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Abstract

Objective—To comprehensively describe the use of dexmedetomidine in a single institutional
series of adult ICU patients with severe TBI. We describe the dexmedetomidine dosage and
infusion times, as well as the physiological parameters, neurological status, and daily narcotic
requirements before, during, and after dexmedetomidine infusion.

Methods—We identified 85 adult patients with severe TBI who received dexmedetomidine

infusions in the Trauma ICU at Vanderbilt University Medical Center between 2006 and 2010.
Demographic, hemodynamic, narcotic use, and sedative use data were systematically obtained
from the medical record and analyzed for changes associated with dexmedetomidine infusion.

Results—During infusion with dexmedetomidine, narcotic and sedative use decreased
significantly (p<.001 and p<.05). Median MAP, SBP, DBP, and HR also decreased significantly
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during infusion when compared to pre-infusion values (p<.001). Despite the use of
dexmedetomidine, RASS and GCS scores improved from pre-infusion to infusion time periods.

Conclusions—Our findings demonstrate that initiation of dexmedetomidine infusion is not
associated with a decline in neurological functioning in adults with severe TBI. Although there
was an observed decrease in hemodynamic parameters during infusion with dexmedetomidine, the
change was not clinically significant, and the requirements for narcotics and additional sedatives
were minimized.
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Introduction

Dexmedetomidine is a selective a.,-adrenergic agonist that is US Food and Drug
Administration (FDA) approved for the sedation of intubated patients in an intensive care
setting [1]. Dexmedetomidine causes a central decrease in sympathetic outflow from the
locus ceruleus, a decrease in activity in spinal motor neurons and spinothalamic pathways,
and results in decreases in heart rate and blood pressure without compromising respiratory
drive [2]. There is evidence that it may reduce brain dysfunction and delirium, while also
decreasing the duration of mechanical ventilation [3, 4].

Numerous studies have examined dexmedetomidine use in critically ill populations [4-14].
In a mechanically ventilated intensive care unit (ICU) population, patients receiving
dexmedetomidine were more easily aroused, better able to communicate pain, and had a
shorter time to extubation when compared to patients sedated with propofol or midazolam
[5]. Dexmedetomidine has also been shown to reduce the requirement for opioids,
benzodiazepines, and propofol in critical care settings [6-7].

The efficacy of dexmedetomidine for sedation in intubated ICU patients is well established;
however, its use in patients with traumatic brain injury (TBI) has not been comprehensively
described. In samples inclusive of but not limited to TBI, dexmedetomidine has been shown
to be as effective as propofol in providing sedation [11] and does not negatively affect
cerebral metabolism [11-13]. Dexmedetomidine’s short half-life, easy reversibility, and
minimally depressive effects make it an appealing choice of sedative in patients with TBI
[14, 15]; it may allow for more reliable neurological assessment [14]. A case report
discusses the effective use of dexmedetomidine to treat paroxysmal sympathetic
hyperactivity in an adult with severe TBI [16]. Additionally, animal models suggest that
dexmedetomidine may have a neuroprotective effect after ischaemic brain injury [17-19].

The objective of this retrospective study is to comprehensively describe the clinical use of
dexmedetomidine in a large, single-institution cohort of adult, ICU patients with severe TBI.
Specifically, we describe the dexmedetomidine dosage and infusion times, as well as the
physiological parameters, neurological status, and daily narcotic requirements before,
during, and after dexmedetomidine infusion.
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We conducted a retrospective review of adult patients with severe TBI who received
dexmedetomidine infusions in the Trauma ICU at Vanderbilt University Medical Center
between 2006 and 2010. We included patients who received any infusion of
dexmedetomidine and had a head abbreviated injury score (AIS) =3, Glasgow Coma Scale
score (GCS) <8, ICU length of stay (LOS) =96 hours, and age =18 years. We obtained
patient data from the Vanderbilt University StarPanel electronic medical record system, the
trauma registry of the American College of Surgeons database, and the Vanderbilt enterprise
data warehouse. Drug infusion administration was extracted through an automated process
(Appendix). The remainder of the data was extracted manually.

For each patient, the following demographic and injury data were collected from the trauma
registry: sex, race, age, injury type, discharge disposition, days on ventilator, ICU LOS,
hospital LOS, admission GCS, injury severity score (ISS), and head AlS. To assess patterns
of dexmedetomidine usage, we computed the following: hours until infusion initiation,
infusion duration, and median infusion rates in pg/kg/h (Appendix). To describe changes
associated with dexmedetomidine infusion, we collected data from three time periods: pre-
infusion, infusion, and post-infusion. We operationalized infusion times as follows (Figure
1): “pre-infusion’ was defined as either 24 hours prior to infusion start time or the number of
hours since hospital admission, whichever was less; ‘infusion’ encompassed the actual
duration of infusion (plus two hours to account for the terminal elimination half-life of
dexmedetomidine [1]); and ‘post-infusion” was the 24 hours following the ‘infusion’ period.

To describe physiological changes, we recorded the median hourly systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and heart rate (HR) in
each time period for each patient. Six patients received a second infusion of
dexmedetomidine (i.e. infusion after 24-hour infusion-free interval); the data for this second
infusion were not included in the study. To assess neurological changes, we recorded median
hourly Richmond Agitation-Sedation Scale (RASS) and Glasgow Coma Scale (GCS) scores
for each patient. Finally, we recorded the daily dosage of opioids (converted to fentanyl
equivalents), propofol, and midazolam for each time period.

We performed descriptive statistics of sample characteristics for our patient cohort. We
utilized the Friedman test, an omnibus, repeated measures analysis of variance by ranks to
identify differences in the pre-infusion, infusion, and post-infusion hemodynamic,
behavioural, and sedative and analgesic variables. Planned Wilcoxon signed-rank tests
followed significant omnibus values.

This study included 85 patients with severe TBI (Table 1). The median time from hospital
admission to initiation of dexmedetomidine infusion was 63 hours (IQR: 44, 98), with a
median infusion period of 32 hours (IQR: 18, 50). The median infusion dose of
dexmedetomidine was 0.49 pg/kg/h (IQR: 0.38, 0.74).
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SBP, DBP, MAP, and HR decreased during dexmedetomidine infusion and returned to
baseline values after discontinuation of infusion (Table 2). From pre-infusion to infusion,
SBP, DBP, and MAP decreased by 8.5, 5.5, and 7 mmHg, respectively. From infusion to
post-infusion, SBP, DBP, and MAP increased by 13.5, 6.5, and 8 mmHg, respectively. These
changes indicate a statistically significant decrease in blood pressure during the infusion
period as compared to pre- and post-infusion periods (p<.001). Similarly, we observed a
statistically significant (p<.001) change in median heart rate during infusion: median heart
rate decreased by 2.5 beats/minute at the onset of infusion and increased by 6.5 during the
post-infusion period. There was no significant difference between pre-infusion and post-
infusion values. There were 24, 30, and 16 patients who experienced at least one episode of
hypotension (i.e. SBP<90) during the pre-infusion, infusion, and post-infusion periods,
respectively; this is not a statistically significant change in the number of patients
experiencing hypotension.

GCS scores increased from pre-infusion to infusion to post-infusion (Table 2). From pre-
infusion to infusion, the median GCS score increase from 8 to 9.5 was significant (p<.01).
From infusion to post infusion, the median GCS score increase from 9.5 to 10 was
significant (p<.01). RASS scores increased significantly from pre-infusion to infusion (p<.
01) and from infusion to post-infusion (p<.05). From pre-infusion to infusion, median RASS
score increased from -2 to -1. Although median RASS score did not change from infusion to
post-infusion, the change in the distribution of RASS scores was significant. The observed
increase in RASS scores indicates less sedation.

Daily dosages of propofol and midazolam were recorded (Table 2). Of the 85 patients, 51
received propofol and 35 received midazolam during the study period. Propofol infusion rate
decreased from pre-infusion to infusion and remained lower during the post-infusion period.
From pre-infusion to infusion, the decrease in median propofol infusion rate from 20.48 to
0.00 pg/kg/h was statistically significant (p<.001). The median propofol infusion rate during
the post-infusion period was significantly lower than during pre-infusion (p<.05).
Midazolam use decreased during infusion and increased from infusion to post-infusion.
From pre-infusion to infusion, the decrease in median midazolam infusion rate from 0.42 to
0.08 mg/h was significant (p<.05). From infusion to post-infusion, the increase in median
midazolam infusion rate from 0.08 to 0.21 mg/h was significant (p<.05) There was no
significant difference in midazolam usage during the pre- and post-infusion periods.

Daily narcotic dosages for each patient were recorded, converted into micrograms of
fentanyl, and summed to calculate median fentanyl equivalents (Table 2). Of the 85 patients,
78 received narcotics during the study period. Narcotic use decreased significantly during
dexmedetomidine infusion compared to pre-infusion rates (p<.001). Narcotic use between
infusion and post-infusion did not differ significantly.

Discussion

This large retrospective case series describes the analgesic and sedative requirements,
neurological status, and physiologic changes in 85 patients with severe TBI that received a
dexmedetomidine infusion. The results of the study did not demonstrate clinically significant
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changes in hemodynamics during the infusion period. Analgesic and sedative drug
requirements were reduced during infusion and measures of sedation and neurological status
improved throughout the study period.

Although median values of SBP, DBP, MAP, and HR all decreased during dexmedetomidine
infusion, this decrease was not clinically significant. In a previous study, 26% of
neurosurgical patients experienced hypotension during sedation with dexmedetomidine [8].
The current study found documented hypotensive episodes in 35% of patients with TBI
during dexmedetomidine treatment; however, the number of patients experiencing
hypotension was not significantly different before, during, and after infusions. A randomized
controlled trial comparing sedation with dexmedetomidine versus midazolam did not find a
difference in the proportion of mechanically-ventilated ICU patients experiencing
hypotension [4]. Although our findings suggest a decrease in blood pressure during
treatment with dexmedetomidine, the magnitude of the observed decrease is not clinically
significant. In a continuously monitored ICU population with severe TBI, the risk of
hypotension does not appear to contraindicate sedation with dexmedetomidine.

Midazolam and propofol usage were significantly lower during treatment with
dexmedetomidine. This result is not surprising as dexmedetomidine has been used to
effectively sedate patients without use of an adjunct sedative medication [4]. Additionally,
analgesic requirements were lower during infusion than during the pre- and post-infusion
periods. This suggests that preferred levels of sedation and patient comfort can be achieved
with dexmedetomidine while decreasing the need for pain medication.

The observed increase in RASS score from -2 (light sedation) to -1 (drowsy) indicates
patients were more easily aroused during dexmedetomidine infusion than during the pre-
infusion period. Increased arousability was maintained in the post-infusion period. The
median RASS score of -1 during the infusion time period indicates that patients can be
cooperatively sedated with dexmedetomidine, and may be better able to communicate pain
or changes in neurological status. A prior study found ICU patients better able to be aroused,
cooperate, and communicate pain when sedated with dexmedetomidine versus propofol or
midazolam [5]. In patients with TBI, the goal of sedation is to provide comfort without
compromising the ability to administer serial neurological examinations. Our findings
suggest that dexmedetomidine may facilitate more appropriate levels of sedation in patients
with severe TBI.

The increase in GCS from pre- to infusion to post-infusion is consistent with a time-
dependent improvement in the neurological functioning of patients with TBI. The
retrospective nature of the study makes it unclear whether dexmedetomidine is causally
related to improved GCS scores. A randomized controlled trial of a mixed ICU population
without primary brain injury (e.g. no stroke, no TBI) found that patients treated with
dexmedetomidine were less likely to experience delirium as compared to patients treated
with midazolam [3]; however, the impact of dexmedetomidine on GCS remains unclear. Our
findings do not demonstrate an association between initiation of dexmedetomidine infusion
and decline in neurological functioning.
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To date, this study of dexmedetomidine represents the largest group of patients with severe
TBI, but there are several limitations due to its retrospective nature. Information about drug
administration, RASS, GCS and hemodynamic values were obtained from manually entered
sources. Despite our systematic extraction of data, problems with initial data entry may have
impacted our findings. Additionally, we did not obtain information about the clinical
decision to begin or end sedation with dexmedetomidine. Prior studies indicate that use of a
loading dose impacts hemodynamic changes [4, 14]; loading doses were not consistently
recorded in the medical record and are rarely used clinically at our institution. Finally, this
study and all case series are limited by its lack of a control group. Observed changes across
the study period cannot distinguish recovery due to treatment from recovery over time.

In an intensive care setting, patients with severe TBI present unique challenges. The need for
frequent neurological examination and prolonged mechanical ventilation makes choice of
sedative particularly important. Future prospective studies should evaluate the effectiveness
of dexmedetomidine versus other sedatives, such as propofol and midazolam, in this unique
population. A randomized controlled trial would minimize influences (e.g. recovery
trajectory, pulmonary function, clinical judgment to begin dexmedetomidine) that we were
unable to control in the present study. Also, future work should evaluate the effects of long-
term (>24h) dexmedetomidine sedation in patients with severe TBI on coma recovery, ICU
utilization (e.g., ventilator time, ICU days) and functional, cognitive, and mental health
outcomes.
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Computation of drug amounts via infusion

During the study period smart-pumps at Vanderbilt very sparsely recorded the rate/drug used
for individual subjects for later reference, complicating the calculation of drug infused.
Nurses also recorded drug rates via flowsheets in clinical drug units (mg/kg/h, mg/h, etc.) as
well as the physical flow rate in mL/h at regular intervals. These flows depended upon the
accuracy and consistency of nursing charts.

The following sources of information were used to compute drug amounts:

1 Nursing flowsheets of fluid intake (including drugs) were collected from
copies housed in Vanderbilt’s Enterprise Data Warehouse (EDW).

2. Verified pharmacy orders, enabling drug concentration computation, were
also collected from the EDW.

3. Patient weights were collected from operational copies of computerized
physician order entry (CPOE) records, the pharmacy system, and the ICU
admission registry, also housed in the EDW.
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The following procedure was used to compute infusion amounts for each subject, via an
internally developed web-database program, termed Panama, used by multiple research
groups at Vanderbilt.

1 The flowsheet event information was compiled and each charted drug
mapped to its RxNorm semantic clinical drug form (SCDF). For example,
a nurse selection of ‘Precedex’ was mapped to dexmedetomidine
Injectable Solution.

2. The concentration of pharmacy verified orders that mapped to the same
RxNorm SCDF was computed, and organized temporally according to a
drug concentration timeline for each subject.

3. For the flows in clinical drug units, the patient’s weight at the event time
was incorporated if needed to a compute a rate in drug mass units/hour
(e.g. mg/h)

4. For the flows in mL/h, the event time was compared to the drug
concentration timeline to compute an initial drug mass rate/hour.

5. As a quality control measure, a set of rules determined the most clinically
likely interpretation of the nurse flowsheet data to improve the drug mass
rate/hour in a second pass. These rules depended upon the presence of
either or both the clinical rate and the physical flow rate, preceding charted
rates, following charted rates, as well as the normal flow rates for the drug.

6. The timeline of nursing flows was used to interpolate the flow rate vectors
into a total drug infused via an area under the curve computation.

7. For each event, the investigators could override the program’s
determinations and assert a finalized infusion amount. In this study, no
overrides were made.
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Sample case timeline
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Figure 1.
Sample case timeline
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Demographics, injury severity, and hospital course for 85 adult patients with severe TBI sedated with

dexmedetomidine in the ICU

Median | IQR
Age (years) 35 24,51
Head AIS score 4 3,5
ISS score 30 24, 38
Admission GCS score 3 3,3
Hospital LOS (days) 15 11,22
ICU LOS (days) 9 5,13
Time on ventilator (days) 7 4,13
% N
Sex (male/female) 86/14 73/12
Race 87/9/4 | 74/8/3
(Caucasian/Black/Hispanic)
Injury type (blunt/penetrating) 95/5 81/4
Discharge disposition
Death in hospital 9 8
Hospice 2 2
Nursing facility 19 16
Rehabilitation facility 36 31
Home 29 25
Other 4 3

Table 1

Page 10

Abbreviations: TBI= Traumatic Brain Injury; ICU= Intensive Care Unit; IQR= Interquartile Range; AlS=Abbreviated Injury Score; 1SS= Injury

Severity Score; GCS=Glasgow Coma Scale; LOS=Length of Stay
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Pre-infusion, infusion, and post-infusion median values for physiologic, behavioural, and drug variables
related to 85 adult patients with severe TBI sedated with dexmedetomidine

Table 2

Pre-infusion period

Infusion period

Post-infusion period

Variable in median (IQR) in median (IQR) in median (IQR)
SBP 129.5 (117, 141) 121 (111, 131.5) 134.5 (120, 144)
(mmHg)

DBP 67 (60, 75) 61.5 (55.5, 67) 68 (60, 76.5)
(mmHg)

MAP 84 (78, 93) 77 (71, 84.5) 85 (77, 93)
(mmHg)

HR 91.5 (83, 103) 89 (73, 97) 95.5 (85.5, 102)
(beats/min)

RASS -2(-2,-1) -1(-2,-1) -1(-2,0)
GCS 8(7,10) 9.5 (7.5, 10) 10 (8, 11)
Fentanyl 59.10 (33.30, 92.85) | 23.00 (11.33, 59.20) 15.10 (5.33, 62.00)
equivalents

(mcg/hr)

Propofol 20.48 (1.31, 35.48) 0.00 (0.00, 5.36) 0.00 (0.00, 14.88)
(mcg/hr)

Midazolam 0.42 (0.00, 1.08) 0.08 (0.00, 0.31) 0.21 (0.00, 1.38)
(mg/hr)

Note: Propofol dosage is converted to dosage requirement for a standard 70 kg patient.
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