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Learning Objectives
Describe how patients’ 
characteristics can influence 
ADME.

List factors involved in 
individualizing a dosing 
regimen and describe how 
deviations  from standards can 
be anticipated.

Describe why steady state is 
essential for accurate dose 
adjustments.

Describe how drug interactions 
can be associated with 
absorption, protein binding, 
metabolic or elimination 
pathways and/or disease 
states.

Describe which 
pharmacokinetic parameter is 
impacted when given a 
medication nonspecific drug 
interaction scenario. 

Please note:  You will not be tested on specific drug names

Food for Thought
Prescribing Errors Adverse drug reactions (ADR)

One of the most prevalent 
forms of medical error

Up to 7000 patients 
annually in the US have 
died due to a medication 
prescribing error

Approximately 1 in every 
20 hospitalizations              
(similar admission rate to that of 
cancer)

Stats
– $136 Billion Annually

– Frequency varies 
5-20% of hospitalized patients

3-28% of hospital admissions

Common drugs
– Pain medications

– Anticoagulants/antiplatelets

– Oncology

Qual Saf Health Care 2003;12(Suppl 1):i29-i32

Ann Pharmacother 2002;36:1331-6
Institute of Medicine  executive summary report 1999
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Pharmacological Principles
Four Main Principles
– Absorption, Distribution, Metabolism, Elimination 

(ADME)

– Population Pharmacokinetic (PK) provide the basis 
for “usual” dose

– Familiarity is essential to ensure proper dosing

Deviations occur
– Memorize general rules with exceptions

– Assess your patients 

Absorption (A) Basics
Definition: how the drug gets into the body from 
the site of administration.

Bioavailablity (F): the fraction of administered 
drug that reaches systemic circulation 
unchanged. 

Will the drug be absorbed enterally? 
– F generally < 100%
– Function & integrity of the GI tract
– Feeding tube placement

Can the drug be given via a feeding tube?
Can the drug be crushed or capsule opened?

– pH of the environment

Non Enteral Routes
Parenteral:  100%  Bioavailable (F)

Topical, Transdermal, Subcutaneous
– < 100 % F
– Thick vs. thin skin
– Intact vs. impaired
– Lipophilic vs. hydrophilic drug
– Skin temperature 

• Fentanyl transdermal patches absorption with warm skin
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Distribution (D) Basics – Vd (L/kg)
Will the medication reach 
its target?
– Area of the body
– Perfusion

Properties of the 
medication
– Lipophilic
– Hydrophilic
– Penetration into difficult 

areas

Physiologic barriers
– Protein binding:  
– Albumin as a marker

Low binding  increased Vd
High binding  Vd may be 
challenged

– Blood Brain Barrier
– Bone
– Eye

Metabolism (M) Basics
How a medication is broken down to less active, 
more water soluble by-products

Primary site: liver
– Phase I

Reduction, oxidation, hydrolysis with CypP450 systems
Cyp 1A2, Cyp 2C9, Cyp 2C19, Cyp 2D6, Cyp 3A4

– Phase II (Conjugation)
Glucuronidation, Acetylation, Sulfation (GAS)

Alterations in metabolism
– Disease state(s)
– Medication competition

Elimination (E) Basics
Affects half life (t ½)

Most drugs undergo renal elimination
Creatinine Clearance (CrCl ml/min) estimates renal function

“normal” = 70-100ml/min
– Cockroft and Gault formula is the ‘standard’ for adults
– CrCl will be different for healthy 30yo and 80yo

Anticipate dose adjustments with deviations from ‘normal’ for 
renally eliminated drugs!

Fecal / biliary less common – no adjustment

NOTE:   Most drug references list renal dose adjustments per CrCl (ml/min) and 
not MDMR (modification of diet in renal disease) GFR (ml/min/1.73m2)



4

Factors Affecting Elimination
Age
– Renal function deteriorates 

with age
– Creatinine (Cr) also comes 

from muscle
May overestimate renal 
function if using actual Cr level 
if  <1 for elderly or cachectic 
patients

Disease states
– Acute renal failure 

Dehydration, dye, medications
GFR essentially zero at initial 
onset

– Chronic renal failure
DM / HTN / Lupus / Transplant
Chronic underlying insufficiency  

Hemodialysis / 
hemofiltration
– May filter out drugs

– Hydrophilic drugs

– Small molecular weight      
(particle size)

Medications
– Competition for elimination 

pathways

– Potential for enhanced 
toxicity (drug specific)

Population Pharmacokinetics (PK)
“Textbook” PK
Derived from clinical trials
– healthy adult +/- pediatric population.
– Neonatal and elderly patient information ? 

Averages of parameters for the population. 

Standard information +/- ranges
– Gentamicin adult Vd = 0.25L/kg (0.2-0.3L/kg)
– Phenytoin protein binding 90% (varies in pediatrics)

Individualizing Therapy
Not all patients are ‘text book’ cases

LOOK at your patients (and the Rx) to 
understand their individual PK!
– What is the best route to enhance absorption?

– Will the drug get to where I want it?
Target site

Perfusion

Obese vs. cachectic; edematous vs. dehydrated

– Assessment of hepatic and renal function.

– Concomitant medications
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PK variations - Neonates

Immature skin, skin hydration   absorption of 
topical products

 extracellular fluid   Vd of H2O soluble drugs

Metabolic pathways mature at different times

GFR, tubular secretion & reabsorption immature at 
birth

PK variations - Elderly

Skin thinning   absorption of topical products

 adipose tissue   Vd of fat soluble drugs

 extracellular fluid   Vd of H2O soluble drugs

Age related changes in renal function   GFR

Therapeutic Drug Monitoring (TDM)
Medications for which drug levels are checked.

Starting doses are designed based on 
population pharmacokinetics.

Adjustments are made utilizing patient specific 
PK parameters calculated from patient specific 
drug levels. 

Loading Dose (LD) may be given to help 
achieve an immediate therapeutic response. 

– Levels approximate those seen at  steady state (SS)

– SS NOT reached faster —3 -5 half-lives still needed.   
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Therapeutic Drug Monitoring

Dose adjustments are best made when the patient is at 
steady state (SS)

Key points
– SS is dependent only on  half life (t ½)
– PK parameters must remain stable for accurate dosing.

Why is being at steady state important?
– Minimizes potential for over/under dose adjustment
– Ensures maximum and stable distribution
– Safe and potentially cost effective dose adjustments

Therapeutic Drug Monitoring

Level interpretation
– Adjustment is only as good as level assessment
– Assess the test drawn (peak, trough, random) in relation to 

when it was drawn in relation to the administered dose and 
from where it was drawn

A ‘peak’ drawn 12 hours after a dose is no longer a peak
A reported ‘toxic’ level drawn from an IV line through which the drug 
was infusion may be falsely elevated
A ‘trough’ drawn one hour after the dose is not a trough

Dosing is not always “one stop shopping” for all patients

Clinical Scenario
TDM and Vd

LC is a 41yo female who is being treated for E. Coli 
urosepsis.  She has multiple true drug allergies and 
her only treatment option at this time is tobramycin. 

Vital signs: stable

Ht 64inches  

Admission weight 60kg

Usual weight 57kg (IBW 55kg)

Bun 10 Cr 0.8

2+ pitting edema
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You notice that she has not yet received any 
diuretic.  You estimate her CrCl to be 
78.3ml/min based on her admission weight.  

Your desired peak is 6mcg/mL and trough is 
<2mcg/mL. Using population PK parameter 
of Vd = 0.25L/kg and Dosing interval =8h 
you start the following:

Tobramycin 120mg x 1 

Tobramycin 90mg Q8h starting 8 hours after the 
first dose was given.

Tobramycin levels are drawn at steady state 
(4th dose) along with other labs:

Peak:  4mcg/mL (desired peak is 6mcg/mL)

Trough:  0.5mcg/mL

Serum creatinine remains stable at 0.8mg/dL

Weight is now 64kg & she has 3+ pitting edema

What could be going on? 



8

Possible explanation

Aminoglycosides readily distribute into extracellular 
fluid

Initial dosing was based on a euvolemic state, BUT 
she was fluid overloaded so her Vd would be 
expected to be larger than population estimates.

She is even more fluid overloaded at present 
leading to an even larger Vd

Increasing the milligram dose but keeping the same 
interval would account for the larger Vd, achieve 
desired peak levels while not leading drug 
accumulation provided renal function stays stable.

Drug Interactions 

www.fda.gov

More food for thought

Up to 2.8% of hospital admissions have 
been attributed to Drug-Drug Interactions 
(Jankel CA, Fitterman LK. Drug Safety 1993; 9(1): 51-9.)

Why is this information important?
– Patient safety

– Health Care Reform

– Medicare  & Medicaid reimbursement
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Medication (Drug) Interactions
Absorption
– Drug A effects Drug B
– Chelation
– pH changes

Distribution
– Binding site 

competition (albumin)
– Disease state 

alteration in plasma 
proteins, fluid status, 
adipose

Metabolism
– Hepatic 

– Cyp 450 enzymes
Induction

Inhibition

Elimination
– Competition for 

pathways

– Primarily renal

Types of Interactions
Drug-Drug
– Rx, OTC, Herbs
– Drug A causes  or 

effect of  Drug B
– Drug A causes toxic 

effect of Drug B
–  Adverse drug 

reactions (ADR)

Drug-Nutrient
– Primarily oral
– Bioavailability/efficacy/ 

metabolism

Drug – Disease state
– Drug may worsen 

disease state

– Disease state may 
effect drug

– Risk vs. benefit

Intentional vs. 
unintentional

Examples of Drug-Drug 
Interactions 

Absorption
– Sucralfate & levothyroxine
– Ciprofloxacin and Calcium Carbonate
– Itraconazole PO & Pantoprazole
– End result – decreased absorption

Distribution
– Aspirin & Warfarin
– Itraconazole & Warfarin
– End result – decreased protein binding
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Examples of 
Drug-Drug Interactions

Metabolism
– Increased metabolism

Carbamazepime and oral contraceptives (OCP)
Saint Johns Wort and cyclosporine

– Decreased metabolism
Voriconazole and tacrolimus
Disulfiram & a Cosmopolitan martini (alcohol)
Grapefruit juice  & simvastatin

Elimination
– Probenecid & Amoxicillin  - decreased elimination
– Tobramycin & Cyclosporine – increased risk of toxicity

Drug- Nutrient Interactions

Ciprofloxacin + nutritional supplement 
shake

Warfarin + vitamin K rich foods

End result - decreased efficacy

Drug worsens disease state

Dronaderone and NYHA Class IV CHF

Gentamicin and severe liver disease

Corticosteroids and diabetes

Dapsone and G6PD deficiency
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Disease state impacts drug

Phenytoin and significant burn

Vitamin A supplement in a hemodialysis 
patient

Codeine and CYP 2D6 rapid or slow 
metabolizers

Intentional Interactions?

Interactive properties of drugs may be 
used to enhance dosing regimen

Increase concentrations / decrease 
dosing

– Amoxicillin + probenecid 
Probenecid decreases the elimination of 
amoxicillin

– Ritonavir + lopinavir
Decrease metabolism of lopinavir

Steps to Minimize Drug Interactions

Know YOUR most commonly prescribed drugs

Know which reputable references to utilize for 
drug information

Educate patients to use only 1 pharmacy and 
maintain accurate written medication histories

Reconcile patient medications at each clinic 
visit, upon hospital admission, transfer AND 
discharge 
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Selected Drug References

Micromedex
Clinical 
Pharmacology
Lexicomp Drug 
Information 
Handbook

Epocrates 
Global RPH.com 

Key points

Patients are not textbooks

We treat patients, not labs

Remember basic PK 
principles w/exceptions

Assess significant drug 
interactions

Know when to ask for help 
or look something up

Clinical Scenario #1
36yo F s/p gastric bypass surgery  seen today in 

the nutrition clinic for iron deficient anemia.

She has been taking oral iron sulfate 324mg 
3x/day as prescribed for 2 months. Repeat Hgb 
is 8.2mg/dl, CBC & iron studies c/w iron 
deficiency

She states she is compliant with the iron and that 
she has been taking a Vitamin C tablet with the 
iron to boost absorption.  
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Clinical Scenario #1
What do you think best explains what is 

going on?

A) Patient is bleeding from another source 
resulting in low hemoglobin

B) Patient is not compliant
C) Past surgical history may account for the 

variance in absorption

Answer to clinical scenario #1 - C
Gastric bypass surgery usually involves 

minimization of the stomach and reconnecting of 
the small intestines, often decreasing the 
surface area of the duodenum.

Iron is generally absorbed in the first part of the 
duodenum. Despite her compliance, the bypass 
surgery resulted in decreased absorption of the 
iron due to anatomical changes. She may 
require long term  intravenous iron 
administration to treat the ongoing deficit. 

Clinical scenario #2
LJ is a70yo female with HTN & penicillin allergy (hives) admitted with 
Severe chest pain & diagnosed with 3V cardiac disease.  TEE showed
new onset mitral regurgitation.  Blood cultures were drawn. TTE the 
next day revealed MV endocarditis & blood cultures became positive 
for GPC in pairs and chains.  The ID team wishes for you to start IV
vancomycin and synergy doses of gentamicin.

60kg, 5’1.5” BUN 8  cr 1.01
CrCl 49mL/min (admission weight)   38mL/min (IBW)
Euvolemic and has central access

You start the following based on drug handbook recommendations for 
usual doses

Gentamicin 60mg IV q8h 
Vancomycin 1 gram IV q12H
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Labs were drawn on day 2 of therapy and 
are reported as follows:

Gentamicin Peak:  not drawn

Gentamicin Trough:  2.9mcg/mL (<2mcg/mL)

Vancomycin trough: 24.3mcg/mL (<15)

Creatinine 1.24mg/dL (baseline 1.01)

What can explain the levels?

Potential Explanation for clinical 
scenario # 2

• LJ has baseline renal insufficiency upon admission (CrCl
<70ml/min) BUT she was dosed as if she had normal renal 
function.  As these medications are renally eliminated, 
there was potential for accumulation. 

• She may be become dehydrated during the admission 
course which would lead to smaller Vd.

•

• Additionally, gentamicin  is nephrotoxic.  (Gentamicin + 
vancomycin together further increase the risk). Renal 
function may have been negatively impacted by the 
medications thus leading to accumulation. 

Clinical Scenario #3
69yo M with a PMH including CVA resulting in paralysis, PVD, DM, 

CHF, seizure disorder, CAD. He was recently admitted for 

Pseudomonas UTI.  He was treated with piperacillin/tazobactam

(Zosyn) IV while admitted x 3 days and was discharged on oral 

ciprofloxacin (Cipro )  per sensitivities to complete a 14 day total

treatment course.  He was readmitted 4 days after discharge for 

urosepsis.  Blood and urine cultures reveal the same strain of 

pseudomonas.  The daughter states she has been giving her Dad the

medications.   You reconcile his home medications  from a chart  she 

provided and note the following:  
– Ciprofloxacin 500mg: 1 tab at 8am 8pm

– MVI+ minerals:  1 tab daily 8am

– Calcium Carbonate 500mg:  2 tablets at 8am

– Enalapril 20mg tab:  8am 8pm

– Pheyntoin 300mg tab at 10pm
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Clinical Scenario #3
What is your assessment of the clinical failure?
A. The daughter is not  giving her father the 

medications as prescribed. 
B. The patient has a new infection.
C. There is a drug interaction present: 

Ciprofloxacin, multivitamins and calcium.
D. There is a drug interaction present: 

Ciprofloxacin and enalapril.
E. There is a drug interaction present: 

Ciprofloxacin and phenytoin.

Answer to clinical scenario #3 – C

Decreased absorption
– Chelation of Ciprofloxacin with divalent 

cations present in dairy products and Calcium 
Carbonate results in significantly decreased 
absorption

Space Ciprofloxacin&  dairy products/nutritional 
supplements/divalent cations by 2h—dose 
antibiotic first!

As a side, new infection / missed organism is 
always a possibility

Clinical Scenario #4

SU is a 60yo F with Type II diabetes (medically 
managed)  and severe osteoarthritis of knees 
and ankles.  She recently fell down the stairs 
and further injured her knee.  Her internal 
medicine physician prescribed a prednisone 
(corticosteroid) taper for 5 days to decrease 
the inflammation.  Day 2 of therapy, she 
complains of increased thirst and urination and 
reports her blood sugars to be in the 300’s 
despite no diet or other medication changes. 
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Clinical Scenario #4

What can explain her symptoms?

A. The patient is not truthful about her diet 
intake. 

B. The prednisone can increase blood 
glucose.

C. The patient is not taking her diabetes 
medications.

D. The joint is now infected. 

Answer to clinical scenario #4 - B

One of the side effects of oral and parenteral 
corticosteroids is hyperglycemia.  Steroid 
use can worsen glucose control in diabetic 
patients and cause hyperglycemia in 
nondiabetic patients as well.  Diabetic 
patients and patients receiving  prolonged 
high dose steroids are instructed to 
monitor blood glucose. 

Clinical Scenario #5

SQ is being treated for acne rosacea with topical 
metronidazole (Metrogel ®).  He declined medication 
counseling when he picked up his prescription and 
always applies the gel immediately after showering and 
shaving.  He has come down with a cold and bought 
Nyquil and some vitamin C tablets.  After his first 
dose, he becomes diaphoretic & experiences nausea 
and vomiting. 
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Clinical Scenario #5

What can explain his symptoms?

A. SQ must have a 24h flu-bug

B. SQ must have eaten some bad food 
earlier

C. Metronidazole interacts with vitamins

D. Metronidazole interacts with the alcohol 
in the Nyquil

E. He was given a bad product

Answer to Clinical Scenario #5 - D

Metronidazole plus alcohol may lead to a 
disulfiram type reaction through inhibition of the 
enzyme acetaldehyde dehydrogenase resulting 
in increased acetaldehyde concentration. 
Caution with alcohol containing products 
including OTCs!

Clinical Scenario #6
A 65 year old female with NYHA Class IV Heart 
Failure is admitted with a new diagnosis of 
symptomatic atrial fibrillations. He is medically 
converted to normal sinus rhythm and the 
cardiology intern wrote in the not to discharge on 
dronedarone.   The pharmacist on the team 
recommends an alternate agent. 

What is the rationale for the pharmacist’s 
recommendation?
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Clinical Scenario #6 Answer

Dronedarone has been associated with 
worsening of heart failure and is 
contraindicated in patients with NYHA Class 
IV heart failure.

Questions? 

#6 - Clinical 
Pharmacokinetics: 

Individualizing Therapy 

Andrea L. Quinn PharmD BCPS
Loyola Stritch School of Medicine

August 8., 2014

Loyola Contact information:
aquinn@lumc.edu

708-216-9545


