exceed
40 mg). Midazolam was administered at least 30 minutes before the procedure. Blood samples
were collected for 10 hours following administration of midazolam. Sedation of the patient was
recorded using a five-point sedation scale (1=alert/active; 2=awake/calm; 3=drowsy; 4=asleep
(does not respond to name/commands but responds to mild shaking); S=asleep (does not respond
to name/commands or mild shaking) until satisfactory sedation was achieved or up to 30 minutes.

Anxiolysis was assessed using a four-point anxiolysis scale (1=poor; 2=fair; 3=good; 4=excellent)
at the time of separation from parents or at the time of mask induction for patients undergoing
general anesthesia. No mathematical modeling of the relationship between plasma
concentrations and sedation or anxiolytic effects was attempted.

Figure 2 displays the mean plasma concentration versus time profile of midazolam
and a-hydroxymidazolam following oral administration of 0.25, 0.50, and 1.0 mg/kg of
midazolam syrup in pediatric patients. Tables 3 and 4 list the pharmacokinetic parameter values
for midazolam and a-hydroxy midazolam after the administration of single oral doses of 0.25, 0.5,
and 1.0 mg/kg in the same patients. In the age group 6 months to <2 years only one patient each
received the dose inthe respective three dose groups (note: clinical study has 147 patients in
this age group). Therefore, in this section statistical analysis involving this group should be
interpreted with caution.

Midazolam was readily absorbed in pediatric patients after oral administration of
midazolam syrup. Mean t,,, values ranged from 0.17 to 0.35, 0.72 to 0.95, and 0.55 to 2.65 hours
for age groups 1, 2-and 3, respectively. In adults receiving 0.10 to 0.57 rig/kg midazolam
solution or tablet, the mean tm. values ranged from 0.37 to 1.6 hours (23, 24, 51, 52, 53, 54,59,
60, 61, 62, 64, 65, 66, 67, 68).

NDA 20-942 12
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- Figure 2. Mean plasma concentration versus time profile of midazolam and a-hydroxymidazolam
following oral administration of 0.25, 0.50, 1.0 mg/kg of Versed syrup in pediatric
Lo patients of age 6 months to <16 years old (protocol NR 15323).

-

Table 3. Pharmacokinetic parameters for midazolam (meantSD) following a single oral dose of

'|1

0.25, 0.50, or 1.0 mg/kg of midazolam (protocol NR15323).

- . 0.17 ; 61.6 5.82
it 0.50 | 0.35 66.0 152.0 2.22
1.00 | 0.17 612 2244 2.97
0.25 | 0.7240.44 63.0£30.0 | 138.0489.5 3.16+1.50
0.50 | 0.9510.53 125.6£75.8 | 306.1£195.8 2.7141.09
1.00 | 0.8840.99 201.0£101. | 742.74642.1 2.3740.96
- 0.25 | 2.09+1.35 29.148.2 154.7484.6* 6:8313.84%
- 0.50 | 2.65+1.58 117.948.2 | 820.8+567.7¢ 4.3543.31¢
i1 .00 | 0.5540.28 190.5+47.4 | 565.8+15.7 2.5140.18
p 3 (for one subject uch in the dose groups of 0.25 and 0.5 mg/kg, there was no apparent log-linear decline)
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Table 4. Pharmacokinetic parameters for a-hydroxymidazolam (meantSD) for following a single
oral dose of 0.25, 0.50, or 1.0 mg/kg of midazolam (protocol NR1 5323). :

0.72 123 26.7 1.05 0.38
0.50 1.02 454 103.1 1.60 0.65
1.00 0.17 322 - {1013 237 0.43

0.25 0.9210.43 | 40.5+19.4 | 87.7431.7 2.1610.90 | 0.75+0.33
0.50 1.1540.53 | 75.6444.2 | 179.4481.0 |2.1410.74 | 076740.28
1.00 1.2611.18 | 139.7459.8 | 423.44229.6 | 1.8140.67 | 0.7140.32
X4
0.25 2.38+1.10 | 19.547.0 74.8416.5 3.9841.93 | 0.4940.21
0.50 2.78+1.41 | 71.0£78.0 | 264.8+125.8 | 2.60+1.02 | 0.4140.23
1.00 0.5510.28 | 190.2+13.3 | 370.9450.8 | 1.75+0.37 | 0.6340.10

6.1.1 DOSE-PROPORTIONALITY WITHIN THE AGE GROUPS

The age group of 6 months to <2 years had only one patient at each of the doses
and therefore no rigorous dose-proportionality assessment could be made across the doses in this
age group. In the age group 2 to <12 years, the mean dose-normalized C.., showed a
decreasing trend, however it was not statistically significant. The dose-normalized AUCy,
showed a non statistically significant increase with increasing doses. In the age group 12 to
<16 years, the mean dose-normalized Cpux Was not statistically significantly different across the
three doses while the dose-normalized AUC,., for the 0.5 mg/kg group was significantly higher.
However, because of the small patient numbers, this statistical analysis may be meaningless.

In the age group 6 months to <2 years, there is only one patient each in the three
dose groups precluding any concrete analysis on a-hydroxymidazolam pharmacokinetics. In the
age group 2 years to < 12 years (54 patients), the mean ratios of the AUCe. of a-
hydroxymidazolam to the AUC,., of midazolam were fairly constant ranging from 0.67 to 0.75,
regardless of the dose group. Similarly, in the age group 12 years to < 16 years, the mean ratios
of the AUC,., of a-hydroxymidazolam to the AUC,., of midazolam were fairly constant ranging
from 0.41 to 0.63. These data suggest that patients 2 to <12 years old have a slightly higher
metabolic capacity or slower clearance of a-hydroxymidazolam than patients 12 to <16 years old.
(However, mean dose-normalized AUC’s of midazolam ranged from 24.5 to 27.2 ng hour/mL in
group 2 compared to 11.8 to 22.5 ng.hour/mL in group 3 precluding any concrete conclusions
from the above data). Published studies in adults (43, 48, 51, 59, 60, 68) report mean ratios of
the AUCo of a-hydroxymidazolam to the AUCq., of midazolam in the range.of 0.40 to 0.56
which is smaller thar the 0.41-0.75 range seen in pédiatrics in the current study.
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6.1.2 DOSE-PROPORTIONALITY ACROSS THE AGE GROUPS

ANOVA was performed on dose-normalized Cp.x and dose-normalized AUGCoo
among the three dose-groups independent of age group. No statistically significant difference
was found for the mean values (Table 5) indicating dose-proportionality in the range of
0.25 mg/kg to 1.0 mg/kg across the age groups. However, a small trend towards increase in the
dose-normalized AUC,., can be seen with increase in dose.

Table S. Mean dose-normalized pharmacokinetic parameters for midazolam.

Soo S

0.01085 40.00757 0.01096 +0.01073 | 0.00831 0.
0.02311 20.01130 0.02566 £0.0140 | 0.02689 £0.01848

6.1.3 SEDATION

Mean and 95% confidence intervals for midazolam concentration and the sum of
midazolam and a-hydroxymidazolam concentration versus sedation, ease of separation from
parent and at mask induction with the inhalation anesthetic scores are presented in Table 6.
Figure 3 displays the trend that is seen between sedation score and midazolam
concentration or the sum of midazolam and a-hydroxymidazolam concentration (higher
concentrations resulted in higher sedation scores). ANOVA analysis indicated that the mean
midazolam concentration and the mean of the sum of midazolam and a-hydroxymidazolam
concentration for those patients with a sedation score of 4 is significantly different than the mean
concentration for those patients with a sedation score of 3 or 2. A statistically significant
difference was also found between the mean concentrations for sedation score 3 and 2.

Comparative analysis suggests that there is an association between dose and
sedation, with a higher proportion of patients in the 1.0 mg/kg treatment group having a
satisfactory sedation response. Overall, 69/85 (81%) patients had satisfactory sedation post-
treatment: 18/28 (64%) patients in the 0.25 mg/kg treatment group, 20/24 (83%) in the 0.50
mg/kg group, and 31/33 (94%) patients in the 1.0 mg/kg treatment group.

The onset time to satisfactory sedation for patients with an unsatisfactory sedation
rating at baseline, occurred within 20 minutes for 48/81 (59%) patients: 11/26 (42%) patients in
the 0.25 mg/kg treatment group, 14/24 (58%) patients in the 0.50 mg/kg treatment group, and
23/31 (74%) patients in the 1.0 mg/kg treatment group.

6.1.4 ANXIOLYSIS

No trend was observed between at mask induction scores or scores at separation
from parents and midazolam concentration or the sum of midazolam and o-
hydroxymidazolam_ concentration (Table 6). Anxiolysis is a more vgrable surrogate
measurement of clinical response. In this population, older children, due to their better
understanding of a procedure tend to be less anxious than younger patients. Therefore, an
anxiolytic effect may be more difficult to demonstrate in this age group.
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Figure 3. Plot of midazolam concentration (a) and combined midazolam and a-
hydroxymidazolam concentration (b) versus maximum sedation score.

Table 6. Mean concentrations (and 95% confidence intervals for sedation scores) of midazolam
and midazolam plus a-hydroxymidazolam-versus maximum sedation score, anxiolysis

score at time of separation from parents, and time of mask induction in pediatric patients
(protocol 15323).

Sedation Score 1 Score 2 Score 3 Score 4
(Awake/Calm) (Drowsy) (Asleep)
Chidazotam, Dg/mL - 8.26 67.16 160.57
(0.40-16.12) (45.00-89.32) (75.16-245.98)
Claidazolam + - - 10.03 92.44 26434
hydroxymidazotam), NE/ML (0.07-19.98) (61.66-123.21) {142.16-386.52)
Separation From Score 1 Score 2 Score 3 Score 4
Parents ~ | (Poor) (Fair) (Good) (Excellent)
Cunidazsiam, Ng/mL 72.00 104.83 82.19 71.23
C(nid-.»hm +a~
hvdroxvmidazolam). NZ/ML 107.07 173.61 145.50 120.87
Mask Induction Score 1 Score 2 Score 3 Score 4
(Poor) (Fair) (Good) (Excellent)
Conidazolars, /ML =] 8200 - z 65.51 87.03
Qlim+u—
hydroymidazolam), NZ/mL 122.03 - 123.42 142.82
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6.1.5 TASTE TEST

Overall, taste acceptability was considered satisfactory (accepted readily or with
grimace or with a complaint) in 83 of 84 patients. Only one patient in the 2 to <12 years age
group rejected it entirely.

6.2 ABSOLUTE BIOAVAILABILITY (ARM Ii)

This was a two-way randomized cross-over study. The absolute bioavailability
was estimated in 6 out of 10 pharmacokinetically evaluable patients who completed both IV and
PO doses (3 patients each in the 6 months to <2 year age group and 2 to<12 year age group,
respectively). Patients received 0.50 mg/kg oral dose and 0.15 mg/kg IV dose. The mean value
for absolute bioavailability across all ages was 35.8% with a standard deviation of 24.4%
and range of 8.6 to 71.1%. Published values of the mean absolute bioavailability of midazolam
administered as a solution or tablet in adults in the dose range of 0.1 mg/kg to 0.41 mg/kg ranged
from 24 to 49%.

In order to obtain a more complete description of the relationship between
absolute bioavailability and age, the data from 67 patients who received oral midazolam syrup in
arm I was combined with other patients who received intravenous midazolam in arms II and III
and other historical data. NONMEM analysis was conducted using this data. The absolute
bioavailability estimated by this approach was 37% with 95% confidence intervals of 29% to
44%. Age or weight were statistically significant covariates. However, age and weight were
highly correlated. With age as a covariate, the total systemic clearance of midazolam increased
modestly with increasing body weight of the patient. The absolute bioavailability was not
found to vary with pediatric age.

6.3 INTRAVENOUS PHARMACOKINETICS (ARM lIl))

This was an open-label, age-stratified study in which 16 patients received a single
intravenous 0.15 mg/kg midazolam dose. No efficacy measures were obtained in this arm.
Data from 6 patients in the absolute bioavailability arm who received IV dose of 0.15 mg/kg were
also included in this evaluation.

Table 7. Pharmacokinetic parameters for midazolam (mean + SD) following a single IV dose
of 0.15 mg/kg of midazolam (protocol NR15323).

h/mL
282+15 1.2410.27 2.1740.53
2811102 1.3210.67 2.49+1.42
2944122 2.0240.73 3.6111.51
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Table 8. Pharmacokinetic parameters (meantSD) for a-hydroxymidazolam followmg a single IV
dose of 0.15 mg/kg of midazolam (protocol NR15323).

32.5425.8

Aoy

48.1£10.8

T3.1842.4

0.2110.11
0. 45&0 48 | 32.3118.5 | 69.2429.6 | 2.2940.9 | 0.2310.14
0.9110.91 { 53.5£53.0 | 128.0491.4 | 2.7610.5 | 0.3910.14

The mean pharmacokinetic parameters of midazolam and a-hydroxymidazolam as .
a function of age are presented in Tables 7 & 8. Comparison between the threée age groups is *.
complicated as the 12 to <16 years old group consisted of two patients only. Between the three
age groups- 6 months to <2years old and 2 to <12 years old had similar midazolam
pharmacokinetic parameter values. The 12 to <16 years old group tended to differ from the
younger groups with slightly smaller clearance, a higher volume of distribution, and a longer
terminal half-life. Because of the small sample size of two patients in this age group, no
definite conclusions can be made regarding the age dependent pharmacokinetics of
midazolam. However, a small trend towards a decrease in clearance with age is seen across
the age groups. Overall, the clearance values ranged from 9.3 to 11 mL/min/kg, the
terminal half-life ranged from 2.9 to 4.5 hours, and the steady state volume of distribution
ranged from 1.24 to 2.02 L/kg.

Published studies evaluating IV midazolam in adults in doses ranging from 0.03
mg/kg to 0.81 mg/kg, report mean clearance values in the range of 4.0 to 12.4 mL/min/kg, mean
steady state volume of distribution values in the range of 0.68 to 1.1 L/kg and mean terminal half-
life values in the range of 1.1 to 3.5 hours (2, 23, 24, 27, 43, 45, 47, 48, 50, 51, 52, 53, 54, 57,
60, 87). However, a plot of clearance versus dose from data in the above referenced studies
showed a tendency towards decreasing clearance with increasing dosage. At a dose of 0.15
mg/kg (i.e., at the dose used in protocol 15323), adult mean clearance values ranged from 4.6 to
6.1 mL/min’kg, mean values of steady state volume of distribution ranged from 0.72 to 1.05
L/kg, and mean values of terminal half-life ranged from 2.2 to 2.3 hours (24, 53). Therefore at
comparative doses, it appears as if adults have a smaller clearance, smaller volume of
distribution and shorter terminal half-life.

The mean AUC,., ratio values of AUCo. of a-hydroxymidazolam to midazolam
were similar between the age groups of 6 months to <2 years and 2 to <12 years while it was
higher in the 12 to<16 years group. The mean values ranged from 0.21 to 0.39 across the age
groups. Published AUC,, ratio values of a-hydroxymidazolam to midazolam was smaller
(about half) in adults (mean values ranged from 0.12 to 0.14) compared to the values
obtained for children in this study.

It should be noted that in the clinical study 15323, patients were stratified into
groups of 6 months t6 <2 years, 2 years to <6 years, and 6 years to <16 years. In order to find
out if there is any trend in the pharmacokinetics according to this age classification, this reviewer
reanalyzed the IV data and oral data (presented in arm I) by reclassifying the original data in the
age groups of 2 years to <12 years and 12 years to <16 years into the age groups of 2 years to <6
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years and 6 years to <16 years. The IV data is shown in Table 9. The oral data (0.5 mg/kg dose
only) is presented in Table 10. It can be seen from these tables that there are no dramatic
differences in the mean clearance and terminal half-life values after IV dose or in the dose-
normalized AUC values after oral dose between the two groups of 2 to < 6 years and 6 to < 16
years. This has implications on the dosing recommendations made by the sponsor. Sponsor
recommends that the younger group of 6 months to < 6 years of age may require a higher than
usual dose up to 1.0 mg/kg. The pharmacokinetic data shown in Tables 9-10, does not show
a higher clearance in the age group of 2 to <6 years (if anything, clearance is slightly lower)
compared to the 6 to < 16 years of age group and therefore does not support the higher
dose requirement in the age group of 2 to < 6 years. ¢

Table 9. Mean clearance and terminal half-life values for midazolam following a single IV dose-
of 0.15 mg/kg of midazolam after reclassification of the age groups (protocol
NR15323).

0.605
3.51

Table 10. Mean dose-normalized values for midazolam following a single oral dose of 0.50
mg/kg of midazolam after reclassification of the age groups (protocol NR15323).

Labeling notes: Sponsor’s labeling statements pertaining to this section should be changed as
follows (original text is acceptable; strikeout text is to be deleted; underlined text should be
inserted);
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Labeling notes: Labeling information on the food effect information from this study should be

inserted into the absorption sub-section of the pharmacokinetics section of the package insert as
follows; o

7.2 DRUG-DRUG INTERACTIONS -

All of the studies summarized in this section were extracted from published
articles. These studies were conducted in healthy adult subjects. No drug-drug interactions
studies have been conducted in pediatric patients by the sponsor using versed® oral syrup.

Midazolam is primarily oxidized to a pharmacologically active metabolite, a-
hydroxymidazolam, via cytochrome P450111A4 mediated metabolism. Due to the presence of this
metabolite, the relationship between plasma drug concentrations and drug effects becomes more
complex after the oral administration of midazolam where the metabolite levels are relatively high
compared to parenteral routes of administration. None of the studies summarized below
evaluated the effect of other drugs on the formation and elimination of a-hydroxymidazolam
making dose-adjustment recommendations for oral midazolam difficult. When midazolam is
administered with inducers (drugs that increase the first-pass metabolism of midazolam), the
plasma concentrations of midazolam are lower but ratio of a-hydroxymidazolam to midazolam
Crax and AUC is expected to be higher. When midazolam is administered with inhibitors (drugs
that decrease the first-pass metabolism of midazolam), the plasma concentrations of midazolam
are higher but the ratio of a-hydroxymidazolam to midazolam C,,, and AUC values is expected
to be lower. Because of these opposing effects on midazolam and a-hydroxymidazolam plasma
concentrations, the clinical consequences of metabolic drug-drug interactions cannot be predicted
from pharmacokinetic studies unless substantial changes are observed. While an increased
terminal elimination half-life may extend the duration of midazolam effects, changes in peak

plasma concentration (Cmax) have a greater influence on the onset and intensity of midazolam’s
clinical effects.

7.2.1 EFFECT OF INDUCERS OF DRUG METABOLISM ON MIDAZOLAM
PHARMACOKINETICS

Data from published articles showed that inducers of CYP3 A4, including rifampin,
carbamazepine, and phenytoin, markedly decreased (>90%) the Cunx and AUC, and
pharmacologic effects (Digit symbol substitution test, critical flicker fusion test, standard pupil
diameter, Maddox wing test, and drowsiness) of oral midazolam (65,101). Although, the effect of
phenobarbital has not been examined, it is also expected to have a similar effect of other inducers.
Therefore, wherever possible these drugs should be avoided in patients receiving midazolam.
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7.2.2 DRUGS THAT DO NOT AFFECT THE PHARMACOKINETICS OF MIDAZOLAM

The results from the literature ‘also indicated that many drugs from different therapeutic
categories when administered concurrently did not affect the pharmacokinetics and/or
pharmacodynamics of oral midazolam. Terbinafine (250 mg/day), nitrendipine, azithromycin, and
antacids (magnesium trisilicate and magnesium hydroxide 30 mL/7 times a day) did not affect the
pharmacokinetics of oral midazolam.

7.2.3 EFFECT OF INHIBITORS OF DRUG METABOLISM ON MIDAZOLAM
PHARMACOKINETICS

All of the studies summarized in this section (except where noted) were conducted with
oral midazolam using adult volunteers. Table 12 shows that erythromycin, fluconazole,
ketoconazole, itraconazole, diltiazem, and verapamil may cause clinically significant interaction
with oral midazolam. The effect of these drugs on the pharmacokinetics of a-hydroxymidazolam
after midazolam administration were not examined. Erythromycin, diltiazem, verapamil,
itraconazole, ketoconazole, and fluconazole markedly increased midazolam Cu. and AUC and
pharmacologic effect (surrogate CNS effects) of oral midazolam. The intensity and duration of
midazolam effects may be significantly increased upon coadministration with these drugs. If the
administration of these drugs cannot be avoided, then a reduction in the dosage of midazolam is
warranted. In particular, ketoconazole and itraconazole show striking increases in Cpus and AUC
values (62). A full copy of this article is attached in appendix III at the end of the list of
references. There was a 309% and 1490% increase in Cuux and AUC respectively of midazolam
after the administration of 400 mg/day ketoconazole. Coadministration of 200 mg/day
itraconazole resulted in a 240% and 980% increase in Cuux and AUC respectively of midazolam.
Volunteers participating in this study could hardly be awakened during the first hour after
administration and most experienced amnesia lasting for several hours. These drugs should be
avoided in pediatric patients receiving midazolam. Moderate increases in the Cpy and AUC
values were also seen upon concurrent administration of grapefruit juice, cimetidine, and
ranitidine as well. Grapefruit juice, especially poses an interesting problem in that it is possible
that the pediatric patients are given grapefruit juice to wash down the Versed® syrup. Pre-
treatment with 200 mL of grapefruit juice one hour before the administration of 15 mg oral
midazolam resulted in a 56% and 52% increase in Cuux and AUC of midazolam (110). Therefore,
labeling instructions should specifically mention that grapefruit juice be not given to these patients
when they are administered Versed® syrup.
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500 mg qd 27 No increase 104 -
500 mg tid 170 341 Marked increase | 63
500 mg tid 171 281 Marked increase .| 106
300 mg/day 37 47 Slight increase 66
60 mg tid 105 275 Marked increase | 67
80 mg tid 97 192 Marked increase | 67
100 mg/day 156 ‘1474 Marked increase | 61
Itraconazole 200 mg/day 240 1980 Marked increase | 62
Itraconazole 200 mg/day 80 240 Marked increasg,. | 107
Ketoconazole 400 mg/day 309 1490 Marked increase | 62
Fluconazole 200 mg/day 150 250 Marked increase | 107
Magnesium 30 mL of BP 13 37 Not tested +” 105
Trisilicate .
Magnesium 30 mL 7 times/day| 18 -3 No increase 44
Hydroxide '
Ranitidine 150 mg tid 50 66 slight increase 108
Ranitidine 150 mg bid 15 23 Not tested 53
Ranitidine 150 mg bid 30 12 Not tested 47
Ranitidine 150 mg bid 52 66 Not tested 105
Ranitidine 150 mg tid 67 39 Shlight increase 4
Ranitidine 300 mg NA 9 none 109
Cimetidine 400 mg bid 25 35 Not tested 53
Cimetidine 300 mg qid 6 =10 Not tested 47
Cimetidine 200 mg tid 138 102 Not tested 105
400 mg noc'te
Cimetidine 400 mg tid 60 37 Slight increase 44
Cimetidine 800 mg NA =126 Slight increase 109
Grapefruit Juice 200 mL 56 52 Increased 110
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Note: Section 10 (proposed package insert) of this review has comprehensive information on
drug-drug interaction aspects in appropriate sections of the package insert.

7.3 RENAL IMPAIRMENT -

In renal impairment, o-hydroxymidazolam can be expected to accumulate
prolonging the pharmacological effects of midazolam. Unfortunately, in the published study that
evaluated the pharmacokinetics of midazolam in chronic renal failure patients, a-
hydroxymidazolam pharmacokinetics were not evaluated (41). Chronic renal failure patients
(n=14) had a significantly higher plasma free drug fraction (6.5%) compared with that (3.9%) in
healthy volunteers (n=14). Although the total clearance and volume of distribution of total
(bound plus unbound) midazolam in patients with chronic renal failure were higher than those of
subjects with normal renal function, there were no alterations in the volume of distribution or
clearance of unbound drug in the renal failure patients (elimination half-life was the same in both
groups). Therefore-based on midazolam’s pharmacokinetics alone, there does not appear to be a
need to change the dose of midazolam. However, since the accumulation potential of a-
hydroxymidazolam is likely but unknown, it should be titrated for the desired effect in patients
with chronic renal disease.

Labeling notes: Sponsor’s labeling statements pertaining to this section shoutd' be changed as
follows (original text is acceptable; strikeout text is to be deleted; underlined text should be
inserted);
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7.4 HEPATIC DYSFUNCTION

Chronic hepatic disease alters the pharmacokinetics of midazolam. Following IV
administration of 0.075 mg/kg midazolam, the clearance of midazolam was reduced by about
50%, and the elimination half-life was increased by about 100% in patients (n=7) with severe
alcoholic cirrhosis compared with subjects (n=8) having normal hepatic function (98). In another -
study, following iv administration of 7.5 mg of midazolam, the clearance of midazolam was -
reduced by about 40% and the elimination half-life was increased by about 90% in patients (n=7)
with cirrhosis versus subjects (n=7) with normal liver function (99). In the same patients with
cirrhosis, following oral administration of 15 mg of midazolam, C.., and bioavailability values
were 43% and 100% higher, respectively, in patients with liver disease than in subjects with
normal liver function. A copy of this article (reference 99) is attached in appendix III at the end
. of the list of references.
Labeling notes: Sponsor’s labeling statements pertaining to this section should be changed as
- follows (original text is acceptable; strikeout text is to be deleted: underlined text should be
=~ inserted);

7.5 EFFECTS OF AGE, GENDER, AND OBESITY ON PHARMACOKINETICS

The effect of age, gender, and obesity on the pharmacokinetics of 2.5 to 5.0 mg TV
and 5 to 10 mg oral doses of midazolam were studied in young elderly male and female subjects
as well as young obese subjects. The terminal half-life after IV administration was prolonged in
the elderly (60 to 74 years) compared to young male subjects (5.6 versus 2.1 hours), and
clearance was reduced (4.4 versus 7.8 mL/min/kg). The bioavailability was higher (50% versus
41%) in the elderly compared with young males. However, the apparent volume of distribution
based on the elimination phase, VdB and the unbound fraction were not different between these
two groups. The pharmacokinetics of midazolam in elderly (60 to 74 years old) compared to
young (24 to 33 years old) female subjects were not different. Between obese subjects and
~ normal body weight-subjects, the VdB (1.7 versus 2.7 L/kg) and terminal half-life (2.7 versus 8.4
hour are significantly larger in obese subjects, but clearance and bioavailability were not different
between the two groups.
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Labeling notes: Sponsor’s labeling statements pertaining to this section should be changed as
follows (original text is acceptable; strikeout text is to be deleted; underlined text should be
inserted);

8. CONCLUSIONS

L Protocol 15323: -

Oral pharmacokinetics in pediatrics
1.

Midazolam exhibits dose-proportionality between oral doses of 0.25 to 1.0 mg/kg within
the age groups of 2 years to <12 years. Small sample size did not permit meaningful
assessment of dose-proportionality in the age groups of 6 months to <2 years and 12 years
to <16 years. K

Midazolam exhibits dose-proportionality between oral doses of 0.25 to 1.0 mg/kg in
pediatric patients across the age groups of 6 months to 16 years.

The absolute bioavailability of 0.5 mg/kg oral dose of midazolam in pediatric patients is
about 36%. It does not seem to vary in the age range of 6 months to 16 years.

The AUCs., ratio of a-hydroxymidazolam to midazolam for the oral dose is higher in
pediatric patients than in adults.

No definite trend in age dependent pharmacokinetics of midazolam and a-
hydroxymidazolam after oral doses of 0.25, 0.5, and 1.0 mg/kg midazolam across the
three age groups was seen. Perhaps, the small number of patients in group 6 months to <2
years (three at each dose group) and in group 12 years to < 16 years (three evaluable
patients each at doses of 0.25 mg/kg and 0.5 mg/kg and two patients at 1.0 mg/kg dose)
may have contributed to this by weighting the data towards the group 2 years to < 12
years that had the majority of patients.

A trend between sedation scores and midazolam concentrations or combined midazolam
plus a-hydroxymidazolam concentration in pediatric patients was seen in+he age group of
6 months to 16 years administered 0.25, 0.5, and 1.0 mg/kg doses of Versed® syrup. The
higher the midazolam or combined midazolam plus a-hydroxymidazolam concentration,
the greater the maximum sedation score for patients. Mean midazolam concentrations of
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8.3, 67.2, and 160.9 ng/mL or mean midazolam plus a-hydroxymidazolam concentrations
{ of 10.0, 92.4, and 264.3 ng/mL resulted in sedation scores of 2 (awake/calm), 3 (drowsy),
and 4 (asleep) respectively. '
7. Results from protocol 15323 show no trend between midazolam or midazolam plus a-
hydroxymidazolam concentration and anxiolysis scores in the pediatric patients in the age
group of 6 months to 16 years.

Intravenous pharmacokinetics in pediatrics
8. In the age group of 6 months to <16 years, the clearance values ranged from

mL/min/kg, the terminal half-life ranged from hours, and the steady state
volume of distribution ranged from . L/kg.

9. The pharmacokinetics of midazolam were similar in the age groups of 6 months to <2
years and 2 years to <12 years. Insufficient sample size does not permit drawing definite
conclusions about the age group of 12 years to <16 years. A small trend towards
decreasing clearance was seen across the three age groups from 6 months to <16 years.
However, because the age group of 12 years to <16 years had only 2 patients no definite
conclusions can be drawn regarding this trend.

10. At comparative doses of 0.15 mg/kg IV midazolam dose, the clearance values appear to
be smaller (about 2 fold) in adults compared to pediatrics in the age group of 6 months to

= <16 years. . -

= 11. The AUCo., ratio of a-hydroxymidazolam to midazolam is higher in pediatrics (about 2
fold) in the age range of 6 months to <16 years over that in adults after an IV dose.

( , 12. Pharmacokinetic data suggests that a dose of 0.25 mg/kg may be optimum in pediatric
patients. Pharmacokinetic data also suggests that pediatric patients in the age range of 6
months to < 6 years may not need a higher dose of 1.0 mg/kg. Dose of 0.25mg/kg is
likely to be efficacious in the entire age range of 6 months to <16 years.

II. Results from published articles:

13. A number of published studies, conducted with adult subjects, using effect compartment
— PK/PD modeling (sigmoidal E.., model), consistently demonstrated a strong correlation
between plasma midazolam concentrations and surrogate CNS effects (EEG, digit symbol
substitution test, reaction time, tracing errors, saccadic eye movement, visual evoked
response, drowsiness etc.) in doses ranging from 0.03 mg/kg to 0.15 mg/kg IV.

- 14. Data summarized from published studies in adults indicates that midazolam undergoes
oxidative metabolism mediated by cytochrome P450II1A4 isozyme to a major and active
metabolite, a-hydroxymidazolam.

15. a-Hydroxymidazolam was reported to be equipotent to midazolam.
16. Binding of midazolam and a-hydroxymidazolam to plasma albumin is about 96.5% and
89.4% respectively.
- 17. Published studies on drug-drug interactions in adults indicate that CYPIIIA4 inducers such
as rifampin and carbamazepine decreased the C,, and AUC of orally administered
midazolam by about 95% while CYPIIIA4 inhibitors such as erythromycin, diltiazem,
( L verapamil, ranitidine, cimetidine, itraconazole, fluconazole, and ketoconazole markedly
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( “ increased the Cpax and AUC of orally administered midazolam. The increases in Cpax and

‘ AUC, respectively, of midazolam were, 170% and 341% with erythromycin, 105% and
275% with diltiazem, 97% and 192% with verapamil, 240% and 980% with itraconazole,
150% and 250% with fluconazole, and 309% and 1490% with ketoconazole.
Pretreatment with grapefruit juice was reported to result in a 56% and 52% increase in
Ceax and AUC, respectively, of oral midazolam.

18. Published studies in hepatic failure patients indicate that chronic hepatic disease alters the
pharmacokinetics of midazolam. Following IV administration, the clearance of midazolam
was reported to be reduced by about 40-50%, and the elimination half-life was increased
by about 90-100% in patients with alcoholic cirrhosis compared with subjects having
normal hepatic function. After oral administration, Cmxx and bioavailability were reported
to be increased by about 43% and 100% respectively.

19. Although the pharmacokinetics of intravenous midazolam in patients with chronic renal
failure differed from those of subjects with normal renal function, there were no alterations
in the distribution, elimination, or clearance of unbound drug in the renal failure patients.
However, the accumulation potential of the major and active metabolite a-
hydroxymidazolam which is primarily excreted in the urine as a glucuronide is unknown.

o 9. GENERAL COMMENTS (not to be sent to the sponsor)

e -
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APPENDIX 1
STUDY SUMMARY OF PROTOCOL 15323

NDA:20-942  SUBMISSION DATE: February 4, 1998 YOLUME: 10-18

INVESTIGATOR(S)/INSTITUTION

STUDY DESIGN

All three arms were multicenter and age stratified (6 months to <2years, 2 to <12 years, and 12 to
<16 years) including both in-patient and out-patient pediatric patients requiring a sedative for day-
stay or minor procedures. Arm I was randomized, observer blind, parallel group; Arm II was

two-way crossover, open-label and had a minimum of 24 hour washout period; Arm III was open-
label. ‘

SUBJECT DEMOGRAPHICS
(1) Number of subjects-
Enrolled Evaluable for Discontinued
PK PD Safety AEs Death Other
Arm I 85 67 85 85 0 0 18
Arm II 10 6 0 10 0 0 3
Arm III 16 14 0 16 0 0 2
Total 111 87 85 111 0 0 23
(2) Demographics-
_Arm 1 Arm:1I Arm III
Number 85 10 16
Sex (M/F) 51/34 5/5 7/9
Weight (kg)Mean 29.1 16.0 23.3
+SD +17.8 +8.1 +16.3
ANALYTICAL lﬁETHODOLOGY = o
NDA 20-942 ; 38




PHARMACODYNAMIC EFFECTS AND TASTE ASSESSMENT
Sedation and Anxiolysis scores (Arm I only):
Sedation; Baseline and at 10-minute intervals up to 30 minutes after dosing. Sedation was
assessed according to the following scale (scores of 1 and 2 were considered unsatisfactory
while a score of 3 or higher was considered satisfactory)-
1. Alert/Active: Moving, agitated, not calm, physical or verbal display of apprehension.
2. Awake/Calm: Not drowsy, responds to name/commands spoken in normal tone.
3. Drowsy: Relaxed, quiet, responds readily to name/commands spoken loudly or
repeatedly, cooperative. -
4. Asleep: Does not respond readily to name/commands spoken loudly or repeatedly but
responds to mild shaking or prodding.
5. Asleep: Does not respond readily to name/commands spoken loudly or repeatedly or mild
shaking or prodding.
Anxiolysis; Baseline and at separation from parents and mask induction with nitrous oxide.
- Anxiolysis was assessed according to the following scale-
1. Poor: Afraid, combative crying.
2. Fair: Fearful, moderate expressions of fear, not combative.
- 3. Good: Slightly fearful, easily calmed.
[ 4. Excellent. Unafraid, cooperative calm.
i Taste Test: Acceptability of the oral syrup formulation was evaluated in Arm I of the study. The

patient was assessed by facial expressions and manner of acceptance for acceptability of the oral
syrup as follows ;

Accepted readily

Accepted with grimace
Accepted with verbal complaint
Rejected entirely, spit out.

’ /
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Pharrnacokinctic-pharmacodynanﬁc
modeling of the central nervous system
effects of midazolam and its majn,
metabolite a-hydroxymidazolam jn
healthy volunteers -

The phas dy icy of midizol andiumﬁnmboﬁm.-hydm.’ idazolam were ¢ tred
in indivi subjecxs by use of dic eye hent and ehectr phalographic (EEG) effect mea-
mm&g}nhﬂhyvdmwo.lnm idivolam - intr ly in' 15 ounuces;
-15 og/kg a-hydroxymidazotam intr by 15 mi 7.3 myg midsol ocally and placebo in 3
WMM&Mymmanmmmo{M,
c-hydmxymidaam,md#hydn.. sclazolam were ‘bypsmm;mgnphy.munpﬁmda
hd&llswwﬂx(bea)ﬁaqumcywnmuduiiceﬁm . The don<cffcer

relagonships were quantified meﬁmmmﬁmmLﬁcm&neﬁuﬁWmm&m

= of midazslam and hydrorymidazol m(mﬁn:SE)?‘:‘:lSmd?S:l?l\g/nu.mPem‘vdy.
_ for the EEG cffect e. Foe peak saccadic vk "vd\cvaluavcrtw:t?nyuufornddnoum“d

- 49:!0uymlfor_=,ﬁ.v., idazolam. The maxi _mdfmwuuvu-:dmﬂufocbodwmmm
The effecrs observed after ocal adminisyas of midazol muldno(heymdkmdmcdybymado

q&mwhmmnmmu-ﬁmmhwmrmm
wmmewamwmmwmmmurmmmaww
( ministragon. (Cuov Prazsacos Trea l991;51:715~28.)

IupW.Mzndcuu,PhD,BcrtTuk.MSc,AlfredLvanSteVmind;MD.
Douwe D. Breimer, PhD, Adam F. Cohen, MD, PhD, and et Danhof, PhD
erheriands -

Laiden, The N
Benzodiazepines are widely used in clinical practice concentrationseffect relationships  of benzodiazepines
because of their anxiolytic, le relaxan:; anticon- by appropriate’ phannacodynamic models, The for-
vulsant, and sedative-hypnotic effects. Appropriate mation of pharmacologically active metabolites may
- measures of clinically relevant drug effects are re: complicae  the ‘characterization  of pharmacokinetic-
quired 0 elucidaie the relationships between pharra- pharmacodynamiic felatonships. - Most benzodiaz-
cokinetics and phar dynamics of benzodiazepi epines have metabolites with affinity for the benzodi.
- Recently, quantitative electroencephalographic (EEG) azepine fecepior.** However, litke s koown - about
e effect parameters have been used to charactenze the the in vive potency and intrinsic efficacy of these me.
- tabolites, their inicraction with the parent compound,
From the Cemer for Bio.p eal e Division of P, wn?"mﬁm:umm:lwmm'ogl::ﬁm
w.umamuqutum-nw P iy contribute 0 the
Rescarch. Universary Hospical, central nervous svstem effects of mudazolam should be
Supporied by gram F00:524-106 of The Nedhcrtands Medical and considered. Midazolam is rapidly eliminated from the
- Health Research Foundanoe (The Hague, The Nethiriands). body by metbolism to two substances, a-hydroxy-
R foe pubiscason Sep. 10. 1991 accepcd e 7. 1992, midazolam and &-hydroxymidazolam, which are both
mmm.m.cmhum . AT L
< S . Drision of P %y, Usierisy of Lar. pha‘nnxolqgnc:ny active. 7 Botr meubolites. are
dea. P.O. Box 9503, 2300 RA Lesten. The Netheriamds. rapidly conjugated by glucuronic acid 1 form an inac-
LVI36950 tve product. ' Afer intravenous administration of - .
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midazotam, relatively low concentrations of the meta-

bolites are found. However, retatively high concentra- . -

tions” of ‘a-hydroxy-midazolam - were observed  after
oral administration.'''* The concentration-effect rela-
tionship of midazolam based on- reaction time mea-
surements was shifted o the left after oral administra-
tion - compared. with intravenous — administration.
suggesting that a-hydroxymidazolam contributed sig-
nificantly © the central nervous system effects of the
parent - compound. ' “ Also, - marked - central “nervous
system effects were observed after intravenous admin-
istration of relatively low doses of a-hydroxymidazo-
lam to healthy volunteers. "> Relationships between
plasma concentrations and - pharmacologic effect: of
this metabolite: were not derived in- these investiga-
tons.

The purpose- of the present investigation was to
mathematicaily characierize the relationships betwéen
plasma conceatrations and central nervous system ef-
fects of midazolam and a-hydroxymidazolam afier in<
travenous ~ administration of = both - compounds - o
healthy volunteers.  Efféct: parameters: denived from
quantitative EEG analysis and saccadic ¢ye movement
measurements were used as measures of drug effect
on the central nervous system. The subjects also re-
ceived midazolam orally w characterize the interaction
between the parent drug and its main metabolite.

METHODS =

Subjects. The study protocol was zpproved by the
Ethics Review Board of the Leiden University Hospi-
tal (Leiden, The Netherlands). Eight healthy non-
smoking volunteers (four men and four women) with a
mean (2SD) age of 22 = | years and weight of 69 =
6 kg were recruited foc the study. All volunateers re-
ceived a full medical examination and all gave writen
informed - consent before participating in - the study.
The subjects refrained. from food - and aicobol and
caffeine<containing beverages. from midnight before
the investigation. A light breakfast was served 2 hours
after drug administration. The subjects refrained from
alcobol and. caffeine-containing beverages: unul the
end of the study day.

Study design. The study was a double-biind, dou-
ble-dummy, four-way crossover experiment: random-
ized rding to Latin sq The subjects each re-
ceived 0.1 mg/kg midazolam ingravenously in. 15
minutes. 0.15: mg/kg a-hydroxymidazolam. intrave-
nously in 15 minutes, 7.5 mg midazolam ocally. or
matching placebo at |-week intervals. The experimen-
tal medications were prepared by the Leiden Univer-
sity Hospital Pharmacy. Intravenous midazolam was

e
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prepared  from. a commercially  available: solution
for . intravenous - injection (Dormicum.  Hoffmann-
La - Roche. : Basel, ' Switzerland). = Solutoas - of

- s-trydroxymidazolari  for intravenous - sdministration

were iade available by Hoffmann-La Roche. Oral
midazolam was prepared from i1 commercially avail-
abie tablet (Dormicum, Hoffmann-La Roche) and ad-
ministered in' 2 hard gelatin capsule.

Alter the subjects amived at the hospital, two intra-
venous catheters were inserted into both arms of each
subject for drug administration and blood sampling,
and electrodes for the saccadic eye movement and
EEG measurements: were applied. Drug effects were
frequently measured before and after drug administra-
tion. The. pharmacodynamic. measurement sessions
coasisted of the: following sequence of tests: (1) sac-
cadic. eye movements. (2) EEG. (3) blood pressure
and heart rate. and (4) EEG. Each' sequence took
about 4 minutes: o complete. Systolic and diastotic
blood pressure and heart rate were measured for mon-
itoring purposes by us¢ of an oscillometric blood pres-
sure monitor (MPV 7201, Nihon Kohden. Amster-
dam. The Netherlands). Pharmacodynamic testing was
petformed at 25,10, and 5 miautes before drug ad-
munistration ’ for: baseline determination and subse-
quently at 0. 5. 10, 1520, 30, 40, 55. 70, 85. 100,
120. 150, 180, 210, 240, and 270 minutes and at 5, 6.
1. and’ 8 hours after drug- administration. Foc intra-
venous - administration: the doses of ‘midazolam and
a-hydroxymidazolam - were individually - adjusted on
the basis of the pharmacologic effect measurements.
When' 2 subject was: unable o perform the saccadic
eye movemment test because of profound sedation. the
incravenous: infusion was stopped before |5 minutes.
Blood ‘samples were coliected into heparinized sy-
ringes - (Sarstedt - moaovette. - Sarstedt.  Nuembrecht,
Germany). 10 miautes before drug: sdministration and
at 5.10.:15, 20,25, 35,45, 60, 90. 120, and 150
minutes and at 3.4, 5.6, and 8 hours after drug in-
take. Plasma was separated and stored at ~40° C until
analysis.

Saccadic eye t Recording
of saccadic eye movements were made by use of a
microcomputer-based sysiem for sampling and analy-
sis of eye movemens.'> The details of this  method
have been described clsewhere.'® In the present study
one séssion of di¢ ‘stimuli consisted of 12' step-
wise displacements of 40 degrees (20 degrees to cither
side) at intervals varying randomly from 3 to 6 sec-
onds.

EEG measurements. Five silver-silverchlonide- cup
electrodes were placed on the skull of the subjects at
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meposiuomF,..F,.C,.P,.wo,ucordingwu:
mzo‘nmm.nm.mmmm
mﬁmuwsmuwﬁcmufmw
mmmmeimuxnoumot
&Gmwmm:«;bjeasmﬁmngn-
tated with their eyes closed. Biocks containing arti-
fxsmexchsdedﬁunudysi:.'!‘henbjemtm
meyaw&e@ﬁnghmﬂingm
mwmmuseduhenmrybyw imul
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m»mmmwwpum-
ponential equatioas. Differeit exponential models wers
hmﬁwﬂhmnﬂw:uﬁdwnm»
¢cording 60 the - Akaike  informition” erilerion, ">

‘Basic  phirmacokinetic PaArAMCIErs < area tnder the

surve. clesrance (CL. CL/F) volume of distribution at
steady-stae . serminal - half-life (L) bioavailability,
ﬁmormbwdmgcomion.mxjmnmgmn-

mATBembjecuwekep(amewmtb:EEG
measurements by vertial contact and the cye move-
ment mcasurements. The EEG signals of rwo leads.
FiC, and P,-0,. were amplified (Bioelectric amplifier
AB-621G. Nihon Kohden) and digitized by use of the
CED EEG measurement and analysis system. The
flow-pass filter was set ar 100 Hz, and the time was
constant a1 0.3 seconds: Thus the filter sextings were
SUCh- that waves with frequencies betwees 0.5. and
100 Hz could be analyzed. The' EEG signals were
Quantificd by use of fast Fourier wansformation. The
averaged amplitudes (square foot of power) in the
11.510.30 Hr frequency band (F;-C,. lead) of each re.
cording session were cakulated and used as EEG ef-
fect measure - the kinetic-dynamic modeling peoce.
dure. .

Drup snalysis. Midarolam. a-hydroxymidazolam.
and. -hydroxymidazolam . concentrations - were ana-
lyzed by GLC according w the method of Sunzel,!’

afier oral admiistration; and lag time —
were calculated from the eoefficients and p of
Iheﬁuedﬁmuionsm;towwum."
The equilibration delay between plasima concentra-

a-hydroxymidazolam were quantified by the sigmoid
mazimumn effect (E,,) model. =

The i parameters of midazolam
and -a-hydroxymidazolam ‘derived  after intravenous
adminismianol‘msecmnpoundsmmcd(opm
dict the effects on EEG and peak saccadic velocity af-
uwmm»{m&m::n.'rom:m
predictions. a simple todel assuming an additive and
competitive interaction was wsed. If two interacting
compounds differ oaly in their potency (median effec.
unmnmm:m,&mmmm&,
and have 3 similarly shaped (N) concentration-effect

with some: modifications. By use of 3 pl samp
Msmm.u:dnmioaunuxwulnynu for all three
compounds and the within- and between-day: coefhi-
cients of vanaiion were less than 10%.

Protewn binding. The extemt of plasma protein bind-
g of midazolam and a-hydroxymidazolam was de-
termined for each subject by ultrafilration at 37° Cby
use-of the: Amicon Micropartition System {Amicon
Div.. Danvers, Mass.). Plasma samples collected be-
fore drug sdminisiration on each treatment day were
pooled for exch subject. Plasma aliquots of | 'mi were
sprked wit midazolam and a-hydroxymidazolam 16
obuain a concentrauon of 2 mg/L. for both dnigs. Sep
aration of fret: drug from protein-bound drug was ac-
complishec by filtaiton of 750 wl plasma through an
YMT uiranivation membrane {Amicon) st 1090y for
20 minutes at 37 C. yielding about 250 ‘w! uirafil:
Tate. Betause the protein bindi g of several b di-
zepines has been reponed to be independest of con-
CERLALON Over 3 wide concentration range (0.01 i 10
my/L). " plasma prowein binding was determined a
only one concentration.

Dats analysis. The disposition of midazotam and
a-hydrocymidazolam after intravenous  and oral  ad-

",.d:eonuibuﬁonofcompouudlwmnc-
ﬁﬁtyufmmmndlmbenlcuhmdfm—nmefol-

lowing equation:

c:-c,-»:cc"—.;c, "
in which C{ reflects the apparent “active™ concenta-
umofcompoundlhdnmcgormrpmudz.
whichnnbembsdmudinheqzmionofmsig-
midE,_MI.Forexhsubjwmeminscﬁbed
byd’:ebascmzmdu:ximwpmdiaedeffm
mewuwmpmﬁmmemhsaibedbybuz-
mwmmwweﬁwm.m
mmalcuhmdbyuuwicim:p:}onofm
functions from 0 to 300 misutes. Within 300 minutes
meﬁmmmwmmmwwu
ot
'ﬂ:eeqwionsmﬁnedlomedtubymofzhc
soalinear: regression program  SIPHAR (Simed ‘SA,
Creteil, me).smacﬂndysisofuceffeudm
mwfmwwmmon with
u’n:wmmemufmwidﬁnsubjem. When
significant: reatmeni efects or treatrhent versus time
im-ncﬁou;ver:fmnd.thedi!hmbuweenm-
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Table 1. Pharmacokinetic parameters of midazolam and a-hydroxymidazolam determined after intravenous
administration of both ¢ pounds
Subject No.
7 H Joa 5 6 7 ] Mean = ¢
—

Midazolam

Dose (mg) 5.3 7.6 6.1 8 5.2 5.6 33 438 S4=04

Dose (mgrkg) 0.083 . 0.100°  0.100. 0.0% 007 - oo 0.041 0073 0,078 = g g9

CL (mVmin) 601 539 593 417 499 61t 52 »2 83 =3

Vs (L) [ o) T 0 4 % 68 51 =7

Terminal tiy (min) 117 105 165 66 & 6! 9 14 98 = {2

AUC ratio* $.7 10.8 49 6.6 6.6 10.8 8.9 9.0 79=03

L (%) 2.09 2.59 23 2.21 203 248 3.03 2.08 235 =012
a-Hydroxymidazolam

Dose (mg) 9.6 It.4 6.9 1.5 9.9 78 5.0 65 S1=07

Dose (mg/kg) 0150 0.150 " 0.113° 0103 0150 0,108 0.083 " 0.098.0.117 = 0,91+

CL (mlwmin) 660 ™ 662 704 682 708 728 563 680 = 19+

Vs (L) 4 61 51 52 39 63 kg 45 M=y

Terminal ¢, {roin} 64 75 85 58 1] (2] 9 62 6 = 3%

f, (%) 8.53 1.7 10.5 10.1 8.70 2.3 131 9.70 10.6 = 0.6*

Q.Ch-nc:V.,.mdm-w%lﬂik:AUC.mmkmzL.mwhm.
of mad el a-diypd 2 obacrved afer i ol 5

*Raso of the AUC values

154 y diffcremt froem g vabat for medy (7 < 0,051

ment and placebo was tested with a paired Student
L I test at each time pownt (SPSS/PC+ software pack-
- age. version 2.0, SPSS Inc., Chicago, [I1.). Statistical
comparisons between derived pharmacokinetic  and
phzmucodynzmicpaﬂnnmsmmadebyuseofa
paired Student 1 test. Significance was assumed when
p < 0.05.

RESULTS

Ciinical effects. The intravenous administration ‘of
midazolam - and a-hydroxymidazolam “had  to be
stopped before the 15-mintte infusion was completed
in six and five subjects, respectively, because they
were unable to perform the saceadic eye movement
l&.Allmbjeaswetehighlysednedud;ecﬂdof
the: intravenous administrations and had difficulties
performing the eye - movement. tests. The dose of
a-hydroxymidazolam that could' be administered was
significandy larger than that of midazolam (Table I).
The:mean (=SE) peak concentration of  midazolam
was (47 = 18 ag/ml. compared with 238 = 49 ng/ml
for a-hydroxymidazolam.

Pharmacolinetics. Figs. 1.2, and 3 show the aver:
aged time profiles of midazolam and a-hydroxymida-
i Zolam concentrations after the e nonplacebo trear-

Ay

(Figs. 1 and 2). The individual pharmacokinetic' pas
fameters are listed in Table . Significant differences

-

between  the - pharmacokinetic parameters of the two
administered compounds were observed. The CL of
a-hydroxymidazolam was significantly larger than the
CL of midazolam. whereas the terminal s Was signif-
icandy shorter.

After intravenous administration of midazolam low
concentrations of a-hydroxymidazolam were observed
in: all subjects. a-Hydroxymidazolam concentrations
were on average eightfold lower (Table [) than the
concentrations of midazolam. No detectable concen-
trations (<1 ng/mi) of the 4-hydroxymetabolite were
observed. The pharmacokinetic parameters determined
after oral administration of midazolam are listed in
Table 1I. a-Hydroxymidazolam concentrations’ were
on:average 2.3-fold lower than the concentrations of
midazolam, which is also  reflected in the ratio of
Coiz: The d-hydroxymetabolits: was only observed in
detectable amounts (> | ng/mi) in three subjects but
never exceeded coneentrations of 3 ng/ml.

Pharmacodynamics. Figs. 1. 2, and 3 aiso show
the averaged time profiles of drug effect on the EEG
parameter (amplitudes in the 1125 to 30 Hz frequency
band) and peak saccadic velocity after the three non-
phmbomunems.mceffectsobscrvedaftcrmbo
sdministration are shown in each figure for compari-
son. After: intravenous administration of ‘midazolam
the EEG effects were significantly different from pla-
cebo (p- < 0.05) from the first time point of effect

measurement until- 75 minutes after drug administra- .

tion (Fig.. 1, ), whereas peak: saccadic velocity was
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Tmmwmammemmwuww
adminiscration of 7.5 mg midarotam :
Subject No o
] 2 J 4 K] é 7 [] Mean = 8¢
Midazolam
CLUF (ml/mia) 93 1276 2698 n nn 5585 1532 1€ 761 = 352
g (i) 3s. 9 19 -3 3 3 20 » B=za
Qo (Wnin) 25 36 h 3] 64 53 45 &7 49 “z=a
Coss (agymi) 63 & 29 3 18 60 28 a3 X=xs
F{%) 1 42 n 2 15 1 3 b ) Uz
«H >
Ly (min) b1 ha) 19 n » 43 1 15 R=3
L (thin) 45 43 k]| & 57 62 30 3% g=a
Caus (aprmad) J.é 12 n "”? 19 4) 1] 19 =2
AUC matiot 2.4 37 1.4 27 1.5 1.2 3.0 7 23=0)

g.u.-cc__.-.—«--..;g_.—..rc._;r.
Mh—muhmocomn
Mt of B AUC oniucs of st il @drvrens

decreased: significandy wntil 210 minutes afier drug

inistratioa (Fig. 1, o). The EEG effect was signif-
icandy bigher than placebo until 60 minutes after ad-
ministraton  of a-hydroxymidarolam (Fig. 2. »).
whereas peak saccadic velocity was decressed signifi-
cantly  until mmmaau;wmmm
(Fig: 2.-2). Afer oral administration of midazolam,
EEG effects were found w be significantly higher than
placebo’ from 30 until lOSmimlcs:herdruginuke

(Fig. 3. 8). whereas peak saceadic velocity was signif-

icandy decreased from 40 mimnes until 115 minutes
(Fig. 3. ). The relationship between plasma concen-

i parameters derived
t«mwhmwivmwbjcmm
ﬁstethaNamwayueo(meEEGe{fm
feasure and peak ssceadic velocity, respectively. For
mofmembjamndhawmmubhc
mwednmfameequuihmion delay (hysier-

mkwhmj&t)mam«x-
mofmmhhukofmmm
wwmmwﬂmmm
<ally significantly differences betwees the phariaco-

bscresd sy erel wmsaunranion of wndaseing

dymkpmnezasofuﬁdazolam:nda-hy&my-
midazolam ‘were observed. although the ECy; of
a-hyd:oxymidmlmtendedwbehighamm:
EC,,vﬂmo{nﬁdaMamvkhmo(mlphma

trations weie 1.82.= 0.4} and 10.2 = 2.0 ag/mi. e
spectively, for the EEG effect measure. For peak sac.
C¥dic wilaviny the ‘values were 094 =0.18and 53 =
[} nynu.mp&dvdy.‘!‘hediﬂumhﬁc,aotmi-
dazohmtnda-hydfuxymidndmlmedoaheednq
mmmmmmiculy:iniﬁm.

The ECyy values ofmiduohmhdu-hydmxym
wlanmimwmhmkofmmvuodq

spective: values estimated from  the COBCENRTTALIOn
EBGdfeanluiomhip.Aﬁpdﬁammubnns
W(r-O.BQ.p<0.0S)MmEC,,VM
dﬁmmwmﬁwm(ﬁ;.ﬂ.
Fig.?showsmcnvutgedﬁmeptoﬁleofpbum-
eologic effect observed oral sdministracion of mi-

makuhubymdumymkm
mwmuiahbkmudw.s«bjea:bmuu
included in the measured and predicted EEG effec
Curve. Al every time point the predicted effect'ss con-
siderably smaller ‘than the acuially observed effect.
Hmve.m:mpeo(hprediagden‘eumﬁkk

64




"1

Amplitudes: 11,5-30 H1 (uv)

L] b1} 8 2] WY QS B0 7S 100

Midazolam conc. (ng/mi)

il K11
2
I
o 030
=
g o
4
e
e o
-3
3
= aw
Q.
3
< 0.3
@ I3 30 IS we.. 25 10 0 200
olpha~0H-midareiam. canc. (ng/mt)
Fig. 4. Relatioaship b idazolim () and_a-hy-
droxymidazolam () ions and EEG effect measure
derived afier iner dministration of bodh compound

to subject 4. The solid lines represent the best 6t of the sig-
moid maximum effect (€,.,) model w the actual data.

similar to the profile of the observed effects. Table V.
lists the predicted and observed areas between base-
line and time versus effect curves of each individual:
The predicted area is coasiderably smaller than the ob-
served area for most of the subjects. The differences
were however not statistically significant (p = 0.05$
for EEG effect measure and p = 0.059 for peak sac-
cadic velocity).

“DISCUSSION :
The relationship between plasma concentrations and
~central nervous system. effects of ‘midazolamn and its
main meabolite a-hydroxymidazolam were character:
tzed after intravenous  adminisration of both com:
pounds to healthy volunteers. The central nervois sys:
tem effects of the compounds were quanitified by EEG
analysis and saccadic ¢ye movement measurements.
The benzodiazepine-induced changes in  the ampli-

i
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Fig. 5. Reladoaship between midazol (®) and a-hy-
dmxymid:mlm(-)comwiaumdpuknccadicvc-

locity derived afier intravenous administration of bods com-

pounds w0 subject 4. The solid lines fepeesent the best it of
the sigmoid £, model o the actial dara,

tudes in the 11.5 1030 Hz (beta) frequency band of
the EEG signals' was used as EEG effect messure. An-
imum:dishavesﬁwnmuulymnmechmgsin
activity in the 1.5 to 30 Hz (beta) frequency band
¢losely correlated with the affinity and intrinsic effi-
cacy of benzodiazepines at the central Yy-aminobutyric
acid<benzodiazepine receptor complex. thus provid-
ing evidence for the pharmacologic relevance of this
effect measure >

Measurements of saccadic eye velocity have also
been used successfully w0 characterize concentration.
effect relationships of benzodiazepines's-24> and to
study the rate of entry of these drugs into the central

nervous system.™ That fatigue “produces changes in

saccadic eye movements similar o those observed af-
ter benzodiazepine. administration suggests that peak
saccadic velocity may be 2 relevant measure of benzo-
diazepine induced impaired performance, Y72

e
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Fig. 6. Comeiaion {r = 0.89, p < 0.03) berween the indi-
wnidiual median effective concentration (EC,,) values of mi-
d {®) and o-hydroxymidazolam () estimased by use
of the amplicudes i the 11.5 w 30 Hz frequency band of the
EEG wgnals and peak saccadic velocity as effect measures.

The intravenous administration of midazolam and
a-hydroxymidazolam was mainkained untl the sisb-
JFCU. were: 100 sedated to performn the saceadic eye
movement test. The larger dose of a-hydroxymidazo-
fam that could be administered indicates the potency
difference between the two compounds. However, the
difference in effect is determined by differences in
wammmmwmm

erues of the two compounds. The pharmacokineric pa-
rameters of midazolam were similar o the values de-
wrmined o other - studies.'' 3 The - a-hydrozy-
metabolite was found 10 be clcared 1.3 times more
capudly than the parent compound. which was aiso re-
fiected m 2 shoaer werminal t, (Table ). The expid
ciimmnanon of a-hydroxymidazolarn may explain why
only low concentrations of this membolite are found
afier wstravenous administration of the parent eom-
pound {Fig. | and Table I). The peak concentrations
of a-hydrorymicazolam ot the end of the infusion
were 1.6 umes higher than the peak midizolam coe-
centravons.  Thus difference in peak coocentration is
almost simular 3o the difference in dose. The peak con-
centravon of midazolam (148 ag/mi) was close © the
range of 150 1o 200 ag/ml in which patients could be

and a-hydroxymidazolam were characterized by the
sigmoid E_, model in virtually all individial subjects
and for boch effect measuremenss (Figs. 4 and $).
No sunsucally significant “differences between the
pharmacodynamic. parameters  of midarolam  snd

Ampitiudes: 11.5-30 Hi {uv)
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fect measwre and peak di y. respectively, afier
ornl adminisrason of MmIAKZOLAM (+), Tia s wnes spiee
sent the predicied effect. assuming an additive and compes-
tve imeraction berween midazolam and - a-hydrotymida-
anlam.

a-hydroxymidazolam were: observed for both effect
measures. although the ECy of midazolam seaded o
be smaller than the value estimated for the metabotite.
These: findings show. that the a-hydroxymetabolite is
8t least a3 potent a3 S parent coapound and may con-
gibute significantly w0 the effects of the parent drug
when present in sufficientdy high concentrations.
Apast from an estimation of the pharmacodymamics
of the metabolite, its: interaction with the parest com-
pound should also be characterized to predict the im-
pact of the metabolite 0 the effects of the parent
compound in practice. Oval administration of midazo-
tam reflects such a practical situation ia which rela-
tvely high metabolite concentrations are observed as 2
result of & substantial first-pass metabolism of midazo-
tam (Fig. 3, a. and Table: 1I). The observed bicavail-

66




Py

voraers Midazolam and its metabolite ~ 725

Table I11. Pharmacodynamic parameters of midarolam and a-hydroxymidazolam determined from the
EEG measuretnents R

Subyect No;
{ 2 4 5 6 7 4 Mean = SE

Midazolam

X,, (min“") 1.08 - 1.23 —e 0.49 — 027 0.77=0.23

E, (u¥) 0.27 015 0.1 0.16 0.20 0.18 0.24- 0.19 = 0.02

B (BV) 0.34 0.32 0.2 0.24 0.21 0.39 0.37 - 0.30 = 0.03

EC,q (ng/m) 33 154 %0 66 %0 37 [ =15

N 7 34 Ja 29 22 4.3 26 31=03
a-Hydroxymidazolam

k., (min™") 0.41 0.63 0.91 0.42 0.61 0.4 P 0.56 = 0.08

E. (uV) 0.25 0.16 0.12 0.2 017 015 0.t 0.16 = 0.02

Epa (uV) 0.52 0.25 0.18 0.30 026 - 0.24 0.27 " 0.29 = 0.04

ECyq (ag/tnl) 107 185 74 109 95 a6 n 98 = 17

N 2.0 34 5.4 23 3 422 =05

;_Mmmawmmucﬂangmm.L_.nnnucﬂczsc,.wmmu

produciag XIT of Eo, N, wopmcss of
“No hyscress doecadic.

¢ye measurements

Table [V. Pharmacodynamic parameters of midazolsm and a-hydroxymidazolam determined from the saceadic

Subject No.
[ 2 3 3 5 6 7 [] Mean = SE

Midazolam

K, (min™") 0.16 0.08 0.16 e 0.32 013 s 0.07 70.15 = 0.04

E, (deg/sec) 38 sot 530 529 391 376 338 310 432 =28

Equ. (deg/sec) - 145 ~275 =329 =306 ~198 S92 89 -9 = 34

EC,, (ng/ml) s 80 B 53 43 > 21 32 W=7

N 55 0.9 0.9 52 4.3 33 12.0 36 as=2
a-Hydroxymidazolam .

k., (min™=") 0.051 0.067 0.23 0.16 0.047 013 0.14 037 0.15 = 0.04

£, (degfsec) 41s 518 sit 559 N 390 €6 39 439=2

€ i (Gepssec) -101 ~282 “210 =301 ) =148 =128 =73 e =30

EC,, (ag/ml) 3% 106 26 53 75 43 7 30 49 =10

N 54 .4 4.9 4.0 2.7 3.1 1.1 50 47=10

ability after oral administration of 7.5 mg midazolam
wasonlyzc‘i.nrhichiseonsidaab}glssmmc
values reported in other studies.!'3? However, in
those studies higher doses of midiarolam were admin:
istered, and it has been suggested that the bicavailabii-
ity of midazolam increases with higher oral doses as
+result of saturation of first-pass ictabolism.'? AF:
ter - intravenous - adininistration . of - midazolam - the
a-hydroxymidazolam concentrations were on average
eightfold lower than midazolam concentrations. How:
ever. after ofal administration this ratio was decreased
to 2.3; which was also reflected in the ratio- of peak

R

plasma - concentrations - of boch- compounds. By as-
sumption of an’ additive: and. competitive interaction
between midazolam and its a-hydroxymetabolite and
afterdnEC,oofbom:ompomdswashkenimou~
count. these - coacentration - ratios. - indicate - that
a-hydroxymidazolam would oaly contribute 1o an ex-
tent of about 10% w the observed effects aftér intrave-
hous administrition of midazolam aid about 34% af-
ter oral administration of midazolam. .
The chaniges in EEG effect and peak saccadic ve-
locity - after - oral - administration closety - follow  the
plasma concentration=time profiles of midazolam and
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CLIN PHARMACOX THEX
ONE tov

Tabile v.mummmmmmmmnmmeﬁamm
ol inistration of midszol w
Amplinades of 11.5 w0 30 H: Peat saceadic welociry
Subject No. ' Predicred (min  uV)* . Observed (sun « BV Predicud (107 degrees)  Observed (10 degrees)
1 n ) 0.3 Na
2 0.38 R %7 82 9.7
3 -— - 914 e
4 0.31 264 11s 108
s 1.05 [ % 2 0.0
6 0.16 " 1.52 55.4
? 107 1l.e 0.6 49.6
L 121 19.) €9 4.8
Mean = SE iz Ly 109 =334 414 = (a8 ne =111
'nhﬂn.-kt-dmoﬁ*ml.- ‘-r-un.u-muu—-um
- o-drydron yasta sl

'ﬂ-.nnduln-—‘u-m.

p-hydmxymidamhm.m&ﬁmhgmw
in the pharmacokineti ic profile after oral administration
kmmﬁunheeﬁenwﬁmewbakm
mmwm:ﬁmmww
& spproximately the same time (Fig: 3). Unfortu-
nmly.hﬁmuyauofﬁnmbje:smw

logic effects, assuming an additive and compesitive
immc:ioubtnveenmiduohmmdisc-hy&uym-

abolite, were

with the actual observed ef-

compared
fecs (Fig. 7 and Table V).Themumpdonsnderiy-

ing the interaction

mode! are probably valid because

bommnpwndshavesimilrlyshapedmbn.

effect relstivaships
fect. Fig. 7 shows

and praduce the same maximal ef.
that; on average, the observed ef

facmuaﬂﬁminmiudwmh

'mencdonamekvelol’phsnumeinbinding.my
munmmmmmmmm-
meeﬂmmﬂwunumm
Mm.mmmmumiuofm-
rolam. &-hydroxymidazolam, was: observed. in only
mybwmaiofsmdidmumdlnywin
mymaagm.mzxmmwym
this tetabolite contributed t the effects. In sddition.
A competitive interaction . berween midazolam - and
n-hydmxymi&mmumekvelo(phsm i
binding is also an unlikely explanation because the de.
peotplmmdnﬁwingolmodum ines (in-
dudingmidawm)hsbeenmowwbelimm
nvidgmﬁoannge."hemsonvhyn
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predicmdbylsimplclldidvcndﬁunpedﬁveim:r Muwm;mwuw.‘Aﬁmw
acdmbemmidamlamudiua-nyanxymbo- mydiffmhsedouumec,,m
I&.Hm.unmﬁﬂmhmbedmd wmnmxmkmﬁ-
Mmmummdﬁamm myl:nmhoundhamidamlmﬁabk n.
nm&hﬂys&tﬂﬁmsﬁ&k%.hma&bj&s Mﬁﬁoﬂmdﬁﬁm&dm&u&ug
(m.7ms)-mmmu E”Mmmdiffmhmm
time profiles of predicwed and observed effects was iyawmw.”mmmmm
mmmmram»,'mum» Wlﬁnﬁy.mhﬁndinghsbbehkenhw
w:addfwummidmﬂyh;erna:hn‘nu m&mo{um@aum—
poimmﬂnm:ﬁieueﬁeuwdmuym aabolite on basis of ia vitro daca,
mmmmwmth OnﬂcbsadEC,mm.pakaewy D
mﬂm.ammkw mmmxﬂm&!ymﬁmm&n—
i - iﬁwnbﬂmdwmeﬁewmmmpumhm
mmmwa-ummm.mm. mwmamwsﬁmn&mm
m:hufnipne.fomnimo(od\ummboﬁu.un lﬂNndFig.G).m-nu:owﬁmtbe

el
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time-effect relationships after intravenous administra-
tiouo(miduohmnda-hydmxrmidawm(l‘-‘igs.l
and 2). The peak saccadic velocity measureimenrs de-
tculheeﬂeasofmidmlmnda-hydmxymida-
mfaamwyhamﬁmepaiodmme

EEG measurements. Nevertheless, a- cotrelation was

wmmsc,.mwwmm
dfeawemem(ﬁg.&.ﬁkindic:mﬂmpak
mmwwwmumw
band of the EEG signals show the same inierindivid-
ual variability with respect 1o the effects of midazolam
and a-hydroxymiduzolam. The ECy, valves of mida-
olam based on EEG and peak saceadic velocity mea-
surcments were smaller than the ECy, values derived
on basis of psychomotor performance wests. ‘such as
mmmc,-:mwmmmnm
(ECs5 = 171 ag/md)."* Persson et al.® determined
midlmlmmmonsinagrwpofpaienun
various end points of recovery from midazolam seda-
toa aftcr anesthesia with high doses of this drug. The
ECy 10 recall one’s name and date of bisth was 173
ag/ml. 1o recover from arousable - drowsy was 116
ag/ml, and w recover from drowsy 9 awake was 53
ag/ml. These findings indicate that peak saccadic ve:
locityisamiﬁvcmmofbenmdiuepineeffm
on the central nervous system.

In conclusion, the conceistration-cffect reladoaships
of midazolam and its main metabolite a-hydroxymida-
zolam could be quantified very well in individual sub-
Jects by use of saccadic eye movemernt and EEG effect
measurements, yielding approximately the same phar-
macodynamic p s for. both pounds.. The
effects observed after oral ‘administration were: sube
mnﬁallyh:xamnmpmdic:edbyanadditjve
and competitive: interaction: between midazolarn and
is - a-hydroxymenbolite. This lack  of predictive
power of the models used in this study requires further
investigation. a-Hydroxymidazolam is almost as equi-
potent as midazolam with respect to the measured efe
fects and contributes significantly to those ‘effects of

We thank Mrs. A. van Viiet-Verbeck, Mis. A. van

Jagr, snd Mr. R. Sch ker, MSc, for eechni i
and advice. The g gift of a-hydroxymidazolam for
N dministraos and of the rof; "
a-hydroxymidazolam sad I-hydroxymidazolsm by Hoff.
mann-La Roche, Basel, Switzerl d. is gready appreci
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PHARMACOKINETICS AND -
DRUG DISPOSITION

Midazolam should be avoided ip patients
receiving the systemic antimycotics
ketoconazole or itraconazole

time curve from 10 t6 15 times (¢ < 0.001) and mein peak concentrations three to four times (p <
0.001) compared with the placebo’ phase. In psychomotor tests (¢-g- the Digit Symbol Substitudon

Klaus T, Olkkola, MD, Janne T. Backman, MB, and Pertri J. Neuvonen, MD

Helsinki, Finland
From the Department of Clinical Pharmacology and the Department Erythromyein administration increases and prolongs
of Anagsthesia. University of Helsinki. the effécts of midazolam to the extent that its hypnotic
:’“}‘"“ foe P“b"':l’""“rscg;;:;":g ';‘:pp‘ed N"V'fz:' ’”ui effect can no longer be regarded to be of short dura-
epnnt fequests: Klaus T, . . arment of Anaesthe: : 1 RN o
Sia. University of Helsinki, inkaru 3, SF_00290 Hu. tion. Becagsc smdxe; tn vitro suggest that the metab-
sinki. Finland, olism of midazolam is also inhibited by ketoconazole
Copyright © 1994 by Mosby - Year Book. Inc. and itraconazole, we have studied their potential inter-
0009-9236/94/$3.00 + 0 1V1/53187 action with oral midazolam in healthy volunteers.
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Fig. 1. Concentrations (mean = SEM) of  midazolam
(MDZ)hphsmanﬂuofDigixsmbolSubsumion
Teu(D}S)nndMaddoxwinzm(hemvptm).mdmb-
jecﬁvedromhus(viswwogscak:VAS)aﬁermon!
doseot‘7.5m¢rnidazohmfono~ingmmwithom
hmk(@mg).maooﬂag).up&ebo
fotldaynoninehwthyvolmm.omdmlex.Cmu-
trations and psychomotor effects of midazolam after pla-
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® > Eﬁ.\f\/\a *
1] &=
g 3 J
© o1 e

01234567 17

Time (h)

Fig. 2. Concentrations (mean = SEM) of ketoconazole and
itraconazole in plasma during the fourth day of geatment
with oral ketoconazole (400 mg) or iacoaazole (200 mg)
for 4 days v nine heaithy volunteers. Ketoconazole and itra-
conazole: had been tiken | bour befors the O-hour blood
sample. Solid triangles, Ketoconazole: solid circles, itracon-
azole,

MATERIAL AND METHODS

Study design. We obtained informed written con-
sent and institutional approval to study two male and
seven female volunteers (age range. 19 1o 26 years:
weight range, 52 1o 85 kg). We used a tandomized.
double-blind crossover study design in three phases. at
intervals 'of 4 weeks. The subjects were given either
300 mg ketoconazole (Nizoral. Orion. Helsinki, Fin-
land), 200 mg itraconazole (Sporanox, Orion), or pla-
cebo orally at 2 pu daily for 4 days. On day four, the
subjects ingested 7.5 mg. midazolam  (Dormicum.
Hoffmann-La Roche, Basel, Switzerland) with 150 m!
water at 3 p. The volunteers fasted for 3 hours before
administration’ of midazolam and had a standard meal
4 hours afterward, Ingestion of alcohol, coffee, tea,
and cola was not allowed during ‘the test days. and
smoking was ot permitied.

Blood sampling and determination of midazolam
and antimycodics. Blood was sampled into tubes con-
taining ethylenediaminetetra-acetic - acid before - the
study and once' during the pretreatments for the con-
wol of compliancs. On day 4, timed samples were
drawn immediately befoce administration of midazo-

tions were analyzed by HPLC 44
Pharmacokinetics of midezolam and antimycotics.
Phamacokinetics of midazolam and the antimycotics

10
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Table I. Pharmacokinetic parameters of midazotam (mean = SEM) afier administration of 7.5 mg oral midazolam
following pretreatment with oral ketoconazole (300 mg). itraconazole (200 mg). or placebo for 4 days to nine

healthy. volunteers

Parameter Placebo (comrol) Ketoconazole {traconazole
Coase (g - ml™Y) =g 90 = 7+ 75 =70
% of control 100 110 340
tonss {MIN) 80 =26 147 = 27+ 123 = 19
AUC(0-x) (ug - mI™""- min) 39=o0. 62 = 6+ 42 = gt
% of control 100 1590 1080
tys (hr) 28=0. 87 =10 79 =05
% of control 100 310 280
Co. Maxi plasma i - tme 10 reach Co,: AUCKO-%), area wisder the Plasaa concentranon - ume curve: tyy. Malf-life,

'sigéiﬁamn ip < 0.001) differenn from placebo phase.
*Significany 1p < 0.05) different from placebo phase.
Significanty (p < 0.005) different from ketoconarole phase,

were: characterized by area under the drug plasma
concentration—time - curves {AUC(0-2)],  calculated
with use of the trapezoidal rule. peak concentrations
(Coax). and. peak concentration  times (ts). For
midazolam, we also calculated climination half-lives
((w).é

Psychomotor. tests. The effects of midazolam on
psychomotor performance were assessed ar the time of
blood sampling by use of a battery of tests. In the
Digit Symbol Substitution Test (DSST). the number
of digits correctly ‘substituted by simple symbols in 3
minutes was recorded.” The Maddox wing test was
used to measure the coordination of extraocular mus-
cles.® Subjective effects were recorded on 17 horizon-
tal visual analog scales that were 100 mm in fength
{e.g.. alert-drowsy).® .

Statistical “analysis. All' dita were expressed : as
mean values = SEM. Data were analyzed with the
statistical program- Systat for Windows, version 5.0
(Systat. Evanston, I1l.). ANOVA with repeated mea-
sures was. used: a’ posteriori testing was done with
Tukey's test. The Pearson product-moment correlation
coefficient was used to investigate the possible: rela-
tionship between the ratio of the AUC(0-=) ‘of mida-
zolam: during “the  ketoconazole - and itraconazole
phases to the AUC(0-) of midazolam during the pla-
cebo phase and the C,,, of ketoconazole and itracon-
azole.  Differences were regarded statistically- signifi-
cant if p < 0.05.

RESULTS

During the ketoconazole phase. the AUC(0-=) of
midazolam was more than 15 times highér. and the
Cinax Was more than four times higher than those ob-
served during: the: " placebo phase.  [wraconazole  in-
creased the' AUC(0-¢) of midazolam by 10 times and

the C,, by three times (Fig. 1'and Table 1), Ketocon-
azole and- itraconazole increased the U, of midazolam
from 2.8:= 0.6 hours to 8.7 = 1.0-and 7.9 = 0.5
hours. respectively.” During’ the ketoconazole - phase.
the mean concentration of midazolam was still higher
than the C,.. of midazolam without antimycotics 17
hours after midazolam. The plasma ketoconazole and
itraconazole - concentrations were - 1.5 = 0.4 and
0.20 = 0.03 mg/L; respectively, at the time midazo-
lam was given (Fig. 2). There was'a significant linear
correlation (r = 0,784: P < 0.05) between the ratio of
the AUC(0-2) of midazojam during the ketoconazole
phase to the AUC(0-x) of midazolarn during the pla-
cebo phase and the C,... of ketoconazole. On the
other hand, the correlation between the .corresponding
AUC ratio and the Cenax Of itraconazole was statisti-
cally not significant (Fig. 3).

The higher concentratios of midazolam during
treatment with antimycotics were associated with pro-
found sedative  effects (Fig: 1). ANOVA revealed a
statstically significant’ difference between treatments
in all psychomotor: tests, the DSST (p <'0.001), the
Maddox - wing ‘st (p < 0.005), ‘and_ in subjective
drowsiness- (p "< 0.001), During the ketoconazole
phase all psychomotor variables differed significantly
{p. < 0.09) from the placebo phase for at least 6
hours. Differences between itraconazole and placebo
phases appeared to be smaller.

DISCUSSION

In this study. both ketoconazole and itraconazole
markedly. affected the pharmacokinetics of midazolam
and increased its pharmacodynamic effects in young
adults - Pretreatment with ketoconazole or itraconazole
once daily: for 4 days’ resulted in a 10- to 15+fold in-
crease in AUC(0-%) values for opally administered mi-

11
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dazolam. Because midazolam undergoes - significant
first-pass ‘metabolism and has an oral bioavailability
less than 50%.'° this change resulted most likely from
mincnaseinonlbioavﬁhbiﬁtyandldecmein
plasma clearance of midazolam.

Administration of midazolam after ketoconazole or
itraconazole also resulted in undesirably. severe and
excessively long-lasting hypnotic effects. Despite the
small 7.5 mg dose of midazolam, the voluntesrs could
hardlybewmnedduﬁngmeﬁmhouruﬁumiduo-
lam administration, and most experienced  amnesia
lasting for several hours. The scores on the DSST, for
example, were still sttistically significantly different
between the placebo and ketoconazole and itracona-
zolephzses6hounaﬁuadnﬁnisu:ﬁonofnﬁdazo~
lam. Padenuingwﬁngemndoseonlyof?.s mg

NG
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midazolam during ketoconazote and itraconazole treat-
ment are not likely o be capable of tasks that require
skills {e.g.. driving a car) 6 hours after midazolam ad-
ministration. as suggested by the manufacturer,

Compared with our previous study on the foreefyl
interaction between erythromycin and midazolam. '
the interaction berween ketoconazole or itraconazole
and midazolam is even stronger. Erythromyein in.
Creased the area under the midazolam eoncentration—
time curve approximately four times because of the
decrease in plasma clearance and increase in oral bio-
availability. Based on the change of the AUC(0-x) of
midazolam, the interaction between ketoconazole and
midazolam is even 400% stroager than the interaction
between erythromycin: and midazolam. Unlike eryth-
romycin, which decreased’ the tasx Of midazolam in
our previous study, the azole antimycotics appeared to
prolong the 1, of midazolam in a minor degree or w0
leave it unchanged. This is ot surprising because
erythromycin, as a motilin-agonistic agent, has been
shown to improve gastric emptying.!!

Midazolam is metabolized by cytochrome P450IIIA
isozyme."* and studies in vitro have suggested that an
interaction between midazolam and ketoconazole and
itraconazole is probable.? The present study confirms
the results obtained in vitro and is in good agreement
with previous reports on the interactions of ketocona-
zole and itraconazole with drugs metabolized by cyto-
chrome P4S0IIIA isozyme (e.g.. cyclosporine). >
The interaction between ketoconazole and itraconazole
and orally administered tmidazolam is clearly of major
tlinical - significance.  Because triazolam, - another
short-acting hypnotic in wide clinical use, is metabo-
lized mainly by the same P4SOIIA isozyme.'? our
concern: can probably also be extended to triazolam.
The clinical implication of this study is that clinicians
should know that these antimycotics may dangerously
increase the deepness of sleep and prolong the hyp-
notic -effect of orally administered midazolam. Pre-
scription of midazolam for patients receiving ketocon-
azole and itraconazole should be avoided or the dose
should be greatly reduced. Patients using these an-
timycotics should. be informed of the possibility of the
enhanced “and  proloaged hypnotic effect of mida-
zolam,

We thank Mr, Jouko Laitila ind Mrs, Keruu Mirnensson
for the skiliful determination of midazolam. ketoconazole,
and itraconazole plasma concentrations. We also thank Hans
Helenius,  MSc, Department of Biostatistics.  Faculty of
Medicine, University: of Turku (Turku, Fialand), for help
with sististical probiems.
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Pharmacokinetics of Midazolam Following
Intravenous and Oral Administration in
Patients with Chronic Liver Disease
and in Healthy Subjects

P.]. Pentikdinen, L. Vdlisalmi, J.-J. Himberg, and C. Crevoisier

To study the effeczs of cirrhosis of the liver of the pharmacokinetics of midazolam single
IV (7.5 mg as bas2) and p.o. (15.0 g os base) doses of midazolam were administered to
seven patients with cirrhosis of the liver and to seven healthy control subjects. One
cirrhotic patient did’ not receive the oral dose. The distribution of midazolarm in both
study groups was alike as indicated by similar values of t,;,a, V, and V... Also the plasma
protein binding ¢ midazolam was unchanged in the patients with cirrhosis. The elimina-
L tion of midazolc:n wos significantly retarded in the patients as indicated by its lower
total clearance (3.3¢ vs. 5.63 ml/min/kg); lower total elimination rate constant {0.400 vs.

midezolam was significantly (P < 0.05) hi

. 0.721 h7'}. and I=nger elimination half-life (7.36 vs 3.80 h)..The bioavailability of oral
gher in patients than controls (76% vs. 38%).

— The antipyrine-half-life was 32.4 h in the patients and 11.8 h in the controls. There were
- statistically sign:3cant (P < 0.01) correlations between the clearanices of the two drugs (r
: = 0.580] and berween their holf-lives (r = 0.755). The hypnotic effects of midazolam were

( similar in both g=oups. However. on o pharmocokinetic basis & reduced dosage of mida-

o 2olam to patients with advanced cirrhosis of the liver is recommended.

Midazolam is'a new benzsdiazepine derivative
which differs from the other members of this
group in view of its pharmacckinetics and duration
of action. The elimination haif-life of midazolam is
short, only 1.3-2.5 h. It is elim:nated through metab-
olism. less than 1% of IV dose Seing recovered intact
in the urine. Midazolam metabolites are hydroxyl-
ated derivatives, a-hydroxy-midazolam. +-hydroxy-
midazolam and a-4-dihydroxv-midazolam.' The a-
hydroxy-midazolam has been shown to have some
pharmacological activity in man.? About 50% of oral
dose undergoes first-pass metabolism in the liver.?
This first-pass metabolism anc rapid elimination are
typical of midazolam and sepzrate it from other ben-
zodiazepines.® On the other tand. it is quite proba-
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ble—in view of these properties—that midazolam
kinetics will be altered in conditions where liver
function is impaired. Cirrhasis of the liver could be
expected to decrease midazolam first-pass metabo-
lism, thus increasing its systemic availability and
also delaying its elimination. However, this aspect
has not been examined in depth. The present study
was conducted to investigate the effect of cirrhosis of
the liver on the pharmacokinetics of midazolam.

PATIENTS AND METHODS
Patients and Healthy Volunteers

The pharmacokinetic study with intravenous and
oral midazolam was performed in a group of patients
with chronic liver disease and in a sex and age
matched control group of healthy volunteers.
Seven men with chronic liver disease took part.
Their clinical characteristics are listed in Table 1.
The diagnosis of liver disease was verified histologi-
cally in six patients. In one patient (patient number
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TABLE )

Clinical Characteristics of the Patients with Cirthosis of the Liver and Healthy Volunteers* Who Participated
In the Pharmacokinetic Study with Midazolam

Pat - Age. Weight SASAT® S-Afort Sy S-AR' - S-Crea

No. O (@ UM - UM (umeim PIT @71 (mi/min) - (ma/min/hg) - (h)

67 74 427 . B82S 235 051 18.7 86

ve

238108 96 407 121 0.44 283 .81
337 89 90 1161 248 1.10 368 58
4. 60 87 1390 1681 ' 169 072 272.3 120
£ 30 n 61 271 64 0.62 28.2 79
<46 81 54 240 87 0.61° 32.7 45
758 86 20 160 - 154 1.12 . 37.4 64

Mean 48.0  85.1 305 665 154 0.73 29,
=380 139 122 497 553 77 0.27

Heacthy volunteers (N =7)

Mean 44.3 794 29 139 5.6 102 352 76
=82 95 151 18 27 26 02133 13

76
24

no
wnio

Ascite  Oedem  Smod Medi
0.17 385 + - - No Spironolactone
Furosemide
0.13 513 - - Yes —
0.33 19.6 + - Yes Spironolactone
0.32 240 + + 0 Yes Spironolactone
0.19 377 - =~ Yes Spironolactone
0.24 33.2 - + . Yes —
0.33 2238 - - No Ariloride,
Hydroclorothiazide,
Metoprolol,
Glibenclamide
0.244* 324
0.08 103
0.719 118 - ~'5Yes  None
0.248 35 2 No

* a8 males; “servm alsrine anenatransterase; Sserum alkaine phosphatase:
“serian Dilirudin: “plasma th y (The ); 'serum aiby-

min: Sserum creatinine; “sntipyrine clearance: ‘antipyrie hatt-tife; = lacking: +:
present; ‘significantly ditferent from conitral, P < 0.001.

6) the diagnosis was based on long history of alco-
hol abuse, typical clinical findings of ¢irrhosis of
the liver with elevated portal pressure. and results of
liver function tests suggesting advanced impairmerit
of liver function. :

The control group consisted of seven healthy male
volunteers (Table 1). They were considered healthy
on the basis of history, physical examination, and
the results of routine tests for renal. hepatic, and
haematopoietic functions. The patients and control
subiects were asked not to drink alcoholic beverages
for at least one week before the study.

The protocol of the studyv was accepted by the
locai ethics committee. Informed consent was-ob-
tained from the patients and volunteers before start-
ing the study.

Study Procedures

An intravenous dose of midazolam HCI of 8.35 mg
(7.5 mg as base) was given as a bolus injection to all
patients and control subjects. On a separate occa-
sion. at least three days later an oral dose of 20.3 mg
of midazolam maleate (15 m:g as base) (Dormicum®,
Roche) was given to the same control subjects and
patients, except for one patient (patient number 1)
with cirrhosis of the liver. The oral dose was given

with: about 206 ml of fruit juice, The doses were ~

given in a randomized order and the studies were

CNS

started in the morning after an overnight fast. The
fasting was continued up to 4 h after the dose. during
which time the patients and healthy volunteers re-
mained recumbent.

Sampling

Samples of venous blood (10 ml) were drawn
tﬁ:gggh-an»indwelling palyethylene ¢annula in-a-
earm vein into heparinized tubés according to the
following time schedule: 0, 5, 15, 30. 45 min and1.2,
4, 6,8, 12, 16, and 24 hours after the dose. The

plasma was separated by centrifugation and stored L

rozgx\(*zo"(:) until analyzed. e
B ’/“’/

Antipyrine Test

To determine the capacity of the liver to metabolize
drugs an antipyrine test was performed on all sub-
jects. The dose of antipyrine was 10 mg/kg orally
and it was given concurrently with the intravenous
administration of midazolarm, Blood samples for an-
tipyrine assay were taken at'3, 6, 9, 12. and 24 hours
in the healthy controls. In the patients additional
samples were obtained for up to 72 hours after the
antipyrine dose. The antipyrine concentration in the
plasma was measured by HPLC™Antipyrine clear-

~ance and half-life were calculated as previously de-

scribed.®
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Analysis of Midazolam

Concentrations of unchanged midazolam in plasma
samples were determined by electron capture gas

liquid chromatography.” The method separates mi-
dazolam from its main metabolite, a-hy@m- i

zolam. The sensitivity of the method wak 2 ug/l and
the coefficient of variation was less tha ats
concentration level of 50 ug/L

. Protein Binding of Midazolam

The plasma protein binding of midazolam was de-
termined by equilibrium dialvsis after the addition
of a tracer dose of (C'*)-midazolam to plasma sam-
ples: 1.0 ml of plasma was dialvsed at 30°C. for 24 h,
against phosphate buffer pH 7.4 (8).

Pharmacokinetic Analysis

Plasma concentration-time curves were fitted to a
biexponential equation (midazolam [V and antipy-
rine p.o.) or triexponential equation (midazolam
p-0.) using the nonlinear least squares computer pro-
gram NONLIN® in its translation to BASIC." The
weighting factors were reciprocals of the squared
plasma concentrations.?

Routine methods were used to calculate the clear.
ance and distribution of midazolam after intrave-
nous administration.’ The total clearance of mida-
zolam was calculated from the equation

Daose
CL=2tc: -

where AUC is the area under serum concentration-
time curve calculated by the trapezoidal rule up to
the last measured midazolam concentration value
and corrected for infinity. The different volumes of
distribution were calculated f~om the equations

ks + k-
v.--—‘z_k_"..vl

4]
where V; = volume of central compartment, V,,
= volume at steady state, and Xy2 and ky, are the rate
constants between the centra; and peripheral com-
partments.

Bioavailability (F) of the oral doses was deter-
mined with referenice to the intravenous dose by
comparing of the respective areas and the concen-
tration-time curves after correction for g-values ac-
cording to the equation

Fa AUC p.o.-Dose IV fp.o.
. AUC IV Dose p.o.+ ATV

-
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Figure 1. Concentrations of midazoalam in plasma following intra-
venous administration of midazolam to ¥ patients with cirrhosis of
the liver and to 7 healthy voluntsers. Mean = SEM.

Statistical Methods

The pharmacokinetics determined in the patients
and in the healthy volunteers were compared using
Student's t-test. Correlations between the pharma-
cokinetic variables of midazolam and antipyrine
were examined using linear regression analysis.

RESULTS
Antipyrine Test

Antipyrine clearance was significantly (P < 0.001)
decreased in the patients with cirrhosis of the liver,
being on average only 34% of the value found in the
healthy volunteers (Table I). The elimination half.
life of antipyrine in cirrhotic patients was on average
about three times that in control subjects (Table I).

Pharmacokinetics of Intravenous Midazolam

The mean serum concentration-time curves of mi.
dazolam in cirrhotic and contro] subjects are pre-
sented in Figure 1 and the pharmacokinetic vari-
ables in Tables I and II.

Midazolam kinetics in healthy subjects could be
adequately described using a two-compartment
open model. It was characterized by distribution in a
rather large volume. as indicsted by high values
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TABLE Il

Model-independent Pharmacokinetic Parameters
Obtained After intravenous Administration of
Midazolam® to 7 Patients With Hepatic

Clrrhosis and 7 Healthy Volunteers

Parameter Patients Volunteers R 4
AUC

ug-h:r"y 543 + 93* 298 = 25 <0.05
CL (mi/min/kg) -~ 3.34 + 0.60 5.63=0.43 <0.01
tiza (h) 041 + 0.09 0312005 - NS
tiaB (h) 736%1.22 3.80 =061 <0.05
Protein

binding,

unbound

fraction (%) 3.16 £ 0.82 1.68 = 0.37 N.S.

'Dmusqummwa.smumx%m

both of Vi and V,. Elimination occurred predomi-
nantly during the f-phase. which accounted for ap-
proximately 79% of the AUC, and had a half-life of
3.80 = 0.61 (SEM]) h.

The distribution of midazolam in patients with
cirrhosis of the liver did not change from that found
in healthy volunteers; t,,;a. V, and V, did not differ
significantly from the values found in healthy con-
trols. However, the elimination of midazolam was
slower in cirrhotic patients as shown by a signifi-
cantly (P'< 0.01) reduced total clearance, which
averaged 59% of the control value. The total elimi-

TABLE 11

Pharmacokinetic Parameters of the Two-
compartment Model Describing the Disposition of
Intravenous Midazolam® In 7 Patients with Clrrhosis
of the Liver and 7 Healthy Volunteers

Clrrhotic Healthy

Parameter Patients Volunteers P
A (ng/ml) 133+ 26 159 % 23 N.S.
B (ng/mi) 39.8+48 46.3=96 N.S.
a(h~h) 2.60 077 275+ 055 N.S.
B(h™Y) - 0.412 +0.086 0.207 = 0.024 <0.05
ko (h™Y) 0.400 + 0.063 0.721 = 0.076 <0.01
kg (h°Y) 1.632 £ 0.658 1.438 = 0.344 N.S.
ky (h°Y) 0.687 +0.132 0.800 = 0.180 N.S.
Vi (1/xg) 0.585 = 0.083 0.529 = 0.068 N.S.
Vi (17%g) 1.19+0.19 1.41 = 0.09 N.S.

* Dose 835 mg midarolsm hydrochioroe (7.5 mg as base)® SEM,

CNS
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Figure 2. Concentrations of midazolam in plasma following oral
administration. of midazolam to & patients with cirrhosis of the
liver and to 7 healthy volunteers. Mean = SEM.

nhation rate constant (ko) too, was significantly (P
< 0.01} lower in cirrhotic than in control subjects.
The mean elimination half-life of midazolam in the
cirrhotic patients was about two times that in the
control subjects (P < 0.05).

The binding of midazolam to plasma proteins did
not differ significantly between patients with cir-
rhotic and control subjects (Table II).

There was a statistically significant linear correla-
tion between the elimination half-lives of antipyrine
and midazolam (r = 0.755, P < 0.01; Figure 3), and
between the total clearances of both drugs (r = 0.680:
P <0.01).

Pharmacokinetics of Oral Midazolam

The plasma concentrations after the oral administra-
tiont of midazolam to cirrhotic and contro} subjects
are presented in Figure 2 and the pharmacokinetic
variables in Table IV. In healthy subjects the elimi-
nation half-life (t,,,8) was significantly (P <0.01)
longer after oral than after intravenous administra-
tion, 6.28 + 0.88 vs. 3.80 % 0.61 h respectively. The
comparison of the AUC values after oral and intra-
venous administration revealed a mean systemic
availability for oral midazolam of 38 + 6%.

In cirrhotic patients the mean peak plasma con-
centration of midazolam was on average 43% higher
than that in the healthy controls. However, because

of the wide interindividual variation the diference

275
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was not statistically significant. The time to peak
concentration and the lag-time were similar in both
groups. The systemic availability in cirrhotic pa-
tients was 76 = 14%, significantly (P < 0.05) higher
than the control value.

Hypnotic Effect

After intravenous midazolam both the healthy vol-ﬁ'l

unteers and cirrhotic subjects fell asleep in less than
S minutes and after oral administration within 1
hour. The sleeping time of the healthy volunteers
was 1-3 hours after intravenous and 2-3 hours after
oral administration. The corresponding figures in
the cirrhotic patients were 1-3 hours after both
routes of administration.

DISCUSSION

These results indicate that hepatic cirrhosis causes
significant changes in the pharmacokinetics of mi-
dazolam, characterized by a decrease in total clear-
ance and an increase in both elimination half-life
and systemic availability of oral midazolam.
whereas the rate of distribution and apparent vol-
ume of distribution remain unchanged.

The pharmacokinetics of midazolam after both in-
travenous and oral administration to healthy volun-
teers were broadly similar to those previously re-
ported for midazolam in healthy subjects. The total
plasma- clearance of midazolam was reported to be
7.75 '+ 0.41 ml/min/kg in young men (average 28
years) and 4.41 = 0.68 ml/min/kg in elderly men
{average 68 years).'* The value of 5.58 = 1.33 ml/
min/kg found in the present study was between
these values, as was the age of our control subjects
(average 43 years). However. the elimination hall-
life (t,,28) found in the present study (3.80 + 0.61 h)
was clearly longer than the half-life found in young
men (1.70 = 0.11 h) but similar to the value reported
for elderly men.'? The long half-life in the present
study was obviously caused by a rather large volume
of distribution (V,), which averaged 1.69 = 0.191/kg.
The values previously reported for healthy young
and elderly men were 1.34 = 0.08 and 1.64 + 0.14
1/kg. respectively.’* The volume of distribution of
midazolam has been reported to be larger in obese
subjects (up to 2.66 + 0.16 1/kg).* The mean body
weight of our control subjects (79 kg) exceeded ideal
body weight. Obviously the large volume of distri-
bution and relatively long elimination half-life were
related to the high body weight and obesity of most
of the control subjects. The absolute systemic avail-
ability in the healthy subjects was 38%. which is in
agreement with previous findings.'>-'¢

N TN iy
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Figure J. Linear regression for antipyrine half-life versus midazo-
lam holf-life.

Midazolam can be classified as a drug of interme-
diate extraction with high plasma protein binding
and elimination largely by hepatic metabolism.’
The rather low systemic availability of oral midazo-

lam is most likely due to presystemic clearance of

the drug. The effects of cirrhosis of the liver on the
pbarmacokinetics of this type of drug would be a
decrease in hepatic extraction. resulting in in-
creased systemic availability and decreased sys-
temic clearance.'® On the other hand, antipyrine isa
flow-insensitive or capacity-limited drug with low
hepatic extraction, low plasma protein binding and
elimination by hepatic metabolism.' The effect of

TABLE IV

Pharmacokinetic Parameters Obtained After Oral
Administration of Midazolam® to 6 Patients With
Cirrhosis of the Liver and 7 Heatthy Volunteers

Clivhotic Healthy
Parsmeter Patients Veolunteers (4
G (2211 129 + 2¢* 90 +14 N.S.
Lo () 0.63+0.11 122+044 N.S.
AUC (ug-h-1"1) 5§76 + 89 362 =61 N.S.
el (h) 597+1.16  6.28=+0.88 N.S.
F (%) 76214 38=x6 <0.05

Lag time (h) 030005 033007 N.S.

* Dose 20.3 mg of midaroiem meleate (15 g as base): *SEM;

118




‘ I

P4

MIDAZOLAM KINETICS IN' CIRRHOSIS

cirrhosis of the liver on the pharmacokinetics of this
type of drug is a decrease in clearance reflecting

impaired intrinsic metabolic capacity of the liver, -

The findings in the present study with cirrhotic pa-
tients confirm these theoretical predictions con-
cerning both drugs.

The principal pharmacokinetic change of midazo-
lam in patients with hepatic cirrhosis was a decrease
in total plasma clearance. The prolongation of elimi-
nation half-life was a consequence of this change,
since the volume of distribution remained un-
changed. .

The oral systemic availability of midazolam was
increased about two-fold as compared with the con.
trol value, i.e. relatively more than the clearance
was decreased in the cirrhotic patients. When the
hepatic extraction ratio is high a small decrease in
extraction typically results in this pattern of phar-
macokinetic consequences.!® The high peak plasma
concentration after oral intake of midazolam may
augment the pharmacodynamic effects of midazo-
lam, especially in patients with advanced hepatic
cirrhosis, even if this was not obvious in the present
study. On a pharmacokinetic basis a reduction in the
oral dose of midazolam by about one-half is sug-
gested for these patients.

We have found only one study in the literature in
which midazolam kinetics have been evaluated in
cirrhotic patients.” In that study an oral dose of 15
mg of midazolam was given to six patients with he-
patic cirrhosis. The pharmacokinetics found resem-
bled those reported in the literature for healthy
subjects. However. actual controls were not used,
midazolam was not given intravenously, and the
degree of liver function impairment was less than in
the present study. Nevertheless. the Coiax values (141
+ 41 (SD] ng/ml) and the AUC-values (438 + 244
ng-h-ml™") were close to the present findings.

A statistically significant correlation was found
between the respective half-lives and clearances of
midazolam: and antipyrine. Both drugs are almost
completely metabolized to hydroxvlated deriva-
tives. Thus, this correlation is not surprising. The
elimination of antipyrine was, however, relatively
more affected than that of midazolam. This may re-
late to the different contribution of liver blood flow
to the kinetics of these two drugs. It is likely that
liver bloodflow was relatively better preserved in
the patients with cirrhosis than was the intrinsic
metabolic capacity of the liver.

In conclusion. the pharmacokinetic changes
caused by advanced liver cirrhosis on the pharmaco-
kinetics of midazolam were characterized by an in-
crease in oral systemic availability and by a decrease
in clearance with consequent prolongation of elimi-
nation half-tife."On a pharmacokinetic basis a re-

CNS

duction in oral doses of midazolam is suggested for
patients with advanced hepatic cirrhosis.
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