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Abstract

Objective We determined the possible effects of a peripheratting alpha2-adrenoceptor
antagonist, MK-467, on the absorption of intramiedy (IM) co-administered medetomidine,

butorphanol and midazolam.
Study design Randomized, experimental, blinded cross-over study.
Animals Six healthy beagle dogs.

Methods Two IM treatments were administered: 1) medetoneidirydrochloride (20 pg K +
butorphanol (100 pg k§ + midazolam (200 pg K§ (MBM), and; 2) MBM + MK-467
hydrochloride (500 pg kb (MBM-MK), mixed in a syringe. Heart rate was retded at regular
intervals. Sedation was assessed with visual arsdatgs (0 — 100 mm). Drug concentrations in
plasma were analyzed with liquid chromatographyandem mass spectrometry, with chiral
separation of dex- and levomedetomidine. Maximuogdroncentrations in plasmag(£) and time

to Crax (Tmax) Were determined. Paired t-tests, with Bonfermorrection when appropriate, were

used for comparisons between the treatments.

Results Data from five dogs were analyzed. Heart rate sigsificantly higher from 20 until 90
minutes after MBM-MK. The Jax for midazolam and levomedetomidine (mean * stahdar
deviation) were approximately halved with co-admsiration of MK-467, from 23 £ 9to 11 + 6
minutes p = 0.049) for midazolam and from 32 £ 15 to 18 midutes for levomedetomiding €

0.036), respectively.

Conclusions and clinical relevance MK-467 accelerated the absorption of IM co-admersd

drugs. This is clinically relevant as it may hadtie® onset of peak sedative effects.

Keywords alpha2-agonist, dog, medetomidine, intramusculsiiK-467, peripheral alpha2-

antagonist
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I ntroduction

Medetomidine is a selective, potent and efficaciaptsdrenoceptor agonist (Doze et al. 1989;
Maze & Fujinaga 2000) that produces sedation, neusghxation and analgesia in dogs (Vainio et
al. 1989; Salonen et al. 1992; Kuusela et al. 20MEdetomidine is a racemic mixture of two
enantiomers, dex- and levomedetomidine, of whicknamletomidine is the pharmacologically
active component (Kuusela et al. 2000). ##agonists have undesired effects on cardiovascular
performance: peripheral vasoconstriction leadsrterial hypertension, and baroreflex-mediated
bradycardia may result in a marked decrease iniaaiddex (Bloor et al. 1992; Pypendop &

Verstegen 1998).

MK-467 (previously also known as L-659°'066) is @radrenoceptor antagonist that acts mainly on
peripheral o,-adrenoceptors because of its minimal ability toser the blood-brain barrier, as
directly demonstrated in rats and marmosets (Gtimeagdt et al. 1988). In dogsedated with
intravenous (IV) dexmedetomidine, heart rate waghdn and systemic vascular resistance lower
when MK-467 was co-administered (Pagel et al. 18fi)kavaara et al. 2011). The desired central
nervous system effects ag-agonists, such as sedation are not affected (Hawaka et al. 2008;
Restitutti et al. 2011) whereas negative peripheifaicts, such as cardiovascular effects, have been
alleviated with both IV and IM administration of M&67 (Honkavaara et al. 2011; Rolfe et al.

2012; Salla et al. 2014a).

In a recent study in dogs (Restitutti et al. 201f7yyas detected that IM co-administration of MK-

467 accelerated the absorption of medetomidineyltneg in faster onset and shorter duration of
medetomidine-evoked sedation. The initial hemodynaaffects of medetomidine were unaffected
by MK-467, but the later phases of medetomidinatesl bradycardia and vasoconstriction were
significantly attenuated and shortened (Restittttal. 2017). Elsewhere, Honkavaara et al (2017)
reported that MK-467 appeared to shorten the oasdtduration of sedation when it was co-

administered IM with dexmedetomidine to cats. Femore, the addition of MK-467 significantly
2
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shortened the iJ.x and increased £« of dexmedetomidine after IM co-administration (Bydop et

al. 2017).

Furthermore, Bennett et al. (2016) reported thtgrdl/ administration of medetomidine in dogs,
the levomedetomidine concentration in plasma wagnifggantly lower than that of
dexmedetomidine. Therefore, analyzing plasma medédine concentrations in dogs may not
reflect the actual concentrations of the stereoesmWe hypothesized that the maximum
concentrations of plasma dex- and levomedetomidin&rphanol and midazolam {&) would
occur earlier (shorter £, when these drugs were co-administered IM with NBZ Our primary
objective was to evaluate whether MK-467 would ereathe IM absorption of medetomidine,
butorphanol and midazolam when all four drugs waatministered simultaneously from the same
syringe. Co-administration of MK-467 was expectedrésult in an earlier £« of the sedative
agents which might hasten the onset of sedatiomr. $2aondary objective was to verify the
alleviation of medetomidine-induced bradycardiaMIi{-467, an observation reported earlier in
dogs treated with IM medetomidine and butorphanat lwithout measurement of drug

concentrations in that study (Salla et al. 2014a).

Materials and methods

Six purpose-bred, three year old beagles (fourratest males and two spayed females, mean
weight 14.3 £ 1.5 kg) were used for this study. Tlogs were considered healthy on the basis of
clinical examination, complete blood counts andtirai serum chemistry results. The National
Animal Experimental board (ESAVI/7187/04.10.03/2Ppfptovided ethical approval. Dogs were fed
with commercial food and housed in groups. All expents were performed between 8:00-12:00

AM. Food was withheld for 12 hours before the ekpents, but water was freely available.

Study design
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In this prospective, randomized cross-over study M treatments were administered to each dog,
with a 14-day wash-out period. The investigatedttrents were: 1) medetomidine hydrochloride
(20 pg kg + butorphanol (100 pg Ky + midazolam (200 pg k§ (MBM); and 2) MBM + MK-
467 hydrochloride (500 pg Ky (MBM-MK). The dosage of MK-467 was based on poew

results of our group (Restitutti et al. 2017). Ramdzation was obtained by drawing lots.

For the MBM-MK treatment, 1 mL of medetomidine hgdnloride (Dorbene 1 mg mf. Vetcare
Oy, Finland) and 1 mL of physiological saline sadat (Natriumklorid 0.9%, B. Braun) were
injected into an ampoule containing 25 mg of MK-4ydrochloride powder. Fathe MBM
treatment, 1 mL of the medetomidine hydrochloriddutson was mixed with 1 mL of saline

solution.

The medetomidine solutions with (MBM-MK) or withoMK-467 (MBM), were drawn up into
syringes and mixed with commercial formulationsbaforphanol (Torpudor 10 mg ritt. Richter
Pharma AG, Austria) and midazolam (Midazolam Hanfelmg mL*; Hameln Pharmaceuticals
Gmbh, Germany). The final injection volume of bdteatment mixtures was 0.09 mL kg
resulting in an injection volume of 1.3 mL for animal weighing 14.3 kg, which was the mean
body weight of the dogs in our study. For injectieach dog was restrained in lateral recumbency
and the drug mixture was injected into the lumlpaxéal muscles. Opposite sides were used for the
two treatments. Aspiration was performed prior tagd injection to confirm extravascular

administration.
| nstrumentation and measur ements

Prior to treatment administration and following jatse preparation of the skin, 5 mg of lidocaine
was administered subcutaneously over the jugular (ldocain 20 mg mL; Orion Pharma,
Finland). A 13 cm long, 16 gauge single-lumen venoatheter (MILA International Inc., KY,

USA) was inserted into a jugular vein for bloodleolion and fixed to the adjacent skin with
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topical tissue adhesive. A 3-way stopcock was h#ddo the catheter for blood collection. The

dogs used in this study were trained to allow a#strand placement of a jugular catheter.

Venous blood (6 mL into EDTA tubes, equaling altofa66 mL) was sampled at 3, 6, 10, 15, 20,
25, 30, 40, 50, 60 and 90 minutes after drug adstration. Blood samples were kept in iced water
for a maximum of 30 minutes until the plasma wasasated by refrigerated centrifugation. The

plasma samples were stored at -20 °C until they @palyzed for drug concentrations.

For the assessment of sedation, a visual analagle @/AS; analog scale of 0-100 mm) was used
where (0) represented no sedation and (100) repextean animal in lateral recumbency,
unresponsive to a loud hand clap. The level of tedlavas assessed by a single investigator (JH)
who was unaware of assigned treatment and unawétes alogs’ heart rates. Assessments were
made before drug administration and 3, 6, 10, 0528, 30, 40, 50, 60 and 90 minutes thereafter.
The area under the sedation score-time curve #dde was calculated using the trapezoidal
method for the first 15 minutes after injection.eTfirst 15 minutes were chosen for comparison
because in our study theng for butorphanol, midazolam, and dex- and levomzdétine were
detected with MBM-MK at approximately this time pbiand it was therefore expected that the
greatest differences in sedation between the tegasnwould be detected within this time period.
Maximum drug concentrations in plasman{g and times to fax (Tmay Were determined from the
concentration-time data. Areas under the conceotréiime curve until 90 minutes (AU were

calculated with the trapezoidal method.

Heart rates were recorded by auscultation prioattfiye minutes after treatment administration and
at 10 minute intervals thereafter until 90 minufBsis was performed by another investigator (HT)
who was also unaware of assigned treatment. Apiatepobserver-blinding was achieved by not
having either masked investigators (JH and HT) emesluring treatment preparation. Rectal
temperature was measured with a thermometer befode 30, 60 and 90 minutes after drug

injection. The animals were placed on an insulatimgttress and covered with blankets while

5
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sedated, and if the body temperature decreasedv®88°C, they were actively warmed with a

Bair-Hugger device (3M, MN, USA).
Analytical M ethods

The concentrations of dex- and levomedetomidinéegace standard: racemic medetomidine,
TRC, ON, Canada) in dog plasma were determined MRhC-MS/MS after solid phase extraction
with Sep-Pak tC18 96 well extraction plates (Watéos, MA, USA) with 4,5-diphenylimidazole
(Sigma-Aldrich) as an internal standard. After ahseparation with a Chiralpak AGP column (4 x
150 mm, 5 pm, Chiral Technologies Europe, Frarema), 10 mM ammonium acetate (pH 4.5) and
acetonitrile containing 0.1% formic acid as solgemuantitative detection was performed in multi-
reaction monitoring mode (MRM) with a triple quapale mass spectrometer (4000QTrap; MDS
Sciex, ON, Canada). For dex- and levomedetomidntefar the internal standard, the respective
precursor ions (m/z) were 201.2 and 221.1. Thenfe&g ions (m/z) monitored and used for
guantitation were 95.1 for dex- and levomedeton@idamd 194.0 for the internal standard. The
chromatograms were processed using Applied BiogysieMDS Sciex software (Analyst version
1.6.1). The linear concentration range was fromd g mL* to 10.0 ng mL:. The inter-assay
accuracy of the quality control samples (at thriffer@nt concentration levels, 0.225, 1.0 and &0 n
mL™%) ranged from 91.4% to 96.9% for dexmedetomidingl drom 95.2% to 96.4% for
levomedetomidine.

After precipitation of 100 pL plasma samples oran@ll Waters Oasis (Waters Co.) precipitation
plate with 200 pL of acetonitrile containing propodol as an internal standard, concentrations of
butorphanol, midazolam and MK-467 in plasma wereasneed with HPLC coupled to tandem
mass spectrometry (Waters Acquity UPLC + Waters S @iple quadrupole MS). The plasma
supernatants were transferred to 96-well plategipgranalysis. Reference standards were prepared
in blank dog plasma by spiking the analytes atlft@ncentrations of 0.02 — 20 000 ng thiL

Quality control (QC) samples were prepared at comations of 0.2, 2, 20, 200 and 2000 ngmL

6



148  The temperature of the column oven was@pand the injection volume was 4 pL. The aqueous
149  eluent (A) was 0.5% formic acid in water, and thigamic eluent (B) was acetonitrile. Gradient
150  elution with 2-2-90-90% (B) in 0-1-2.5-3 min waspéipd, followed by 1-minute equilibration. The
151  eluent flow rate was 0.5 niL Positive ionization mode was used with a capilialtage of 1000V.
152 Argon was used as the collision gas, with a flowe raf 0.18 mL minuté. The desolvation
153  temperature was 65C, and the source temperature was Ih(Nitrogen was used as drying gas at
154  a flow rate of 900 L hourand as nebulizer gas at full flow rate. The nmmeil SRM transition
155  reactions were m/z 328 > 124 for butorphanol, n8@ 2 223 for midazolam, m/z 419 > 200 for
156 MK-467 and m/z 260 > 116 for the internal stand@rdpranolol. The linear calibration ranges (ng
157 mL™) were fitted as follows: butorphanol 0.5-500, nzidam 0.5-1000, and MK-467 0.5-2000.

158  The QC samples in range were within 85-115% oftbr@inal concentrations.
159  Statistical methods

160 The sample size was based on a power calculatiowedefrom earlier results for L« of
161 dexmedetomidine (Restitutti et al. 2017), butormha(Pfeffer et al. 1980) and midazolam
162  (Schwartz et al. 2013) after IM administration imgd. With a power of 80% and an alpha-level of
163  0.05, to detect a 50% decrease iRxIwith pairwise one-tailed one way analysis of vacia
164  (ANOVA), altogether 3 dogs would be needed for ammlam, 5 for dexmedetomidine and 6 for

165  butorphanol.

166  Shapiro-Wilk testing for normality was performed &l parametric data. The results are shown as
167 mean * standard deviation (SD) for normally disttdnl data. The time of peak sedation and
168  sedation scores are expressed as median (rangegrt kite was analyzed by repeated-measures
169 ANOVA for both time and treatment effects, followdy paired samples 2-tailed t-test with
170  Bonferroni-correction. Paired samples 1-tailedstaavere performed onygx and Tnhax and 2-tailed

171  t-testing was performed on AUWG, and AUGeq0-15 Sedation scores were compared between

172 treatments and against baseline using Mann-Whith&ast with Bonferroni-correction.

7
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Results

Six dogs were enrolled in the study but one wassemgiently excluded, because low plasma
concentrations of MK-467 (9.59 - 36.5 ng lwere found in this dog’s samples also after MBM
treatment. The source of the MK-467 contaminationld not be traced. Therefore, results from

only five animals are presented and were usedemtialysis.

The observed concentrations of dexmedetomidinenedetomidine, butorphanol, midazolam and
MK-467 in plasma are shown in Figures 1-2. The plaokinetic results, fax Tmax and AUG.go

for dexmedetomidine, levomedetomidine, butorphamatiazolam and MK-467, are summarized in
Table 1.

Heart rate was significantly higher after MBM-MKatthn MBM between 20 and 90 minutes (Figure
3). The results for sedation scores are preserst@dedian (range) and AUWGo-15in Table 2. Peak
sedation (median) was reached at 15 minutes for MB1and at 20 minutes for MBMp( =
0.109). No differences were detected between treatsn but overall depth of sedation for the first
15 minutes (AUGeqo-19 Was significantly higher with MBM-MK than MBM. Real temperatures

remained above 36 °C after both treatments. Nacelity observed adverse effects were detected.
Discussion

This study demonstrated that MK-467 acceleratedbis®rption of co-administered midazolam and
levomedetomidine when administered IM in the sagrenge. As expected, it also alleviated the

bradycardia attributed to dexmedetomidine.

In the present study, the first signs of sedatiarewobserved within a few minutes after IM

injection of the sedative agents, as reportedexgiVainio et al. 1989). The times to peak sedation
were in line with the plasma drug concentrations:MBM, the median time to peak sedation was

20 minutes and the ykx for dexmedetomidine was 27 minutes. For MBM-MK;,aI of
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dexmedetomidine was 17 minutes and the mediantonpeak sedation was 15 minutes. Also, the
Tmax Of butorphanol, midazolam and levomedetomidinerditBM-MK were detected on average
in the samples obtained at 15 minutes. Therefoeeslightly but significantly deeper overall
sedation with MK-467 during the first 15 minutedUBseq0-15 probably reflected the higher plasma
drug concentrations at that time. Although the macemedetomidine contains 50% of both
enantiomers, in plasma the dexmedetomidine coratéirwas substantially higher than that of
levomedetomidine, as also earlier reported in d@8gnett et al 2016). As Kuusela et al. (2000)
confirmed that levomedetomidine is relatively imaetin producing effects typical to alpha
adrenoceptor agonists the ratio of the enantiomeptasma favoring dexmedetomidine is likely to
attribute to the level of sedation. In additiontdyphanol and midazolam used in this study most
probably added to the observed central effects.

MK-467 seemed to enhance the absorption of ther abhmgs: this is indicated by the statistically
significantly shorter Fax of midazolam and levomedetomidine in the presefiddK-467 and the
Cmaxand shapes of the concentration-time curves dbal analytes. A significant decrease in the
Tmax Of dexmedetomidine and increase ipCresulting from MK-467 co-administration was
shown in a previous study from our group (Restitittal. 2017), in which the impact of MK-467

on plasma dexmedetomidine concentration seemee &b fimilar magnitude to the present study.

Medetomidine is expected to cause local vasocatisini at the site of injection, and MK-467 is
capable of enhancing drug absorption from the tigacsite because of its capacity to block
medetomidine’s local actions on the circulationgtRatti et al. 2017). A similar, albeit statistilya
indifferent, trend was detected between thg, ©f dexmedetomidingp(= 0.10) and butorphangb (

= 0.07). For example, six minutes after adminigiratof MBM-MK, the concentration of
dexmedetomidine in plasma seemed to be at sinalaid to those achieved at approximately 20
minutes after MBM. The lack of significance betweteatments in dexmedetomidine and

butorphanol concentrations in plasma, and the ddrpharmacokinetic variables, was probably due
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to the low number of dogs. In addition, as onehef tlatasets had to be excluded due to evident
administration of MK-467 in the MBM-treatment, thenount of available data was further reduced
While the lack of adequate statistical power carthee risk of inappropriately failing to reject the
null hypothesis of any given investigation, as wasbably the case with the apparent statistical
indifference in parameters describing the dispositof dexmedetomidine and butorphanol, the
authors remain of the opinion that the impact of M7 could still be appreciated. Unfortunately,
we were unable to increase the number of animalthedogs had already been adopted out prior
to the drug concentration analyses. In addititve, lack of additional cardiovascular data is a
limitation: we only reported heart rate. Therefones were unable to show improvement of any
global cardiovascular function by MK-467, althoughe alleviation of ay-agonist-induced
bradycardia by MK-467 has been associated witreas®d cardiac output in many previous studies
(Enouri et al. 2008; Honkavaara et al. 2011; Relfeal. 2012; Salla et al. 2014; Restitutti et al.

2017).

There was wide variation in plasma drug concemmnatibetween individual animals after both
treatments. One of the dogs had very low plasmaemdrations of all the drugs after MBM-
treatment compared to the other dogs. In clinieabrnary practice, both the rate and consistency
of drug absorption after extravascular administratare of practical importance. As stated before,
the bioavailability of drugs is affected by theiaity and blood flow of the muscle (Benet et al.
2011). The postural muscles usually have more amnin@dlood flow that hastens the drug
absorption compared to non-postural muscles (Ba&tdevans 1973; Benet et al. 2011). In
addition, the amount of perimuscular fat or intescular fascial planes can reduce the rate of drug
absorption (Sund & Schou 1964). The epaxial mugodeip contains numerous fascial planes and
this may have been one of the factors causing te wariability in our results (Dyce et al. 2002).
In one study comparing the onset and quality ofased after IM dexmedetomidine and

hydromorphone in dogs, higher sedation scores wbserved and faster onset of sedation was

10
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recorded after injection in the semimembranosuscandcal sites compared to lumbar and gluteal
sites (Carter et al. 2013). However, the inter-sabyariability was lower after lumbar epaxial
administration (Carter et al. 2013). Thengissimus dorsi waschosen as the injection site in our
study as it does not have extensive fascial planssirrounding adipose tissue. In addition, it was

safe place to inject because our laboratory beagtes accustomed to lie in lateral position.

Changes in heart rate reflect both medetomidind«@y@asoconstriction in the systemic circulation
and central sympatholysis. In our study, heart waie monitored, as it is a very sensitive indicator
of the cardiovascular effects of medetomidine; every small IV doses decrease it (Pypendop et
al. 1998; Pascoe 2015). MK-467 attenuated dexmpsudéioe-induced bradycardia after IM
injection, as also reported earlier (Rolfe et &l12 Salla et al. 2014a; Restitutti et al. 2017)thw
MBM-MK, an initial decrease in heart rate was detdc heart rate was lowest at 3-6 minutes,
although no significant difference was detectedvben groups, after which it started to increase.
As MK-467 appeared in the systemic circulation ngloavly than dexmedetomidine {1« for MK-

467 seemed to be later thapaIfor dexmedetomidine with MBM-MK), MK-467 probablyasted

to alleviate the cardiovascular effects of dexmeahédine with a delay which could explain the
initial decrease in the heart rate also seen wilBVMWMK. A similar phenomenon has been reported
in previous studies when MK-467 has been admirmadteiM in the same syringe with
medetomidine (Salla et al. 2014b; Restitutti e8{17). In contrast, when medetomidine and MK-
467 were administered IM, but at different injentisites, no initial decrease in heart rate was
obvious (Rolfe et al. 2012), suggesting that theogttion rates of medetomidine and MK-467 from
the injection sites were more similar when MK-46id dot prevent the local vasoconstriction
induced by medetomidine. In another study, admetisin of MK-467 alone IV resulted in
increased heart rate, cardiac index and tissueesxgglivery in adult beagle dogs, but the decrease
in systemic vascular resistance did not lead totesion, probably because of increased heart rate

(Honkavaara et al. 2010).
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Our primary interest in this study was to assesstidr MK-467 accelerated the absorption of
medetomidine, butorphanol and midazolam when adtared IM in the same syringe. As we were
particularly interested in the absorption phase, fillow-up period was short and no elimination
phase of these drugs was observed. Thus we deepottror comment on half-lives or clearance,
although it has been demonstrated that MK-467, dmes extent, increases the clearance of
dexmedetomidine, probably because of preservedbio®d flow (Honkavaara 2012; Bennett et al.
2016). For the same reasons, we reported Ad@r drug concentrations in plasma which were

calculated based on the observed data.
Conclusions

Alpha-adrenoceptor agonists and antagonists may affieit bwn absorption and that of other
sedatives, such as midazolam and butorphanol, whx@dministered IM in the same syringe. This

is clinically important as it affects the onset alegth of sedation.
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Figure 1 Dexmedetomidine (a), levomedetomidine (b), butami (c) and midazolam (d)
concentrations in plasma after administration ofnriddetomidine hydrochloride (20g kg?) +
butorphanol (100ug kg') + midazolam (200ug kg') intramuscular (IM) (MBM), and; 2)
medetomidine (2Qug kg?) + MK-467 hydrochloride (50@g kg') + butorphanol (10Gig kg?) +
midazolam (200ug kg') IM (MBM-MK). Data of five dogs are shown. Botheatments were

administered at 0 minutes. Data are shown as mé&ih. +

Figure 2 MK-467 concentration in plasma after administratwfnmedetomidine (2Qg kg?) +
MK-467 hydrochloride (50Qug kg') + butorphanol (10Qug kg') + midazolam (20Qug kg?)
intramuscular (IM) (MBM-MK). Data of five dogs arghown. Treatment was administered at O

minutes. Data are shown as mean = SD.

Figure 3 Heart rate after administration of 1) medetomidimgdrochloride (20pg kgl +
butorphanol (100pg kg') + midazolam (200pg kg') intramuscular IM (MBM), and; 2)
medetomidine (2Qug kg?) + MK-467 hydrochloride (50@g kg') + butorphanol (10Gig kg?) +
midazolam (200ug kg') IM (MBM-MK). Data of five dogs are shown. Botheatments were

administered at 0 minutes. * Significant differefsween treatments. Data shown as mean * SD.
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Table 1. Observed peak drug concentrations in plasai(Cmax), the time of maximum drug

concentration in plasma (Tmax) and area under the ancentration-time curve (AUC).

Shown as mean + SD and minimum and maximum in bragks * Significant difference

between treatments.

Drug Treatment Grax Tmax AUCq.g0
(ng mLY (minutes) (min * ng mLY)
MED 43+20 27 +15 216 + 92
(0.9-6.0) (10-50) (54 - 279)
Dexmedetomidine MED-MK 6.6 £2.6 17+4.5 247 £ 65
(3.7-10.8) (10-20) (144 - 307)
p-value 0.09 0.10 0.63
MED 27+13 32115 140 £ 63
(0.5-3.7) (10-50) (30 —181)
Levomedetomidine MED-MK 46+1.6 18+6 178 + 47
(2.6 —6.7) (10 — 25) (207 — 227)
p-value 0.08 0.036 * 0.38
MED 10.7£6.1 27 +45 589 + 305
(1.7-16.9) (10 - 30) (116 - 886)
Butorphanol MED-MK 19.9+9.6 15+5 818 £ 246
(10.5-34.0) (10 — 20) (535-1143)
p-value 0.07 0.07 0.33
MED 82.2+43.9 23+9 3743 + 1886
(12.9-134.0) (10-40) (749 — 5837)
Midazolam MED-MK 157.8 £ 95.8 11+6 5644 + 2213
(82.9-300.2) (6-20) (3920 - 8900)
p-value 0.11 0.049 * 0.33
MK-467 MED-MK 907 +173 23+6 62755 + 11268
(672—1051) (15 - 30) (49563— 77548)




Table 2. Visual analogue sedation score (0-100) foeatments MBM and MBM-MK. Data of
VAS scores are reported as median (range). AU&qo-15(reported as mean + SD) were
calculated for the first 15 minutes.

* Significant difference between treatments. T Sigficant difference compared to baseline.

Time point (minutes) MBM MBM-MK

0 0 (0-0) 0(0-0)

3 18 (0 — 20) 23 (3 - 85)

6 14 (0 - 51) 84 (6 — 100)

10 69 (22 - 97) 96 (72 — 100) T
15 95 (17 — 100) 100 (96 — 100) T
20 100 (58 — 100) t 100 (100 — 100) t
25 100 (76 — 100) t 100 (100 — 100) t
30 100 (79 — 100) t 100 (83 — 100) t
40 96 (78 — 100) T 94 (87 — 100) T
50 86 (77 — 100) T 78 (66 — 100)

60 85 (70 — 100) 70 (50 — 78)

90 68 (62 — 81) 26 (15 -74)

AUCseqo-15 598 + 256 * 996 + 261 *
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