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A Retrospective Review of High versus
Standard Dose Dexmedetomidine for
Sedation in Critically Ill Patients

Abstract

Introduction: Studies have demonstrated safety and efficacy of dexmedetomidine
infusions at doses up to 1.5 mcg/kg/hr. Data evaluating doses greater than
1.5 mcg/kg/hr is limited; however, up to 2.5 mcg/kg/hr has been utilized. It is
uncertain whether higher doses provide additional benefit but may result in more
adverse events. The purpose of this study was to compare the safety and efficacy
of dexmedetomidine at high doses (greater than 1.5 mcg/kg/hr) versus standard
doses (0.2 to 1.5 mcg/kg/hr).

Methods: A retrospective cohort study was conducted in critically ill, mechanically
ventilated patients receiving dexmedetomidine for at least 24 hours. Standard
dose dexmedetomidine (SD-DEX) was defined as less than or equal to 1.5 mcg/kg/
hr and high dose (HD-DEX) as greater than 1.5 mcg/kg/hr. Patients were assigned
to SD-DEX group if maximum dose of dexmedetomidine received was between
0.2 and 1.5 mcg/kg/hr. Conversely, patients were assigned to HD-DEX group if
maximum dose of dexmedetomidine received was greater than 1.5 mcg/kg/hr.
Composite incidence of bradycardia or hypotension and proportion of time within
target sedation were assessed.

Results: A total of 799 patients were screened for inclusion with 120 included:
69 in the HD-DEX group and 51 in the SD-DEX group. Composite incidence of
bradycardia or hypotension was not statistically different. A significantly larger
proportion of time was spent within target sedation in the SD-DEX group. More
patients in the HD-DEX group required sedatives and antipsychotics than the SD-
DEX group and tended to receive higher daily doses of concomitant medications.

Conclusion: Dexmedetomidine doses greater than 1.5 mcg/kg/hr may be as safe
as standard doses; however, no additional benefit in maintaining target sedation
level was found.
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Introduction

Agitation and anxiety in critically ill patients are associated
with adverse clinical outcomes, including increased intensive
care unit (ICU) stay, duration of mechanical ventilation,
occurrence of nosocomial infections, and incidence of self-
extubation [1, 2]. Historically, benzodiazepines have been
the most commonly administered sedative agents. However,
benzodiazepine usage has declined due to an unfavorable safety

profile, including an association with prolonged sedation and
increased risk of delirium [3, 4]. The Society of Critical Care
Medicine (SCCM) Guidelines for Pain, Agitation, and Delirium
in ICU patients recommend analgesia-first sedation followed
by non-benzodiazepine sedatives, such as dexmedetomidine or
propofol [5].

Dexmedetomidine is a highly selective alpha-2 receptor agonist
and possesses approximately eight times the specificity for alpha-2
receptors compared to clonidine [6]. Dexmedetomidine exhibits
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sedative, analgesic, and sympatholytic properties [7]. Unlike other
sedative agents, dexmedetomidine has no anticonvulsant effects,
produces minimal respiratory depression, and allows for light to
moderate sedation where patients are easily arousable [7, 8]. The
most common adverse events associated with dexmedetomidine
are hypotension and bradycardia [6]. The current FDA—approved
dexmedetomidine dosing for ICU sedation includes an optional
loading dose of 1 mcg/kg followed by a continuous infusion for
up to 24 hours of 0.2 to 0.7 mcg/kg/hr titrated to achieve the
desired level of sedation [6].

Several studies including the MENDS, SEDCOM, and MIDEX/
PRODEX trials, have demonstrated the safety and efficacy of
infusions at higher doses up to 1.5 mcg/kg/hr [9-11]. Due to the
additional data presented by these studies, higher doses and
longer durations of therapy compared to those FDA-approved
for dexmedetomidine are now used in practice. Data evaluating
doses greater than 1.5 mcg/kg/hr is limited; however, doses up to
2.5 mcg/kg/hr have been utilized [11-14]. It is uncertain whether
higher doses provide any additional benefit but may result in
more adverse events. The purpose of this study was to compare
the safety and efficacy of dexmedetomidine in patients receiving
high dose (greater than 1.5 mcg/kg/hr) versus standard dose (0.2
to 1.5 mcg/kg/hr) dexmedetomidine.

Methods

A retrospective, cohort study was conducted at an 851-
bed tertiary-care medical center with 72 ICU beds. A Cerner
Analytics® report was used to identify patients who received
dexmedetomidine between January 1, 2013 and May 31, 2014
and were subsequently screened for inclusion. The hospital
Institutional Review Board approved the protocol and granted a
waiver of ethical approval and patient informed consent.

Patients were included if they were at least 18 years of age,
admitted or consulted to the Critical Care Medicine service,
mechanically ventilated at the time of dexmedetomidine
initiation, and received dexmedetomidine for sedation with a
target Richmond Agitation Sedation Scale (RASS) of -2 to +1 for
at least 24 hours. If patients were admitted for trauma or burns;
received neuromuscular blockers, other than for intubation or
epidural/spinal analgesia, while receiving dexmedetomidine;
received vasopressors throughout the entire study period;
were diagnosed with active neurological disease such as severe
dementia or active seizures; experienced alcohol withdrawal;
were prescribed dexmedetomidine with an indication for
sleep; or had a heart rate less than 50 beats/min at initiation of
dexmedetomidine they were excluded from evaluation.

Standard dose dexmedetomidine (SD-DEX) was defined as less
than or equal to 1.5 mcg/kg/hr and high dose dexmedetomidine
(HD-DEX) was defined as greater than 1.5 mcg/kg/hr. Patients
were assigned to the SD-DEX group if the maximum dose of
dexmedetomidine received at any point was between 0.2 and
1.5 mcg/kg/hr. Conversely, patients were assigned to the HD-DEX
group if the maximum dose of dexmedetomidine received was
greater than 1.5 mcg/kg/hr.

Data collection began at the time of dexmedetomidine initiation
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forthe SD-DEX group, and atthe pointwhen adose greaterthan 1.5
mcg/kg/hr was reached for the HD-DEX group. Data was collected
for both groups until dexmedetomidine was discontinued for at
least 48 hours or duration of seven days was reached, whichever
occurred first, regardless of dosing modifications. Patient data
was only collected for the first course of dexmedetomidine usage
and any subsequent usage following a discontinuation of greater
than 48 hours was not included in the study. For patients who
were administered vasopressors during the study period, data
collection was stopped when the vasopressor was initiated.

The primary outcome was a composite of the incidence of
bradycardia (heart rate less than 55 beats/min) or hypotension
(mean arterial pressure less than 60 mmHg). The secondary
outcome was the proportion of time within target RASS of -2 to
+1, calculated as the time spent within target RASS divided by the
total study period of dexmedetomidine. The total study period
of dexmedetomidine was defined as the time of study start until
time of data collection completion. Other clinical outcomes
included use of analgesics, sedatives, and antipsychotics, duration
of mechanical ventilation, hospital and ICU LOS, and discharge
disposition.

A chi-square analysis was used for all nominal data (i.e. to
compare the incidence of adverse events). Continuous data was
analyzed using a Mann-Whitney U test (i.e. proportion of time
within target RASS). A p-value of less than 0.05 denotes statistical
significance.

Results

A total of 799 patients were screened for inclusion and 120
patients were included in the study: 69 in the HD-DEX group
and 51 in the SD-DEX group. The most common reason for
study exclusion was not receiving dexmedetomidine for at
least 24 hours (n=253), patients not being intubated at time of
dexmedetomidine initiation (n=155), and concurrent vasopressor
use at the start of dexmedetomidine (n=56).

The groups had similar baseline characteristics (Table 1). All
dexmedetomidine dosing parameters were higher in the HD-
DEX group compared to the SD-DEX group, including an absolute
difference in average dose of 1 mcg/kg/hr (Table 2). A large
proportion of patients in both groups received opioid analgesics;
however, more patients in the HD-DEX group required both

Table 1 Baseline characteristics.

SD-DEX (n=51) HD-DEX (n=69)

Age (years), mean (SD) 68 (11.5) 61 (14)
Gender (male), n (%) 21 (42) 34 (49)
0
Race, n (%) 47 (92) 65 (94)
Caucasian
. . 4 (8) 3 (4)
African-American
. . 0 1(2)
Hispanic
. . o
’F\’la;slfrr;zd:zal history, n (%) 9 (16) 2(3)
Psychiat?ic I Gy
Yo 5 (10) 11 (16)
Weight (kg), mean (SD) 88 (26) 92 (29)
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sedatives and antipsychotics (Table 2). Patients in the HD-DEX
group also tended to receive higher daily doses of concomitant
medications, including opioids, benzodiazepines, and propofol.

In the primary safety outcome analysis, the composite incidence
of bradycardia or hypotension was not statistically different
between the groups; however, there were more adverse events
in the SD-DEX group (Table 3). Analysis of the secondary efficacy
outcome revealed a significantly larger proportion of time within
target RASS in the SD-DEX group compared to the HD-DEX group
(p<0.001).

Clinical outcomes, including duration of mechanical ventilation
and ICU and hospital LOS, were similar between the groups (Table
3). Discharge disposition was not statistically different between
the SD-DEX and HD-DEX groups with 33% versus 46% of patients
being discharge home, respectively.

Discussion

Several studies have assessed dexmedetomidine usage with doses
up to 1.5 mcg/kg/hr [9-11]. To our knowledge, no evaluation of
dexmedetomidine for sedation in critically ill patients has been
performed to determine whether doses greater than 1.5 mcg/
kg/hr are as safe and effective as those previously studied. Our
study suggests that while higher doses of dexmedetomidine may
be safe, they may not provide an increased proportion of time
within target sedation when compared to standard doses.

All dosing parameters of dexmedetomidine were significantly
higher in the HD-DEX group, supporting a meaningful difference
in dosing practices between the groups. Since dose titrations
are frequently required to maintain desired sedation and avoid
adverse events, it was expected that the average HD-DEX dose
would be lower than the maximum dose as demonstrated in
Table 2. The maximum and average doses of dexmedetomidine
in the HD-DEX group (2.4 and 1.6 mcg/kg/hr, respectively) are
both greater than 1.5 mcg/kg/hr and fall within the prespecified
dosing range for the HD-DEX group.

Table 2 Medication administration.

SD-DEX (n=51) HD-DEX (n=69) p

Dexmedetomidine

Average dose (mcg/kg/hr) 0.6 (0.4-0.8) 1.6(1.2-2.1) <0.001
Lowest dose (mcg/kg/hr) 0.2 (0.1-0.3) 0.5(0.3-0.8) @ <0.001
Highest dose (mcg/kg/hr) 1(0.8-1.4) 2.4(2.1-2.5)  <0.001
Concomitant Medications

Analgesics, n (%) 48 (94) 61 (88) 0.284
Average daily dose (mg)" 34 (11-67) 51 (19-142) 0.085
Sedatives, n (%) 34 (67) 60 (87) 0.008
Benzodiazepines, n (%) 31 (61) 57 (83) 0.008
Average daily dose (mg)* 4(3-11) 9 (6-17) 0.028
Propofol, n (%) 13 (25) 16 (23) 0.594
Average daily dose (mg) 170 (59-634) 1273 (414-2396) 0.024
Antipsychotics, n (%) 4(8) 35 (51) <0.001

median (IQR), unless otherwise specified
TAnalgesics reported in morphine equivalents
$Received benzodiazepine(s) and/or propofol
¥Benzodiazepines reported in midazolam equivalents
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Table 3 Outcomes.

SD-DEX HD-DEX p
(n=51) (n=69)
Outcomes
Composite adverse events’, n (%) 38 (75) 41 (59) 0.085
Bradycardia, n (%) 28 (55) 31 (45) 0.280
Hypotension, n (%) 21 (41) 18 (26) 0.081
Proportion of time within target 97(88-100) 81 (70-95) <0.001
RASS
Clinical outcomes
Length of mechanical ventilation 7.5 (4-13) 8(5-15)  0.711
(days)
ICU length of stay (days) 10 (7-17.5) 11 (6-18) 0.920
Hospital length of stay (days) 17 (12.5-23.5) 17 (11-21) 0.897

median (IQR) unless otherwise specified
*Single occurrence of bradycardia or hypotension

Adverse events of dexmedetomidine include hypotension and
bradycardia; however, the reported incidence of these events
has varied due to differing definitions used in studies [9-11].
Although not statistically significant, patients in the SD-DEX group
had a higher rate of hypotension or bradycardia than those in
the HD-DEX group. It is possible that a lower heart rate or blood
pressure may have limited the ability to titrate dexmedetomidine
in the SD-DEX group to doses greater than 1.5 mcg/kg/hr.
Alternatively, patients in the HD-DEX group may have had other
factors affecting their hemodynamic state, such as hyperactive
delirium, which could have blunted dexmedetomidine’s effect in
decreasing heart rate or blood pressure. Although delirium was
not directly assessed in this study, patients in the HD-DEX group
more frequently required antipsychotic medications, suggesting
that delirium may have been more common in this group.

Dexmedetomidine provides a light to moderate level of sedation,
correlating with a RASS of -2 to +1 [6]. Other sedative medications
such as opioids, benzodiazepines, and propofol provide a
deeper level of sedation, with the ability to induce RASS scores
up to -5. If a deeper level of sedation than RASS -2 is desired,
dexmedetomidine may not be the optimal choice of sedative
agent and is unlikely to provide any additional benefit when
combined with other sedative medications [15]. This is supported
by our results which demonstrate that patients in the HD-DEX
group, despite receiving higher doses of dexmedetomidine and
other concomitant sedatives, spent less time within target RASS
than those in the SD-DEX group. Additionally, a study previously
found that doses of dexmedetomidine greater than 0.7 mcg/
kg/hr did not enhance sedation to target RASS when compared
to lower doses, suggesting that even doses up to 1.5 mcg/kg/
hr may not provide additional benefit [16]. Furthermore, a
small prospective study observed variable sedation levels with
dexmedetomidine between patients and identified factors that
may influence patient response, including lower severity of
illness and use of antidepressants at home [17]. These results,
combined with those of our study, suggest that not all patients
may respond to dexmedetomidine and upward titration of doses
may not result in more effective sedation.

Dexmedetomidine is thought to have a beneficial effect on
delirium, as demonstrated in previous studies. In the SEDCOM
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trial, the prevalence of delirium was lower in dexmedetomidine-
treated patients than those treated with midazolam (54% vs.
76.6%, p<0.001) [8]. Additionally, a small, open-label trial in
mechanically ventilated patients with ICU-associated delirium
found that dexmedetomidine significantly shortened the
duration of propofol requirements, time to extubation, and ICU
LOS when compared to haloperidol [18]. These results suggest
that dexmedetomidine may have a role in the treatment of ICU-
associated delirium. There have been two proposed mechanisms
to explain the decrease in delirium with dexmedetomidine [19].
The first theory suggests that dexmedetomidine’s lack of action
on GABA and acetylcholine receptors as well as its ability to mimic
a natural sleep-like state provide for intrinsic delirium-sparing
properties. The second theory suggests that dexmedetomidine’s
ability to decrease the need for GABAminergic agents, such as
benzodiazepines, may reduce the risk of developing delirium.
Our findings do not support a benzodiazepine-sparing effect as
previously described, as a large proportion of patients required
concomitant sedative medications, including benzodiazepines
and propofol, with a greater requirement observed in the HD-
DEX group. Additionally, more patients in the HD-DEX group
required antipsychotic medications, suggesting that delirium
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may not have been able to be overcome with administration of
dexmedetomidine.

There are some limitations that warrant discussion. The
retrospective study design made it difficult to account for all
potential confounding variables. Inconsistent documentation
methods of medication administration may have allowed for
discrepancies in the reported dosing of dexmedetomidine compared
to the actual doses administered. Additionally, delirium could not be
adequately assessed as there was varying documentation of the
Confusion Assessment Method in the ICU (CAM-ICU) assessment
scores. Additionally, it was unable to be delineated whether
occurrences of hypotension or bradycardia could have been
influenced by administration of concomitant medications.

In conclusion, dexmedetomidine doses greater than 1.5 mcg/
kg/hr may be as safe as standard doses of 0.2 to 1.5 mcg/kg/hr;
however, no additional benefitin maintaining target sedation level
was found. Therefore, if sedation is inadequately controlled or
target sedation is unable to be reached with dexmedetomidine at
doses greater than 1.5 mcg/kg/hr, it may be advisable to consider
alternative sedative medications in place of dexmedetomidine.

This article is available in: http://criticalcare.imedpub.com/archive.php
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