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Learning Objectives: 
Upon completion of this lecture, the student should be able to: 

1. Describe how patients’ characteristics can influence the four basic pharmacokinetic 
parameters of medications (Absorption, Distribution, Metabolism, and Elimination). 

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

3. Describe how drug interactions can be associated with pharmacokinetics and 
pharmacodynamics.  

4. Apply the information presented in lecture to describe which pharmacokinetic parameter 
is impacted when given a medication nonspecific drug interaction scenario. 
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Definitions: 

Pharmacokinetics:  How the body affects a drug. 
Pharmacodynamics:  How the drug affects the body. 

 
 

I.  Pharmacokinetic Principles 
A Four main principles are associated with every pharmacological agent (see section I C). 

a. Familiarity with these principles for each medication is essential to ensure accurate 
patient dosing (HINT: memorize general rules with exceptions for specific drugs). 

b. Assess your patient (use your eyes!) and use available information. 
(i) Physical 
(ii) Laboratory 
(iii)Radiological 
(iv) Overall clinical response  

B These principles provide a basis for “usual” doses but deviations occur within patients. 
C Four pharmacokinetic principles: 

a. Absorption (A) 
(i) How the drug gets into the body from the site of administration 

(a) Bioavailability (F):  Fraction of administered drug that reaches the systemic 
circulation 
(i) Intravenous:  F = 100% 

(b) PKa and PKb 
(i) Ionized versus nonionized form 
(ii) Nonionized (non protonated) forms distribute more readily 
(iii) pH of environment  

1. Certain drugs require and acidic or basic environment for absorption 
2. Itraconazole (azole antifungal) requires an acidic environment 
3. Didanosine (nucleoside reverse transcriptase inhibitor) requires a basic 

environment 
(c) Site of administration 

(i) Oral / Enteral 
1. Bioavailability generally < 100% (some exceptions do occur) 
2. Function of GI tract 

a. Ileus (lazy or sluggish bowel tract)  
b. Bowel obstruction 
c. Intact versus impaired GI tract  
d. Most drugs are absorbed in stomach or first part of duodenum 

3. Tube feeds – where is the tip of the feeding tube located 
a. Gastrostomy tube 
b. Duodenal  
c. Jejunal tube (hint:  not great for enteral absorption) 
d. Can the medication be given via a feeding tube?  

i. Liquid formulations preferred  
ii. Not all tablets may be crushed OR opened.  
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iii. Do not crush sustained release/controlled release drugs 
(sometimes formulations can be dissolved in water)    

(ii) Parenteral 
1. Intravenous 

a. 100% bioavailability 
b. Avoids first pass effect 

2. Intramuscular 
a. Bioavailability < 100%  
b. Avoids first pass effect 

3. Less common parenteral routes 
a. Intrathecal, intraventricular 
b. Intraocular 
c. Intra-articular 

4. Topical/Transdermal/ Subcutaneous 
a. Bioavailability < 100%  
b. Avoids first pass effect 
c. Thick skin versus thin skin impacts topical absorption 
d. Intact versus non-intact skin impacts topical absorption 
e. Skin temperature will affect absorption (e.g. fentanyl transdermal 

patches) 
b. Distribution Vd (L/kg) (D)  

(i) Theoretical fluid volume needed to maintain the total absorbed drug amount in the 
plasma.   

(ii) Factors to consider if the drug will get where it needs to go?  
(a) Perfusion rate 

(i) Normal perfusion allows for organs such as the liver, kidney, heart, brain 
etc. to be exposed to the medication 

(ii) Impaired perfusion limits exposure 
1. Ischemia (physiologic versus pharmacologic) 
2. Higher doses may be required 

(b) Properties of the medication 
(i) Lipophilic - Adipose ( i.e. vancomycin – an antibiotic) 
(ii) Hydrophilic - Extracellular fluid (i.e. aminoglycosides – antibiotic class) 
(iii)Other areas – Bone, eye 

(c) Physiologic barriers 
(i) Protein binding 

1. Low protein binding  generally large Vd 
2. High protein binding  Vd may be challenged 
3. Changes can potentially affect clinical response & drug disposition 
4. Albumin is often used as a clinical marker 

(ii) Blood Brain Barrier (BBB) 
1. Noninflamed meninges:  tight web, minimal penetration 
2. Inflamed meninges:  increased spaces, possibly better penetration 
3. Medications with decreased protein binding cross BBB easier 
4. Maximize dosing or consider alternate routes of administration (i.e. 

intraventricular) 
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(iii)Bone, Eye, Placenta 
c. Metabolism (M):  How a drug is broken down 

(i) Many drugs undergo some form of hepatic metabolism with breakdown into 
active or inactive metabolites. 
(a) Phase I:  reduction oxidation, hydrolysis with Cytochrome P450 
(b) Phase II:  Conjugation (glucuronidation, acetylation, sulfation)   

(ii) Interactions often present due to competition for metabolic pathway with 
Cytochrome P450 system being the most common pathway 

d. Elimination (E) 
(i) Clearance relates the rate of elimination to the plasma concentration 
(ii) Clearance affects half-life (t ½) 
(iii)Clearance may be impaired with hepatic or renal dysfunction 

(a) Most drugs are renally eliminated. 
(i) Renal function deteriorates with age. 
(ii) Estimate of renal function made via Creatinine Clearance (CrCl)  

1. Cockroft & Gault most common formula (mL/min) 
2. Most drug references list renal dose adjustment per CrCl (mL/min) as 

defined above, however some drugs are now adjusted per estimated 
glomerular filtration rate (eGFR).  
a. eGFR is used as a marker for chronic kidney disease (CKD) 
b. reports as mL/min/1.73m2  

3. CrCl will be different for healthy 30yo and healthy 80yo. 
4. Creatinine also comes from muscle. 
5. Calculation using actual serum creatinine in elderly patients may 

overestimate true renal function. 
(iii)Acute versus chronic renal insufficiency 
(iv) Hemodialysis and hemofiltration 

1. May filter out drug 
a. Hydrophilic 
b. Small molecular size 

2. CrCl <10ml/min generally equates to end stage renal disease 
(v)  Anticipate dose adjustment with deviations from ‘normal’ renal function 

(CrCl < 70-100 ml/min-clinically) due to prolonged t ½  
(b) Assess the patient in addition to the laboratory result 

(i) Serum creatinine may look normal after a dialysis session 
(ii) Serum creatinine may not be that elevated but patient may be anuric 

(c) Some medications will require dosing changes for hepatic dysfunction 
(iv) Biliary and fecal elimination 

(a) Less common 
(b) Ceftriaxone (antibiotic)– primarily biliary elimination 
(c) Linezolid (antibiotic) – primarily fecal elimination  
(d) Dose adjustments are generally not needed 

(v) Useful equations 
(a) t ½ = 0.693 / K (hr-1)  
(b) Cl (L/hr) = K(hr-1) x Vd (L) 
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II Population pharmacokinetics 

A “Textbook” pharmacokinetics 
a. General pharmacokinetic parameters based on clinical trials. 
b. Basis for recommended dosing 
c. Provide standard pharmacokinetic information with ranges 

(i) Gentamicin (antibiotic) 
(a)  Vd 0.25L/kg ( 0.2-0.3L/kg); t ½ 2h; <30% protein binding 
(b) Interpatient variability: renal function, hydration status 
(c) Intrapatient variability:  clinical status 

(ii) Phenytoin (Dilantin®) (antiseizure  medication) 
(a) Vd varies with age  
(b) Protein binding 90% - binds to albumin (variances with neonates/infants) 
(c) Interpatient variability: protein binding, metabolism 

B Patients do not always behave like textbooks!! 
a. You must assess patient’s individual pharmacokinetic parameters. 

(i) What is the best route? Will the patient absorb the medication? 
(ii) Will the drug get to where I want it to go? Is my patient dehydrated, edematous, 

cachectic or obese? 
(iii)How is his/her renal or liver function? Do I need to adjust the dose? 
(iv) How many doses did the patient receive?  

b. Reference books / Internet health care information sites to serve as guides 
(i) Clinical pharmacology®   
(ii) Epocrates®, Rxlist®  
(iii)Lexicomp Drug Information® 
(iv) Micromedex,Medscape® 
(v) Other reputable sources 

C Examples of variations in pharmacokinetic parameters per age group 
a. Neonates (<30 days of life) 

(i) Immature skin, increased skin hydration  increased absorption of topical 
products 

(ii) Increased extracellular fluid  higher volume of distribution of water soluble 
drugs (i.e. aminoglycosides) 

(iii)Metabolic pathways mature at different times 
(iv) Glomerular filtration, tubular secretion and reabsorption immature at birth 

b. Elderly 
(i) Skin thinning  increased topical absorption 
(ii) Increased adipose tissue  increase in volume of distribution of fat soluble drugs 
(iii)Decreased extracellular fluid  decrease in volume of distribution of water 

soluble drugs 
(iv) Age related decrease in renal function 
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III Therapeutic Drug Monitoring (TDM) 
A Starting dose for drugs requiring TDM are designed based on population 

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

B Depending on the drug, a Loading Dose (LD) may be given to help achieve an immediate 
therapeutic response by reaching levels that are seen at steady state quickly. However, 
steady state is not reached any faster—3 to 5 half-lives are still needed.    

C Dose adjustments are best made when the patient is at steady state 
a. Steady state is dependent only on  half life (t ½) 
b. Pharmacokinetic parameters must remain stable for accurate dosing. 

(a) Renal function for renally eliminated drugs 
(b) Hepatic function for hepatically eliminated drugs 

c. Why is being at steady state important? 
(i) Minimizes potential for over/under dose adjustment 
(ii) Assumes maximum and stable distribution 

d. Level interpretation 
(i) The adjustment is only as good as the drug level assessment 
(ii) Was the level drawn appropriately in relation to the dose and from the appropriate 

IV line? 
(a) False levels may lead in inappropriate dose changes 

D Dose adjustment may be needed when a patient is not at steady state 
a. Adjust based on the pharmacokinetic information available and the patient’s clinical 

condition. 
b. Frequent monitoring is essential.  

E Dosing is not always “one stop shopping” 
a. Different doses may be needed to treat the same indication for different patients 
b. Patients with similar age, height, weight may still require different dosing  

F Examples of drugs that require TDM 
a. Select antibiotics (Aminoglycosides, Vancomycin) 
b. Select antiepileptic agents (i.e. carbamazepime, phenytoin) 
c. Select anticoagulants (warfarin, heparin---monitor coagulation times not drug levels 

per se) 
G Clinical Scenario 

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.  
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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  
 
 

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 64kg 
 3+ pitting edema  

 
What is your assessment? 
 
Answer:  Aminoglycosides readily distribute into extracellular fluid. When dosing was initiated 
in this patient, she was dosed based on a euvolemic status or normal hydration state.  However, 
she was fluid overloaded at the time of medication initiation and is even more fluid loaded at 
present.  The tobramycin readily distributes into the extracellular fluid and in an edematous 
patient may result in lower serum levels if not dose adjusted. Slightly increasing the milligram 
amount of the dose would have accounted for some of the extracellular shifting.  However, if the 
patient were to have been given a diuretic to help remove the extra water, the levels would have 
been right on target.    

 
 

IV. Drug Interactions 
A. Approximately 3-5% of inpatients are reported to have a preventable adverse drug reaction 

(ADE). (FDA) 
B. Drug interactions are the leading cause of ER visits and hospital admissions. (FDA) 
C. Drug interactions can occur before or after administration. (FDA) 
D. Causes of drug interactions 

a. Drug incompatibility 
b. Pharmacokinetic interactions 

i. Absorption 
ii. Distribution 

iii. Metabolism 
iv. Elimination 

c. Pharmacodynamic interactions 
E. Types of  drug interactions 

a. Drug-Drug 
b. Drug- Nutrient 
c. Drug-Disease State 
d. Level of drug action or organ system 
e. Examples 
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i. Drug incompatibility 
1. At time of preparation or during administration set up 
2. Precipitation 

a. IV calcium and IV ceftriaxone (antibiotic) 
3. Amphotericin B (antifungal) and 0.9% sodium chloride  

ii. Pharmacokinetic 
1. Absorption 

a. Will drug A affect absorption of drug B 
b. Chelation 

i. Levofloxacin (quinolone antibiotic) + ferrous sulfate 
ii. Ciprofloxacin (quinolone antibiotic) + yogurt 

c. Changes in stomach pH 
i. Iitraconazole (antifungal) + cola soft drink 

2. Distribution 
a. Competition for binding sites 

i. Aspirin (NSAID) + warfarin (blood thinner) 
b. Changes in protein binding due to disease states 

i. Phenytoin (anti-seizure) + extensive burn patient 
c. Changes in extracellular fluid or adipose  

i. Vancomycin (antibiotic) + obese 
1. Gentamicin (aminoglycoside antibiotic) + 

edema 
3. Metabolism 

a. Hepatic 
i. Inducer of  CYP450 

1. Increased metabolism 
a. Carbamazepine (anti-seizure) + oral 

contraceptives 
b. Rifampin (antibiotic) + protease 

inhibitors (HIV medication) 
ii. Inhibitor of CYP450 

1. Decreased metabolism 
a. Atorvastatin (cholesterol medication) + 

grapefruit juice 
b. Disulfiram + alcohol 
c. Disulfiram-like reaction 

i. Metronidazole + alcohol 
iii. Major enzymes: 1A2, 2C9, 2C19, 2D6, 3A4 

b. Other metabolic pathways 
i. Plasma esterases 

4. Elimination 
a. Competition for elimination pathways 
b. Renal elimination is the most common 
c. Decreased or increased elimination 
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iii. Pharmacodynamic interactions 

1. Warfarin + green leafy vegetables (vitamin K rich foods) 
a. Warfarin inhibits vitamin K dependent clotting factors 
b. Most green leafy vegetables have vitamin K 
c. End result is decreased anticoagulant effect 

2. Dronedarone (antiarrhythmic) and NYHA  class IV heart failure 
a. Dronedarone can worsen heart failure 

3. Medications that can prolong QTc interval 
a. Combination can increase risk of Torsades de Pointes 
b. E.g. amiodarone, haloperidol, levofloxacin, ondansetron 

4. Tobramycin (aminoglycoside antibiotic) + cyclosporine 
(immunosuppressant) 

a. Both drugs undergo renal elimination 
b. Both can cause nephrotoxicity 
c. Increased risk of nephrotoxicity if used in combination 

5. Methylprednisolone and glucose control 
a. Steroids can increase blood sugar 

iv. Intentional vs. unintentional interaction 
1. Often, interactive properties of drugs may be used to enhance dosing 

regimen 
a. Amoxicillin + probenecid  

i. Probenecid decreased the renal elimination of 
amoxicillin 

b. Ritonavir + lopinavir (HIV protease inhibitors) 
i. Ritonavir is a CYP450 inhibitor 

ii. Increased lopinavir concentrations 
iii. Resulting in decreased dose 
iv. Decreased frequency of administration 

v. Steps to minimize drug interactions 
1. Know your most commonly prescribed drugs 
2. Know your reputable references 
3. Education patients to use only one pharmacy and maintain accurate 

written medication histories 
4. Accurate and detailed medication reconciliation at each clinic visit, 

upon hospital admission, transfer and discharge 
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Drugs listed throughout this lecture.  

Drug Class Context Page # 
Amiodarone Calcium Channel Blocker Drug Interaction 9 
Amoxicillin Beta lactam Antibiotic 

Aminopenicillin 
Drug Interaction 9 

Aspirin Salicylate Drug Interaction 8 
Atorvastatin Drug interaction Drug Interaction 8 
Calcium Carbonate Calcium Salt, antacid Drug Interaction 8 
Carbamazepine Antiepileptic agent Drug Interaction 6,8 
Ceftriaxone Beta lactam antibiotic 

3rd generation cephalosporin 
Biliary elimination 4,8 

Ciprofloxacin Quinolone antibiotic Drug Interaction 8, 10 
Cyclosporine Immunosuppressant, IL II inhibitor Drug Interaction 9 
Didanosine HIV.  NRTI Requires basic environment for 

absorption 
2 

Disulfiram Aldehyde dehydrogenase inhibitor Drug Interaction 8 
Dronedarone Antiarrhythmic Drug interaction 8,9 
Fentanyl Patches Opioid analgesic Absorption and skin temp 3 

Gentamicin Aminoglycoside antibiotic Population PK example, Vd changes 
with increased ECF,  TDM 

5, 8 

Haloperidol Atypical Antipsychotic Drug Interaction 9 
Heparin Anticoagulant TDM 6 
Iron Sulfate Mineral Case 8 
Itraconazole Azole antifungal Requires acidic environment for 

absorption, Drug Interaction 
2, 8 

Levofloxacin Quinolone antibiotic Drug interaction 8,9 
Linezolid Oxazolidanone antibiotic Fecal elimination 4 
Lopinavir/Ritonavir HIV Protease Inhibitors Drug Interaction 9 
Methylprednisolone Corticosteroid Drug Interaction 9 
Metronidazole Amebicide/antiprotozoal antibiotic Drug Interaction 9 
Oral Contraceptives (OCP) Contraceptive Drug Interaction 8 
Phenytoin Antiepileptic agent Population PK example, Drug 

interaction 
5, 6,8 

Probenecid Anti-gout Drug Interaction,  9 
Tobramycin Aminoglycoside antibiotic TDM  6,7, 9 
Vancomycin Glycopeptide antibiotic Drug reservoir (adipose) 

TDM 
3, 6, 8 

Warfarin Anticoagulant TDM, Drug Interaction 6, 8, 9,  
 


