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ABSTRACT
Patients with traumatic brain injury (TBI) require mechanical ventilation for airway protection, to reduce 
work of breathing, to reduce cerebral metabolic rate and to optimize intracerebral hemodynamics. Drugs 
like narcotics, benzodiazepines, propofol and alpha-2 agonists with or without non-depolarizing muscle 
relaxants are used to facilitate mechanical ventilation. We reviewed  literature on search engines PubMed 
and Medline to determine the efficacy and feasibility of dexmedetomidine as the sole sedative agent  
in patients with TBI in terms of maintenance of hemodynamics, ease of neurological assessment with 
ongoing sedation and long term  neurological outcome.
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INTRODUCTION
Clinicians use sedatives in mechanically ventilated 
patients with TBI to facilitate mechanical ventilation, 
to reduce intracranial pressure (ICP) , to decrease 
cerebral metabolic rate (CMRO2) and to terminate 
seizures. The idea is to prevent further damage 
by improving oxygenation, to decrease work of 
breathing and to decrease sympathetic drive. 
Anesthesia and critical care armamentarium has 
several drugs that alone or in combination can be 
used for serving this purpose. Several agents have 
additional beneficial effects like analgesic and anti-
convulsive properties which can be useful in such 
patients. The characteristics of an ideal agent in 
neurocritical care (especially in TBI) are: it should 
be short acting, have  no respiratory depression, 
shouldn’t have active metabolites, should not cause 
hemodynamic compromise, desirable to have 
properties, should be able to reduce CMRO2 and  
should have analgesic properties. 

Dexmedetomidine is a centrally acting α 2 agonist 
approved by United States FDA for ICU sedation 
upto 24 hours. However, the last decade has 
seen extensive use of  dexmedetomidine in every 

situation in intensive care and in all specialties 
by anesthesiologists as an adjunct to general or 
regional anesthesia. It provides excellent sedation 
without respiratory depression, has no residual 
metabolites, provides analgesia, has sympatholytic 
properties and need not be stopped during weaning 
the patient from mechanical ventilation or for 
neurological assessment.1-3 The literature describes 
favorable effects on cerebral hemodynamics. 
However, it shows no anticonvulsive effects of this 
drug. 

METHODOLOGY
We searched PubMed and Medline using keywords 
‘dexmedetomidine’ and ‘brain injuries’. We 
also searched ‘propofol’, ‘benzodiazepines’ and 
‘narcotics’ with ‘brain injuries’ separately. We 
reviewed the literature available on the use of 
dexmedetomidine in experimental animals and 
humans with traumatic brain injury to ascertain its 
efficacy for  short as well as  long term use. We also 
reviewed in brief the literature available on use of 
propofol in 

TBI and the effects of routinely used anesthetic 
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agents on cerebral hemodynamics and neurological 
outcome in managing patients with TBI in operating 
room and ICU.

REVIEW
Clinicians use propofol more commonly as 
the sedative for patients with TBI due to its 
extensively described neuroprotective effects.4 
Many use benzodiazepines or narcotics alone or in 
combination for the same purpose. Due to prolonged 
sedative effects, barbiturates are not very popular 
now. Inhalational anesthetics are known to have 
neuroprotective abilities but the use is restricted in 
operating rooms and is rarely continued in the ICU.
Roberts et al reviewed 13 randomised controlled 
trials involving 380 patients. 

They found no convincing evidence of efficacy of 
any one sedative agent in terms of patient outcomes, 
ICP or cerebral perfusion pressure (CPP) in critically 
ill patients with TBI. They however felt that high 
bolus doses of opioids had deleterious effects on 
ICP and CPP.5]Urwin et al felt that careful titration 
of dose, combination of agents and understanding 
the pharmacology of agents can help in proper 
utilization of sedatives.6 However combination of 
agents can potentiate sedative effects and can make 
neurological assessment difficult and can also cause 
hemodynamic issues if not combined judiciously. 
Use of nondepolarizing muscle relaxants(NDMR) 
along with sedatives can further complicate 
neurological assessment.

ANESTHETIC AGENTS IN TBI
Propofol

Adembri et al reviewed neuroprotective effects of 
propofol in acute cerebral injury and suggested 
that propofol should not  be considered as a clinical 
neuroprotectant but should be used as a part of 
multimodal neuroprotection like maintenance  of 
CPP, temperature and seizure control, prevention 
of infections and glycemic control.7 Kotani 
et al described how propofol functions as a 
neuroprotective agent by decreasing CBF and ICP 
by activating GABA- A receptors, inhibiting NMDA 
receptors and modulating calcium influx. The 
EDTA component in propofol also has antibacterial 
and antifungal properties.8

Johnston et al felt that although by using propofol 
infusion in TBI preserves the flow-metabolism 
coupling and increases EEG burst suppression ratio 
in patients with TBI, it doesn’t reduce the level of 
regional ischemic burden.9 Tanguy et al compared 

effects of propofol and midazolam on cerebral 
biomarkers in acute phase of TBI by randomizing 30 
patients. With a cerebral microdialysis catheter they 
measured  lactate:pyruvate (L:P) ratio, glutamate, 
glycerol and glucose for 72 hrs. They observed no 
difference in L:P ratio and glutamate levels and 
concluded that there is no difference between 
propofol and midazolam sedation as far as cerebral 
metabolic profile in TBI is concerned.10]Ghori et al 
randomly assigned 28 patients with TBI to receive 
propofol and midazolam as sedatives to collect 
blood samples for 5 days for estimating S100beta 
and nitric oxide (NO) concentration. They assessed 
neurological outcome after 3 months and found 
that increased serum S100beta concentration was 
related to a poor neurological outcome and not the 
type of sedation that was used.11

Propofol infusion syndrome:

Propofol offers excellent quality of sedation and 
weaning from the infusion is easy. However it doesn’t 
have analgesic properties. Also, there are limitations 
of using propofol infusion for a longer duration. 
Propofol infusion syndrome is observed in some 
patients who receive propofol infusion for  more 
than 48 hours in doses more than 4 mg/kg/hr. The 
syndrome presents as metabolic acidosis (base excess 
>10 mmol/L), rhabdomyolysis, hyperlipidemia and 
fatty liver. Acute refractory bradycardia leading to a 
systole is usually the terminal event. Predisposing 
factors for this syndrome are severe critical illness, 
catecholamine and glucocorticoid use, decreased 
carbohydrate intake, subclinical mitochondrial 
disease. Hemodialysis or hemoperfusion with 
aggressive cardiovascular support is required to 
avoid mortality.12-16

Other anesthetic agents

Schifilliti et al conducted an extensive literature 
search of > 30 years by reviewing more than 600 
articles and suggested that anesthetic agents like 
barbiturates, propofol, xenon and all volatile agents 
exerts neuroprotective effects that protects cerebral 
tissue from apoptosis, degeneration, inflammation 
and energy failure due to neurodegenerative 
diseases, ischemia, stroke or trauma. At the same 
time they also mentioned that all anesthetics were 
associated with dose and exposure dependent 
neurodegenerative effects in developing animal 
brain.17 But Head et al felt that the neuroprotective 
effects of anesthetics are not  helpful in severe 
injuries18 Koerner et al reviewed the beneficial effects 
of anesthetic agents especially isoflurane and xenon 
and mentioned  that the neuroprotection could be 
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due to suppression of excitatory neurotransmission 
and potentiation of inhibitory activity.19 Statler et al 
compared 7 anesthetic agents in adult male rats who 
were subjected to experimental TBI. The agents 
were: diazepam, fentanyl, isoflurane, ketamine, 
morphine, pentobarbital and propofol. 

They found that rats treated with isoflurane had best 
cognitive recovery. However, using isoflurane in 
ICU on a mechanically ventilated patient will require 
anesthesia work station.20 Taufeeq et al described 
the neuroprotective effects of Isoflurane.21 Flower 
et al described in detail the various categories of 
sedatives used and the advantages / disadvantages 
in TBI. The sedatives described by them were: 
propofol, benzodiazepines, narcotics, barbiturates, 
etomidate, ketamine and dexmedetomidine.22

Etomidate never became popular as a sedative 
in patients with TBI, possibly due to its adrenal 
suppression which is possible even with a single 
dose.23 Chang et al described the neuroprotective 
effects of ketamine in patients with TBI and 
also stated that ketamine doesn’t actually cause 
an increase in ICP when used for induction, 
maintenance sedation in ICU.24 However ketamine 
sedation is usually not practiced these days due to 
availability of better drugs. The infusion of ketamine 
leads to secretions, delirium, and difficulty in 
assessing neurological status as benzodiazepines 
are usually used to counteract delirium. Rhoney 
et al described the effect of sedatives used in ICU 
on cerebral physiology.25 Roberts et al reviewed the 
efficacy of barbiturates in TBI and found that there 
is no evidence of barbiturate therapy in TBI.26 On 
the contrary, the hypotension produced during the 
ongoing infusion can be disastrous for maintaining 
optimum CPP. Weaning patients from ventilator 
also gets difficult due to barbiturate infusion.

DEXMEDETOMIDINE  IN TBI
The favourable properties of dexmedetomidine 
like no respiratory depression, ease of arousability, 
analgesic properties , short acting effects and 
sympatholytic effect suits as an ideal sedative 
agent for patients with TBI.27 Lots of articles are 
published describing the efficacy and safety of  
dexmedetomidine in patients with head injury. 

Hao et al enrolled 90 patients with moderate 
and severe head injury and compared effects of 
dexmedetomidine and propofol on quality of 
sedation and endorphins in TBI and concluded that 
sedation efficacy of dexmedetomidine was superior 
to propofol in terms of hemodynamic control and 

decreased stress response. They also found that 
plasma endorphin level was elevated in early phase 
of brain injury by dexmedetomidine which was 
considered as its positive role in regulation of early 
stress.28

James et al conducted a pilot study using a 
randomized, crossover, unblended clinical trial and 
included patients with severe brain injury of GCS 
< 8 (TBI, subarachnoid hemorrhage, intracerebral 
hemorrhage) with multimodal monitoring like ICP, 
brain temperature, oximetry and microdialysis. 
Patients received an infusion of either propofol or 
dexmedetomidine for 6 hrs and then a crossover 
for subsequent 6 hrs. They concluded that both 
dexmedetomidine and propofol are equally 
effective and neither is associated with adverse 
hemodynamic effects.29 Schoeler et al subjected 
organotypic hippocampal slice cultures to focal 
trauma, exposed it to varying concentration of 
dexmedetomidine and assessed cell injury after 72 
hours. They found that dexmedetomidine showed 
protective effect on the hippocampal cells.30 

Nakano et  al studied effects of dexmedetomidine 
on cerebral blood flow and mean arterial pressure 
in 42 rats in doses ranging from 1 to 10 ug/kg/min. 

These rats were subjected to transient middle 
cerebral artery occlusion. Five days after the 
occlusion, the infarct volume was measured which 
was found to be more in rats which received higher 
doses of dexmedetomidine. They concluded that 
high dose is associated with cerebral hypoperfusion 
which can be avoided by either reducing or avoiding 
the loading dose of dexmedetomidine.31 Benggon 
et al studied the efficacy of dexmedetomidine 
on reducing brain edema and improvement in 
neurological outcomes after inducing surgical brain 
injury in 63 rats receiving the drug. They found that 
there is no role of dexmedetomidine in this 

scenario.32

Catecholamine surge and its effects in TBI:

There is an increase in intracellular calcium which 
leads to excessive excitability due to increased 
sensitivity of pyramidal neurons to glutamate. 
There is direct toxicity of neuronal tissue due to 
increased catecholamines and increase in free 
radical release. There is decreased perfusion in 
the ischemic area due to increased sympathetic 
activity. These secondary injuries that occur in 
TBI can be avoided by the sympatholytic effects 
of dexmedetomidine.33 exmedetomidine has been 
successfully used in neurosurgery (e.g. tumors, 
decompression). Aryan et al did a retrospective and 
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descriptive study from 39 neurosurgery patients 
who received dexmedetomidine and recorded the 
effects on systemic and cerebral hemodynamics. 
They found it to be a safe and effective drug.34 

At recommended doses, dexmedetomidine has 
been shown to decrease CBF and CMRO2.

35,36 This 
neuroprotective effect is supposed to be due to 
activation of alpha2A adrenergic receptor subtype.37 
Due to its sympatholytic and nociceptive properties 
it is useful in functional neurosurgery as well. 

ISSUES WITH PROLONGED 
DEXMEDETOMIDINE INFUSION
There are a lot of concerns expressed over 
prolonged use of dexmedetomidine infusion for 
sedation in ICU patients e.g. rebound hypertension 
and tachycardia, due to which many intensivists did 
not use it for more than 24 hours. However now it 
is being used popularly as a long duration sedative 
in medical and surgical care units successfully. 

Guinter et al conducted a literature review which 
involved 11 studies, 6 studies in adults and 5 studies 
in pediatric patients. They found no withdrawal 
effects in the form of tachycardia or hypertension on 
discontinuation of the infusion. On the other hand, 
the incidence of delirium was less as compared 
to that seen with narcotic or propofol infusions.38 

Kunisawa et al also felt after reviewing literature in 
which dexmedetomidine was used on a prolonged 
basis that it was safe as a long term sedative which 
reduces the use of conventional agents and can be 

used in patients in whom traditional sedatives are 
inadequate. The infusion need not be stopped if 
extubation is planned.39 

Tobias et al felt that after 4-5 days of 
dexmedetomidine infusion, it shouldn’t be stopped 
abruptly. Instead slow tapering may prevent the 
withdrawal effects described in literature.40 The 
advantage of dexmedetomidine is that it need not 
be stopped during weaning like benzodiazepines 
and narcotics. 

CONCLUSION
Due to its desirable properties, e.g. lack of 
respiratory depression, ease of sensorium and 
neurological assessment with ongoing infusion, 
no active metabolites and sympatholysis, we 
think dexmedetomidine is an ideal drug as a sole 
sedative agent in patients with TBI. However it 
should be used carefully it elderly patients and in 
patients with hepatic and renal dysfunction. TBI 
with polytrauma renders a patient in a hypovolemic 
state where cerebral blood pressure (CBP) can be 
compromised if dexmedetomidine is not used 
judiciously. Such patients can be managed with 
fluid resuscitation and by avoiding a loading dose 
of dexmedetomidine. 

Current literature supports use of dexmedetomidine 
for more than 24 hours which is an advantage as 
patients with TBI require sedation and ventilation 
in ICU for neurological improvement. 

Bhana N, Goa KL, McClellan 1. 
KJ. Dexmedetomidine. Drugs 
2000;59(2):263 8. [PubMed]
Gertler R, Brown HC, Mitchell DH, 2. 
Silvius EN. Dexmedetomidine: a 
novel sedative  analgesic agent. Proc 
(Bayl Univ Med Cent).2001;14:13–21. 
[PubMed] [Free full text]
Chrysostomou C, Schmitt CG. 3. 
Dexmedetomidine: sedation, analgesia 
and beyond. Expert Opin Drug Metab 
Toxicol. 2008;4:619 27. [PubMed] doi: 
10.1517/17425255.4.5.619 .
Rossaint J, Rossaint R, Weis J, 4. 
Fries M, Rex S, Coburn M. Propofol: 
neuroprotection in an in vitro model 
of traumatic brain injury. Crit Care. 
2009;13:R61. [PubMed] [Free full text]
Roberts DJ, Hall RI, Kramer AH, 5. 
Robertson HL, Gallagher CN, Zygun 
DA. Sedation for critically ill adults 
with severe traumatic brain injury: 

a systematic review of randomized 
controlled trials. Crit Care Med. 2011 
Dec;39(12):2743-51. doi: 10.1097/
CCM.0b013e318228236f. [PubMed]
Urwin SC, Menon DK. Comparative 6. 
tolerability of sedative agents in head-
injured adults. Drug Saf. 2004;27:107-
33. [PubMed]
Adembri C, Venturi L, Pellegrini-7. 
Giampietro DE. Neuroprotective effects 
of propofol in acute cerebral injury. 
CNS Drug Rev. 2007 Fall;13(3):333-51. 
[PubMed]
Kotani Y, Shimazawa M, Yoshimura S, 8. 
Iwama T, Hara H. The experimental and 
clinical pharmacology of propofol, an 
anesthetic agent with neuroprotective 
properties. CNS Neurosci 
Ther.2008;14:95 106. [PubMed] doi: 
10.1111/j.1527-3458.2008.00043.x.
Johnston AJ, Steiner LA, Chatfield DA, 9. 
Coleman MR, Coles JP, Al Rawi PG, 

et al. Effects of propofol on cerebral 
oxygenation and metabolism after head 
injury. Br J Anaesth. 2003;91:781 6. 
[PubMed] [Free full text]
Tanguy M, Seguin P, Laviolle B, 10. 
Bleichner JP, Morandi X, Malledant 
Y. Cerebral microdialysis effects of 
propofol versus midazolam in severe 
traumatic brain injury. J Neurotrauma. 
2012 Apr 10;29(6):1105-10. [PubMed] 
doi: 10.1089/neu.2011.1817.
Ghori KA, Harmon DC, Elashaal A, 11. 
Butler M, Walsh F, O’Sullivan MG, et 
al. Effect of midazolam versus propofol 
sedation on markers of neurological 
injury and outcome after isolated severe 
head injury: a pilot study. Crit Care 
Resusc. 2007;9:166 71. [PubMed]
Kam PC, Cardone D. Propofol infusion 12. 
syndrome. Anaesthesia. 2007;62:690-
701. [PubMed]
Sabsovich I, Rehman Z, Yunen J, 13. 

REFERENCES

http://www.ncbi.nlm.nih.gov/pubmed/?term=Drugs+2000%CD%BE59%3A263-%C2%AD8.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gertler+R%2C+Brown+HC%2C+Mitchell+DH%2C+Silvius+EN.+Dexmedetomidine%3A+a+novel++sedative+%C2%ADanalgesic+agent.+Proc+(Bayl+Univ+Med+Cent).2001%CD%BE14%3A13%E2%80%9321.
http://www
http://www.ncbi.nlm.nih.gov/pubmed/?term=Expert+Opin+Drug+Metab+Toxicol.+2008%CD%BE4%3A619-%C2%AD27.
http://www.ncbi.nlm.nih.gov/pubmed/19397790
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2689510/
http://www.ncb
http://www.ncbi.nlm.nih.gov/pubmed/?term=Drug+Saf.+2004%CD%BE27%3A107-%C2%AD33.
http://www.ncbi.nlm.nih.gov/pubmed/?term=CNS+Drug+Rev.+2007+%CD%BE13%3A333%C2%AD51.
http://www.ncbi.nlm.nih.gov/pubmed/?term=CNS+Neurosci+Ther.+2008%CD%BE14%3A95%C2%AD-106.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Br+J+Anaesth.+2003%CD%BE91%3A781%C2%AD6.
file:///D:/APICARE%20-%20March%202015/http
http://www.ncbi.nlm.nih.gov/pubmed/?term=J+Neurotrauma.+2012%CD%BE29%3A1105%C2%AD10.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Crit+Care+Resusc.+2007%CD%
http://www.ncbi.nlm.nih.gov/pubmed/17567345


ANAESTH, PAIN & INTENSIVE CARE; VOL 19(1) JAN-MAR 2015 91

special article



Coritsidis G. Propofol infusion syndrome: 
a case of increasing morbidity with 
traumatic brain injury. Am J Crit Care. 
2007;16:82 5. [PubMed] [Free full text]
Fodale V, La Monaca E. Propofol infusion 14. 
syndrome: an overview of a perplexing 
disease. Drug Saf. 2008;31:293 303. 
[PubMed]
Cannon ML, Glazier SS, Bauman LA. 15. 
Metabolic acidosis, rhabdomyolysis, and 
cardiovascular collapse after prolonged 
propofol infusion. J Neurosurg. 
2001;95:1053 6. [PubMed]
Fudickar A, Bein B. Propofol 16. 
infusion syndrome: update of clinical 
manifestation and pathophysiology. 
Minerva Anestesiol. 2009;75:339 44. 
[PubMed] [Free full text]
Schifilliti D, Grasso G, Conti A, Fodale 17. 
V. Anaesthetic  related neuroprotection: 
intravenous or inhalational agents? 
CNS Drugs. 2010 Nov;24(11):893-907. 
[PubMed] doi: 10.2165/11584760-
000000000-00000. 
Head BP, Patel P. Anesthetics and brain 18. 
protection. Curr Opin Anaesthesiol. 
2007:20:395 9. [PubMed]
Koerner IP, Brambrink AM. Brain 19. 
protection by anesthetic agents. Curr 
Opin
Anaesthesiol. 2006;19:481 6. [20. PubMed]
Statler KD, Alexander H, Vagni V, 21. 
Dixon CE, Clark RS, Jenkins L, et 
al. Comparison of seven anesthetic 
agents on outcome after experimental 
traumatic brain injury in adult, male 
rats. J Neurotrauma. 2006;23:97 108. 
[PubMed]
Tawfeeq NA, Halawani MM, Al-22. 
Faridi K, Aal Shaya WA, Taha WS. 
Traumatic brain injury: neuroprotective 
anaesthetic techniques, an update. 
2009 Nov;40 Suppl 4:S75-81. [PubMed] 
doi: 10.1016/j.injury.2009.10.040. 
Flower O, Hellings S. Sedation in 23. 
traumatic brain injury. Emerg Med Int. 
2012;2012:637171. [PubMed] [Free full 
text]  doi: 10.1155/2012/637171.
Flynn G, Shehabi Y. Pro/con debate: 24. 
Is etomidate safe in hemodynamically 
unstable critically ill patients? Crit Care. 

2012;16(4):227. [PubMed] [Free full 
text] doi: 10.1186/cc11242.
Chang LC, Raty SR, Ortiz J, Bailard 25. 
NS, Mathew SJ. The emerging use of 
ketamine for  anesthesia and sedation in 
traumatic brain injuries. CNS Neurosci 
Ther. 2013;19:390 5. [PubMed] [Free full 
text] doi: 10.1111/cns.12077.
Rhoney DH, Parker D Jr. Use of sedative 26. 
and analgesic agents in neurotrauma 
patients: effects on  cerebral physiology. 
Neurol Res. 2001 ;23:237 59. [PubMed]
Roberts I, Sydenham E. Barbiturates 27. 
for acute traumatic brain injury. 
Cochrane Database Syst Rev 2012 
Dec 12;12:CD000033. [PubMed] doi: 
10.1002/14651858.CD000033.pub2. 
Tang JF, Chen PL, Tang EJ, May TA, 28. 
Stiver SI. Dexmedetomidine controls 
agitation and facilitates reliable, serial  
neurological examinations in a non-
intubated patient with traumatic brain 
injury. Neurocrit Care.2011;15:175 81. 
[PubMed] doi: 10.1007/s12028-009-
9315-8.
Hao J, Luo JS, Weng Q, He Y, Liu J, Yang 29. 
MH et al. Effects of dexmedetomidine 
on sedation and β endorphin in traumatic  
brain injury: a comparative study 
with propofol. Zhonghua Wei Zhong 
Bing Ji Jiu Yi Xue. 2013;25(6):373 6. 
[PubMed] [Free full text] doi: 10.3760/
cma.j.issn.2095-4352.2013.06.014. 
James ML, Olson DM, Graffagnino 30. 
C. A pilot study of cerebral and 
haemodynamic physiological changes 
during sedation with dexmedetomidine 
or propofol in patients with acute 
brain injury. Anaesth Intensive Care. 
2012;40(6):949 57. [PubMed]
Schoeler M, Loetscher PD, Rossaint R, 31. 
Fahlenkamp AV, Eberhardt G, Rex S, 
Weis J, Coburn M. Dexmedetomidine 
is neuroprotective in an in vitro model 
for traumatic brain injury. BMC Neurol. 
2012;12:20. [PubMed] [Free full text] 
doi: 10.1186/1471-2377-12-20.
Nakano T, Okamoto H. 32. 
Dexmedetomidine induced cerebral 
hypoperfusion exacerbates ischemic 
brain injury in rats. J Anesth. 

2009;23:378 84 [PubMed] doi: 10.1007/
s00540-009-0777-9.
Benggon M, Chen H, Applegate 33. 
R, Martin R, Zhang JH. Effect of 
dexmedetomidine on brain edema 
and neurological outcomes in surgical 
brain injury in rats. Anesth Analg. 
2012;115:154 9. [PubMed] [Free full text] 
doi: 10.1213/ANE.0b013e31824e2b86.
Farag E, Argalious M, Sessler DI, 34. 
Kurz A , Ebrahim ZY, Schubert A. Use 
of α Agonists in Neuroanesthesia: An 
Overview. Ochsner J. 2011;11:57–69. 
[PubMed] [Free full text]
Aryan HE, Box KW, Ibrahim D, Desiraju 35. 
U, Ames CP. Safety and efficacy of 
dexmedetomidine in neurosurgical 
patients. Brain Inj. 2006;20:791 8. 
[PubMed]
Rozet I. Anesthesia for functional 36. 
neurosurgery: the role of 
dexmedetomidine. Curr Opin 
Anaesthesiol. 2008;21:537 43. [PubMed] 
doi: 10.1097/ACO.0b013e32830edafd.
Bekker A, Sturaitis MK. Dexmedetomidine 37. 
for neurological surgery. Neurosurgery. 
2005;57(1 Suppl):1 10. [PubMed]
Ma D, Hossain M, Rajakumaraswamy 38. 
N, Arshad M, Sanders RD, Franks NP, 
et al. Dexmedetomidine produces its 
neuroprotective effect via the alpha 2A-
adrenoceptor subtype. Eur J Pharmacol. 
2004;502(1-2):87 97. [PubMed]
Guinter JR, Kristeller JL. Prolonged 39. 
infusions of dexmedetomidine in 
critically ill patients. Am J Health Syst 
Pharm. 2010;67:1246 53. [PubMed] doi: 
10.2146/ajhp090300.
Kunisawa T. Dexmedetomidine 40. 
hydrochloride as a long term sedative. 
Ther 
Clin Risk Manag. 2011;7:291–299. 41. 
[PubMed] [Free full text] doi: 10.2147/
TCRM.S14581.
Tobias JD. Dexmedetomidine: Are There 42. 
Going to be Issues with Prolonged 
Administration? J Pediatr Pharmacol 43. 
Ther. 2010;15:4–9. [PubMed] [Free full 
text]

http://www.ncbi.nlm.nih.gov/pubmed/?term=Am+J+Crit+Care.+2007%CD%BE16%3A82%C2%AD-5.
http://ajcc.aacnjournals.org/content/16/1/82.long
http://www.ncbi.nlm.nih.gov/pubmed/18366240
http://www.ncbi.nlm.nih.gov/pubmed/11765823
http://www.ncbi.nlm.nih.gov/pubmed/19412155
http://www.minervamedica.it/en/journals/minerva-ane
http://www.ncbi.nlm.nih.gov/pubmed/?term=CNS+Drugs.+2010%CD%BE24%3A893%C2%AD-907.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Curr+Opin+Anaesthesiol.++2007%3A20%3A395%C2%AD-9.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Curr+Opin+Anaesthesiol.+2006%CD%BE19%3A481-%C2%AD6.
http://www.ncbi.nlm.nih.gov/pubmed/?term=PMID%3A+16430376
http://www.ncbi.nlm.nih.gov/pubmed/?term=2009%CD%BE40++Suppl+4%3AS75%C2%AD-81.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flower+O%2C+Hellings+S.+Sedation+in+traumatic+brain+injury.+Emerg+Med+Int.+2012%CD%BE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3461283/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3461283/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3580672/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3580672/
http://www.ncbi.nlm.nih.gov/pubmed/?term=CNS+Neurosci++Ther.+2013%CD%BE19%3A390%C2%AD-5
http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neurol+Res.+2001%CD%BE23%3A237%C2%AD-59.
http://www.ncbi
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neurocrit+Care.2011%CD%BE15%3A175%C2%AD-81.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hao+J%2C+Luo+JS%2C+Weng+Q%2C+He+Y
http://www.cccm-em120.com/weizhongbingguokan/25/373.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anaesth+Intensive+Care.+2012%CD%BE40%3A949%C2%AD-57.
http://www.ncbi.nlm.nih.gov/pubmed/?term=PMID%3A+22494498
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350422/
http://www.ncbi.nlm.nih.gov/pubmed/19685118
http://www.ncbi.nlm.nih.gov/pubmed/22584551
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3382053/
http://www.ncbi.nlm.nih.gov/pubmed/21603337
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3096156/
http://www.ncbi.nlm.nih.gov/pubmed/17060146
http://www.ncbi.nlm.nih.gov/pubmed/18784476
http://www.ncbi.nlm.nih.gov/pubmed/15987564
http://www.ncbi.nlm.nih.gov/pubmed/15464093
http:
http://www.ncbi.nlm.nih.gov/pubmed/21845052
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3150475/
http://www.ncbi.nlm.nih.gov/pubmed/?term=J+Pediatr+Pharmacol+Ther.2010%CD%BE15%3A4%E2%80%939.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017404/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017404/

