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Abstract...

Objective: Propofol has been the standard of care for sedation management in traumatic 
brain injury (TBI). Dexmedetomidine has been increasingly used for sedation in TBI as an alterna-
tive to propofol, but data are limited in this population. The objective of this study was to evalu-
ate the safety and efficacy of dexmedetomidine compared to propofol for sedation in mechani-
cally ventilated patients with TBI.

Methods: This retrospective analysis included mechanically ventilated critically ill patients 
with TBI who received propofol or dexmedetomidine for more than six hours between June 1, 
2016 and August 31, 2018. The primary efficacy outcome was the percentage of time spent with-
in target sedation range, defined as the goal Richmond Agitation Sedation (RASS) score. Second-
ary outcomes included hospital and ICU lengths of stay, duration of mechanical ventilation, inci-
dence of agitation and delirium, need for additional sedative agents, and need for interventions 
for elevated intracranial pressure (ICP). Safety outcomes included the prevalence of hypotension 
and bradycardia.

Results: This analysis included 83 patients, with 64 patients in the propofol group and 19 
patients in the dexmedetomidine group. Time at target RASS goal was significantly higher in 
patients receiving dexmedetomidine compared with propofol (34.5% vs 0%, p = 0.003). Hospital 
and ICU length of stays were significantly longer in the dexmedetomidine group (20 vs 8 days, 
p <0.001 and 14 vs 6 days, p = 0.014, respectively). The incidence of agitation was significantly 
higher in the dexmedetomidine group (52.6% vs 18.8%, p = 0.007). More patients in the dexme-
detomidine group required additional sedative agents (73.7% vs 42.2%, p = 0.019). There were 
no significant differences in duration of mechanical ventilation, the number of patients requiring 
interventions for elevated ICP, incidence of delirium, and all safety outcomes.

Conclusion: This study adds to the data about the safety and efficacy of dexmedetomidine use 
in patients with TBI. In patients with TBI, primary or adjunctive sedation with dexmedetomidine 
may be associated with increased time in the target RASS range compared to propofol. Dexme-
detomidine appears to be as safe as propofol in patients with TBI, with similar rates of hypoten-
sion and bradycardia between the two agents.

Nicholas F Hunt*; Kaitlin E Crowley; Krystina L Ahern
Department of Pharmacy Services, Brigham and Women’s Hospital, 75 Francis St, Boston, MA 02115, USA.
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Background

Sedative agents are a cornerstone in the management of 
critically ill patients with traumatic brain injury (TBI) to facilitate 
mechanical ventilation, to manage agitation and to treat elevat-
ed intracranial pressure (ICP) [1]. Additionally, sedative agents 
and opioids are frequently utilized in this population to reduce 
metabolic rate, manage or prevent seizures, and improve pa-
tient synchrony with the mechanical ventilator [2,3]. Tradition-
ally, propofol has been the standard of care for sedation man-
agement in TBI. However, propofol is associated with adverse 
events including propofol-related infusion syndrome (PRIS) and 
hemodynamic instability which could potentially decrease ce-
rebral perfusion pressure in patients with TBI [4,5]. The most 
recent Brain Trauma Foundation guidelines recommend using 
propofol for management of elevated ICP, but caution against 
the use of high doses of propofol given the known morbidity 
[2].

There has been an increasing use of alternative sedative 
agents, such as dexmedetomidine, in patients with TBI; howev-
er, there remains a paucity of data regarding the use of this agent 
in this population [6-8]. Dexmedetomidine has been shown to 
be an effective sedative in other critically ill patient populations, 
with adverse effects most notable for hypotension and brady-
cardia [9-11]. Specifically, the MIDEX and PRODEX randomized 
controlled trials demonstrated that dexmedetomidine offered 
similar time at target sedation compared to midazolam and 
propofol use, respectively [11]. Given the lack of data regarding 
dexmedetomidine in patients with TBI, the safety and efficacy 
of the use of dexmedetomidine in these patients needs to be 
further elucidated. The objective of this study was to evaluate 
the safety and efficacy of dexmedetomidine compared to pro-
pofol for sedation in mechanically ventilated patients with TBI.

Methods

This study was a single-center, retrospective chart review 
that was conducted at Brigham and Women’s Hospital (BWH) 
in Boston, MA and was approved by the Partners Healthcare 
Institutional Review Board. Reports were generated in the 
electronic medical record using International Classification of 
Diseases 10 codes for the diagnoses of TBI, trauma, subdural 
hemorrhage, subarachnoid hemorrhage, intracranial hemor-
rhage, intraventricular hemorrhage, and intraparenchymal 
hemorrhage to identify all patients admitted to the neurosci-
ence, surgical, and/or trauma intensive care units (ICU) at BWH 
with a TBI between June 1, 2016 and August 31, 2018. Patients 
were excluded if they were less than 18 years of age, were not 
intubated during the course of their sedation, received propofol 
or dexmedetomidine for less than six hours, had bleeding that 
was not traumatic in origin, or if they received propofol or dex-
medetomidine for procedural sedation only. Patients were in-
cluded in the propofol group if they received propofol as a seda-
tive agent for greater than six hours. Patients were included in 
the dexmedetomidine group if they received dexmedetomidine 
alone or as an adjunct to propofol for sedation for greater than 
six hours. Patients initially started on propofol and transitioned 
to dexmedetomidine had data points censured prior to initia-
tion of dexmedetomidine and were included only in the dexme-

detomidine group. Data were only collected in these patients 
from the time dexmedetomidine was initiated until the end of 
therapy; any data points during propofol administration were 
not collected or included in the analysis.

Baseline patient demographics collected were age, sex, race, 
BMI, admission serum creatinine, admission Glasgow Coma 
Scale (GCS), and injury mechanism. Physiological variables col-
lected were delirium and sedation scores. Other data points 
collected included hospital and ICU length of stay, intracranial 
pressure lowering interventions, and length of mechanical ven-
tilation. Data were collected for the length of the sedative infu-
sion or until extubation, whichever occurred first.

The primary outcome analyzed in this study was the per-
centage of time spent within target sedation range, defined as 
goal Richmond Agitation and Sedation Scale (RASS) score as set 
by the treatment team. The goal RASS was obtained from the 
sedative medication order in the electronic medical record, as it 
is a required part of any continuous sedation medication order 
at our institution. Secondary outcomes included hospital length 
of stay, ICU length of stay, need for additional sedative agents 
(defined as concurrent administration of a continuous sedative 
other than propofol or dexmedetomidine), in-hospital mortal-
ity, duration of mechanical ventilation, incidence of agitation 
(defined as RASS greater than +1), incidence of delirium (de-
fined as a positive documentation of the Confusion Assessment 
Method for the ICU), and the number interventions made for 
elevated ICP. Elevated ICP interventions were defined as surgi-
cal interventions including the placement of an external ven-
tricular drain, the need for a craniectomy or hemicraniectomy, 
a decompressive Burr Hole, the placement of a ventriculoperi-
toneal shunt, and/or the use of hyperosmolar agents such as 
hypertonic saline and/or mannitol. Safety outcomes included 
the prevalence of hypotension and bradycardia, and the inci-
dence of PRIS. Consistent with previous literature, hypotension 
was defined as a systolic blood pressure less than 90 mmHg and 
bradycardia was defined as a heart rate of less than 50 beats 
per minute [4,8,12]. PRIS was defined as occurring if there was 
documentation of such reaction by the medical team in the 
electronic medical record. 

Data for the primary outcome are presented as median plus 
interquartile range (IQR). Data for the secondary and safety 
outcomes are presented as medians plus IQR, as well as per-
centages. Categorical data were analyzed utilizing Chi-square or 
Fischer Exact tests. Continuous non-parametric data, including 
the primary outcome, were analyzed utilizing Mann-Whitney U 
test. A p-value of less than 0.05 was considered statistically sig-
nificant for all outcomes.

Results

A total of 236 patients were screened for inclusion in this 
study (Figure 1); 153 patients did not meet criteria for inclusion, 
with a majority excluded due to diagnosis of a mild TBI who 
never required sedation with propofol or dexmedetomidine. In 
total, 83 patients were included in the analysis, with 64 patients 
included in the propofol group and 19 patients included in the 
dexmedetomidine group (Figure 1). Eleven patients in the dex-
medetomidine group also received concomitant propofol. 
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Figure 1: Flow diagram of inclusion and exclusion criteria.

Table 1: Baseline demographics by group.

Characteristic
Propofol group 

(n = 64)
Dexmedetomidine 

Group (n = 19)
p-value

Age*, years 67 [52-78] 53 [28-66] p = 0.048

Male^ 50 (78.1) 16 (84.2) p = 0.75

Race^

- White
- African American
- Asian
- Other

47 (73.4)
3 (4.7)
2 (3.1)

12 (18.8)

16 (84.2)
2 (10.5)
1 (5.3)
0 (0)

p = 0.542
p = 0.322
p = 0.547
p = 0.059

BMI*, kg/m2 27.7 [24.9-31.8] 25.5 [23.2-29.9] p = 0.28

Admission GCS* 6 [3-11] 6 [3-12] p = 0.589

Mechanism of injury^

- Blunt
- Penetrating
- Undefined

51 (79.7)
1 (1.6)

12 (18.7)

17 (89.5)
0 (0)

2 (10.5)

p = 0.502
p = 1

p = 0.513
* Data presented as median [IQR]
^ Data presented as n (%)
BMI: Body Mass Index; CGS: Glasgow Coma Scale; IQR: Interquartile 
Range

Table 2: Primary and Secondary outcomes.

Primary Outcome

Propofol group (n = 64) Dexmedetomidine group (n = 19) p-value

Percentage of time at goal RASS* 0 [0-21.3] 34.5 [14.7-42.9] p = 0.003

Secondary Outcomes

Characteristic Propofol group (n = 64) Dexmedetomidine group (n = 19) p-value

Hospital LOS, days* 8 [5-17] 20 [17-30] p < 0.001

ICU LOS, days* 6 [3-13] 14 [7-22] p = 0.014

Duration of mechanical ventilation, hours* 67 [24-153] 118 [33-267] p = 0.267

In-hospital mortality^ 26 (40.6) 1 (5.3) p = 0.004

Incidence of delirium^ 8 (12.5) 11 (57.9) p = 0.058

Incidence of agitation^ 12 (18.8) 10 (52.6) p = 0.007

Need for additional sedatives^ 27 (42.2) 14 (73.7) p = 0.019

Patients requiring pharmacologic ICP intervention^ 23 (35.9) 4 (21.1) p = 0.275

Patients requiring surgical ICP interventions^
-EVD placement^
-Hemicraniectomy or craniectomy^
-Burr Hole Decompression^
VP Shunt Placement^

34 (54.7)
24 (37.5)
24 (37.5)

2 (3.1)
0 (0)

8 (42.1)
8 (42.1)
3 (15.8)
1 (5.3)
1 (5.3)

p = 0.335
p = 0.717
p = 0.076
p = 0.661

-
* Data presented as median [IQR]
^ Data presented as n (%)
RASS: Richmond Agitation Sedation Score; LOS: Length of Stay; ICP: Intracranial Pressure; EVD: External Ventricular Drain; 
VP: Ventriculoperitoneal

Table 3: Safety outcomes.

Propofol group (n = 64) Dexmedetomidine group (n = 19) p-value

Total hypotensive events 45 24 p = 0.976

Total bradycardic events 25 21 p = 0.728

Incidence of PRIS 1 (1.6) - -
Data presented as n (%)
PRIS: Propofol Related Infusion Syndrome

237 patients analyzed for 
inclusion

Propofol (n=64)

Received propofol as a primary 
sedative agent for greater than 6 

hours

Exclusion (n = 153)

- Never received sedation 
(n=132)

- Received < 6 hours of 
sedation (n=15)

- Only received procedural 
sedation (n=6)

Dexmedetomidine (n=19)

Received dexmedetomidine alone 
or as an adjunct to propofol for 

primary sedation for greater than 6 
hours
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Discussion

This analysis found that patients receiving dexmedetomidine 
spent more time at goal RASS compared to patients receiving 
propofol. Compared with previously published literature, this 
study demonstrated a much lower percentage of time spent in 
target RASS with both propofol (median 0%) and dexmedetomi-
dine (median 34.5%) compared to a median percentage of time 
at target RASS of 60-90% seen in other studies, although these 
were not performed in the TBI population [13-15].  Alternative-
ly, the results in this study are similar to a study by Pajoumand, 
et al. where TBI patients who received dexmedetomidine for 
sedation spent more time at target RASS (mean 16 hours per 
day or 66.7%) compared to propofol8. In the current study, over 
half of the patients in the propofol group never achieved the 
targeted RASS goal. One explanation could be due to the sever-
ity of their neurologic injury, leading to lower baseline neuro-
logic function and level of arousal. Although the baseline GCS 
was similar between the dexmedetomidine and propofol group 
with a median score of six, patients could have experienced a 
progression of their injury and decline in degree of functionality 
throughout their hospital course. There is also a potential for 
discrepancies between the ordered RASS goal and the actual 
RASS goal, which may have been lower to manage elevated in-
tracranial pressure or to facilitate synchrony with the ventilator. 
Propofol is used in the TBI population for management of ICP 
elevations, which may require larger doses and deeper levels of 
sedation [2]. Nevertheless, there were no differences observed 
between both pharmacological and surgical interventions be-
tween the dexmedetomidine and propofol groups.

Patients on dexmedetomidine had a higher incidence of 
agitation and a higher percentage of these patients required 
additional sedative agents for the management of their seda-
tion compared to patients on propofol. These findings suggest 
that although dexmedetomidine may lead to more time spent 
in target RASS, it might not offer adequate levels of sedation in 
the TBI population. This finding is consistent with other stud-
ies which focused on dexmedetomidine for sedation in both 
the neurocritical and general critically ill populations which 
found that dexmedetomidine provided lighter levels of seda-
tion [7,14]. Agitation in TBI patients can lead to ICP elevations 
and potentially worsen outcomes [16,17]. Further research is 
needed to confirm these findings and clarify the relationship 
between increased agitation with dexmedetomidine and the ef-
fect on clinical outcomes in this patient population.

There was a longer ICU and hospital LOS in the dexmedeto-
midine group, which contrasts with previous literature showing 
no difference in these measures between propofol and dexme-
detomidine; however, these studies did not include patients 
with traumatic brain injury [18,19]. A 2020 study in neurocritical 
care patients also demonstrated no difference in both hospital 
and ICU length of stay between propofol and dexmedetomidine 
[20]. It has been previously shown that patients with TBI have 
extended ICU and hospital length of stay (an increase of 2.5 ICU 
days and 4.2 hospital days) compared to the general hospitalized 
population, a finding which is also seen in our study [21]. The 
higher mortality rate observed in the propofol group could also 
have affected the differences observed in ICU and hospital LOS 
between the groups. Our findings contrast with previous stud-
ies that have reported no difference in mortality when these 
agents were used [12,22]. The increased rate of mortality may 
reflect the severity of illness of the patients who received pro-
pofol, with those surviving long enough more likely to be transi-

tioned to dexmedetomidine during the course of their ICU stay.

There have been variable results in the literature regard-
ing hemodynamic outcomes in TBI when using dexmedetomi-
dine and propofol [4,8,20]. In this study, no difference in the 
prevalence of hypotensive or bradycardic events was seen. This 
finding contrasts with a study by Pajoumand, et al. [8] showing 
an increased rate in hypotension in patients with TBI receiving 
regimens containing dexmedetomidine versus propofol alone. 
However, this finding is consistent with the studies by Erdman, 
et al. [4] and Owusu, et al. [20], which found no significant 
differences in the rates of both hypotension and bradycardia. 
Although there was a numerically higher prevalence of hypo-
tensive and bradycardic events in the propofol group, this re-
sult was nonsignificant. Hemodynamic fluctuations have been 
noted in patients with TBI, which could explain the differences 
in results between this study and previous literature [23]. PRIS 
is a rare condition with an estimated incidence of 1.1% in criti-
cally ill adults and was only seen in chart review in one patient 
in this study [24]. The small sample size of this study and the 
low incidence of PRIS limits the ability to draw conclusions from 
this finding.

Limitations  

There are several limitations to this study. The small sample 
size and uneven distribution between the groups makes it dif-
ficult to draw definitive conclusions from these data. This was 
a single-center, retrospective study which limits the generaliz-
ability to other institutions. There was wide variability in fre-
quency of documentation of key values such as RASS which may 
have affected the primary outcome. In addition, there may have 
been discrepancies between the ordered RASS goal in the medi-
cation order and the verbalized RASS goal which was not re-
flected in the electronic medical record. Finally, patients in the 
dexmedetomidine group could also concurrently be on propo-
fol, which could confound the results seen in this group. Eleven 
patients that concurrently received both dexmedetomidine 
and propofol were assigned to the dexmedetomidine group as 
we thought it was important to analyze whether patients on 
dexmedetomidine required the use of additional sedatives (in-
cluding propofol) to achieve the target RASS goal; however, as 
eleven patients in the dexmedetomidine group were on propo-
fol concurrently, this limits the ability to draw conclusions about 
the use of dexmedetomidine as a single agent for sedation in 
patients with TBI. 

Conclusion

In summary, dexmedetomidine as primary or adjunctive 
sedation in patients with TBI may maintain target RASS for a 
higher percentage of time compared to propofol. However, 
dexmedetomidine may lead to higher rates of agitation and 
an increased need for additional sedative requirements in this 
patient population. Further research is needed to clarify the 
impact of this increase in agitation and requirement for addi-
tional sedative agents on clinical outcomes. Finally, dexmedeto-
midine appears to be as safe as propofol in patients with TBI, 
with similar rates of hypotension and bradycardia between the 
two agents.
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