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Abstract

Objectives

To systematically review the literature comparing the efficacy and safety of dexmedetomi-
dine and midazolam when used for procedural sedation.

Materials and Methods

We searched MEDLINE, EMBASE and COCHRANE for clinical trials comparing dexmede-
tomidine and midazolam for procedural sedation up to June 20, 2016. Inclusion criteria: clini-
cal trial, human subjects, adult subjects (>18 years), article written in English, German,
French or Dutch, use of study medication for conscious sedation and at least one group
receiving dexmedetomidine and one group receiving midazolam. Exclusion criteria: patients
in intensive care, pediatric subjects and per protocol use of additional sedative medication
other than rescue medication. Outcome measures for efficacy comparison were patient and
clinician satisfaction scores and pain scores; outcome measures for safety comparison
were hypotension, hypoxia, and circulatory and respiratory complications.

Results

We identified 89 papers, of which 12 satisfied the inclusion and exclusion criteria; 883
patients were included in these studies. Dexmedetomidine was associated with higher
patient and operator satisfaction than midazolam. Patients receiving dexmedetomidine
experienced less pain and had lower analgesic requirements. Respiratory and hemody-
namic safety were similar.

Conclusions

Dexmedetomidine is a promising alternative to midazolam for use in procedural sedation.
Dexmedetomidine provides more comfort during the procedure for the patient and clinician.
If carefully titrated, the safety profiles are similar.
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Introduction

Procedural sedation can provide more comfort for the patient and an easier procedure for the
clinician for painful or unpleasant diagnostic or therapeutic procedures. It may be preferred
over general anesthesia due to physiological, financial and logistical considerations,.

Midazolam is one of the classic sedatives for procedural sedation. While midazolam is
thought to cause minimal hemodynamic effects, it does have the potential to cause loss of air-
way reflexes, respiratory depression, and even apnea [1]. If an effective, reliable and safe seda-
tive could be used in general practice, this would benefit a wide range of patients, especially
those who are frail, anxious, severely phobic or uncooperative.

Dexmedetomidine (an alpha2-adrenergic agonist) is a relatively new drug, which can also
be used for procedural sedation. It has sedative and anxiolytic properties and is known for its
analgesic potential owing to a reduction of sympathetic tone. Dexmedetomidine induces dose-
dependent effects, ranging from minimal to deep sedation. Moreover, except at doses that
cause very deep sedation or general anesthesia, the sedation is reversible. The patient can be
easily roused to a lucent state, but when left undisturbed will fall back into a state very similar
to natural sleep. These are unique properties among the sedative medications in common use.
Dexmedetomidine does not impair the respiratory drive per se and seldom causes apnea.
However, it has been shown to impair the respiratory responses to hypoxia and hypercapnia
[2] and can cause hemodynamic effects such as hypertension, hypotension and bradycardia
[1].

Many studies have compared aspects of the safety and efficacy of midazolam and dexmede-
tomidine, but the results have not yet been systematically reviewed. Therefore, the aim of our
systematic review was to systematically review the current literature on the relative efficacy
and safety of dexmedetomidine and midazolam when used as monosedatives for conscious,
procedural sedation. We included studies of all types of surgical or diagnostic procedures.

The objective of this systematic review was to answer the following research question: does
dexmedetomidine result in more efficacious and safer sedation compared to midazolam in the
periprocedural period for adult patients undergoing procedural sedation?

Methods
Literature Search

We searched the Cochrane, Pubmed and Embase databases to identify adult human clinical
trials comparing the sedative efficacy and/or safety of dexmedetomidine versus midazolam.
Studies that compared both drugs without routine use of other sedative medications—other
than for rescue from inadequate sedation or analgesia—were eligible for inclusion.

For the Pubmed search (last accessed on June 20, 2016) we used the following search
strategy: (("dexmedetomidine”[MeSH Terms] OR "dexmedetomidine"[All Fields]) AND
("midazolam"[MeSH Terms] OR "midazolam"[All Fields]) AND sedation[All Fields]) AND
"humans"[MeSH Terms]). The Embase database was searched with a comparable search
strategy as used for Pubmed (last accessed June 20, 2016): (dexmedetomidine’/exp OR dexme-
detomidine AND ('midazolam’/exp OR midazolam) AND (conscious sedation’/exp OR ’con-
scious sedation’)). The Cochrane library was searched for relevant reviews using the following
search terms: dexmedetomidine AND midazolam AND sedation. There was no limit on the
years considered.

The papers thus identified were screened by two authors (CB, AV) by title and abstract for
eligibility for inclusion (Fig 1). The resulting papers were read in full (by CB and AV) and the
reference lists were scanned for additional material.
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Data extraction and assessment of risk of bias was done by the same two authors (CB, AV).
Pilot forms were used to extract unfiltered data on all described outcome measures related to
efficacy and safety. The outcome measures for the review were selected by means of team dis-
cussion (CB, AV, AA, BM). The selected outcome measures were placed onto forms for col-
lecting data from the studies reviewed.

Study selection

Study selection was based on the following criteria:

Participants: adults receiving procedural sedation

Type of intervention: dexmedetomidine use for procedural sedation

Type of comparison: midazolam use for procedural sedation

Study types: randomized controlled clinical trials

We excluded studies where dexmedetomidine or midazolam was given as part of intensive
or critical care and any studies including children. Also excluded were studies where addi-
tional medication with sedative properties was given other than as rescue medication.

The Jadad score [3] was used to assess the quality of trials. Disagreements on Jadad scoring
were solved primarily by discussion and secondarily by consultation with a third author (AA).
We planned to discuss any information from low quality studies (Jadad score < 3) with all
authors before using it for conclusions for this review. Statistical data from low quality studies
was not included in our statistical analyses.

Patient and operator satisfaction scores and pain scores were used to compare efficacy. If
these outcome measures were not expressed numerically in scores or ratings, we used the ver-
bal descriptions provided in the studies.

To compare the safety of dexmedetomidine and midazolam we recorded all reports of
hypotension and hypoxia. When no explicit mention of these events was present, reports of
hemodynamic and respiratory complications were discussed by three authors (CB, AV, AA) to
evaluate their eligibility for inclusion in the results. If the absence of complications was explic-
itly mentioned or if it was explicitly stated that there was no need for intervention, the inci-
dence of hypotension or hypoxia was assumed to be zero.

Statistical analysis

To compare the incidences of hypotension and respiratory adverse events, we isolated the
studies and patient groups in which patients received either dexmedetomidine or midazolam
for subgroup analysis. These pooled incidences of hypotension and respiratory adverse events
were compared with the Chi-square test.

Results

The results of our search strategy according to the PRISMA method [4] are summarized in Fig
1 (Fig 1). We identified a total of 89 papers, of which 12 satisfied the inclusion and exclusion
criteria. Because not all studies reported all of the predefined outcomes, our conclusions were
based on subgroups of studies reporting the relevant outcomes.

Description of studies

Twelve publications were direct comparisons of dexmedetomidine with midazolam (Fig

1, Table 1). The included studies were heterogenous with respect to dosages, administra-

tion regimens and scoring systems. In 2 of the 12 publications the subjects were human volun-
teers, not patients. One study investigated hemodynamic changes during sedation with
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Records identified with database search
(Pubmed: 89; Embase:102; Cochrane:1)

Records after duplicates removed
(n=74 (Pubmed:73, EMBASE: 1))

Records screened Records excluded
(n=74) (n=46)
Full-text articles Full-text articles

assessed for eligibility excluded, with
(n=28) reasons
(n=17)
Full text articles Articles included from
included reference list: (n=1)
(n=11)

Studies included in
qualitative synthesis
(n=12)

Fig 1. PRISMA Diagram.
doi:10.1371/journal.pone.0169525.9001

dexmedetomidine or midazolam (or propofol) [5], the other evaluated the effects of these seda-
tives on the perception of various painful stimuli [6]. A priori power analysis was mentioned
in 4 of the 12 studies.

Of the 12 included studies, 4 were given a final JADAD score of 2 or lower [5,6,12,15]
(Table 2). Although all 12 studies were randomized, not all were double-blind trials. Two were
volunteer studies in which the authors did not use blinding as this was deemed not feasible or
not appropriate [5,6]. The three other studies without double-blinding were from Demiraran
et al, Hashiguchi et al. and Liao et al. [10,12,14]. In the first study the patients and the observers
were blinded, but not the physician performing the procedure. In the latter two there was no
blinding (Table 2).

Efficacy: satisfaction, sedation, analgesia and amnesia

Patient satisfaction. Eight studies (n = 597 subjects) measured patient satisfaction by
means of numerical rating scales or questionnaires with Likert scales (Table 3). Four of these
studies (n = 214) reported dexmedetomidine to be superior in this respect to midazolam
[7,8,11,16]. The other four studies (n = 383) [9,10,13,14] did not show a significant difference
in patient satisfaction between the drugs (Table 4).

Analgesia. Eight studies (n = 577) reported on the comparative analgesic effects of dexme-
detomidine and midazolam (Table 3). Two of them (n = 134) reported that dexmedetomidine
had a greater analgesic effect [7,8]. The other six studies (n = 443) showed no difference in
analgesic potency between the drugs [9,10,13-16] (Table 4).

In two studies in which dexmedetomidine treatment resulted in higher patient satisfaction,
this treatment was also associated with better analgetic properties compared to midazolam
[7,8]. Midazolam has no analgesic effect and can even lower pain thresholds [6]. Likewise, the
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Table 1. Study design.

Author Study
comparison
Alhashemi DEX versus
etal.[7] MDZzZ
Apanetal. [8] | DEX versus
MDZ
Cheungetal. | DEX versus
[9] MDZ
Demiraran DEX versus
etal.[10] MDZ
Fanetal.[11] | DEXversus
MDZ
Frolich et al. DEX versus
[6] MDZ
Frolich et al. DEX versus
2011[5] MDZ
Hashiguchi DEX versus
etal.[12] MDZ
Kaya et al. [13] | DEX versus
MDZ
Liaoetal.[14] | DEX versus
MDZ
Muttu et al. DEX versus
[15] MDZ
Ustun et al. DEX versus
[16] MDZ

Power

analysis

Yes

No

Yes

No

No

Yes

No

No

No

Yes

No

No

JADAD n |ASA |Procedure Dexmedetomidine dose Midazolam dose Use of
score LA

4 44 | 1-3 | Cataract 1pg/kg load. 0.1-0.7p/kg/hr | 20p/kg stat IV. 0.5mg 1V | Yes
\% prn

5 90 | 1-3 | Cataract 0.25pg/kg/hr IV 25ug/kg/hr Yes

5 60 | 1-2 | Oral surgery | 1.0ug/kg IV 5mg IV Yes

3 50 | 1-2 | Endoscopy 1pg/kg load. IV, 0.2ug/kg/hr | 0.07mg/kg IV Yes
maint.

3 60 | 1-2 | Oralsurgery | 0.1pg/kg/min IV load. 0.2ug/ | 0.005mg/kg/min IV load. | Yes
kg/hr IV maint. 0.01mg/kg/hr IV maint.

3 86 | 1 | Painstimuli 0.1-0.8ng/ml IV 10-80ng/ml IV No

2 60 | 1 |None 0.1-0.2-0.4-0.8 ng/ml IV 1-20-40-80 ng/ml IV No

2 40 ? | Endoscopy 6.0ug/kg/hr IV load. 0.6pg/ | 0.05mg/kg Yes
kg maint.

5 75 | 1-2 | TURP 0.5ug/kg IV 0.05mg/kg IV Yes

3 198 | 1 | bronchoscopy | 1pug/kg load. 0.5pg/kg/hr 2mg |V stat, ImgIVprn | Yes
maint.

1 40 ? | Cataract 1ug/kg IV load. 0.05-0.7pg/ | 50ug/kg IV load. 2.5~ Yes
kg/hr IV 35ug/kg/hr IV maint.

4 20 1 | Oralsurgery |4pg/kg/h IV 0.4mg/kg/h IV Yes

LA: Local Anesthetic; DEX: dexmedetomidine; MDZ:mMidazolam; IV: intravenous; IN: intranasal; prn: pro re nata (as needed); stat: statim (once); TURP:

Transurethral Resection of the Prostate; AFOI: Awake Fibreoptic Intubation.; load.: loading dose; maint.: maintenance dose.

doi:10.1371/journal.pone.0169525.t001

studies resulting in no preference for dexmedetomidine or midazolam also reported no differ-
ence in analgetic potential [9,10,13,14].

Clinician satisfaction. Nine studies (n = 637) reported either clinician satisfaction or a
measure of ease of performance of the procedure (Table 3). Four of them (n = 174) reported a
significant difference in favor of dexmedetomidine in terms of clinician satisfaction with the
sedation [7,10,11,16]. In the other five studies (n = 463) dexmedetomidine and midazolam
resulted in equal clinician satisfaction [8,9,13-15] (Table 4).

Kaya et al. reported that dexmedetomidine use, when compared to midazolam, was associ-
ated with more patients reaching the desired level of sedation [13]. Muttu et al. and Cheung
etal. [9,15] mentioned that several patients became restless, aggressive or agitated after mida-
zolam administration. This reaction was not reported in dexmedetomidine-treated patients in
any of the included studies.

Safety

Respiratory effects. In 11 studies (n = 767) both the number of patients included and the
number of respiratory adverse events or complications was reported [5,7-16]. We found no
difference in the incidence of respiratory events in the pooled results from the high quality
studies. We found 20 events of hypoxia among 281 dexmedetomidine-treated patients, com-
pared to 24 events among 280 midazolam-treated patients (p = 0.52; Table 5).

Hemodynamic effects. Except for two studies [5,6], all studies reported the incidence of
hemodynamic adverse events. Among ten studies (n = 737) the incidence was 0% for both
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groups in seven studies [7-11,15,16], while in three studies the number of adverse events was
very low and the difference between groups was not statistically significant [12-14] (Table 5).

The data from the eight good quality studies was pooled, showing a similar incidence of
hypotension: 10 events of hypotension among 281 dexmedetomidine-treated patients com-
pared to 7 events among 280 midazolam-treated patients (p = 0.80) [7-11,13,14,16] (Table 5).

Finally, two studies [12,14] reported that hypertension occurred as an unwanted reaction in
midazolam-treated patients, whereas the hypertensive response to stress was attenuated in the
dexmedetomidine-treated patients.

Discussion

For adult patients undergoing procedural sedation, dexmedetomidine results in more effica-
cious sedation than midazolam in the periprocedural period. The safety profile of both drugs
appears to be similar. We found that dexmedetomidine has potential benefits over midazolam
when used for procedural sedation. No studies reported that patients or clinicians were more
satisfied with the result of midazolam sedation, whereas several studies found dexmedetomi-
dine use to be associated with greater patient and clinician satisfaction and greater analgetic
potential. The safety of both drugs seems to be similar with respect to respiratory or hemody-
namic complications.

Patient and clinician satisfaction

Patients expect procedural sedation to provide them with comfort during an otherwise stress-
ful or painful period. Alleviation of pain and discomfort is an important determinant for

Table 2. Jadad scores for included studies.

Study Study Description of |Method of Method of Method of Method of JADADScore

described |described |withdrawals randomisation was |blinding randomi-sation | blinding

as random |as double and dropouts |described in the described, described, but describedbut

ized blind paper, and and inappropriate inappropriate

appropriate. appropriate

Alhashemi Yes Yes No Yes Yes No No 4
etal. [7]
Apan et al. Yes Yes Yes Yes Yes No No 5
(8l
Cheung Yes Yes Yes Yes Yes No No 5
etal. [9]
Demiraran Yes No Yes Yes No No No 3
etal.[10]
Fanetal. Yes Yes Yes No No No No 3
[11]
Frolich et al. Yes No No Yes No No No 2
(]
Frolich et al. Yes No No Yes No No No 2
[l
Hashiguchi Yes No Yes No No No No 2
etal. [12]
Kaya et al. Yes Yes Yes Yes Yes No No 5
[13]
Liao et al. Yes No No Yes Yes No No 3
[14]
Muttu et al. Yes No No No No No No 1
[15]
Ustun et al. Yes Yes Yes No Yes No No 4
[16]

doi:10.1371/journal.pone.0169525.t002
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Table 3. Study and outcome overview.

Studies n
Hypotension
-reporting on incidence of hypotension 10 737
-without significant difference 10 737
-with greater incidence in DEX treated pts 0 0
-with greater effect in MDZ treated pts 0 0
Respiratory events
-reporting on incidences of respiratory events 11 767
-without significant difference 11 797
-with greater incidence in DEX treated pts 0 0
-with greater incidence in MDZ treated pts 0 0
Efficacy
-reporting on patient satisfaction 8 597
-without significant difference 4 214
-with greater pat. satisfaction in DEX treated pts 4 383
-with greater pat. satisfaction in MDZ treated pts 0 0
-reporting on clinician satisfaction 9 637
-without significant difference 5 463
-with greater clinician satisfaction in DEX treated pts 4 174
-with greater clinician satisfaction in MDZ treated pts 0 0
-reporting on analgesia 8 577
-without significant difference 6 443
-with better analgesia scores in DEX treated pts 2 134
-with better analgesia scores in MDZ treated pts 0 0
- reporting on predictability/stability 11 1002
-without significant difference 3 180
-with better predictability in DEX treated pts 8 822
-with better predictability in MDZ treated pts 0 0

DEX: dexmedetomidine; MDZ: midazolam.

doi:10.1371/journal.pone.0169525.t003

patient satisfaction scores. This may explain the higher patient satisfaction scores for dexmede-
tomidine in several studies [7,8]. Dexmedetomidine has intrinsic analgetic potential, whereas
midazolam can actually increase pain perception [6]. Only Ustun et al. reported greater patient
satisfaction without better analgesia for dexmedetomidine [16]. This was a crossover study in
which patients were treated sequentially with both sedatives.

All studies, except for the volunteer studies of Frolich et al. [5,6], used additional local anes-
thesia. This is in accordance with the generally accepted view that sedatives for conscious seda-
tion should never be used without additional analgesia.

Midazolam also provides amnesia. Although this may be preferred by some patients, for
instance those with dentophobia, amnesia could also be considered undesirable for this group
of patients. These patients aim to alleviate their fear through gradual exposure, and amnesia
prevents this learning effect.

Like patients, clinicians in the selected studies tended to have a preference for dexmedeto-
midine. Based on their additional comments in these studies, this preference might be
explained by the improved cooperation of patients treated with dexmedetomidine and the
absence of paradoxical reactions in this group [9,11,15]. The better cooperation of patients
treated with dexmedetomidine is due to the unique properties of dexmedetomidine sedation.
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Table 4. Results for Patient Satisfaction, Clinician Satisfaction, Analgesia and Sedation Predictability/Consistency.

Alhashemi et al. [7]
Apan et al. [8]
Cheung et al. [9]

Demiraran et al. [10]

Fanetal. [11]
Froélich et al. [5]
Froélich et al. [6]

Hashiguchi et al. [12]

Kaya et al. [13]
Liao et al. [14]

Muttu et al. [15]
Ustun et al. [16]

DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ
DEX versus MDZ

Patient Satisfaction Clinician Satisfaction Analgesia SPCR
n Parameter Result Parameter Result Parameter Result

44 | VRS/LS DEX VRS/LS Scale DEX VRS/LS Scale DEX MDZ
90 | BR DEX VRS/LS Scale NS VASpain DEX NR
60 | NRS NS NRS and VRS NS NRS NS DEX
50 | VAS NS VAS DEX VASpain NS NR
60 | VAS DEX VRS/LS Scale DEX NR NS
60 | NR NR NR NR
86 | NR NR NR NR
100 | NR NR NR NS
75| BR NS VRS/LS Scale NS VASpain NS NS
198 | BR NS VAS NS VASpain NS NR
40 | NR VRS/LS Scale NS VASpain NS DEX
20 | VAS DEX VRS/LS Scale DEX VASpain NS NS

SPCR: SedationPredictability/Consistency Rating; VRS/LS:Verbal Rating Score/Likert Scale; BR: Binary rating; VASpain: Visual Analogue Scale for pain;
NRS: Numeric Rating Scale; UAA: use of additional analgesia; ISAS: lowa satisfaction with Anesthesia Score; NR:Not Reported.

doi:10.1371/journal.pone.0169525.1004

The patients can be woken to a lucid state from what seems like natural sleep, to follow instruc-
tions and return to a sedated state when left undisturbed.

Paradoxical reactions are a rare but well known side effect of benzodiazepines. The occur-
rence of restlessness, agitation and even aggression is very disturbing to the patient as well as
to the clinician. The etiology is unclear but children and the elderly are more prone. Although
the reported incidence is <1% these reactions can prevent clinicians from completing the pro-
cedure. Moreover, the outright hostility seen in some patients exhibiting a paradoxical reaction
to midazolam presents a danger to both patient and clinician [17]. Dexmedetomidine is not
known to cause these reactions and no such reactions were reported in dexmedetomidine-
treated patients in the included studies.

All of the above findings can be explained from the pharmacodynamics of both drugs. Mid-
azolam produces its effects through the GABAa receptors and inhibits the excitatory reaction
of the brain to stimuli [1]. Dexmedetomidine does not produce such central cerebral inhibi-
tion; it affects the locus coeruleus. This is a central neural pathway playing a key role in induc-
ing natural sleep. Dexmedetomidine has been shown to have the ability to improve natural
sleep when given to intensive care patients in both low, non-sedative dosages [18] and in seda-
tive dosages [19]. Dexmedetomidine also lowers sympathetic tone. It's mechanism of action
lowers fear and anxiety, whereas midazolam inhibits a reaction of the patient to uninhibited
stimuli. This may explain why sedation with dexmedetomidine is preferred by many patients
over midazolam, which is in line with the crossover study of Ustun et al. [16].

Safety

Respiration. In the pooled results dexmedetomidine and midazolam did not differ in
terms of respiratory safety. This was surprising because midazolam is well known for causing
respiratory depression [1], and we expected that dexmedetomidine treatment would result in
fewer cases of hypoxia. Most of the included studies had careful infusion protocols for both
drugs. And although midazolam has a rapid onset time of 2 to 3 minutes, the effect site con-
centration peaks only after approximately 13 minutes [20,21]. Repeat boluses may be given too
early, which can lead to overdosing and hypoxia.

PLOS ONE | DOI:10.1371/journal.pone.0169525 January 20, 2017 8/12
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Table 5. Incidences of hypotension and hypoxia / hemodynamic or respiratory complications.

Author Study Incidence of Incidence of Group with Incidence of |Incidence of | Group with most | SupplO,

design | hypotension/ hypotension/ greatest hypoxia DEX | hypoxia MDZ | respiratory (/min)

complications DEX | complications MDZ |incidence of adverse events
hypotension

Alhashemi DEX 0 0 NS 0 0 NS 2
etal. [7] versus

MDZ
Apan et al. DEX 0 0 NS 0 0 NS 2
[8] Versus

MDZ
Cheung DEX 0 0 NS 6 4 NS 0
etal. [9] versus

MDZ
Demiraran DEX 0 0 NS 0 2 MDZ
etal.[10] versus

MDZ
Fan etal. DEX 0 0 NS NS 0
[11] versus

MDZ
Frolichetal. | DEX NR NR NR 0 0 NS 0
[5] versus

MDZ
Frolich etal. | DEX NR NR NR NR NR NR 0
[6] versus

MDZ
Hashiguchi | DEX 2 2 NS 1 0 NS 0
etal.[12] versus

MDZ
Kaya et al. DEX 2 0 NS 0 0 NS 4
[13] versus

MDZ
Liao et al. DEX 6 7 NS 14 18 NS 4
[14] versus

MDZ
Muttuetal. | DEX 0 0 NS 0 0 NS 0
[15] versus

MDZ
Ustunetal. |DEX 0 0 NS 0 0 NS 0
[16] versus

MDZ

DEX: dexmedetomidine; MDZ: midazolam; PBO: placebo; NS: no significant difference in effect; NR: not reported. SpO,:arterial oxygen saturation
(measured by pulse oxymetry).

doi:10.1371/journal.pone.0169525.t005

Hypotension. Dexmedetomidine has a reputation of causing hypotension, which is some-
times preceded paradoxically by hypertension. In contrast, midazolam is known for its hemo-
dynamic stability. However, the hypotensive effect of dexmedetomidine can be mitigated by
preventing rapid infusion and by not using bolus dosing. High peak plasma levels are responsi-
ble for the complex hemodynamic effects of dexmedetomidine [22]. In all studies the loading
dose of dexmedetomidine was infused slowly. Alternatively, intranasal administration of dex-
medetomidine avoids high peak plasma levels but still results in adequate plasma levels after
uptake, as shown by Iirola et al. [23]. Moreover, the usefulness of intranasal administration for
procedural sedation has been demonstrated by Zhang et al. and Nooh et al. [24,25].

Careful dosing, preferably by titration, is the key to procedural sedation. Within the con-
fines of carefully protocollized studies, dexmedetomidine (when used with slow loading
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@° PLOS | ONE

Procedural Sedation with Dexmedetomidine versus Midazolam

dosages) and midazolam (in a careful infusion regimen) would appear to have similar safety pro-
files. For general practice, this would require intravenous access and infusion pumps for titration,
and appropriate monitoring would still be needed. When patients are sedated with dexmedeto-
midine, they remain rousable. However, it should be remembered that like midazolam, dexme-
detomidine has moderately slow pharmacokinetics, so that during the recovery period, the
patient may be sleepy when not stimulated. As with midazolam, close observation is necessary
for a period of time before discharge commensurate with the pharmacokinetics of the agent.
Dexmedetomidine, however, seems to yield better results with respect to patient and clinician
satisfaction. And the possibility of using this drug safely with intranasal administration may be
very useful for office-based procedural sedation. The safe use of dexmedetomidine in the general
population, and more specifically the frail or the elderly should be the subject of further investiga-
tion before this treatment can be used in the office-based or nursing home-based care setting.

Limitations. The included studies varied widely with respect to dosing regimens, proce-
dures and outcome measures. Also, not all studies reported in enough detail on these outcome
measures. This prevented us from performing more formal meta-analyses.

We excluded studies where analgesics with an additional sedative effect were given other
than as rescue medication and placebo-controlled studies where midazolam served as rescue
medication. This led to the exclusion of many papers studying dexmedetomidine versus mida-
zolam for conscious sedation. However, the exclusion of these studies allowed for a more pre-
cise comparison of the effects of both drugs without accounting for numerous (unpredictable)
pharmacological interactions.

We included four studies of moderate to low quality([5,6,12,15]. Frélichs studies [5,6] do
compare both drugs but not for procedural sedation.The conclusions of none of these studies
conflict the information from this review. Therefore the effect their results have on our con-
clusions is minimal and non-conflicting. We isolated their results from statistical analysis. Re-
calculation without this isolation did not change the outcome for the subgroup analyses.

Midazolam causes profound amnesia. The amnesic effect appears at lower dosages and is
more apparent than the sedative effect. This amnesia could have confounded results when
patient questionnaires are used after midazolam treatment.

The frail and elderly are an underrepresented group in these studies. With only one study
including some ASA 3 patients or a substantial number of patients aged over 60, the safety and
efficacy of dexmedetomidine compared to midazolam for use in procedural sedation in frail
patients has not been well assessed [8]. Su et al. [26] have shown in a recent publication how
the use of low-dose dexmedetomidine for sedation in the elderly in the ICU is safe and has a
preventive effect on the development of delirium after surgery. The occurrence of delirium is
of concern in the treatment of elderly people and the possibility to prevent it from occurring
may prove to be another benefit of the use of dexmedetomidine in procedural sedation.

Conclusion

We have shown that dexmedetomidine has advantages over midazolam in terms of reliability,
analgesia and patients’ and clinicians’ satisfaction. Moreover, within the scope of this review,
dexmedetomidine and midazolam appear to have a similar cardio-respiratory safety profile
when both are carefully titrated. Combined with the use of local anesthesia, dexmedetomidine
provides a good alternative for midazolam for procedural sedation.

Supporting Information

S1 PRISMA Checklist. PRISMA Checklist.
(DOC)

PLOS ONE | DOI:10.1371/journal.pone.0169525 January 20, 2017 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0169525.s001

o ®
@ ’ PLOS | ONE Procedural Sedation with Dexmedetomidine versus Midazolam

Acknowledgments
We would like to thank Charles Frink for his linguistic input.

Author Contributions

Conceptualization: CB AA A. Visser A. Vissink.

Data curation: CB.

Formal analysis: CB AA.

Investigation: CB AA A. Visser.

Methodology: CB AA.

Supervision: AA.

Validation: CB AA A. Vissink.

Writing - original draft: CB AA A. Vissink.

Writing - review & editing: CB AA A. Visser BM A. Vissink.

References
1. Miller RD. Miller's Anesthesia. Philadelphia, Pa.; Edinburgh: Elsevier Saunders; 2009.

2. Lodenius A, Ebberyd A, Hardemark Cedborg A, Hagel E, Mkrtchian S, Christensson E, et al. Sedation
with Dexmedetomidine or Propofol Impairs Hypoxic Control of Breathing in Healthy Male Volunteers: A
Nonblinded, Randomized Crossover Study. Anesthesiology. 2016; 125: 700-715. doi: 10.1097/ALN.
0000000000001236 PMID: 27483127

3. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the quality
of reports of randomized clinical trials: is blinding necessary? Control Clin Trials. 1996; 17: 1—12. PMID:
8721797

4. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6: 1000097. doi: 10.1371/
journal.pmed.1000097 PMID: 19621072

5. Frolich MA, Arabshahi A, Katholi C, Prasain J, Barnes S. Hemodynamic characteristics of midazolam,
propofol, and dexmedetomidine in healthy volunteers. J Clin Anesth. 2011; 23: 218-223. doi: 10.1016/.
jclinane.2010.09.006 PMID: 21570617

6. Frolich MA, Zhang K, Ness TJ. Effect of sedation on pain perception. Anesthesiology. 2013; 118: 611—
621. doi: 10.1097/ALN.0b013e318281592d PMID: 23314164

7. Alhashemi JA. Dexmedetomidine vs midazolam for monitored anaesthesia care during cataract sur-
gery. BrJ Anaesth. 2006; 96: 722—726. doi: 10.1093/bja/ael080 PMID: 16595611

8. Apan A, Doganci N, Ergan A, Buyukkocak U. Bispectral index-guided intraoperative sedation with dex-
medetomidine and midazolam infusion in outpatient cataract surgery. Minerva Anestesiol. 2009; 75:
239-244. PMID: 19088698

9. Cheung CW, Ying CL, Chiu WK, Wong GT, Ng KF, Irwin MG. A comparison of dexmedetomidine and
midazolam for sedation in third molar surgery. Anaesthesia. 2007; 62: 1132—-1138. doi: 10.1111/j.1365-
2044.2007.05230.x PMID: 17924894

10. Demiraran Y, Korkut E, Tamer A, Yorulmaz I, Kocaman B, Sezen G, et al. The comparison of dexmede-
tomidine and midazolam used for sedation of patients during upper endoscopy: A prospective, random-
ized study. Can J Gastroenterol. 2007; 21: 25-29. PMID: 17225879

11.  FanTW, Ti LK, Islam I. Comparison of dexmedetomidine and midazolam for conscious sedation in den-
tal surgery monitored by bispectral index. Br J Oral Maxillofac Surg. 2013; 51: 428—433. doi: 10.1016/j.
bjoms.2012.08.013 PMID: 23058230

12. Hashiguchi K, Matsunaga H, Higuchi H, Miura S. Dexmedetomidine for sedation during upper gastroin-
testinal endoscopy. Dig Endosc. 2008; 20: 178—183.

PLOS ONE | DOI:10.1371/journal.pone.0169525 January 20, 2017 11/12


http://dx.doi.org/10.1097/ALN.0000000000001236
http://dx.doi.org/10.1097/ALN.0000000000001236
http://www.ncbi.nlm.nih.gov/pubmed/27483127
http://www.ncbi.nlm.nih.gov/pubmed/8721797
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1016/j.jclinane.2010.09.006
http://dx.doi.org/10.1016/j.jclinane.2010.09.006
http://www.ncbi.nlm.nih.gov/pubmed/21570617
http://dx.doi.org/10.1097/ALN.0b013e318281592d
http://www.ncbi.nlm.nih.gov/pubmed/23314164
http://dx.doi.org/10.1093/bja/ael080
http://www.ncbi.nlm.nih.gov/pubmed/16595611
http://www.ncbi.nlm.nih.gov/pubmed/19088698
http://dx.doi.org/10.1111/j.1365-2044.2007.05230.x
http://dx.doi.org/10.1111/j.1365-2044.2007.05230.x
http://www.ncbi.nlm.nih.gov/pubmed/17924894
http://www.ncbi.nlm.nih.gov/pubmed/17225879
http://dx.doi.org/10.1016/j.bjoms.2012.08.013
http://dx.doi.org/10.1016/j.bjoms.2012.08.013
http://www.ncbi.nlm.nih.gov/pubmed/23058230

@° PLOS | ONE

Procedural Sedation with Dexmedetomidine versus Midazolam

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

Kaya FN, Yavascaoglu B, Turker G, Yildirim A, Gurbet A, Mogol EB, et al. Intravenous dexmedetomi-
dine, but not midazolam, prolongs bupivacaine spinal anesthesia. Can J Anaesth. 2010; 57: 39-45. doi:
10.1007/s12630-009-9231-6 PMID: 20039221

Liao W, Ma G, Su QG, Fang Y, Gu BC, Zou XM. Dexmedetomidine versus midazolam for conscious
sedation in postoperative patients undergoing flexible bronchoscopy: a randomized study. J Int Med
Res. 2012; 40: 1371-1380. PMID: 22971488

Muttu S, Liu EH, Ang SB, Chew PT, Lee TL, Ti LK. Comparison of dexmedetomidine and midazolam
sedation for cataract surgery under topical anesthesia. J Cataract Refract Surg. 2005; 31: 1845—1846.

Ustun Y, Gunduz M, Erdogan O, Benlidayi ME. Dexmedetomidine versus midazolam in outpatient third
molar surgery. J Oral Maxillofac Surg. 2006; 64: 1353—-1358. doi: 10.1016/j.joms.2006.05.020 PMID:
16916668

Mancuso CE, Tanzi MG, Gabay M. Paradoxical reactions to benzodiazepines: literature review and
treatment options. Pharmacotherapy. 2004; 24: 1177—1185. PMID: 15460178

Wu XH, Cui F, Zhang C, Meng ZT, Wang DX, Ma J, et al. Low-dose Dexmedetomidine Improves Sleep
Quality Pattern in Elderly Patients after Noncardiac Surgery in the Intensive Care Unit: A Pilot Random-
ized Controlled Trial. Anesthesiology. 2016.

Alexopoulou C, Kondili E, Diamantaki E, Psarologakis C, Kokkini S, Bolaki M, et al. Effects of dexmede-
tomidine on sleep quality in critically ill patients: a pilot study. Anesthesiology. 2014; 121: 801-807. doi:
10.1097/ALN.0000000000000361 PMID: 24988068

Somma J, Donner A, Zomorodi K, Sladen R, Ramsay J, Geller E, et al. Population pharmacodynamics
of midazolam administered by target controlled infusion in SICU patients after CABG surgery. Anesthe-
siology. 1998; 89: 1430—-1443. PMID: 9856718

Zomorodi K, Donner A, Somma J, Barr J, Sladen R, Ramsay J, et al. Population pharmacokinetics of
midazolam administered by target controlled infusion for sedation following coronary artery bypass
grafting. Anesthesiology. 1998; 89: 1418—1429. PMID: 9856717

Ebert TJ, Hall JE, Barney JA, Uhrich TD, Colinco MD. The effects of increasing plasma concentrations
of dexmedetomidine in humans. Anesthesiology. 2000; 93: 382—-394. PMID: 10910487

lirola T, Vilo S, Manner T, Aantaa R, Lahtinen M, Scheinin M, et al. Bioavailability of dexmedetomidine
after intranasal administration. Eur J Clin Pharmacol. 2011; 67: 825-831. doi: 10.1007/s00228-011-
1002-y PMID: 21318594

Zhang X, Bai X, Zhang Q, Wang X, Lu L. The safety and efficacy of intranasal dexmedetomidine during
electrochemotherapy for facial vascular malformation: a double-blind, randomized clinical trial. J Oral
Maxillofac Surg. 2013; 71: 1835-1842. doi: 10.1016/j.joms.2013.06.202 PMID: 23945510

Nooh N, Sheta SA, Abdullah WA, Abdelhalim AA. Intranasal atomized dexmedetomidine for sedation
during third molar extraction. Int J Oral Maxillofac Surg. 2013; 42: 857—-862. doi: 10.1016/j.ijom.2013.
02.003 PMID: 23497981

Su X, Meng ZT, Wu XH, Cui F, Li HL, Wang DX, et al. Dexmedetomidine for prevention of delirium in
elderly patients after non-cardiac surgery: a randomised, double-blind, placebo-controlled trial. Lancet.
2016.

PLOS ONE | DOI:10.1371/journal.pone.0169525 January 20, 2017 12/12


http://dx.doi.org/10.1007/s12630-009-9231-6
http://www.ncbi.nlm.nih.gov/pubmed/20039221
http://www.ncbi.nlm.nih.gov/pubmed/22971488
http://dx.doi.org/10.1016/j.joms.2006.05.020
http://www.ncbi.nlm.nih.gov/pubmed/16916668
http://www.ncbi.nlm.nih.gov/pubmed/15460178
http://dx.doi.org/10.1097/ALN.0000000000000361
http://www.ncbi.nlm.nih.gov/pubmed/24988068
http://www.ncbi.nlm.nih.gov/pubmed/9856718
http://www.ncbi.nlm.nih.gov/pubmed/9856717
http://www.ncbi.nlm.nih.gov/pubmed/10910487
http://dx.doi.org/10.1007/s00228-011-1002-y
http://dx.doi.org/10.1007/s00228-011-1002-y
http://www.ncbi.nlm.nih.gov/pubmed/21318594
http://dx.doi.org/10.1016/j.joms.2013.06.202
http://www.ncbi.nlm.nih.gov/pubmed/23945510
http://dx.doi.org/10.1016/j.ijom.2013.02.003
http://dx.doi.org/10.1016/j.ijom.2013.02.003
http://www.ncbi.nlm.nih.gov/pubmed/23497981

