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Loyola Stritch School of Medicine
August 5, 2016

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 
pharmacokinetics and 
pharmacodynamics.

• 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
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• Increase in overall use 
among U.S. adults.

• Increase in use of 5 or more 
agents.

• Drug classes
o Antihypertensive
o Antihyperlipidemic
o Antidiabetic
o Proton Pump Inhibitors
o Antidepressants
o Muscle relaxants

JAMA 2015; 314(17):  1818-1831
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www.cdc.gove/medicationsafety/basics accessed July 1, 2016  Page last updated August 14, 2012

Medication Errors
• Cause at least 1death per day

• 1.3 million injuries annually

• Can occur anywhere in the medication process
o Prescribing
o Repackaging
o Dispensing
o Administering
o Monitoring

• Common causes of error
o Poor communication
o Wrong patient, wrong drug, wrong dose
o Missed contraindication/interaction
o Missed monitoring
o Poor patient understanding
o Others……..

• Approximately 1 in every 20 hospitalizations

Qual Saf Health Care 2003;12(Suppl 1):i29-i32  www.cdc.gove/medicationsafety/basics accessed July 1, 2016  Page last updated August 14, 2012

Adverse Drug Events (ADE)
• Undesirable experience associated with the use of a medical product in a patient. (FDA) 

• Stats 
o 2.5% of all ED visits 2005-2006

• 16.7% required hospitalization
o 1998-2006

• Serious ADE reporting increased 2.6 fold (34,966 to 89,842)
• Fatal ADE reporting increased 2.7 fold (5,519 to 15,107)

o Inpatient ADE rate:  1.9 per 100 admissions
o At least 40% of ambulatory ADE are thought to be PREVENTABLE

• 3-28% of hospital admissions
o $3.5 Billion spent annually on EXTRA medical costs

• Common drugs
o Pain medications
o Anticoagulant/antiplatelet agents
o Oncology

Ann Pharmacother 2002;36:1331-6, Institute of Medicine  executive summary report 1999, Arch Intern Med 2007 167(16):  17512-59
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Definitions

• Pharmacokinetics:  How the body affects a drug

• Pharmacodynamics:  How a drug affects the body

Pharmacokinetic Principles (PK)
• Four Main Principles

o Absorption, Distribution, Metabolism, Elimination 
(ADME)

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

o Familiarity is essential to ensure proper dosing

• Deviations occur
o Memorize general rules with exceptions
o 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? 
o F generally < 100%
o Function & integrity of the GI tract
o Feeding tube location

• Can the drug be crushed or capsule opened?
• Can the drug be given via a feeding tube or in that location?
• Solution versus suspension?

o pH of the environment
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Non Enteral Routes
• Parenteral:  100%  Bioavailable (F)

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

Distribution (D) Basics – Vd (L/kg)
• Will the medication 

reach its target?
o Area of the body
o Perfusion

• Properties of the 
medication
o Lipophilic
o Hydrophilic
o Penetration into 

difficult areas

• Physiologic barriers
o Protein binding:  
o Albumin as a marker

• Low binding 
• High binding 

o Blood Brain Barrier
o Bone
o Eye

Ca++ levels & serum albumin
• Reported [Ca++]levels measure bound calcium

o Calcium is 80% bound to albumin
o  albumin can result in falsely low calcium level
o Hypercalcemia can occur if  the level is not interpreted correctly

• Calcium level 7.9  (low)  serum albumin 1.9 (low)
• Corrected calcium level for albumin: 9.58 (normal)

o Corrected calcium  = measured calcium + 0.8(4 – albumin)  

• Ionized calcium measures ‘non bound’ calcium 
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Metabolism (M) Basics
• How a medication is broken down to less active, 

more water soluble by-products

• Primary site: liver
o Phase I

• Reduction, oxidation, hydrolysis with CypP450 systems
• CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A4

o Phase II (Conjugation)
• Glucuronidation, Acetylation, Sulfation (GAS)

• Alterations in metabolism
o Disease state(s)
o Medication competition or effects

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

• Most drugs undergo renal elimination
o Creatinine Clearance (CrCl mL/min) estimates renal function
o “normal” =  70-100mL/min
o Cockroft and Gault formula is the ‘standard’ for adults

• The results are only as good as the data entered
• Is this calculation appropriate for my patient?

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

• Fecal / biliary less common – no adjustment

NOTE:   The estimated glomerular filtration rate (eGFR)  is used as a marker of chronic kidney disease.  
Most drug references list renal dose adjustments per CrCl (mL/min) but some drugs are now adjusted 
per eGFR (mL/min/1.73m2) (e.g. metformin). 

Factors Affecting Elimination
• Age

o Renal function deteriorates with 
age

o Creatinine (Cr) also comes from 
muscle

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

• Disease states
o Acute renal failure 

• Dehydration, dye, medications
• GFR essentially zero at initial onset

o Chronic renal failure
• DM / HTN / Lupus / Transplant
• Chronic underlying insufficiency  

• Hemodialysis / 
hemofiltration
o May filter out drugs
o Hydrophilic drugs
o Small molecular weight      

(particle size)
• Medications

o Competition for 
elimination pathways

o Potential for enhanced 
toxicity (drug specific)
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Population Pharmacokinetics (PK)
• “Textbook” PK
• Derived from clinical trials

o healthy adult +/- pediatric population
o Neonatal and elderly patient information ? 

• Averages of parameters for the population

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

Individualizing Therapy
• Not all patients are ‘text book’ cases

• Assess the patient (and the Rx)- do they fit?
o Is this the best route?

• Note:  Just because something can be given IV, 
doesn’t mean that it should 

o Will the drug get to where it needs to be?
• Target site
• Perfusion
• Obese vs. cachectic; edematous vs. dehydrated

o Assessment of hepatic and renal function.
o Concomitant medications

PK variations ‐ Neonates
• Immature skin, skin hydration   absorption of 

topical products

•  extracellular fluid   Vd of H2O soluble drugs

• Metabolic pathways mature at different times

• Immature GFR, tubular secretion & reabsorption



7

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.
• Initial doses are designed based on population PK.
• Adjustments are made using patient specific PK 

parameters calculated from patient specific drug 
levels. 

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

o Levels approximate those seen at  steady state (SS).
o SS NOT reached faster —3 -5 half-lives still needed.   

TDM Key Points
• SS is dependent only on  half life (t ½).

• PK parameters must remain stable for 
patient truly to be at steady state.

• Dose adjustments are most accurate 
when made at SS.
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Why is being at SS important?
• Minimizes potential for over/under dose 

adjustment.
• Ensures maximum and stable distribution.
• Safe and potentially cost effective dose 

adjustments.

• What if the PK parameters keep changing?  

TDM considerations
• Dose adjustment is only as good as level 

assessment

• Questions to ask….
o When was the dose actually given?
o When was the level actually drawn?
o From where was it drawn?

Practice
• A low ‘peak’ is reported, but the level was 

drawn 12h post dose.

• A ‘toxic’ level is reported but it was drawn 
during infusion. 

• A high ‘trough’ is reported but drawn 1h post 
dose.
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So what about pharmacokinetics?

…..and pharmacodynamics?

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
Height 64inches  
Admission weight 60kg
Usual weight 57kg (IBW 55kg)
Bun 10 Cr 0.8
2+ pitting edema

You notice that she has not yet received any diuretic.  
You estimate her CrCl to be 78.3mL/min based on her 
admission weight and labs.  

Your desired peak is 6mcg/mL and trough is <2mcg/mL.

Using population PK parameters of Vd of 0.25L/kg and a 
dosing interval of 8h you start the following:

Tobramycin 120mg x 1 
Then tobramycin 90mg Q8h starting 8hours after the first dose 
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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 (desired trough is <2mcg/mL)
Serum creatinine remains stable at 0.8mg/dL

Weight is now 64kg & she has 3+ pitting edema (admission weight:  60kg)

What could be going on?  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.

• How can the dose be changed?

• What if her renal function worsened?
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Drug Interactions 
• 3-5% of preventable 

inpatient ADEs

• Leading cause of ER visits 
and hospital admissions

• Can occur before or after 
administration

www.fda.gov

Drug interactions
• Drug incompatibility

• Pharmacokinetic interactions
o Absorption
o Distribution
o Metabolism
o Elimination

• Pharmacodynamic interactions

Types of Interactions
• Drug – Disease state

o Impact drug efficacy or disease 
state

o Risk versus benefit

• Level of drug action or 
organ system

o Target organ
o Similar pharmacological effect

• Can be intentional

• Drug – Drug
o Rx, OTC, herbs
o  or  effect
o  ADE

• Drug – Nutrient
o Bioavailability
o Metabolism
o Efficacy
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Examples
• Absorption

o Ciprofloxacin + ferrous sulfate
o Levofloxacin + yogurt
o Itraconazole oral capsule + 

Coke

• Distribution
o Aspirin + warfarin
o Gentamicin + edema
o Vancomycin + obese
o Phenytoin + severe burn

• Drug incompatibility
o IV ceftriaxone and IV calcium
o Amphotericin B and 0.9% NaCl

Examples
• Elimination

o Probenecid + amoxicillin
o Loop diuretics and potassium

• Metabolism
o Increased metabolism

• Carbamazepime + oral 
contraceptives (OCP)

• Rifampin and HIV protease 
inhibitors

• Tacrolimus + St. John’s Wort

o Decreased metabolism
• Simvastatin + grapefruit juice
• Codeine + absence of 2D6 

CYP enzyme
• Disulfiram + white wine

Pharmacodynamic interactions
• How a drug affects the body

• Examples
o Warfarin + spinach
o Dronedarone + NYHA IV CHF
o Haloperidol + Ondansetron
o Amiodarone + levofloxacin 
o Tobramycin + cyclosporine
o Corticosteroids + blood glucose
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Intentional Interactions
• Interactive properties of drugs may be used to 

enhance dosing regimen

• Increase concentrations / decrease dosing
o Amoxicillin + probenecid 

• Probenecid decreases the elimination of amoxicillin
o Ritonavir + lopinavir

• Decrease metabolism of lopinavir
o Urinary acidification or alkalization

Steps to Minimize Drug Interactions
 Know your most commonly prescribed drugs

 Know your reputable references

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

 Accurate and detailed medication reconciliation at 
each clinic visit, upon hospital admission, transfer AND 
discharge 

Key points
• Patients are not textbooks.
• We treat patients, not labs.
• Remember basic PK principles with 

exceptions.
• Be vigilant.
• Don’t be afraid to ask for help. 
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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 
7.9mg/dl, CBC & iron studies c/w iron deficiency.

She states she is compliant with the iron and shows 
you the pill box she uses plus a detailed 
medication list.   

Clinical Scenario #1
What do you think best explains the situation?

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.
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Answer to clinical scenario #1 ‐ C
Past surgical history may account for the variance in 

absorption.

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
• AS is a 70yo female with enterococcal endocarditis who 

requires treatment with IV vancomycin + IV gentamicin.  

• Admission data: 
o 60kg, 5’2”, BUN 8 Cr 1.1
o IBW = 50.1kg
o CrCl 49mL/min (admission weight) 38mL/min (IBW)

• Initial orders
o Vancomycin 1g IV q12h
o Gentamicin 60mg IV Q8h

Clinical Scenario #2
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 1.1)
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What can explain the change in 
laboratory values?

A. LJ was admitted with baseline renal insufficiency but dosed 
based on normal renal function.

B. Both drugs are renally eliminated and there is a potential for 
accumulation.

C. LJ may be dehydrated, leading to a smaller Vd and potential 
strain on the kidneys.

D. Gentamicin is nephrotoxic, and gentamicin + vancomycin 
further increases the risk. 

Answer to Clinical Scenario #2
• Drugs undergo renal 

elimination. 

• Dosed inappropriately 
for renal function.

• Nephrotoxic drugs.

• Dehydration

Clinical Scenario #3
• 69 year old male is admitted to the ICU with severe 

community acquired pneumonia.  He is receiving 
oxygen via Bilevel Positive Airway Pressure (BIPAP) 
and is started on IV levofloxacin.  He is receiving 
tube feeds.  Your fellow resident remembers a drug 
interaction involving levofloxacin and tube feeds 
and asks for your advice.   
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What is your response?
A. Chelation can occur with quinolone antibiotics and 

divalent cations which are prevalent in tube feeds. 

B. There is no interaction between IV levofloxacin and 
tube feeds.

C. Once the patient is transition to PO levofloxacin, tube 
feeds must be held before and after administration.

D. Darn it----guess I should select another agent. 

Answer to clinical scenario #3

• What PK parameter 
is impacted?

A. Chelation can occur with 
quinolone antibiotics and divalent 
cations which are prevalent in 
tube feeds. 

B. There is no interaction between IV 
levofloxacin and tube feeds.

C. Once the patient is transition to PO 
levofloxacin, tube feeds must be 
held before and after 
administration.

Clinical Scenario #4
A 60 year old female with Type II DM was gardening and 
came in contact with poison ivy.  She was seen by her 
primary care physician due to worsening severe skin rash.  
The physician prescribed a topical steroid cream as well as 
a methylprednisolone (corticosteroid) taper to help 
manage the reaction.

Day 2 of therapy, she complains of increased thirst and 
urination and her blood sugars are 300+ despite no 
changes in diet or medications.  
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What can explain her symptoms?
A. The patient is not truthful about her diet intake. 

B. The blood sugar readings are inaccurate. 

C. The methylprednisolone can increase blood 
glucose.

D. The patient is not taking her diabetes 
medications.

Answer to clinical scenario #4  C
The methylprednisolone can increase blood glucose.

One of the side effects of both oral and parenteral 
corticosteroids is hyperglycemia.

Steroid use, even short term, can raise blood sugars in both 
diabetic and non diabetic patients. 

Additional blood glucose monitoring may be indicated.    

Clinical Scenario #5
A 22 year old college is student being treated for 
acne rosacea with topical metronidazole 
(Metrogel ®).  She is a pharmacy student and 
declined medication counseling when picking up 
the prescription and she always applies the gel 
immediately after taking a hot shower.  She now 
has a cold and bought Nyquil and some vitamin 
C tablets.  After the first dose, she became 
diaphoretic & experienced nausea and vomiting. 
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What can explain her symptoms?
A. She has a 24h flu-bug.

B. She must have eaten some bad take out. 

C. Metronidazole interacts with vitamins.

D. Metronidazole interacts with the Nyquil.

E. Patient is allergic to metronidazole. 

Answer to Clinical Scenario #5 ‐ D
One of the ingredients in Nyquil is alcohol.  

The combination of metronidazole plus alcohol may 
lead to a disulfiram type reaction.

The breakdown of alcohol is impeded via  inhibition of 
the enzyme acetaldehyde dehydrogenase resulting 
in increased acetaldehyde concentration and 
symptoms of nausea and vomiting. 

Caution with alcohol  and hidden alcohol ingredients. 

Clinical Scenario #6
A 75 year old male is admitted to the ICU with 
worsening pneumonia and atrial fibrillation.   Orders 
are placed for levofloxacin and amiodarone.  Renal 
function is within normal limits. The patient is on 
continuous telemetry monitoring and the ECG report 
shows a QTc of 400msec. 
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Clinical Scenario #6
• You remember from your pharmacology lecture 

that amiodarone and levofloxacin may increase 
the QT interval.

• What type of interaction is present? 
• What do recommend?

Clinical Scenario #6
• Despite the potential for the interaction, you feel this is 

the best treatment for the patient and  QTc interval will 
be assessed via continuous telemetry. 

• Two days later the patient is complaining of severe 
nausea and ondansetron is ordered.  The QTc interval is 
460msec.

• Thoughts?

Clinical Scenario #6 discussion
• Levofloxacin and amiodarone both have the potential for QTc prolongation. 

• Patients with prolonged baseline QTc intervals are at risk for further 
prolongation and potential Torsades de Pointes.

• Ondansetron also has the potential to prolong QT.

• Pharmacodynamic interaction. 
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