
Pediatric Post-operative 

Pain and Sedation
Michael Ramsay MD FRCA

Chairman Department of Anesthesia

Baylor University Medical Center

President Baylor Research Institute

Dallas Texas

Disclosures: Research grants and honoraria from Hospira and Masimo 



5/16/2012 11:03 AM

Don’t worry. Be asleep.
Trust me. 

I will take you into dream 
and wake you up.

“RESTING THE BRAIN”



The New 2012 Clinical Practice 

Guidelines for the Management of 

Pain Agitation and Delirium in Adult

ICU Patients

Slides adapted from Doug Coursin’s Presentation at SCCM

Houston  February 2012 – with Permission



ICU Pain Agitation Delirium (IPAD) Guidelines

Apologies to Apple Inc.





Guidelines Group

21 multi-professional, multi-institutional, 

clinically active, intensive care 

physicians, nurses,  pharmacists with  

expertise in assessing and managing 

pain, agitation and delirium in critically ill 

patients



Taskforce divided into 4 

subcommittees
1. ICU pain & 

analgesia

2. ICU agitation & 

sedation

3. ICU delirium 

4. Related clinical 

outcomes

 Developed keywords & key 

questions for search

 Questions

• Descriptive & actionable

• Structuring actionable clinical 

management questions using: 

 Population Intervention 

Comparison 

Outcomes

(PICO) format



PICO
Basis for lit search & backbone of CPGs

 P = adult mechanically ventilated pts

 I  = BZ-based sedation

 C = nonBZ-based sedation

 O = ventilator time (or ventilator-free time), ICU LOS, self-

extubation, delirium, & cost of ICU care

In adult mechanically ventilated ICU patients, does sustained use of BZs vs. 
non-BZ-based sedation impact outcomes such as duration of mechanical 
ventilation, ICU LOS, & ICU related complications (VAP, delirium, self-
extubation with re-intubation within 48 hours) & cost of ICU care?



What’s new? – Methodology  

• Replaced Cochrane type method with 

 Grades of Recommendation, Assessment,  

Development & Evaluation (GRADE) system

 www.gradeworkinggroup.org

 Structured system to rate quality of evidence & 

grade strength of recs in clinical practice  

• Reviewed, evaluated, & summarized literature

• Developed clinical statements (descriptive) & 

recommendations (actionable) using the 

nominal group method

http://www.google.com/url?q=http://www.gradeworkinggroup.org&sa=D&sntz=1&usg=AFQjCNG44-tgo3nvxxbUUNbETkJ7-FKUjw


Quality of evidence for each 

statement & recommendation was 

determined to be: 

 High (A) 

 Moderate (B)

 Low/very low (C) 



Strength of Recommendations

 Strong (1)  

 Weak (2) 

• Either favor (+) or against 

intervention (-)

 NO recommendation (0)

• Due to lack of evidence or a lack 

of consensus 

• > 50% voting in favor & < 20% 

voting against



What’s new & different?

1) More patient-centered (i.e., focus on symptoms of Pain, 
Agitation, Delirium PAD) rather than medication-
centered

2) More comprehensive approach to prevent & treat PAD

3) Systematic approach to searching relevant  clinical 
databases aided by a professional librarian 

- Charles Kishman, Univ of Cincinnati



4) Created electronic web-based database  

(Refworks®)  simultaneously accessible to 

all taskforce members

5) Modified Delphi method with  anonymous electronic voting 

scheme to achieve group consensus for all statements & 

recommendations 

6) Systematic comparison of various pain, sedation, & delirium 

scales based on psychometric properties (i.e., reliability & 

validity), & feasibility in critically ill adults



Limitations on Disclosure 

of Guidelines

 Approved by Boards of Regents of SCCM, ASHP, ACCP 

and ACCN

 Under review by the editorial board of Critical Care 

Medicine 

 Therefore only allowed to discuss 10,000 meter 

overview.



What I Can Tell You the 

Guidelines say

 Patient is going to have pain at rest and with movement

 Excess pain is bad

 Monitoring for pain important

• Assess, treat as needed, reassess regularly

• Self report of pain better than behavioral scales

• Vital Signs not reliable indicators for pain or pain control, but 

can guide to assess/reassess pain & pain treatment



Therapies
 Multimodal

• Pharmacological & non-pharmacological (music, massage, sleep)

• Opioids – 1st line for non-neuropathic pain

 All available IV opioids titrated to similar pain intensity endpoints equally 
effective 

 Use non-opioids to limit side effects of opioids

 NSAIDs acetominophen, ibuprofen – renal/liver function, risk bleed???

 Dexmedetomidine reduce need for opioids

 Consider regional – LA +/- opioids

• Check coagulation

• Clear neuraxial spine

• Monitor volume status carefully



Guidelines say

 Monitor for depth of sedation 

• Use protocols for monitoring, reassess regularly

• Richmond agitation sedation scale (RASS) & 

Sedation-Agitation Scale (SAS) most valid & reliable 

scales for assessing quality & Depth of Sedation: 

(Ramsay Sedation Scale most simple and most used)

• Recommend objective measures of brain function (BIS, 

Sedline (PSI), SE, AEP, & NI) as 1° method to monitor 

Depth of Sedation in comatose and/or paralyzed patients. 

Monitor EEG for non-convulsive seizure activity



Ramsay Sedation Scale

1 Anxious and agitated or restless or both

2 Cooperative, oriented, and tranquil

3 Responding to commands only

4 Asleep, brisk response to stimuli*

5 Asleep, sluggish response to stimuli*

6 Asleep, no response to stimuli*

* light glabellar tap

Ramsay, et al. Brit Med J. 1974;2(920):656-
659.





Sedation

 The animated ICU

 Controlled lighter sedation better than 

deeper sedation

 Maintain cognitive function 

• Shorter length mechanical 

ventilation, LOS in ICU and hospital



Delirium associated with:

 Increased mortality

 Increased ICU LOS 

Development of post-ICU 
cognitive dysfunction



Guidelines Recommend

• Routinely  monitor for delirium

• Confusion Assessment Method in the ICU (CAM-
ICU )

• Intensive Care Delirium Screening Checklist 
(ICDSC) most valid & reliable delirium monitoring 
tools 

 Quick & reliable



DELIRIUM – Prevention & 

Treatment
 Early mobilization as able

 No clear cut pharmacological agent or protocol appears 

to prevent delirium

• Haloperidol, atypical antipsychotics, DO NOT appear to 

prevent delirium

• Dexmedetomidine may shorten the duration of delirium

• No evidence of efficacy for haloperidol

 BZ use may be a risk factor for delirium

 Conflicting data on risk of various opioids

 Unclear role of propofol – await NIH study



Final Recommendation

A multidisciplinary ICU team approach

• That includes provider education

• Pre-printed and/or computerized protocols & order forms, & 

• A quality ICU rounds checklist

Be used to facilitate PAIN, AGITATION & DELIRIUM 

management guidelines or protocols in adult ICUs









Pediatric Sedation and 

Analgesia

 3 Drugs to discuss:

 1 Propofol

 2.   Ketamine

 3.   Dexmedetomidine



Complex Pediatric Heart 

Disease
 Single ventricle physiology

 Balanced circulation physiology

 Cardiomyopathy

 Aortic stenosis

 Requires understanding of underlying lesion and type of 

circulation: Are changes in SVR/PVR going to be 

important? What oxygen saturations are to be 

expected?



Propofol

J



Propofol

Clinical Effects

 Sedation1

 Hypnosis1

 Anxiolysis1

 Muscle relaxation1

  ICP1

  Cerebral metabolic rate1

 Antiemetic2

Adverse Effects

 Respiratory depression (exacerbated by 
opioids)1

 Hypotension1

 Decreased myocardial contractility3

 Preservative issues4

 Potential for infection4

 Tolerance5

 Propofol infusion syndrome6

  Serum triglycerides4

1Harvey MA. Am J Crit Care.1996;5:7-16.
2Apfel CC, et al. Anaesthesist. 2005;54:201-9.

3Lerch C, et al. Br Med Bull. 1999;55:76-95.
4Diprivan [package insert]. AstraZeneca Pharmaceuticals; 2004.
5Zapantis A, et al. Crit Care Nurs Clin N Am. 2005;17:211-223.

6Riker RR, et al. Pharmacotherapy. 2005;25(5 Pt 2):8S-18S.

(CH3)2 CH CH (CH3)2
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KETAMINE -

What’s Old 

is New Again



PHARMACODYNAMICS
• Dosing:

• Sedation/Analgesia

• IV: 0.5 – 1.0 mg/kg

• IM/ rectal: 2.5 – 5.0 mg/kg

• PO: 5 – 6 mg/kg

• Induction

• IV: 1.0 – 2.5 mg/kg

• IM/ rectal: 5 – 10 mg/kg

• Infusion

• 15-80 mcg/kg/min
• Augment with diazepam IV 2 -5 mg or midazolam IV 1 -2 mg

• Epidural/ Caudal

• 0.5 mg/kg
• Dilute in saline or local anesthetic (1 mL/kg)



PHARMACOKINETICS

• Onset of action:

• IV <30 seconds

• IM/ rectal 3 – 4 minutes

• Peak effects:

• IV 1minute

• IM/ rectal 5 – 20 minutes

• PO 30  minutes

• Duration of action:

• IV 5 - 15minute

• IM/ rectal 12 – 25 minutes

• Epidural 4 hours

• Metabolism:
• Demethylation & hydroxylation by hepatic CYP

• One of the produced metabolites is active

• Norketamine (Metabolite I)

• Has a potency of 30% of the parent drug & longer half-life



Ketamine

• Cardiovascular system:
• Direct myocardial depressant

• Overriden by the central sympathetic stimulation, neurolal 
release of catecholamines, & inhibition of neuronal uptake of 
catecholamines.

• Increase in systemic arterial pressure

• Increase in heart rate

• Increase in cardiac output

• Pulmonary system:
• Bronchial smooth muscle relaxant

• As effective as inhalational agents in preventing bronchospasm

• Increase in pulmonary arterial pressure

• Increases salivary & tracheobronchial secretions 



2 Agonists: Dexmedetomidine

Clinical Effects

 Antihypertensive1,2

 Sedative1,2

 Analgesic1,2

  Shivering3

 Anxiolytic effects4

 Patient rousability4

 Potentiates effects of opioids, 

sedatives, and anesthetics2

 Decreased sympathetic activity5 

Dexmedetomidine

CH3

CH3

N

N

CH3
H

1Kamibayashi T, et al. Anesthesiology. 2000;93:1345-1349.
2Precedex [package insert]. Lake Forest, IL: Hospira Inc; 2004.

3Doufas AG, et al. Stroke. 2003;34:1218-1223.
4Riker RR, et al. Pharmacotherapy. 2005;25(5 Pt 2):8S-18S.

5Venn RA, et al. Brit J Anaesthesia. 2001;87:684-690.
6Shehabi Y, et al. Intensive Care Med. 2004;30:2188-2196.

Adverse Effects

 Bradycardia6

 Hypotension6

 Dry mouth2

 Vasoconstriction with 

rapid infusion or at high 

doses2

 Nausea2



METABOLISM

• Almost 100% biotransformation

• Glucuronidation

• Cytochrome P450 mediated

• Metabolites all inactive – urinary elimination

• Significant  t1/2 in hepatic failure (7.5 hr)

• <1% excreted as unchanged

• No significant effect of renal impairment



Adrenergic-Receptor 
Polymorphisms and Heart 

Failure
[Editorial]

NEMJ Volume 347(15), 10 
October 2002, pp 1196-

1199



Clinical Characteristics of Dexmedetomidine

 Cooperative sedation1

 Analgesia2,3

 NO RESPIRATORY DEPRESSION

 Organ protection (ie, neural, renal, cardiac)1

 Anxiolysis2,3

 Controls hyperadrenergic response to stress1-3

 Reduces shivering3

 Diuretic action4

 Mimics natural sleep1,5

1Aantaa R, et al. Drugs of the Future. 1993;18:49-56.
2Kamibayashi T, et al. Anesthesiology. 2000;93:1345-1349. 
3Wagner BKJ, et al. Clin Pharmacokinet. 1997;33:426-453.

4Goodman LS, et al. The Pharmacological Basis of Therapeutics. New York, NY: McGraw-Hill;2004:232-235.
5Huupponen E, et al. Acta Anaesthesiol Scand. 2008;52:289-294.



Extubation on Dexmedetomidine

Dexmedetomidine has been continuously 
infused in mechanically ventilated patients
• Prior to extubation

• During extubation

• And post-extubation

• It is not necessary to discontinue prior to 
extubation

Excellent sedation control before, during 
and after extubation

Consider converting to dexmedetomidine 
for weaning protocol



Anesth Analg. 2008 Jul;107(1):167-70



2 – Agonists and Cognitive 

Function

• There is strong evidence that 2 – agonists improve 

prefrontal cortical function (PFC)

• PFC shares reciprocal projections with:

• Parietal association cortex specialized for visuospatial processing

• Medial temporal lobe important to memory abilities

• Anterior cingulate cortex involved in organizing complex cognitive 

function

• Caudate nucleus that regulates motor behavior 

• NE’s beneficial action in the PFC appear to result from 

stimulation of 2 (A) – receptors postjunctional to NE 

terminals 

Arnstein et el. Arch Gen Psychiatry 1996





Neuroprotective effects of 

Dexmedetomidine

• Inhibition of ischemia induced NE release may be associated with 
neuroprotection

• Dex prevents delayed neuronal death after focal ischemia

• Dex decreased total ischemic volume by 40% compared to 
placebo

Jolkkonen J et al. Euro J Pharm 1999

Hoffman WE et al Anesthesiology 1991

• Dex enhances glutamine disposal by oxydative metabolism in 
astrocytes

Huang R et al. J Cereb Blood Metab 2000 



16/05/2012 11:03

Apoptotic Neurodegenerative Effects of 

Anesthetics in Neonates

Apoptosis induced 
by anesthetics as 
measured with 
caspase-3 
immunostaining in 
the cortex 

Air

Dex

75% N2O

0.75% Iso
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Apoptotic Neurodegenerative Effects

of Anesthetic Combinations

Apoptosis induced by combinations of 
anesthetics as measured with caspase-3 
immunostaining in the cortex

Dex + 0.75% Iso75% N2O + 0.75% Iso
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Gross Morphologic changes induced by 90 min H-I

Control 8%O2+Dex 8%O2













Neuroprotection from 

Anesthetic Drugs

• Lithium

• Hypothermia

• Xenon

• Dexmedetomidine



Multimodal Analgesia

• Simultaneous use of multiple analgesic 

methods or sedation drugs.





Propofol combined with low-dose 

ketamine preserves mean arterial 

pressure better than propofol 

alone - without affecting the 

recovery and thus is a good option 

in pediatric patients undergoing 

cardiac catheterization.















Time course of the effects of dexmedetomidine (DEX) on heart rate (HR; mean ± SEM), 
cardiac index (CI), and stroke index (SI) in children undergoing brief (DEX-brief; Blue; ≤10 

min) and prolonged (DEX-prolong; Red, >10 min) procedures.

Wong J et al. Anesth Analg 2012;114:193-199

©2012 by Lippincott Williams & Wilkins



Effects of dexmedetomidine (DEX) on mean arterial blood pressure (MAP; mean ± SEM) 
and systemic vascular resistance index (SVRI) in the DEX-brief (Blue) and DEX-prolong 

(Red) groups.

Wong J et al. Anesth Analg 2012;114:193-199

©2012 by Lippincott Williams & Wilkins



In summary:

This is the first study to report the effect of DEX 

sedation on CI, SI, and SVRI in children without 
cardiac disease during radiological procedures.

We found that DEX decreases CI and SI with a 
concomitant increase in SVRI.

We found the effects to be dose-dependent and to 
persist up to 1 hour after discontinuing the sedative.











Central venous pressure (CVP), cardiac output (CO), and pulmonary artery wedge pressure 
(wPAP) changes over time for dexmedetomidine dosed at 0.5 μg/kg.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins



Central venous pressure (CVP), cardiac output (CO), and pulmonary artery wedge pressure 
(wPAP) changes over time for dexmedetomidine dosed at 0.25 μg/kg.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins



Systemic pressures and pulmonary pressures over time for dexmedetomidine dosed at 0.5 
μg/kg, again showing substantial changes at 1 minute that seem to dissipate at the 5-minute 

time point.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins



Systemic pressures and pulmonary pressures over time for dexmedetomidine dosed at 0.25 
μg/kg, showing substantial changes at 1 minute that seem to dissipate at the 5-minute time 

point.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins



Pulmonary vascular resistance (PVR) over time for both dexmedetomidine doses.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins



Systemic vascular resistance (SVR) over time for both dexmedetomidine doses, again showing 
the increase at 1 minute with a decrease back to baseline at 5 minutes.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins



Heart rate (HR) changes over time for dexmedetomidine at both doses, highlighting the increase 
back to baseline in the 0.25 μg/kg dose, whereas the HR remains slow for the 0.5 μg/kg dose.

Jooste E H et al. Anesth Analg 2010;111:1490-1496

©2010 by Lippincott Williams & Wilkins

































teşekkür ederim

sağ olun


