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Introduction

• Sedation 

a fundamental and essential part of 
ICU care to reduce distress and suffering ICU care to reduce distress and suffering 
and to enable the application of 
mechanical ventilation



• 90% of patients showed evidence of 

anxiety disorder

Bone RC, Hayden WR, Levine RL et al. Recognition, 

assessment and treatment of anxiety in the critical care

patient. Dis Mon 1995;31:296-359 (169 References)

• Agitation occurred at least once in 71% • Agitation occurred at least once in 71% 
of patients in a medical-surgical ICU

Fraser GL, Prato S, Berthiaume D et al.Evaluation of agitation in ICU 

patients: Incidence, severity, and treatment in the young vs elderly.

Pharmacotherapy 2000;20:75-82



Before starting sedation for 

agitated critically ill patients,

• Look for reversible causes of agitation• Look for reversible causes of agitation

• Provide adequate analgesia and make 
sure that the patient is pain-free



Drugs for sedation

• Benzodiazepines

• Opioid analgesics

• Neuroleptics

• Propofol• Propofol

• Other drugs eg Ketamine

Dexmedetomedine

Thiopentone

Xenon



Routes of administration of  

sedatives in ICU

• Intermittent bolus • Intermittent bolus 

• Bolus followed by infusion

• Continuous infusion



Steady state 

u2
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u2 The Steady state concentration is proportional to dose, dosing interval,  F/Cl

SS attained after ~ 4-5 t1/2 

Time to SS is independent of dosage

The  fluctuations of concentration is proportional to dosing intervals and half-life

Ci = initial concentration before entering the eliminating organ

Co = final concentration after coming out from the organ

Fu = fraction unbound

Clint = intrinsic clearance , enzyme activities of the organ

Q = blood flow at the organ

E = extraction ratio
user, 6/12/2006



Simultaneous iv bolus and iv infusion

(MD= Cpss x ClT)

Cptotal = Cpss e-Kt + Cpss (1-e-Kt) = Cpss

(LD = Cpss Vd)

(MD= Cpss x ClT)



• Bolus followed by continuous infusion of 
sedatives has become common practice

• Periods of over-sedation and under-
sedation are minimized so that patient sedation are minimized so that patient 
comfort is ensured



Problems of continuous infusion

• Unpredictable pharmacokinetic and 
pharmacodynamic profiles of 
sedatives in the critically ill

1. Similar plasma concentrations can produce 
different effectsdifferent effects

2. Pathophysiologic changes occur within an 
individual patient

3. Individual sedative needs constantly change 

4. Many of the sedative drugs exhibit multi-
compartmental pharmacokinetics



• Prolongation of sedation after 
discontinuation of sedative drugs is 
frequent

• Patients may take longer time than 
expected to wake upexpected to wake up



Causes of prolonged sedation after 

discontinuation of midazolam infusion

• High lipid solubility

• Increased volume of distribution

• Rate of metabolism affected by liver • Rate of metabolism affected by liver 
perfusion

• Active metabolites

• Drug interaction eg erythromycin decreases the clearance of

midazolam



The use of continuous IV sedation is 
associated with prolongation of mechanical 
ventilation 

Kollef MH, Levy NT, Ahrens TS et al. 
Chest 1998; 114(2):541-548

• Prospective observational cohort study

• Medical ICU • Medical ICU 

• 242 consecutively ventilated patients

• 93 patients had continuous IV sedation 
while 149 patients received either bolus IV 
sedation (n=64) or no IV sedation (n=85) 



Age <0.001

P/F ratio 0.006

0.041ARDS / ALI
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• Patients receiving continuous IV sedation 
had nearly twice the duration of MV 

• This association persisted despite 
adjustment for age, gender, severity of 
illness, mortality, indication for MV, use of 
neuromuscular blocking agents, presence neuromuscular blocking agents, presence 
of tracheostomy and the no of acquired 
organ system derangements

• The adjusted ICU and hospital LOS were 
statistically greater also



Limitations

• It was an observational study

• A single ICU examining only adult medical 
patientspatients

• Benzodiazepines and narcotics were 
primarily employed

• The  adequacy of sedation from the 
patients’ perspective was not assessed



Effect of a nursing-implemented sedation 
protocol on the duration of mechanical 
ventilation 

Brook A, Ahrens T, Thomas S et al.

Crit Care Med 1999; 27(12):2609-2615

• Randomized, controlled clinical trial

• Medical ICU• Medical ICU

• 321 patients on ventilator randomly assigned to 

receive either protocol-directed sedation (n=162) 

or non-protocol-directed sedation (n=159)





Baseline patient characteristics and indication for mechanical ventilation stratified 

according to sedation strategy



Clinical outcome measures

Length of MV, h 0.003

0.013LOS, ICU, d

LOS, hospital, d

0.013

<0.001

0.038Tracheostomy



Kaplan-Meier curves of the probability of remaining on mechanical ventilation over 

time comparing patients managed with protocol-directed sedation (dotted line) with 

those receiving non-protocol-directed sedation (solid line)



Duration of continuous infusion, d 0.003

Use of IV sedation and chemical paralysis

Fentanyl <0.001

Lorazepam and fentanyl 0.005



Limitations

• A single medical ICU

• The study was not blinded

• The impact of the sedation protocol on 
other outcomes eg occurrence of other outcomes eg occurrence of 
unplanned extubation and VAP were not 
assessed



Daily interruption of sedative infusions in 
critically ill patients undergoing mechanical 
ventilation. 

Kress JP,  Pohlman AS, O’Connor MF, Hall JB. 
N Engl J Med 2000; 342:1471-1477

• A randomized controlled trial

• 128 adult patients randomized to: 

1. The intervention group, the sedative infusions were 
interrupted until the patients were awake, on a daily 
basis

2. The control group, the infusions were interrupted only 
at the discretion of the clinicians in ICU
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Kaplan-Meier Analysis of the Duration of Mechanical Ventilation, 
according to Study Group



Kaplan-Meier Analysis of the LOS in the ICU, according to the Study 
Group



In addition,

• 9% patients in the intervention group 
underwent diagnostic testing to assess 
changes in mental status compared with  
27% patients in the control group (p=0.02)27% patients in the control group (p=0.02)

• Complications eg removal of ETT occurred 
in 4% patients in the intervention group 
compared with 7% patients in the control 
group (p=0.88)



Limitations

• Patient discomfort as well as the 
cardiovascular effects of daily awakenings 
were not assessed



The long-term psychological effects of daily 
sedative interruption on critically ill patients 

Kress JP, Gehlbach B, Lacy M et al. 

Am J Respir Crit Care Med 2003;168:1457

• A follow-up study, comparing patients 
enrolled in the trial with contemporaneous enrolled in the trial with contemporaneous 
survivors of critical illness treated without 
daily sedative interruption



• Patients who received daily sedative 
interruption did not experience adverse 
psychological outcomes and were less 
likely to have  symptoms of post-traumatic likely to have  symptoms of post-traumatic 
stress disorder



Daily interruption of sedative infusions and 
complications of critical illness in 
mechanically ventilated patients

Schweickert WD, Gehlbach BK, Pohlman AS et al. 

Crit Care med 2004; 32:1272-1276

• Blinded retrospective chart review of the • Blinded retrospective chart review of the 
database from the previous trial of 128 
patients





• Patients with daily interruption of sedative 
infusions appear to have a lower 
complications related to prolonged 
mechanical ventilation eg VAP, mechanical ventilation eg VAP, 
bacteremia, barotrauma, venous 
thromboembolism, cholestasis and 
sinusitis



Conclusion 

• Lightening sedation decreases the 
amount of time spent on MV and 
therefore the risk of VAP


