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Critically ill patients traditionally received heavy sedation to mitigate pain, anxiety, and
agitation in the intensive care unit (ICU). But the approach to sedation has shifted with the
recognition that heavy sedation may impede care goals such as ventilator weaning and
mobilization.1, 2 A related concern is that standard sedatives may contribute to delirium,
which hinders patient care, increases length of stay, and is associated with increased
mortality.3 Many approaches are used to decrease the amount of sedation given, including
daily interruptions of sedation to reassess the patient, protocols to target sedation to a pre-
specified level, emphasis on analgesia first, and a change from default sedation for
mechanically ventilated patients to individual assessment of need.4

In 1999, dexmedetomidine was introduced in the United States market as a new sedative for
use in mechanically ventilated patients for up to 24 hours. Common sedatives, such as
propofol and benzodiazepines, act on the GABA receptor and produce dose-dependent
respiratory depression along with sedation. Dexmedetomidine is a highly selective alpha-2
agonist (closely related to clonidine) with the potential advantages of anxiolysis and some
analgesia without respiratory depression or amnesia.5 Studies comparing dexmedetomidine
to benzodiazepines for longer term (i.e. greater than 24 hours) sedation suggested this drug
may reduce the length of mechanical ventilation and lessen delirium.6, 7 The potential
mechanisms for a decrease in delirium with a drug targeting the alpha-2 rather than the
GABA receptor are speculative, but include additional analgesia, the lack of amnesia, better
approximation of natural sleep, and lack of active metabolites.7 Yet the latest evidence
suggests that dexmedetomidine is still used infrequently for general ICU patients receiving
continuous sedation.8

Why has dexmedetomidine not been embraced with greater enthusiasm in the US? For
many, a large barrier to using dexmedetomidine is the cost. Dexmedetomidine is
substantially more expensive than off-patent sedatives, such as propofol and midazolam
(median per-patient drug acquisition cost was $1,166 for dexmedetomidine versus $60 for
midazolam in one study).9 Second, the documented benefits versus benzodiazepines are
short-term and have not (yet) been translated into tangible long-term outcomes for
patients.6, 7 And a final barrier may be a lack of information relevant to clinicians; prior
large trials have only compared dexmedetomidine to benzodiazepines, but many clinicians
use propofol in preference to benzodiazepines for sedation of general ICU patients.10, 11
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In this issue of JAMA, Jakob et al12 provide data from a large, multicenter randomized
controlled trial (RCT) comparing dexmedetomidine with propofol (PRODEX), paired with a
“twin” study of dexmedetomidine versus midazolam (MIDEX). The combined studies
involved 1,000 patients in 75 ICUs mostly in Europe. The design of the parallel RCTs
assigned each ICU to use either midazolam or propofol for the control arm based on the
usual institutional practice – a great solution to decrease the likelihood that controls would
receive anything other than “usual” care.

Both studies had two primary objectives. The first was to test the non-inferiority of
dexmedetomidine with regard to the ability to achieve a chosen level of sedation. The
outcome was time spent at a target sedation level using the Richmond Agitation Sedation
Scale (RASS).13 The target chosen was broad: -3 (movement or eye opening to voice, but no
eye contact) to zero (alert and calm). This target was successfully met in the two trials,
demonstrating that dexmedetomidine could keep patients in the same general sedation range
as both midazolam and propofol.

The second objective was to test whether the use of dexmedetomidine was associated with a
decreased duration of mechanical ventilation (including non-invasive). Other outcomes
measured included time to extubation (until removal of endotracheal tube), and lengths of
ICU and hospital stay. Dexmedetomidine shortened the time to extubation compared with
propofol, but did not reach statistical significance for shortening total duration of mechanical
ventilation, presumably due to differences in use of non-invasive ventilation, and/or
imputation of data missing or for patients who died. Compared with midazolam,
dexmedetomidine shortened both time to extubation and total duration of mechanical
ventilation, confirming previous findings.7 The other measure often reported in studies of
dexmedetomidine is delirium.6, 7 These new trials did not provide standardized assessments
of delirium. But both studies found that patients who received dexmedetomidine had a
greater ability to interact, communicate pain, and cooperate with care. These domains were
measured using the components of a visual analogue scale assessed by the nurse during each
shift.

Sedation studies are difficult to conduct no matter how well designed. Any single study can
only examine one approach to using a medication, in this case taking patients off a standard
sedative to start dexmedetomidine.12 Unlike comparisons of medications such as
antihypertensives, for which there may be a single immediate goal (reduction of blood
pressure), sedation involves many dimensions and the goals of treatment may include
analgesia, anxiolysis, amnesia, hypnosis, or treatment of psychosis. Dexmedetomidine has
now been compared directly with benzodiazepines,6, 7 antipsychotics,14 opiates,15 and
propofol,12 highlighting the fact that dexmedetomidine is not a uni-dimensional medication.
To address this issue, PRODEX and MIDEX include an enormous amount of information
measured across many domains, from basics such as length of stay, to more complex
measurements, such as tolerance of the endotracheal tube, adverse incidents, and
neurocognitive events requiring treatment.

Blinding is also a challenge. Some aspects of blinding sedation studies are purely practical:
for example, propofol is in a lipid emulsion, and even a single drop out of the end of the IV
tubing will reveal the identity of the medication. PRODEX was carefully designed with
opaque tubing, connection of infusions by independent personnel, and a second “dummy”
infusion. But the different “quality” of the sedation may be perceived by caregivers and is
impossible to mask.

A related issue, that is perhaps the largest concern with studies of dexmedetomidine, is
achieving equivalent levels of sedation in comparison groups when blindly using different
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classes of medications. The patients who received propofol and midazolam were on average
more sedated than patients receiving dexmedetomidine, even though all were in the broad
target RASS range. This may be interpreted as “proof” that dexmedetomidine makes it
easier to keep patients only lightly sedated, but may actually be due to a mis-match in the
dosing.16 In attempting to choose equivalent doses, blinded studies to date have often paired
relatively low doses of dexmedetomidine with doses of benzodiazepines/propofol that seem
likely to cause a deeper level of sedation, as occurred in both of these control groups.12

Finally, what constitutes a meaningful outcome in sedation studies? Short-term mortality is
unlikely to be affected by sedative choice, although most clinicians feel it is still important
to measure in studies of critically ill patients.6, 7 Alternative, meaningful outcome
measurements may focus on improvements in short or long-term morbidity, or reductions in
costs of care.17 Most patients, even if still in an ICU, would prefer not to be receiving
mechanical ventilation. Therefore, decreasing time to extubation can be important to
patients. The ability of clinicians to communicate more effectively with patients may also be
a strong rationale for choosing dexmedetomidine. Benefits of enhanced communication may
include better overall pain control, and facilitation of earlier mobilization and rehabilitation,
which may ultimately improve long-term outcomes.2 Therefore, future studies of sedation
might be paired with other ICU initiatives and focus on measurements of long-term patient-
centered outcomes, such as mental health, physical well-being, and ability of survivors to
perform activities of daily living many months after hospital discharge.17

Reducing the duration of use of any ICU resource in critically ill patients is often equated
with cost-savings. One analysis of prior trial data (versus midazolam) concluded that,
despite the higher acquisition cost of dexmedetomidine, large savings may be associated
with its use because of decreased duration of mechanical ventilation and possible decreased
length of ICU stay.9 But large savings are unlikely: decreasing duration of mechanical
ventilation or ICU stay usually saves far less than anticipated because of the high fixed costs
of intensive care.18 However, cost structures do differ depending on the ICU population.
Greater adoption of dexmedetomidine has occurred in the cardiac surgery population.8 This
adoption may be attributable to the fact that the majority of these patients only require short-
term mechanical ventilation, which allows clinicians to use dexmedetomidine in line with
FDA guidelines. But this choice may also make economic sense since even a few hours less
time mechanically ventilated could translate into tangible economic benefit for a hospital, if
discharging patients a little faster allows for an increase in the volume of cardiac surgery
cases.

How do the current studies assist clinicians? These two RCTs provide important evidence
that dexmedetomidine is an effective sedative compared with both midazolam and propofol,
and its use is associated with decreased time to extubation, easier communication with
patients, and better assessment of pain. But with the focus on cost-containment at many
hospitals, consideration of expense may preclude broad use without more tangible long-term
outcome data and without confirmation that the benefits are due to the choice of sedative
and not solely the lighter sedation levels achieved. Dexmedetomidine comes off patent in
the US in 2013. When there is no longer a need to weigh the drug acquisition costs, even
uncertain improvements in the patient experience should be justification enough for broader
use of dexmedetomidine in the ICU.
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