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Weighing the Costs and Benefits
of a Sedative
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CRITICALLY ILL PATIENTS TRADITIONALLY WERE HEAV-
ily sedated for safety and to mitigate pain, anxi-
ety, 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 con-
cern 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 a patient, proto-
cols to target sedation to a prespecified level, emphasis on
analgesia first, and a change from default sedation for me-
chanically ventilated patients to individual assessment of need
for sedation.4

In 1999, dexmedetomidine was introduced in the US
market as a new sedative for use for up to 24 hours for
patients undergoing mechanical ventilation. Common
sedatives, such as propofol and benzodiazepines, act on
the !-aminobutyric acid (GABA) receptor and produce
dose-dependent respiratory depression along with seda-
tion. Dexmedetomidine is a highly selective "2-agonist
(closely related to clonidine) with the potential advantages
of anxiolysis and some analgesia without respiratory
depression or amnesia.5 Studies comparing dexmedetomi-
dine with benzodiazepines for longer-term (ie, 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 "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 who require continuous sedation.8

Why has dexmedetomidine not been embraced with
greater enthusiasm in the United States? One 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 ac-
quisition cost was reported as $1166 for dexmedetomidine
vs $60 for midazolam in one study).9 Second, the docu-
mented benefits vs benzodiazepines are short-term and have
not (yet) been translated into tangible long-term outcomes
for patients.6,7 Another barrier may be a lack of informa-
tion relevant to clinicians; prior large trials have only com-
pared dexmedetomidine with benzodiazepines, but many
clinicians use propofol in preference to benzodiazepines for
sedation of general ICU patients.10,11

In this issue of JAMA, Jakob et al12 provide data from a
large, multicenter randomized controlled trial (RCT) com-
paring dexmedetomidine with propofol (PRODEX trial),
paired with a “twin” study of dexmedetomidine vs mid-
azolam (MIDEX trial) for patients requiring prolonged
mechanical ventilation. The combined studies involved
1000 patients in 75 ICUs in Europe. The design of the par-
allel RCTs assigned each ICU to use either midazolam or
propofol for the control group based on the usual institu-
tional practice—an important solution to decrease the
likelihood that controls would receive anything other than
“usual” care.

Both studies had 2 primary objectives. The first was to
test the noninferiority of dexmedetomidine with regard to
the ability to achieve a preselected level of sedation. The out-
come was time spent at a target sedation level using the Rich-
mond Agitation-Sedation Scale (RASS) without the need for
any rescue medication.13 The target chosen was broad: −3
(movement or eye opening to voice, but no eye contact) to
0 (alert and calm). This target was successfully met in the 2
trials, demonstrating that dexmedetomidine could keep pa-
tients in the same general sedation range as both mid-
azolam and propofol.

The second objective was to test whether the use of dex-
medetomidine was associated with a decreased duration of
mechanical ventilation (including noninvasive). Other out-
comes measured included time to extubation (until re-
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moval of endotracheal tube) and length of ICU and hospi-
tal stay. Dexmedetomidine shortened the time to extubation
compared with propofol but did not reach statistical sig-
nificance for shortening total duration of mechanical ven-
tilation, presumably due to differences in use of noninva-
sive ventilation, imputation of data missing or data for
patients who died, or both. Compared with midazolam, dex-
medetomidine shortened both time to extubation and total
duration of mechanical ventilation, confirming previous find-
ings.7 The other measure often reported in studies of dex-
medetomidine is delirium.6,7 Although these new trials did
not provide routine standardized assessments of delirium,
both studies found that patients who received dexmedeto-
midine 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. Any single
study can only examine one approach to using a medica-
tion, in this case discontinuing patients’ use of 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 pres-
sure), 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 unidimensional
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 events, and neurocognitive
events requiring treatment.

Blinding is also a challenge. Some aspects of blinding in
sedation studies are purely practical: for example, propofol
is in a lipid emulsion, and even a single drop visible at the
end of the IV tubing will reveal the identity of the medica-
tion. The PRODEX trial 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 impos-
sible 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 dif-
ferent classes of medications. Patients who received propo-
fol and midazolam were on average more sedated than pa-
tients 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 pa-
tients only lightly sedated but may actually be due to a mis-
match in the dosing.16 In attempting to choose equivalent
doses, studies that have used blinding to date have often

paired relatively low doses of dexmedetomidine with doses
of benzodiazepines or propofol that seem likely to cause a
deeper level of sedation, as occurred in both of these con-
trol groups.12

A final concern is what constitutes a meaningful out-
come 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 Other, 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 ven-
tilation. Therefore, decreasing time to extubation can be im-
portant to patients. The ability of clinicians to communi-
cate more effectively with patients may also be a strong
rationale for choosing dexmedetomidine. Benefits of en-
hanced communication may include better overall pain con-
trol and facilitation of earlier mobilization and rehabilita-
tion, 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 ac-
tivities of daily living many months after hospital dis-
charge.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 (vs midazolam) concluded
that, despite the higher acquisition cost of dexmedetomi-
dine, large savings may be associated with its use because
of decreased duration of mechanical ventilation and pos-
sible decreased length of ICU stay.9 But large cost savings
are unlikely: decreasing duration of mechanical ventila-
tion or ICU stay usually saves far less than anticipated
because of the high fixed costs of intensive care.18 How-
ever, cost structures do differ depending on the ICU
population. Greater adoption of dexmedetomidine has
occurred in the cardiac surgery population.8 This adop-
tion likely occurred because the majority of these
patients only require short-term mechanical ventilation,
which allows clinicians to use dexmedetomidine in line
with US Food and Drug Administration guidelines. But
this choice may also make economic sense because 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 2
RCTs provide important evidence that dexmedetomidine
is an effective sedative compared with both midazolam
and propofol, and its use may be 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, consider-
ation of expense may preclude broad use without more
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tangible long-term outcome data and without confirma-
tion that the benefits are due to the choice of sedative
and not solely the lighter sedation levels achieved. Dex-
medetomidine comes off patent in the United States 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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SEDATION IN INTENSIVE CARE PA-
tients is assumed to reduce dis-
comfort from care interven-
tions, increase tolerance of

mechanical ventilation, prevent acci-
dental removal of instrumentation, and
reduce metabolic demands during car-
diovascular and respiratory instabil-
ity.1 Long-term sedation may have se-
rious adverse effects, such as prolonged
mechanical ventilation,2 coma,3 de-
lirium,4 delusional memories and post-
traumatic stress disorder,5,6 impaired
cognitive function,7 prolonged hospi-
talization,2,3,8,9 increased costs,2,3,8 and
mortality.9 Daily sedation stops,3 seda-
tion protocols,3,8 spontaneous breath-
ing trials and early mobilization,9,10 or
primary use of opiates without other
sedation11 may help reduce these
complications.

Current sedatives are problematic in
long-term sedation. Benzodiazepines
and propofol accumulate unpredict-
ably.12,13 High-dose or prolonged propo-
fol use may cause potentially fatal
propofol infusion syndrome.14 Dexme-
detomidine, a sedative with high

For editorial comment see p 1195.
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Context Long-term sedation with midazolam or propofol in intensive care units (ICUs)
has serious adverse effects. Dexmedetomidine, an !2-agonist available for ICU sedation,
may reduce the duration of mechanical ventilation and enhance patient comfort.

Objective To determine the efficacy of dexmedetomidine vs midazolam or propo-
fol (preferred usual care) in maintaining sedation; reducing duration of mechanical ven-
tilation; and improving patients’ interaction with nursing care.

Design, Setting, and Patients Two phase 3 multicenter, randomized, double-
blind trials carried out from 2007 to 2010. The MIDEX trial compared midazolam with
dexmedetomidine in ICUs of 44 centers in 9 European countries; the PRODEX trial
compared propofol with dexmedetomidine in 31 centers in 6 European countries and
2 centers in Russia. Included were adult ICU patients receiving mechanical ventilation
who needed light to moderate sedation for more than 24 hours (midazolam, n=251,
vs dexmedetomidine, n=249; propofol, n=247, vs dexmedetomidine, n=251).

Interventions Sedation with dexmedetomidine, midazolam, or propofol; daily se-
dation stops; and spontaneous breathing trials.

Main Outcome Measures For each trial, we tested whether dexmedetomidine was
noninferior to control with respect to proportion of time at target sedation level (mea-
sured by Richmond Agitation-Sedation Scale) and superior to control with respect to
duration of mechanical ventilation. Secondary end points were patients’ ability to com-
municate pain (measured using a visual analogue scale [VAS]) and length of ICU stay.
Time at target sedation was analyzed in per-protocol population (midazolam, n=233,
vs dexmedetomidine, n=227; propofol, n=214, vs dexmedetomidine, n=223).

Results Dexmedetomidine/midazolam ratio in time at target sedation was 1.07 (95%
CI, 0.97-1.18) and dexmedetomidine/propofol, 1.00 (95% CI, 0.92-1.08). Median du-
ration of mechanical ventilation appeared shorter with dexmedetomidine (123 hours [IQR,
67-337]) vs midazolam (164 hours [IQR, 92-380]; P=.03) but not with dexmedetomi-
dine (97 hours [IQR, 45-257]) vs propofol (118 hours [IQR, 48-327]; P=.24). Patients’
interaction (measured using VAS) was improved with dexmedetomidine (estimated score
difference vs midazolam, 19.7 [95% CI, 15.2-24.2]; P".001; and vs propofol, 11.2 [95%
CI, 6.4-15.9]; P" .001). Length of ICU and hospital stay and mortality were similar. Dex-
medetomidine vs midazolam patients had more hypotension (51/247 [20.6%] vs 29/
250 [11.6%]; P=.007) and bradycardia (35/247 [14.2%] vs 13/250 [5.2%]; P" .001).

Conclusions Among ICU patients receiving prolonged mechanical ventilation, dex-
medetomidine was not inferior to midazolam and propofol in maintaining light to mod-
erate sedation. Dexmedetomidine reduced duration of mechanical ventilation com-
pared with midazolam and improved patients’ ability to communicate pain compared
with midazolam and propofol. More adverse effects were associated with dexmedeto-
midine.

Trial Registration clinicaltrials.gov Identifiers: NCT00481312, NCT00479661
JAMA. 2012;307(11):1151-1160 www.jama.com
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!2-adrenoreceptor affinity and action in
the locus ceruleus, is an alternative for
sedation in intensive care units (ICUs).
Dexmedetomidine may enhance pa-
tient safety and comfort in long-term
sedation. It reduced the incidence of
coma and delirium when compared
with lorazepam15 and—in a pilot
study—reduced duration of mechani-
cal ventilation when compared with
propofol or midazolam.16 A multi-
center trial in predominantly medical
ICU patients found earlier extubation
and reduced delirium with dexmedeto-
midine compared with midazolam.17

However, a recent meta-analysis pre-
sented inconclusive results for the ef-
fect of dexmedetomidine on duration
of mechanical ventilation and ICU
stay.18 Most clinicians and centers do
not consider midazolam and propofol
as equivalent alternatives for long-
term sedation.

We designed 2 large, parallel, ran-
domized controlled multicenter trials
to compare dexmedetomidine with
either midazolam or propofol, accord-
ing to the preferred usual sedation of
study centers. The study designs were
identical except for the usual-care con-
trol drug. We included higher doses and
longer treatment than currently ap-
proved for dexmedetomidine. We as-
sessed whether dexmedetomidine is
noninferior to midazolam or propofol
in maintaining mild to moderate seda-
tion and offers benefits in terms of re-
duced mechanical ventilation and ICU
stay and patients’ ability to communi-
cate during sedation.

METHODS
These 2 phase 3, European, multi-
center, randomized, double-blind stud-
ies conducted in 2007 through 2010
compared midazolam with dexmedeto-
midine (MIDEX trial; 44 centers in 9 Eu-
ropean countries) and propofol with
dexmedetomidine (PRODEX trial; 31
centers in 6 European countries and 2
in Russia) and were approved by the re-
spective ethics committees (eAppen-
dix, available at http://www.jama
.com). Written informed consent was
obtained from the patient’s family, a le-

gal representative, or both. An indepen-
dent data safety monitoring board had
full access to the ongoing unblinded data
and made regular recommendations to
the sponsor and steering committee,
based on the risk-benefit evaluation, re-
garding continuation, adjustment, or ter-
mination of the 2 trials.

The main inclusion criteria were age
18 years or older, invasive mechanical
ventilation, clinical need for light to
moderate sedation (target sedation Rich-
mond Agitation-Sedation Scale [RASS]
score was from 0, alert and calm, to −3,
responds to verbal stimulation by move-
ment or eye opening to voice but no eye
contact19) using midazolam or propo-
fol infusion expected to last for 24 hours
or longer after randomization, and ran-
domization within 72 hours of ICU ad-
mission and within 48 hours of start-
ing continuous sedation.

The main exclusion criteria were
acute severe neurological disorder,
mean arterial pressure less than 55
mm Hg despite appropriate intrave-
nous volume replacement and vaso-
pressors, heart rate less than 50/min,
atrioventricular-conduction grade II or
III (unless pacemaker installed), and
use of !2 agonists or antagonists within
24 hours prior to randomization. The
most common reasons that patients
were excluded were that they were not
ventilated, they were expected to need
less than 24 hours sedation, or they had
an acute severe neurological disorder
(complete list of exclusion criteria in
eAppendix).

Randomization and Masking
Eligible study participants were random-
ized 1:1 by a central interactive voice-
response system funded by the sponsor
to either continue their current stan-
dard care (midazolam [MIDEX trial] or
propofol [PRODEX trial]) or switch to
dexmedetomidine. Randomization was
stratified for study center in blocks of 4.
All patients and study personnel were
masked to treatment allocation. Treat-
ments were administered in a double-
dummy design, with 0.9% sodium chlo-
ride as dummy for all treatments.
Propofol and propofol dummy were pre-

pared, connected, and removed by in-
dependent personnel and infused with
nontransparent black syringes, infu-
sion tubings, and connectors.

Study Drugs and
Concomitant Treatment
Study treatments were titrated to indi-
vidual sedation targets. Depth of seda-
tion was assessed using RASS scores,19

which range from −5 (unarousable) to
#4 (combative) (eAppendix); target
RASS score was determined before start-
ing study treatment and at daily seda-
tion stops. Assessment of RASS score
was performed every 2 hours and prior
to any dose of rescue therapy. Six dose
levels of each study drug covered the
full dose range (dexmedetomidine, 0.2-
1.4 µg/kg per hour; midazolam, 0.03-
0.2 mg/kg per hour; propofol, 0.3-4.0,
mg/kg per hour). Study treatments were
infused without loading dose at a dose
matching the prerandomization dose of
midazolam (MIDEX trial) or propofol
(PRODEX trial) for 1 hour. Thereaf-
ter, study drugs were titrated by the pa-
tient’s nurse stepwise to maintain the
target RASS score (eAppendix).

Pain was treated with fentanyl boli.
Rescue medication boli could be given
if needed to achieve target RASS score
(first-line rescue propofol in the MIDEX
trial and midazolam in the PRODEX
trial; further rescue medication de-
cided by treating clinician). Need for
resedation and continued ventilation
was assessed after a daily sedation stop
and spontaneous breathing trial. Study
medication was continued up to a maxi-
mum of 14 days from randomization
and stopped at the time of extubation.
Patients were followed up for 45 days.

Outcomes
The first primary efficacy end point was
the proportion of time in target seda-
tion range (RASS score, 0 to −3) with-
out use of rescue therapy of the total
duration of study drug infusion; the
other was duration of mechanical ven-
tilation from randomization until pa-
tients were free of mechanical ventila-
tion (including noninvasive) without
reinstitution for the following 48 hours.

DEXMEDETOMIDINE FOR LONG-TERM SEDATION
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Secondary efficacy outcomes were
length of ICU stay from randomiza-
tion until medically fit for discharge and
nurses’ assessment of arousal, ability to
cooperate with care, and ability to com-
municate pain16 using visual analogue
scales (VAS). The follow-up visit oc-
curred on day 45 after randomization.
(Refer to the eAppendix for more pre-
specified end points and safety moni-
toring.)

Statistical Methods
The planned enrolment was 500 par-
ticipants in each trial. Based on a pilot
study,16 we assumed an overall 64% of
time in target range of sedation with-
out using rescue medication. A sample
size of 450 in each trial gives 90% power
to reject a 15% inferiority of dexme-
detomidine to standard sedation using
a 2-sided 95% confidence interval for
the estimated ratio of dexmedetomi-
dine to standard care.

Proportion of time within RASS tar-
get without rescue medication was ana-
lyzed in the per-protocol population to
avoid bias toward noninferiority using
a variance analysis model with fixed ef-
fects for treatment and country. Non-
inferiority margin was defined as 15%;
ie, the lower 95% CI of the estimated
dexmedetomidine-to-standard-care ra-
tio of proportion of time in range must
be above 0.85. Variance estimate of the
ratio was calculated from the esti-
mated covariance matrix. A sensitiv-
ity analysis using the intention-to-
treat population was also performed.

The intention-to-treat population, in-
cluding all randomized patients, was
used for all other efficacy variables to
analyze superiority. Safety was ana-
lyzed in patients who received any study
drug. Length of ICU stay was until pa-
tients were judged medically fit for dis-
charge. The primary analysis of the du-
ration of mechanical ventilation, length
of ICU stay, time to extubation, and
length of hospital stay was based on a
Cox proportional hazards regression
model, stratified by country. The pro-
portional hazards assumptions were
only fulfilled for length of hospital stay
and length of ICU stay in the propofol

vs dexmedetomidine study. Use of al-
ternative tests was predefined in the
analysis plan; therefore, the Gehan-
Wilcoxon test was used post hoc. Cal-
culation of descriptive medians and in-
terquartile ranges excluded censored
cases. Results for the VAS were ana-
lyzed using analysis of covariance, ad-
justing for country and baseline value.
(For imputation rules, see the eAppen-
dix.) Proportional analyses for longi-
tudinal data were based on a general-
ized estimating equation model with
factors for treatment, time, and country.

All data are presented as median and
interquartile range (IQR) unless indi-
cated otherwise. A 2-sided signifi-
cance level of .05 was used in all treat-
ment comparisons. Proportionality
assumption was tested on a .10 level.
SAS statistics software version 9.1 was
used.

RESULTS
The intention-to-treat populations in-
cluded 249 and 251 patients in the dex-
medetomidine and midazolam groups
(MIDEX trial) and 251 and 247 pa-
tients in the dexmedetomidine and
propofol groups (PRODEX trial), re-
spectively (FIGURE 1). Diagnostic
groups and severity of organ failures20

at baseline were comparable between
the treatment groups (TABLE 1). In the
MIDEX trial, 53 midazolam patients
(21.1%) and 68 dexmedetomidine pa-
tients (27.3%) died between random-
ization and follow-up at day 45 (P=.12).
In the PRODEX trial, 48 propofol pa-
tients (19.4%) and 43 dexmedetomi-
dine patients (17.1%) died during this
period (P=.56).

Patients in MIDEX received less dex-
medetomidine compared with pa-
tients in PRODEX (TABLE 2). Nonin-
feriority of dexmedetomidine vs
standard care was confirmed in both
studies (time at target sedation with-
out rescue medication: midazolam,
56.6%, vs dexmedetomidine, 60.7%;
propofol, 64.7%, vs dexmedetomi-
dine, 64.6%). The estimated ratio of
dexmedetomidine vs midazolam in time
at target sedation was 1.07 (95% CI,
0.97-1.18; P=.15), and of dexmedeto-

midine vs propofol, 1.00 (95% CI, 0.92-
1.08; P=.97) (eFigure 1). For the in-
tention-to-treat population, the
estimated ratios were dexmedetomi-
dine/midazolam, 1.09 (95% CI, 0.99-
1.19) and dexmedetomidine/propo-
fol , 0 .97 (95% CI, 0.89-1.04) .
Dexmedetomidine patients had higher
actual RASS scores in both studies
(P" .001) (Table 2 and eTable 1).

Study drug discontinuation rates were
similar in dexmedetomidine and stan-
dard care patients (midazolam, 50/250
[20%], vs dexmedetomidine, 60/249
[24%]; propofol, 58/247 [23%], vs dex-
medetomidine, 71/251 [28%]), but dis-
continuation due to lack of efficacy was
more frequent in dexmedetomidine pa-
tients (midazolam, 10/250 [4%], vs dex-
medetomidine, 23/249 [9%]; P=.02;
propofol, 13/247 [5%], vs dexmedeto-
midine, 36/251 [14%]; P" .001). Lack
of efficacy within the first 24 hours was
less frequent in the midazolam vs dex-
medetomidine study (5 of 23 in-
stances) than in the propofol vs dexme-
detomidine study (15 of 36 instances).

The median duration of mechanical
ventilation (including noninvasive ven-
tilation) in MIDEX was 164 hours (IQR,
92-380 hours) for midazolam and 123
hours (IQR, 67-337 hours) for dexme-
detomidine(Gehan-WilcoxonP=.03). In
PRODEX, it was 118 hours (IQR, 48-
327 hours) for propofol and 97 hours
(IQR, 45-257 hours) for dexmedetomi-
dine (Gehan-Wilcoxon P = .24)
(FIGURE 2). The median time to extu-
bation in MIDEX was 147 hours (IQR,
81-325 hours) for midazolam and 101
hours (IQR, 65-313 hours) for dexme-
detomidine (Gehan-Wilcoxon P=.01).
In PRODEX, it was 93 hours (IQR, 45-
286 hours) for propofol and 69 hours
(IQR, 39-184 hours) for dexmedeto-
midine (Gehan-Wilcoxon P = .04)
(eFigure 2 and 3).

The median length of stay in the
ICU from randomization until the
patient was medically fit for discharge
was not significantly different in the 2
studies (midazolam, 243 hours [IQR,
140-630 hours], vs dexmedetomidine,
211 hours [IQR, 115-831 hours]; propo-
fol, 185 hours [IQR, 93-520 hours],
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vsdexmedetomidine,164hours[90-480
hours])(Figure2).Therewerenosignifi-
cantdifferencesbetweendexmedetomi-
dine and standard care in length of hos-
pital stay (eAppendix and eTables 2
through 9).

Patients receiving dexmedetomi-
dine were more arousable, more coop-
erative, and better able to communi-
cate their pain than patients receiving
either midazolam or propofol (P$ .001
for each component separately and for
total VAS score) (TABLE 3).

Sedation stops in the MIDEX trial
were performed on 93.3% (mid-
azolam) and 89.7% (dexmedetomi-
dine) of eligible study days when
no contraindication existed; in the
PRODEX trial, sedation stops were per-
formed on 90.1% (propofol) and 89.0%
(dexmedetomidine) of days (Table 2).
The most common reasons to restart se-
dation after a sedation stop were poor
tolerance of the endotracheal tube or
mechanical ventilation, agitation or
anxiety, and cardiovascular instability

(eTable 10). Changes in serum glu-
cose over time were not different be-
tween treatments in any of the studies
(eTable 11).

In the MIDEX trial, the adverse event
hypotension was recorded in 29 of 250
midazolam patients (11.6%) vs 51 of
247 dexmedetomidine patients (20.6%)
(P=.007).Bradycardiawasreportedin13
of250midazolampatients (5.2%)andin
35 of 247 dexmedetomidine patients
(14.2%)(P".001). InthePRODEXtrial,
hypotension and bradycardia were re-

Figure 1. Flow Diagrams for the Dexmedetomidine vs Midazolam (MIDEX) and Dexmedetomidine vs Propofol (PRODEX) Trials

MIDEX Trial

11 110 Excluded
10 841 Did not meet inclusion criteria

251 Declined to participate

4669 Not expected to need
≥24 h further sedation

1172 Not prescribed light to
moderate sedation
with propofol

1370 Other reasons

2367 Had any other exclusion
criterion

2688 Acute severe
neurological disorder

18 Other reasons

7800 Excluded
7642 Did not meet inclusion criteria

133 Declined to participate

1822 Not expected to need
≥24 h further sedation

529 Not prescribed light to
moderate sedation
with midazolam

1486 Other reasons

1898 Had any other exclusion
criterion

2418 Acute severe
neurological disorder

25 Other reasons

PRODEX Trial

501 Randomized 500 Randomized

15 324 Patients assessed for eligibility

8301 Receiving mechanical ventilation

19 251 Patients assessed for eligibility

11 610 Receiving mechanical ventilation

249 Included in intention-to-treat
analysis

227 Included in per-protocol analysis
22 Excluded

8 Missing inclusion criteria
8 Incorrect dosing
1 Received excluded medication
5 Missing assessments

18 Excluded

6 Incorrect dosing

251 Included in intention-to-treat
analysis

1 Excluded (withdrew consent)

233 Included in per-protocol analysis

7 Missing inclusion criteria
1 Met exclusion criteria

2 Received excluded medication
2 Missing assessments

251 Included in intention-to-treat
analysis

223 Included in per-protocol analysis
28 Excluded

3 Missing inclusion criteria

7 Incorrect dosing
1 Received excluded medication

16 Missing assessments

1 Met exclusion criteria

247 Included in intention-to-treat
analysis

2 Excluded (withdrew consent)

214 Included in per-protocol analysis
33 Excluded

7 Missing inclusion criteria
2 Met exclusion criteria

10 Incorrect dosing
6 Received excluded medication
8 Missing assessments

249 Randomized to receive
dexmedetomidine 
189 Completed treatment
60 Treatment withdrawn

23 Lack of efficacy

2 Protocol violation
16 Other reasons

23 Adverse or serious
adverse event

252 Randomized to receive
midazolam
201 Completed treatment
51 Treatment withdrawn

10 Lack of efficacy

2 Protocol violation
21 Other reasons

19 Adverse or serious
adverse event

251 Randomized to receive
dexmedetomidine 
180 Completed treatment
71 Treatment withdrawn

36 Lack of efficacy

1 Nonpharmacological
intervention

1 Protocol violation
7 Other reasons

29 Adverse or serious
adverse event

249 Randomized to receive
propofol
189 Completed treatment
60 Treatment withdrawn

13 Lack of efficacy

3 Protocol violation

4 Nonpharmacological
intervention

16 Other reasons

28 Adverse or serious
adverse event

45-day follow-up
63 Died in study hospital

142 Discharged from study hospital
44 In study hospital at 45-day

follow-up

49 Died in study hospital
45-day follow-up

163 Discharged from study hospital
39 In study hospital at 45-day

follow-up

37 Died in study hospital
174 Discharged from study hospital

3 Discontinued study before
discharge and lost to follow-up

37 In study hospital at 45-day
follow-up

45-day follow-up
44 Died in study hospital

166 Discharged from study hospital

1 Discontinued study before
discharge and lost to follow-up

36 In study hospital at 45-day
follow-up

45-day follow-up

For patients who did not meet inclusion criteria, and for each patient withdrawn from treatment after randomization, more than 1 reason could apply. Patients who
withdrew their consent (1 in the midazolam group and 2 in the propofol group) denied any use of their data in the analyses.
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Table 1. Demographics, Diagnostic Groups, and Severity of Organ Failures at Baseline
Dexmedetomidine

vs Midazolam Study (MIDEX)

P Valuec

Dexmedetomidine
vs Propofol Study (PRODEX)

P Valuec
Dexmedetomidine

(n = 249)
Midazolam
(n = 251)

Dexmedetomidine
(n = 251)

Propofol
(n = 247)

Male, No. (%) 153 (61.4) 175 (69.7) .06 160 (63.7) 166 (67.2) .45
Age, median (IQR), y 65 (55-74) 65 (55-74) .98 65 (51-75) 65 (51-74) .93
SAPS II, median (IQR)a 46 (36-56) 45 (34-56) .53 48.0 (36-55) 44.5 (35-55) .37
Main reason for admission to ICU, No. (%)

Medical 182 (73.1) 171 (68.1) 137 (54.6) 143 (57.9)
Surgical 55 (22.1) 58 (23.1) .19 92 (36.7) 77 (31.2) .38
Trauma 12 (4.8) 22 (8.8) 22 (8.8) 27 (10.9)

Any infection at ICU admission, No. (%) 145 (58.2) 124 (49.4) .049 136 (54.2) 127 (51.4) .59
Organ failures (SOFA score %2), No. (%)

Respiratory 149 (59.8) 154 (61.4) .78 165 (65.7) 156 (63.2) .58
Cardiovascular 152 (61.0) 151 (60.2) .86 156 (62.2) 161 (65.2) .52
Renal 37 (14.9) 42 (16.7) .62 24 (9.6) 23 (9.3) %.99
Coagulation 19 (7.6) 19 (7.6) %.99 11 (4.4) 18 (7.3) .18
Liver 2 (0.8) 3 (1.2) %.99 1 (0.4) 1 (0.4) %.99

Total SOFA score, median (IQR)b 7.0 (5.0-9.0) 7.0 (4.0-9.0) .89 7.0 (5.5-9.0) 7.0 (5.0-9.0) .88
Abbreviations: ICU, intensive care unit; IQR, interquartile range; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure Assessment.
aThe SAPS II range of possible values is 0-163; higher values indicate greater illness. The score was collected only after the protocol’s first amendment requested it; the numbers

of patients for each of the groups were 189, 186, 215, and 222, respectively.
bSum of the SOFA scores excluding the central nervous system score (range of possible values: 0-20; higher scores indicate greater illness).
cFor categorical variables, analyses used the Fisher exact test, and for continuous variables, analysis of variance.

Table 2. Details of Study Drug Administered and Sedation Stops
Dexmedetomidine

vs Midazolam Study (MIDEX)

P
Value

Dexmedetomidine
vs Propofol Study (PRODEX)

P
Value

Dexmedetomidine
(n = 249)

Midazolam
(n = 251)

Dexmedetomidine
(n = 251)

Propofol
(n = 247)

Study drug treatment, median (IQR)
Duration of infusion, ha 42 (23 to 72) 43 (24 to 92) .15 42 (22 to 72) 47 (25 to 103) ".001
Dose of study drug, µg/kg/h or mg/kg/ha 0.450 (0.273 to 0.756) 0.062 (0.041 to 0.098) 0.925 (0.673 to 1.170) 1.752 (1.211 to 2.424)

Patients receiving rescue sedation, No. (%) 109 (43.8) 114 (45.4) .72 182 (72.5) 159 (64.4) .05
Total dose of rescue sedation, median (IQR), mgb 195 (50 to 440) 120 (60 to 300) .32 17 (6.0 to 41.0) 14 (5.0 to 28.5) .02
Patients receiving fentanyl, No. 190 207 .10 194 194 .75

Cumulative dose, median (IQR), mg 1.98 (0.54 to 5.77) 2.15 (0.65 to 7.00) .69 1.83 (0.80 to 5.53) 2.91 (0.75 to 5.67) .25
RASS score at baseline −3 (−4 to −2) −3 (−4 to −2) .53 −3 (−4 to −2) −3 (−4 to 3) .11
RASS score during study drug −0.9 (−1.9 to −0.1) −1.5 (−2.5 to −0.5) ".001 −1.0 (−1.9 to −0.2) −1.7 (−2.5 to −0.7) ".001
Time at target sedation without rescue medication, %

(95% CI)c
60.7 (55.4 to 66.1) 56.6 (51.2 to 61.9) .15 64.6 (60.0 to 69.1) 64.7 (59.9 to 69.4) .97

Total sedation stops scheduled/
contraindicated/indicated, No. (%)d

717/116/601
(83.8)

859/156/703
(81.8)

.32 658/167/491
(74.6)

888/189/699
(78.7)

.07

Sedation stop performed, No. (%)e 539 (89.7) 656 (93.3) .02 437 (89.0) 630 (90.1) .56
Duration of sedation stop, median (IQR), hb 2.4 (1.0 to 6.3) 3.8 (1.5 to 8.4) .15 1.3 (0.7 to 3.4) 1.0 (0.4 to 3.3) .07
Spontaneous breathing trial attempted, No. (%)f 317 (58.8) 306 (46.6) ".001 257 (58.8) 324 (51.4) .02
Contraindications to performing sedation stop, No. (%)g

Severe oxygenation problems 26 (3.6) 40 (4.7) .38 57 (8.7) 100 (11.3) .11
Severe cardiovascular instability 21 (2.9) 20 (2.3) .53 38 (5.8) 28 (3.2) .02
Need for continuous or deep sedation 56 (7.8) 61 (7.1) .63 74 (11.2) 69 (7.8) .02
Previous sedation stop ongoing 30 (4.2) 45 (5.2) .34 11 (1.7) 14 (1.6) %.99

Reasons sedation stop not done, No. (%)
Other clinical indication 29 (4.0) 26 (3.0) .28 36 (5.5) 44 (5.0) .65
Procedure/surgery 14 (2.0) 18 (2.1) .86 15 (2.3) 17 (1.9) .72
Logistic reason 18 (2.5) 3 (0.3) ".001 3 (0.5) 8 (0.9) .37

Abbreviations: IQR, interquartile range; RASS, Richmond Agitation-Sedation Scale.
aExposure calculated from treated patients only and numbers of patients were 247, 250, 246, and 247, respectively; sedation stops were excluded from duration.
bExcludes final sedation stop leading to termination of study drug, where numbers of performed sedation stops were for MIDEX, 359 and 460, and PRODEX, 260 and 449, for dexme-

detomidine and usual care, respectively. P values for proportional analyses were based on generalized estimating equation model with factors for treatment, time, and country. P values
for duration were based on repeated-measures analysis of variance with factors for treatment and time.

cPercentage of total time at target sedation.
dScheduled stops was based on duration of study drug exposure. Indicated stops were all occasions where a contraindication was not recorded. Percentage is percentage of number

of scheduled sedation stops.
eBased on number of indicated stops.
fPerformed at sedation stop, thus expressed as proportion of sedation stops performed.
gMore than 1 reason could apply.
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portedatsimilarratesinbothgroups.First-
degree atrioventricular block in MIDEX
was observed in 3 patients in each group
and, in PRODEX, in 2 propofol patients
(0.8%)and9dexmedetomidinepatients
(3.7%)(P=.04).Therewerenodifferences
betweendexmedetomidineandstandard
care in infectiousadverseevents.Critical
illnesspolyneuropathywaslesscommon
in patients receiving dexmedetomidine
thaninthosereceivingpropofol(2patients
vs11patients, respectively;P=.02). (For
detailedadverseandseriousadverseevents
refer to the eAppendix and eTables 12
through 15.)

In the MIDEX trial, rates of neuro-
cognitive adverse events through 48
hours of follow-up (agitation, anxiety,
delirium, etc) were not different be-
tween midazolam and dexmedetomi-
dine patients. In PRODEX, neurocog-
nitive adverse events were reported in
71 of 247 propofol patients (29%) and
in 45 of 251 dexmedetomidine pa-
tients (18%) (P=.008); also, dexme-
detomidine patients received concomi-
tant treatment for agitation, anxiety, and
delirium less frequently (eTable 15). In
both studies, there were no differ-
ences between the treatments in num-

ber of patients needing reinstitution of
sedation due to agitation and anxiety
or in delirium assessed using the Con-
fusion Assessment Method for ICU Pa-
tients (CAM-ICU)21 at 48 hours after
stopping study sedation. Serious
adverse events were equally common
between treatment groups in both
studies.

COMMENT
These 2 trials demonstrated that dex-
medetomidine was not inferior to mid-
azolam or propofol for long-term se-
dation in mechanically ventilated ICU

Figure 2. Duration of Mechanical Ventilation and Intensive Care Unit Stay
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In the MIDEX trial (midazolam vs dexmedetomidine), the median duration of mechanical ventilation was, for dexmedetomidine, 123 hours (interquartile range [IQR],
67-337 hours) and, for midazolam, 164 hours (IQR, 92-380 hours) (Gehan-Wilcoxon P=.03). The median length of stay in the intensive care unit (ICU) from ran-
domization until the patient was medically fit for discharge was, for dexmedetomidine, 211 hours (IQR, 115-831 hours) and, for midazolam, 243 hours (IQR, 140-630
hours; Gehan-Wilcoxon P=.27). In the PRODEX trial (propofol vs dexmedetomidine), the median duration of mechanical ventilation was, for dexmedetomidine, 97
hours (IQR, 45-257 hours) and, for propofol, 118 hours (IQR, 48-327 hours) (Gehan-Wilcoxon P=.24). The median length of stay in the ICU from randomization until
the patient was medically fit for discharge was, for dexmedetomidine, 164 hours (IQR, 90-480 hours) and, for propofol, 185 hours (93-520 hours; Cox’s proportional
hazards test P=.54). Study drugs were given for a maximum of 336 hours in both trials.
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patients. Dexmedetomidine’s noninfe-
riority compared with these standard
sedation strategies in mild to moder-
ate sedation was confirmed. Dexme-
detomidine appeared to shorten me-
chanical ventilation compared with
midazolam but not compared with
propofol; however, time to extubation
was reduced compared with both mid-
azolam and propofol. Dexmedetomi-
dine enhanced patients’ ability to com-
municate pain to the nursing staff,
possibly contributing to the earlier ex-
tubation. Accordingly, dexmedetomi-
dine may provide clinically relevant
benefits compared with standard seda-
tion, even when measures to reduce the
risks of oversedation are imple-
mented. The better arousability and
ability to communicate pain should al-
low more appropriate use of opioids and
facilitate earlier mobilization and func-
tional recovery.

We observed in our pilot study16 that
dexmedetomidine was not suitable for
deep sedation. Therefore, these piv-
otal trials focused on light to moder-
ate sedation. Despite this, the study
treatment was discontinued due to lack
of efficacy more frequently in dexme-
detomidine patients in both trials. With
the current maximum dose, lack of
efficacy can be expected in approxi-
mately 1 in every 8 to 10 patients.
Whether higher doses of dexmedeto-
midine could safely be used should be
addressed in future studies. Dexmed-

etomidine doses were substantially
lower in the midazolam vs dexmed-
etomidine than in the propofol vs dex-
medetomidine study despite similar
sedation levels. This was likely due to
the remaining effect of preceding mi-
dazolam sedation.

Dexmedetomidine has been pro-
posed to reduce the duration of
mechanical ventilation.16,17 Others
observed earlier extubation with dex-
medetomidine when compared with
midazolam.17 We observed that the dif-
ference between dexmedetomidine and
midazolam in the proportion of me-
chanically ventilated patients changed
over time and was not statistically sig-
nificant in the primary analysis. Be-
cause median length of study drug
infusion in the midazolam vs dexme-
detomidine study was only 42 to 47
hours, any effect of dexmedetomidine
would be expected early in a large pro-
portion of patients. Furthermore, since
the study drug was limited to 14 days,
but mechanical ventilation was con-
sidered up to 45 days, standard care
given after dexmedetomidine may have
reduced any benefit from dexmedeto-
midine. Also, imputation of length of
mechanical ventilation to 45 days in pa-
tients who died may have confounded
early treatment effects. Accordingly, the
alternative statistical analysis indi-
cated significantly shorter mechanical
ventilation with dexmedetomidine than
midazolam and earlier extubation in

both studies. If only observed data
are included, mechanical ventilation is
significantly shorter with dexmedeto-
midine in both trials (eTable 5). The
present and previous trials suggest that
dexmedetomidine shortens mechani-
cal ventilation compared with benzo-
diazepine infusions, even when fre-
quent monitoring of sedation and
sedation stops are used.

This is the first large-scale study com-
paring dexmedetomidine with propo-
fol in long-term sedation. Main advan-
tages of propofol are short duration of
action and rapid awakening when se-
dation is stopped,3,22 unless used long-
term in high doses.13 Mechanical ven-
tilation was shorter with propofol than
lorazepam.22 Our results indicate that
duration of mechanical ventilation is
similar with dexmedetomidine and
propofol, but dexmedetomidine fa-
vors earlier extubation.

All sedatives have cardiovascular ad-
verse effects. As an !2-adrenoreceptor
agonist, dexmedetomidine can cause
bradycardia and hypotension. As in pre-
vious studies,16,17 bradycardia was more
common with dexmedetomidine. Hy-
potension and cardiovascular instabil-
ity other than bradycardia rarely ne-
cessitated stopping the study in all study
groups, despite severe cardiovascular
dysfunction (cardiovascular Sequen-
tial Organ Failure Assessment score
%2) in more than 60% of patients at the
baseline. The exclusion of patients with

Table 3. Patients’ Arousability, Ability to Communicate Pain, and Ability to Cooperate With Nursing Care
Adjusted Mean Estimate (95% CI)

P Valuea
Estimate of

Difference (95% CI)Dexmedetomidine
Preferred

Usual Care
Dexmedetomidine vs midazolam (MIDEX) (n = 249) (n = 251)

Total VAS scoreb 49.7 (45.5 to 53.8) 30.0 (25.9 to 34.1) ".001 19.7 (15.2 to 24.2)
Can the patient communicate pain? 46.3 (41.7 to 50.9) 24.2 (19.7 to 28.8) ".001 22.1 (17.1 to 27.1)
How arousable is the patient? 58.2 (53.7 to 62.6) 40.7 (36.3 to 45.1) ".001 17.5 (12.7 to 22.3)
How cooperative is the patient? 44.8 (40.3 to 49.2) 25.1 (20.8 to 29.5) ".001 19.7 (14.8 to 24.5)

Dexmedetomidine vs propofol (PRODEX) (n = 251) (n = 247)
Total VAS scoreb 51.3 (46.9 to 55.7) 40.1 (35.7 to 44.6) ".001 11.2 (6.4 to 15.9)

Can the patient communicate pain? 49.3 (44.5 to 54.2) 35.4 (30.5 to 40.4) ".001 13.9 (8.7 to 19.1)
How arousable is the patient? 59.1 (54.7 to 63.4) 47.8 (43.4 to 52.3) ".001 11.2 (6.5 to 16.0)
How cooperative is the patient? 47.2 (42.3 to 52.2) 38.0 (33.0 to 43.0) ".001 9.2 (3.9 to 14.5)

Abbreviation: VAS, visual analogue scale.
aAnalysis of covariance with effects for treatment, country, and baseline values.
bA higher score represents a better outcome.
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a specific risk of adverse effects with
dexmedetomidine—those with brady-
cardia and atrioventricular block—
may have introduced some bias favor-
ing dexmedetomidine.

The 45-day mortality was higher in
the MIDEX study than the PRODEX
study (P = .03). This was mainly
related to the difference in mortality
be tween the groups rece iv ing
dexmedetomidine (27.3% in MIDEX
vs 17.1% in PRODEX), whereas
standard-care group mortalities were
comparable (21.1% with midazolam
vs 19.4% with propofol). When all
dexmedetomidine patients were com-
pared with all standard-care patients,
mortality was similar (22.2% vs
20.3%, P=.49). This is consistent with
the only previous large study compar-
ing dexmedetomidine with midazolam
in long-term sedation (30-day mortal-
ity, 25% for midazolam vs 23% for
dexmedetomidine17). The only trial
reporting 1-year mortality after dex-
medetomidine sedation found no dif-
ference between dexmedetomidine
and lorazepam.15

Delirium is common during pro-
longed intensive care,4,7,9,15,17 and
sedation may be an independent risk
factor.4 Dexmedetomidine reduced
the composite end point of delirium
and coma as compared with loraze-
pam without sedation stops,15 and
delirium as compared with mid-
azolam.17 Our pilot study suggested
increased delirium with dexmedeto-
midine.16 In the present studies, inci-
dence of neurocognitive disorders,
including delirium, was similar with
dexmedetomidine and midazolam,
whereas dexmedetomidine was asso-
ciated with fewer neurocognitive dis-
orders than propofol. Others have
f o u n d t h a t d e x m e d e t o m i d i n e
sedation—in contrast to propofol—
preserved or even improved cogni-
t ive funct ion in pat ients wi th
decreased baseline cognition.23 These
seemingly conflicting results may be
related to the definition of delirium.
We used the reported adverse events
and assessed delirium using CAM-
ICU only once, 48 hours after stop-

ping study drugs. We found more
clinically apparent critical illness
polyneuromyopathy in propofol
patients; this observation is inconclu-
sive and should be studied further.

The main strengths of these studies
are the large sample size, proof of
noninferiority in maintaining seda-
tion, use of double dummy to avoid
unmasking, and frequent sedation
assessment and daily sedation stops.
There are several limitations. The
standard sedation preceding random-
ization may have masked benefits of
dexmedetomidine during shorter
exposure. A change of drug may have
increased the lack of efficacy early
during dexmedetomidine infusion,
which was observed in the PRODEX
study. Because of clinical contraindi-
cations, scheduled sedation stops
were not always performed: the rates
are similar or slightly higher than
those reported by others.9 Spontane-
ous breathing trials were performed
only in about half of the sedation
stops, as compared with approxi-
mately 60% of those screened in the
Awakening and Breathing Controlled
trial.9 The lack of a usual care control
group including bolus administration
of midazolam could be considered a
study limitation. However, published
surveys24,25 and the usual care in study
centers indicate that midazolam infu-
sion is very common. Weaning from
mechanical ventilation and criteria for
extubation were not standardized.
The large sample size and randomiza-
tion should minimize bias induced by
different weaning practices. The
effects of the study drugs should be
interpreted with the concomitant use
of opiates and rescue medications and
the target of light to moderate seda-
tion; however, this corresponds to
their clinical use. Finally, we assessed
sedation from the caregiver’s perspec-
tive. Future studies should include
the patient’s perspective of quality of
sedation as well.

In summary, dexmedetomidine
was noninferior to propofol and mid-
azolam in maintaining the target
sedation level in a broad spectrum of

ICU patients requiring prolonged
mechanical ventilation. Dexmedeto-
midine appeared to reduce the dura-
tion of mechanical ventilation as
compared with midazolam, reduced
the time to extubation as compared
with both midazolam and propofol,
reduced delirium as compared with
propofol, and was associated with
improved patient communication
with the nursing staff but had no
effect on length of ICU or hospital
stay. Incidences of hypotension and
bradycardia were higher with dexme-
detomidine than with midazolam but
comparable with propofol. We con-
clude that dexmedetomidine is fea-
sible for long-term sedation in inten-
sive care patients and may provide
clinically relevant benefits by reduc-
ing the duration of invasive ventila-
tion and improving comfort.
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is or was paid into a departmental fund; no author re-
ceived any personal financial gain. The department has
received unrestricted educational grants from the fol-
lowing organizations for organizing a quarterly post-
graduate educational symposium, the Berner Forum
for Intensive Care: Fresenius Kabi, MSD, Lilly, Baxter,
Astellas, AstraZeneca, B. Braun, CSL Behring, Maquet,
Novartis, Covidien, Mycomed, and RobaPharma. Dr
Grounds received a consulting fee from Orion Pharma
during planning and execution of the study. He and
members of his clinical staff at St George’s Hospital
received monetary support from Orion for travel to
study-related meetings to ensure compliance with the
study protocol. His department received payment of
a fee per patient recruited to the study, as well as drugs
used in the study and support personnel to assist with
data input. Dr Ruokonen’s institution, Kuopio Uni-
versity, received a grant from Orion to carry out the
study, as well as consulting fees and reimbursement
of travel funds. Messrs Sarapohja, Garratt, and Bratty
were full-time employees of Orion Pharma through-
out the period of the project. Their routine travel ex-
penses were reimbursed as part of their employ-
ment. Dr Pocock of the London School of Hygiene and
Tropical Medicine received a consulting fee from Orion
in connection with the study, and his institution re-
ceived a grant. London School of Hygiene and Tropi-
cal Medicine also received a grant for independent sta-
tistical review performed by Dr Duolao Wang.
Funding/Support: This study was sponsored by
Orion Pharma, Espoo, Finland, through research con-
tracts negotiated directly with the participating
hospitals.
Role of the Sponsors: The original idea was pre-
sented to the sponsor by Drs Jakob and Takala. The
sponsor and the principal investigators designed the
study and the statistical analysis plan. Data were col-
lected by the investigators using the electronic data
capture system provided by the sponsor. Data collec-
tion and quality control were managed by the con-
tract research organization. The database was man-
aged by the sponsor. Primary analysis according to the
statistical analysis plan was performed by the statis-
tician of the sponsor (Mr Sarapohja) and was also con-
firmed by Dr Duolao Wang under supervision of Dr
Pocock. Data were interpreted by the publication com-
mittee with members from the sponsor company
(Messrs Sarapohja, Garratt, and Bratty). Preparation,
review, or approval of the manuscript was per-
formed only through the coauthor members of the
publication committee; according to the study con-
tracts, the sponsor had the right to comment on the
draft, but the publication committee had the final de-
cision, and the decision to submit the manuscript was
the responsibility of the senior author.
Independent Statistical Analysis: Analysis was un-
dertaken by Dr Duolao Wang (Medical Statistics De-
partment, London School of Hygiene and Tropical
Medicine, London, United Kingdom) under the su-
pervision of Dr Pocock, Medical Statistics Depart-
ment, London School of Hygiene and Tropical Medi-
cine. Full access to all of the data used in the study
was provided and an independent analysis of the pri-
mary and secondary end points reported in this ar-
ticle was performed by repeating the analyses and veri-
fying P values and 95% confidence intervals.
Consistency between the objectives set out in the pro-
tocol, the prespecified statistical analysis plan, and re-
sults of the statistical analysis produced by the spon-

sor was verified. No discrepancies were found. Drs
Jakob, Ruokonen, and Takala also had full access to
the data and performed the analyses independently
from those of the sponsor. The results reported from
these independent analyses were identical to those
of the sponsor.
MIDEX Study Group Members: Belgium: Brussels: H.
Spapen (UZ Brussel); J-L. Vincent (Université Libre de
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Loisa (Päı̈jät-Häme Central Hospital); Lappeenranta:
S. Hovilehto (South Karelia Central Hospital); Seinä-
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