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Sedation of Patients in Intensive Care Unit





Everyone who works in Intensive Care Unit (I.C.U.) has already faced an anxious and agitated patient requiring sedation for different goals such as management of difficult airway, improvement of mechanical ventilation or just as adjuvant therapy to commonly procedures done in Intensive Care Medicine, for examples. 

Although there are many suitable drugs for specif purposes in critical care, the intensivist must know the basic pharmacology and clinical uses of sedative agents, being extremely judicious when indicating sedation to avoid any related complication, as in the case of a patient agitated by pain (post operative care, for instance). With the knowledge about the lack of analgesic proprierties of most sedative agents, the intensivist must rule out a pain component on patient’s agitation, and treat it first before sedation to do not make the agitation worse. 

The following should be indication for sedation: 

a) fear and/or anxiety
b) dificult sleeping
e) control of agitation
f) facilitation of mechanical ventilation/airway management
c) protection against myocardial ischemia
d) amnesia during neuromuscular blockade 

This text was organized in five sections according the most common drugs used in I.C.U., their basic pharmacology, clinical uses and potentitial adverse effects. In the end of the text you will find a table with commonly used doses, some especific proprierties and clinical indications for the drugs discussed below. 

1-Benzodiazepines (BNZs) 

As a group, they are the most common drugs used for sedation. They interact with their specific receptor, which is part of GABA (Gama Aminobutic Acid) receptor complex, modulating GABA release at Central Nervous System (C.N.S.) making neurons “resistant” to neuronal excitation (by the mechanism of GABA action). Their effect (anxiolysis, sedation, or hypnosis) depends on the amount of receptors occupied and can be reversed promptly by an antagonist (flumazenil) which competes with BNZ for the same site at GABA receptor. They have a wide margin of safety not causing general anesthesia, but when associated whith alcohol, used in elderly patients or in cirrotic patients can depress respiratory centers inducing apnea (this effect sometimes can be observed in usual parenteral dosages in othewise heath individuals, especially with midazolam). It is observed some degree of cardiovascular depression when these drugs are used, mediated by direct effects on hemodinamics plus indirect effect by blocking the “adrenergic drive”. 

BNZs are avaliable for enteral and parenteral administration. Being lipophilic their clinical effect is observed at short period of time (1-5 min.) when intravenous drugs are used. Most of them is metabolized by hepatic oxidation (lorazepam is metabolized by hepatic conjugation) and excreted in inactivated form by the kidneys (many drugs, like diazepam, when metabolized at hepatic level generate circulanting active metabolites, leading to prolonged sedative effect of BNZs). They circulate bounded to plasmatic proteins and are not dialyzed. 

Examples of BNZ most commonly used at I.C.U. are diazepam, midazolam and lorazepam (see bellow), all of them fiting with the six indications for sedation cited above. Monitoring the level of sedation with BNZ can be acchieved by clinical (Ramsay’s scale, Observer’s Assessment of Alertness/Sedation scale [ OAA/S ]) or laboratorial methods (EEG, neuronal networks analysis, respiratory sinus arrhythmia, evoked potentials). The Ramsay’s scale, wich was developed specific for monitoring the level of sedation with BNZ, is the most popular and simple method of avaliation: 

	Ramsay’s scale

level 
	description

	Awake

	1 
2 
3 
	Anxious and/or agitated
Cooperative , oriented , and tranquil
Respond to commands 
	

	
	
	

	Asleep
	

	
	
	

	4 
5
6 
	Quiescent with brisk response to light glabelar tap or loud auditory stimulus
Sluggish response to light glabelar tap or loud auditory stimulus
No response 
	


*Data from Ramsay MAE, Savage TM, Simpson BRJ, et al: Controlled sedation with alphaxalone/alphadolone. BMJ 2:656, 1974.

2-Propofol. 

This extremely lipophilic drug, used to induce and mantain anesthesia, was recently approved for I.C.U. sedation. It is avaliable for intravenous administration dissolved in fat emulsion (soybean oil, glycerol, and purified egg phosphatide), has extremely rapid distribution and metabolization (by hepatic conjugation) responsible for promptly patient arousal after a single dose or interruption of drug infusion. Its metabolites are excreted by kidneys. Its formulation causes a transiently elevation on triglyceride level and has some allergic proprierties. It has respiratory and cardiovascular depressant effects, with minimal influence on heart rate, and is still very expensive what limits its routine use at I.C.U.. Many series have related increased incidence of infectious complications, probably due to contamined fat emulsion. 

3-Etomidate 

This imidazole derivate used to induce anesthesia has shown some advantages (rapid onset of action and minimal effects at ventilation and cardiovascular function) when aplied in intensive care as sedative agent for emergency procedures such as endotracheal tube placing and cardioversion. 

It is avaliable for intravenous use, produces hypnosis in seconds and is metabolized at hepatic level before urinary excretion. Unfortunatelly it has been associated with nausea, vomiting, myoclonus, seizures, pain at injection’s local and thromboflebitis. Prolonged use has shown increased mortality of patients, probably due to supression of adrenal steroidogenesis. 

4-Ketamine 

It is a derivate of phecyclidine and produces dissociative anesthesia (patients appear in cataleptic state) due to interactions with the neurotransmiter glutamic acid, mainly at limbic system level. 

The drug is avaliable for parenteral use, with clinical effects observed within 30 seconds after the dose (peak within 1 minute). It is metabolized by liver into several derivatives (some with intrinsic activity) and eliminated by kidneys. Major advantages are minimal respiratory depression, bronchodilatory effect, cardiovascular stimulation (increase in heart rate, blood pressure and cardiac output, making it useful in patients dependent on endogenous or exogenous amines for cardiac stability) and analgesic effects (provides analgesia for painful procedures, such as burn debridments). On the other hand, it may increases salivation, lacrimation, produces muscle movements, increases in intracranial pressure and in cerebral metabolism. The most worrisome adverse effects are hallucinations and delirium. For this reason this drug is rarely used at I.C.U. when another sedative agent is avaliable. 

5-Neuroleptic agents 

Of these agents, haloperidol and droperidol, originally used in psychiatric patients, offer great advantages for using at I.C.U. as sedative drugs, especially in patiens with delirious (I.C.U. syndrome) and without an artificial airway (these drugs do not have respiratory depressant effects of BNZ). Their exact mechanism of action is unknow, but they cause a CNS depression at subcortical levels of the brain, midbrain, and brainstem reticular formation, may antagonize the actions of glutamic acid within the extrapyramidal system, may inhibit cathecolamine receptors and the reuptake of neurotransmiters, have strong central antidopaminergic action and weak central anticholinergic action, produces ganglionic blockade and reduces affective response. For these reasons they can produce autonomic effects (ie: dry mouth, postural hypotension, urinary retention blurred vision, sedation), extrapyramidal reactions (parkinsonism) and adverse effects seen with others neuroleptic drugs (acute dystonic reactions tardive dyskinesia and neuroleptic malignant syndrome). 

Haloperidol is avaliable in enteral and parenteral formulas. Its bioavailability is 60% after oral administration and clinical effects take too much time to be useful in emergency situations. When used intravenous their effects are observed in 15-60 minutes and may last 4 to 8 hours making this route more suitable for I.C.U. purposes. The drug is metabolized by hepatic oxidation and excreted in urine and feces. 

	Table caption goes here



	
	Midazolam
	Lorazepam
	Propofol
	Etomidate
	Ketamine
	Haloperidol

	Loading doses
	0,1-0,3mg/kg
	0,03-0,07mg/kg
	0,5-2,0mg/kg
	0,2-0,5mg/kg
	0,5-1,0mg/kg
	5-10mg

	Maintenance dose
	0,03-0,25mg/kg/h
	0,03-0,07mg/kg at 4-6h intervals
	1,0-6,0mg/kg/h
	not recomended
	1,2-6,0mg/kg/h
	Increase 5mg every 15-20min. Untill sedative effect is achieved, repeat the sedative dose every 2-4h

	Onset
	+/- 2min
	> or = 3 min
	+/- 1 min
	+/- 1 min
	30 sec to 1 min
	15-30 min

	Duration
	15-30 min
	6-8h
	5-10 min
	5-10 min
	10-15 min
	4-8 h

	Cardiac effects
	Minimal depressant effect
	Minimal depressant effect
	Important depressant effect
	None
	Important stimulatory effect
	Minimal depressant effect. May prolong QT interval

	Respiratory effects
	Important depressant effect
	Important depressant effect
	Important depressant effect
	Minimal depressant effect
	Minimal depressant effect
	None

	Analgesia
	None
	None
	None
	None
	Potent
	None

	Amnesia
	Potent
	None
	None
	None
	Potent
	None

	Indications
	  Managment of airway

  Improvement of 
mechanical ventilation
(duration< 24h)

  Associated with another sedative agent and an analgesic drug for common ICU procedures
	  Improvement of
mechanical ventilation
(duration< 24h)

  Ansiolitic agent of choice at ICU
	same of Midazolam
	  Associated with another sedative agent and an analgesic drug for common ICU procedures

    Managment of airway
	  Extremelly
painful 
procedures
(such as debridments)
	  Sedative agent for patient without an artificial airway

  Choice for treatment of delirious(ICU syndrome)
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