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Target Objectives

• Review the basics of pharmacokinetic principles 

• Describe evidence based practices for safe drug dosing in the obese 

pediatric population

• Identify anesthetic implications for drug administration in the obese 

pediatric population



Why We Should Care?

34% percent of children in the 

United States are obese or 

overweight

of those 34%, as of 2014 data, 17.2% 

are obese

*CDC defines overweight as a BMI at or 

above the 85th percentile and below the 

95th percentile and obesity as a BMI at or 

above the 95th percentile



Trends In Obesity Prevalence 



Wake Up Safe Quality Improvement Initiative

*Medication errors 

ranked 3rd out of 17 

reportable adverse 

events behind 

respiratory and 

cardiovascular events.

*The most common 

medication error was 

wrong dose. Either 

underdosing or 

overdosing 



Distribution of Perceived Preventability 

*The Wake of Safe Initiative collected data and 

interviewed providers to see how they perceived 

the preventability of errors. Over 90% were 

perceived to be preventable

Most errors were either found to be due to a failure of execution or a 

failure of intention

A failure of intention is “you make a plan, but your plan was faulty…” 



Pharmacology – The Basics



Pharmacokinetics



Question

The ionized portion of the drug confers 

pharmacologic activity? True or False?



Influence of pKa and pH

pKa is the pH at which half the drug is 

in its ionized form

* ionized = water soluble

* nonionized = lipid soluble

Nonionized molecules are lipid 

soluble and diffuse across cell 

membranes

Ionized molecules are unable to 

penetrate lipid cell membranes 

because of low lipid solubility. Why?



Question

A patient has a pH of 7.3. You administer an acidic drug 

to this patient with a pKa of 4.5. What degree of 

ionization would you expect?

Is it >50% ionized or <50% ionized?



Question

A patient has a pH of 7.3. You administer an acidic 

drug to this patient with a pKa of 8.1. What degree of 

ionization would you expect?

Is it >50% ionized or <50% ionized?



Volume of Distribution (Vd)

Vd describes the

relationship between

the drug’s plasma 

concentration 

and tissue concentration.

It is a theoretical measure

of how a drug distributes 

throughout the body. 

A drug with a Vd that exceeds 

total body water is assumed to 

be lipophilic. Why?

A drug with a Vd less than 

total body water is assumed to 

be hydrophilic. Why?



Vd

* In obese patients there is more accumulation 

of lipophilic drugs in the fat and it takes longer 

for the drug to be eliminated. 



• Steep alpha phase: Initial 

dispersal of drug from 

central compartment 

• Beta phase: A logarithmic 

plot of the slower 

elimination 

• (Elimination half-life)

• Plasma half-life is directly 

proportional to volume of 

distribution, inversely 

proportional to overall rate 

of clearance



How Body Composition Affects Distribution

Obese individuals possess a higher 

body proportion of fat = larger Vd 

for lipophilic meds due to 

distribution of drugs into the 

adipose tissue.

Vd of hydrophilic medications will 

be altered (increased or decreased) 

due to increased lean body mass and 

increased blood volume.



Pathophysiological Changes in Obesity

that May Affect Pharmacokinetics

◆ Increased blood volume       requires a higher dose to achieve a given 

plasma concentration

◆ Increased CO       faster drug delivery to the vessel rich group

◆ Altered plasma protein binding       altered free fractions available

◆ Lipid solubility of the drug       large fat mass greatly increases Vd for 

lipophilic drugs

◆ Fat mass and muscle mass increase       plasma volume is also larger 



Simplifying Weight Calculations

Total Body Weight: (TBW)

Ideal Body Weight: (IBW) 

IBW= BMI50 x height in m2

(Based on age specific 50th

percentile on CDC Growth Chart)

*Lean Body Weight: (LBW)

LBW= IBW x 1.3



In 2017, the Pediatric Pharmacy Advocacy Group

published recommendations for dosing drugs in 

Obese children…

Reiteration of the vital 

importance of proper 

dosing to ensure safe 

practices in this 

population.

Improper dosage of 

medications is the most 

commonly reported 

errors in treating 

children!



Pediatric Pharmacy Advocacy Group

1. Weight based dosing should be used in patients ages < 18 

years of age who are < 40kg 

1. Children > 40kg, weight based dosing should be used, 

unless the patient’s dose or dose per day exceeds the 

recommended adult dose for the specific indication  

1. Variable recommendations for dosing different 

medications may lead to inconsistencies for dosing 

practices, leaving children at risk for overdosing or 

underdosing, especially in the obese population



Should Propofol induction be based 

on TBW, LBW, or IBW?



What we already know: Total body 

weight is predictive of Propofol Vd, 

but effect. 

What this article adds: First study 

to describe PK/PD of Propofol in 

SO adolescents. 

A prospective PK/PD study was 

conducted in 26 SO adolescents 

ages 9-18, undergoing surgery with 

intravenous Propofol anesthesia 

clinically titrated by providers 

blinded to BIS.

This study concluded that 

maintenance dosing for Propofol 

should be based on Total Body 
Weight and maintains an adequate 

level of anesthesia as shown 

through BIS monitoring



Propofol Dosing Recommendation

Induction:
LBW

Maintenance:
TBW



OW children have a 
greater risk of being 

over or underdosed

Retrospective study from 

2006-2011, ages 2 to 17

Noncardiac procedures

Reviewed dosing of 

midazolam, cis, neostigmine, 

and succinylcholine

*OW children received a 

dose of morphine that 

exceeded safe range 

*Reversal agents were under 

dosed leaving OW children 

are risk of respiratory 

compromise



Fentanyl Dosing Recommendation

Loading Dose:
LBW

Maintenance:
IBW 

&

Individual Response



Midazolam & Morphine 

Dosing Recommendation

Loading Dose:
IBW

Maintenance:
IBW 

&
Individual Response



Succinylcholine Dosing Recommendation

Induction:
TBW

*Under dosing muscle 

relaxants may lead to 

suboptimal intubating 

conditions



Rocuronium & Vecuronium 

Dosing Recommendation

Induction:
IBW

Maintenance:
LBW



Cisatracurium Dosing Recommendation

Induction:
TBW

Maintenance:
TBW



Dexmedetomidine Dosing Recommendation

Loading Dose:
TBW

Maintenance:
TBW



Neostigmine Dosing Recommendation

Reversal Dose:
TBW

*To ensure full recovery 

give dose based on TBW. 

Delayed full recovery may 

be seen in obese patients



Match the drug with the appropriate drug-dose 

calculation method for an 

obese patient using the following weights. 

A. Lean Body Weight B. Ideal Body Weight C. Total 

Body Weight

Succinylcholine

Rocuronium

Propofol Induction



Drug Induction Dose Maintenance Dose

Propofol LBW TBW

Fentanyl LBW IBW & Individual Response

Midazolam IBW IBW & Individual Response

Morphine IBW IBW & Individual Response

Succinylcholine TBW

Rocuronium IBW LBW

Vecuronium IBW LBW

Cisatracurium TBW TBW

Dexmedetomidine TBW TBW

Reversal Dose

Neostigmine TBW

A safe guide to remember.: The Pediatric Pharmacy Advocacy Group supports:

• Use IBW for induction of hydrophilic drugs and LBW for maintenance doses 

• For lipophilic drugs the Pediatric Pharmacy Advocacy Group supports the use of TBW
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Any Questions?


