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Course objectivesCourse objectives

�� Understanding pharmacokinetics Understanding pharmacokinetics 
principles and their implication into day to principles and their implication into day to 
day practice.day practice.

�� Enhancing the ability of the pharmacists to Enhancing the ability of the pharmacists to 
take decisions or to recommend certain take decisions or to recommend certain 
dosages for patients.dosages for patients.

�� Empowering the pharmacists to tailor Empowering the pharmacists to tailor 
patient specific drug advice.patient specific drug advice.

�� Understanding the differences of Understanding the differences of 
pharmacokinetics in certain set of patients.pharmacokinetics in certain set of patients.



Course objectives, continueCourse objectives, continue

�� Understanding the link between Understanding the link between 
pharmacokinetics and dosing in Ramadan.pharmacokinetics and dosing in Ramadan.

�� Understanding the therapeutic drug Understanding the therapeutic drug 
monitoring concepts.monitoring concepts.

�� Performing actual drug dose calculation.Performing actual drug dose calculation.

�� Practice actual case study discussions.Practice actual case study discussions.

�� Sharing the experience from different Sharing the experience from different 
pharmacists.pharmacists.



TDM as specialityTDM as speciality

�� Pharmacokinetic clinical pharmacistPharmacokinetic clinical pharmacist

�� Generalist Vs specialistGeneralist Vs specialist



TDM for pharmacistTDM for pharmacist

�� Retail pharmacyRetail pharmacy

�� Hospital pharmacyHospital pharmacy

�� Drug companiesDrug companies



Further sort of variationFurther sort of variation

�� Countless reasons learned in literature Countless reasons learned in literature 
evaluation.evaluation.

�� Pharmacokinetics is only one of themPharmacokinetics is only one of them



TDM becomes important whenTDM becomes important when

�� the drug has a narrow therapeuticthe drug has a narrow therapeutic--toxic range, toxic range, 

�� there is a large variability in pharmacokinetic there is a large variability in pharmacokinetic 
parameter values between patients, parameter values between patients, 

�� the therapeutic effect is not readily assessed the therapeutic effect is not readily assessed 
(e.g. antibiotics) or clinical symptoms are to be (e.g. antibiotics) or clinical symptoms are to be 
avoided (e.g. seizure). Not as useful for blood avoided (e.g. seizure). Not as useful for blood 
pressure lowering (can measure B.P. directly) or pressure lowering (can measure B.P. directly) or 
anticoagulants (again measure clotting time anticoagulants (again measure clotting time 
directly), directly), 



ContinueContinue

�� there is a direct relationship between Cthere is a direct relationship between Cpp or or 
concentration in other biological sample (e.g. saliva) concentration in other biological sample (e.g. saliva) 
and pharmacological effect, and pharmacological effect, 

�� an appropriate (accurate, short turn around, an appropriate (accurate, short turn around, 
inexpensive) analytical method is available for the inexpensive) analytical method is available for the 
drug, drug, 

�� the expected or desired therapeutic effect is not the expected or desired therapeutic effect is not 
observed (may be absorption or compliance problem), observed (may be absorption or compliance problem), 

�� a drug with high first pass effect is involved, or a drug with high first pass effect is involved, or 
�� a patients has altered and/or variable renal state and a patients has altered and/or variable renal state and 

the drug is eliminated mostly as unchanged drug in the drug is eliminated mostly as unchanged drug in 
urineurine



Applied pharmacokineticsApplied pharmacokinetics

�� The process of using drug concentrations, The process of using drug concentrations, 
pharmacokinetic principles, and pharmacokinetic principles, and 
pharmacodynamic criteria to optimize drug pharmacodynamic criteria to optimize drug 
therapy in individual patients.therapy in individual patients.

�� Optimization drug therapy:Optimization drug therapy:
�� Increased probability of desired effect.Increased probability of desired effect.

�� Reducing toxicity without compromising efficacy.Reducing toxicity without compromising efficacy.

�� Increase efficacy without unacceptable toxicity.Increase efficacy without unacceptable toxicity.



Clinical pharmacokineticsClinical pharmacokinetics

�� Is the discipline that describes the Is the discipline that describes the 
absorption, distribution, metabolism, and absorption, distribution, metabolism, and 
elimination of the drugs in patients elimination of the drugs in patients 
requiring drug therapy.requiring drug therapy.



PharmacodynamicsPharmacodynamics

�� Is the study of the relationship between Is the study of the relationship between 
the concentration of a drug and the the concentration of a drug and the 
response obtained in a patient.response obtained in a patient.



BioavailabilityBioavailability

�� Is the fraction or percentage of the drug Is the fraction or percentage of the drug 
absorbed into the systemic circulation after absorbed into the systemic circulation after 
extraextra--vascular administration.vascular administration.

�� Amount of the drug absorbed or reaching Amount of the drug absorbed or reaching 
systemic circulation = (F) * (Dose)systemic circulation = (F) * (Dose)



Factors affecting bioavailabilityFactors affecting bioavailability

�� The inherent dissolution and absorption The inherent dissolution and absorption 
characteristics of the administered chemical characteristics of the administered chemical 
forms (e.g., type of salt).forms (e.g., type of salt).

�� Type of the dosage form (e.g., tablets and Type of the dosage form (e.g., tablets and 
capsules).capsules).

�� Route of the administration.Route of the administration.
�� The stability of the active ingredient in the GIT The stability of the active ingredient in the GIT 

system.system.
�� The extent of drug metabolism before reaching The extent of drug metabolism before reaching 

systemic circulation (first pass effect).systemic circulation (first pass effect).



Factors affecting bioavailability, Factors affecting bioavailability, 
continuecontinue

�� Drugs can be metabolized by GIT Drugs can be metabolized by GIT 
bacteria, GIT mucosa, and by the liver bacteria, GIT mucosa, and by the liver 
before reaching systemic circulation.before reaching systemic circulation.

�� Any factor changing GIT acidity.Any factor changing GIT acidity.

�� Food may alter rate and/or extent.Food may alter rate and/or extent.

�� Gastric emptying rate.Gastric emptying rate.

�� Fluid volume.Fluid volume.

�� Disease status, age, sex, and weight.Disease status, age, sex, and weight.

�� Other drugs!Other drugs!



Dosage forms and rate of Dosage forms and rate of 
absorptionabsorption

�� SolutionsSolutions

�� SuspensionsSuspensions

�� CapsulesCapsules

�� TabletsTablets

�� Coated tabletsCoated tablets

�� ControlledControlled--release formulationsrelease formulations



NoteNote

�� It should be emphasized that It should be emphasized that 
bioavailability or F does not take into bioavailability or F does not take into 
consideration the RATE of drug consideration the RATE of drug 
absorption.absorption.

�� Its only estimates the EXTENT of Its only estimates the EXTENT of 
absorption.absorption.



BioequivalenceBioequivalence

�� When two different dosage forms of the When two different dosage forms of the 
same drug (or the same dosage form same drug (or the same dosage form 
when using generics) have the same when using generics) have the same 
AUCAUC00--�� , C, Cmaxmax and Tand Tmaxmax values are neither values are neither 
clinically nor statistically different.clinically nor statistically different.

�� Most bioequivalent studies involve 18Most bioequivalent studies involve 18--25 25 
healthy adults in randomized crossover healthy adults in randomized crossover 
study.study.





Dosage formDosage form

�� Different dosage forms from the same drugs might Different dosage forms from the same drugs might 
have different bioavailabilityhave different bioavailability
�� Digoxin elixir (F=0.77)Digoxin elixir (F=0.77)

�� Digoxin soft gelatine capsules (F=1).Digoxin soft gelatine capsules (F=1).

�� Parenteral administration usually 100% bioavailable Parenteral administration usually 100% bioavailable 
except if its prodrug!except if its prodrug!
�� Chloramphenicol IV administered as succinate ester which Chloramphenicol IV administered as succinate ester which 

must be hydrolyzed to active compound.must be hydrolyzed to active compound.

�� 55--45% of the drug is eliminated renally before conversion.45% of the drug is eliminated renally before conversion.

�� The F is ranged between 0.55 and 0.95.The F is ranged between 0.55 and 0.95.



Chemical form (S)Chemical form (S)

�� The drug mg represent the total weight The drug mg represent the total weight 
including its salt weight.including its salt weight.

�� S represent the fraction of the active S represent the fraction of the active 
ingredient.ingredient.

�� When the drug is administered in its When the drug is administered in its 
parent form then S=1parent form then S=1

�� Amount of the drug absorbed or reaching Amount of the drug absorbed or reaching 
systemic circulation = (S) * (F) * (Dose)systemic circulation = (S) * (F) * (Dose)









Routes of AdministrationRoutes of Administration
Site of absorptionSite of absorptionRoute of administrationRoute of administration

Nasal passages or Nasal passages or 
lungslungs

Respiratory tractRespiratory tract

VaginaVaginaVaginalVaginal

RectumRectumRectalRectal

SkinSkinTopicalTopical

EyesEyesIntraIntra--ocularocular

Oral mucosaOral mucosaBuccalBuccal

Under tongueUnder tongueSublingualSublingual

Mouth, GI tractMouth, GI tractOralOral



Routes of AdministrationRoutes of Administration

Site of absorptionSite of absorptionRoute of administrationRoute of administration

Directly into cerebroDirectly into cerebro--
spinal fluidspinal fluid

IntrathecalIntrathecal
Epidural spaceEpidural spaceEpiduralEpidural

Into blood from skin Into blood from skin 
layerslayers

SubcutaneousSubcutaneous
MusclesMusclesIntramuscularIntramuscular

Directly into venous Directly into venous 
bloodblood

IntravenousIntravenous



Aminophylline as an exampleAminophylline as an example



First Pass EffectFirst Pass Effect

�� When the drug is absorbed orally, some of When the drug is absorbed orally, some of 
them are extensively metabolized by liver, them are extensively metabolized by liver, 
then the amount reaching systemic then the amount reaching systemic 
circulation reduced.circulation reduced.



Propranolol (Inderal)Propranolol (Inderal)





Administration rate RAdministration rate RAA

�� The administration The administration 
rate is the average rate is the average 
rate at which the drug rate at which the drug 
absorbed or reaches absorbed or reaches 
the systemic the systemic 
circulation.circulation.
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Administration rate RAdministration rate RAA, continue, continue

�� When the drug is When the drug is 
administered as a administered as a 
continuous infusion, continuous infusion, 
the dosing interval the dosing interval 
can be expressed in can be expressed in 
any convenient time any convenient time 
unit.unit.

�� e.g., Aminophylline e.g., Aminophylline 
infused at rate of 75 infused at rate of 75 
mg per hourmg per hour

min/1
min60
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Administration rate RAdministration rate RAA, continue, continue

�� When the drug is When the drug is 
administered at fixed administered at fixed 
dosing intervals, the dosing intervals, the 
calculated calculated 
administration rate is administration rate is 
an average value.an average value.

�� e.g., Aminophylline e.g., Aminophylline 
300 mg Q 6 hours.300 mg Q 6 hours. hourmgR

hour
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Protein bindingProtein binding

�� Clinical laboratory reports of the drug Clinical laboratory reports of the drug 
concentrations in plasma Cconcentrations in plasma Cpp represent represent 
both:both:
�� Drug bound to plasma proteinDrug bound to plasma protein

�� Drug unbound to plasma protein (free drug)Drug unbound to plasma protein (free drug)

�� The pharmacological active is the free The pharmacological active is the free 
drug only which bound to the receptor site.drug only which bound to the receptor site.

�� The reported drug plasma concentration The reported drug plasma concentration 
indirectly reflects the free drug part.indirectly reflects the free drug part.



Equilibrium drug concentrationEquilibrium drug concentration





Protein binding, continueProtein binding, continue

�� Certain disease status associated with decreased Certain disease status associated with decreased 
plasma protein, will have higher percentage of the plasma protein, will have higher percentage of the 
drug is free state (which is the pharmacological drug is free state (which is the pharmacological 
active).active).

�� In this situation CIn this situation Cpp will be the same, but higher Cwill be the same, but higher Cpp free!free!

�� Alpha (Alpha (�� ) is the free fraction.) is the free fraction.

free Cp  bound Cp
free Cp

ionConcentrat Drug Total
ionconcentrat drug Free

+
=

=

a

a



Protein binding, continueProtein binding, continue

�� �� does not vary with drug concentration, does not vary with drug concentration, 
because the binding sites far exceeds the because the binding sites far exceeds the 
number of the drug molecules available for number of the drug molecules available for 
binding.binding.

�� This situation could be reached rarely This situation could be reached rarely 
when the drug concentration reaches 25when the drug concentration reaches 25--
50 mg/L.50 mg/L.

�� Examples might include salicylates and Examples might include salicylates and 
Valproic acid.Valproic acid.



Lower effect than expected!Lower effect than expected!



SituationSituation

�� Lower reported value does not mean lower Lower reported value does not mean lower 
therapeutic action; hence the values should be therapeutic action; hence the values should be 
rere--corrected.corrected.

�� e.g., if patient serum albumin is 2.2 gm/dL e.g., if patient serum albumin is 2.2 gm/dL 
(normal is 4.4 gm/dL) and the reported (normal is 4.4 gm/dL) and the reported 
Phenytoin concentration is 5.5 mg.LPhenytoin concentration is 5.5 mg.L



CalculationsCalculations
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Binding AffinityBinding Affinity

�� Binding affinity also decreased in patients with Binding affinity also decreased in patients with 
uremia (end stage renal disease).uremia (end stage renal disease).

�� �� for Phenytoin increased from 0.1 to 0.2 or for Phenytoin increased from 0.1 to 0.2 or 
even 0.3.even 0.3.

�� The uremic patient with The uremic patient with �� of 0.2 and a of 0.2 and a 
reported Phenytoin concentration of 5 mg/L reported Phenytoin concentration of 5 mg/L 
would have the same free drug concentration would have the same free drug concentration 
(and same pharmacological action) as a (and same pharmacological action) as a 
patient with normal renal function that has a patient with normal renal function that has a 
reported Phenytoin concentration of 10 mg/Lreported Phenytoin concentration of 10 mg/L



CalculationCalculation

LmgfunctionrenalNormalfreeC
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General ruleGeneral rule

�� If If �� is increased in any given situation, the is increased in any given situation, the 
clinician should reduce the desired Cclinician should reduce the desired Cpp by by 
the same proportion.the same proportion.



Volume of Distribution VVolume of Distribution Vdd

�� It is the apparent volume of distribution.It is the apparent volume of distribution.

�� It is simply the size of a compartment necessary It is simply the size of a compartment necessary 
to account for the total amount of drug in the to account for the total amount of drug in the 
body if it were present throughout the body at the body if it were present throughout the body at the 
same concentration found in the plasma.same concentration found in the plasma.

pCion concentrat Plasma
bodyin  drug  theofamount  Total

=dV



Volume of distribution scenariosVolume of distribution scenarios



Volume of distribution, continueVolume of distribution, continue

�� Apparent VApparent Vdd >3L, only indicates that the >3L, only indicates that the 
drug is also present in tissues or fluids drug is also present in tissues or fluids 
outside that compartment.outside that compartment.

�� The actual sites of distribution can not be The actual sites of distribution can not be 
determined from Vdetermined from Vdd value.value.

�� e.g., a drug of Ve.g., a drug of Vdd of 7 L/kg, means that the of 7 L/kg, means that the 
drug is extensively bound to the tissues.drug is extensively bound to the tissues.



Factors associated with lower VFactors associated with lower Vdd

�� Low lipid solubilityLow lipid solubility

�� Increased plasma protein bindingIncreased plasma protein binding

�� Decreased tissue bindingDecreased tissue binding

�� All above factors will increase the CAll above factors will increase the Cpp



Factors associated with higher VFactors associated with higher Vdd

�� Higher lipid solubilityHigher lipid solubility

�� Decreased plasma protein bindingDecreased plasma protein binding

�� Increased tissue bindingIncreased tissue binding

�� All above factors will decrease the CAll above factors will decrease the Cpp



Loading DoseLoading Dose

(F)*(S)
)(C*)(V pd

_ =DoseLoading



Loading dose, continueLoading dose, continue

�� Digoxin loading doseDigoxin loading dose

�� Patient weight 70 KgPatient weight 70 Kg

�� Desired plasma Desired plasma 
concentration is 1.5 concentration is 1.5 
µµg/Lg/L

�� S = 1S = 1

�� F= 0.7F= 0.7

�� VVdd= 7.3 L/kg= 7.3 L/kg

mgorgDoseLoading

DoseLoading
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Incremental loading doseIncremental loading dose

(F)*(S)
)C(C*)(V initial p -desired pd

__ =DoseLoadingalInecrement



Factors affecting VFactors affecting Vdd and LDand LD

(F)*(S)
)(C*)(V pd

_ =DoseLoading



Compartment ModelsCompartment Models

�� One compartment ModelOne compartment Model

�� Two compartment ModelTwo compartment Model





ClearanceClearance

�� Can be defined as the intrinsic ability of Can be defined as the intrinsic ability of 
the body or its organs (kidney or liver) to the body or its organs (kidney or liver) to 
remove drug from plasma or blood.remove drug from plasma or blood.

�� Expressed as volume per unit of time.Expressed as volume per unit of time.



RRAA = R= REE



�� RA = (Cl)(Cpss ave)RA = (Cl)(Cpss ave)
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Maintenance DoseMaintenance Dose
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Factors affecting ClearanceFactors affecting Clearance

�� Body weightBody weight

�� Body surface areaBody surface area

�� Plasma protein bindingPlasma protein binding

�� Extraction ratioExtraction ratio

�� Renal functionRenal function

�� Hepatic functionHepatic function

�� Decreased cardiac outputDecreased cardiac output



Body Surface Area BSABody Surface Area BSA
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Patient specific clearancePatient specific clearance

�� Pt Cl = (Literature Cl per MPt Cl = (Literature Cl per M22) (Pt BSA)) (Pt BSA)

�� Pt Cl = (Literature Cl per Kg) (Pt wt in Kg)Pt Cl = (Literature Cl per Kg) (Pt wt in Kg)



Plasma Protein BindingPlasma Protein Binding

�� In highly protein In highly protein 
binding drugs where binding drugs where 
there is diminished in there is diminished in 
binding.binding.

�� Lower Cpss aveLower Cpss ave

�� Calculated higher ClCalculated higher Cl

�� Usually maintenance Usually maintenance 
dose does not dose does not 
affected by lower affected by lower 
protein bindingprotein binding

aveCpss
tDoseFS

Cl
_

)/(**
=







Extraction RatioExtraction Ratio

�� If its lower than alpha value, then If its lower than alpha value, then 
clearance increases as per higher amount clearance increases as per higher amount 
of drug available for removal.of drug available for removal.

�� If its higher than alpha value, it means that If its higher than alpha value, it means that 
plasma protein acting as plasma protein acting as ““transport transport 
systemsystem”” where the drug is taken to the where the drug is taken to the 
elimination system.elimination system.



Renal and Hepatic function and Renal and Hepatic function and 
Cardiac outputCardiac output

�� Drugs eliminated either as unchanged Drugs eliminated either as unchanged 
through the kidney and/or by metabolism through the kidney and/or by metabolism 
in liverin liver

�� ClCltt = Cl= Clmm + Cl+ Clrr



Elimination Rate Constant KElimination Rate Constant Kdd

))(( Kdto eCpCp -=





Determination of KDetermination of Kdd
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Half Life tHalf Life t1/21/2

�� Time required to lose Time required to lose 
half of the drug half of the drug 
concentration.concentration.
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Clinical application of the KClinical application of the Kdd and tand t1/21/2

�� Estimation of the time to reach steady Estimation of the time to reach steady 
state plasma concentrations after initiation state plasma concentrations after initiation 
of change in the maintenance dose.of change in the maintenance dose.

�� Estimation of the time required to eliminate Estimation of the time required to eliminate 
all or a portion of the drug from the body all or a portion of the drug from the body 
once its discontinued.once its discontinued.



Clinical application of the KClinical application of the Kdd and tand t1/21/2

�� Given the degree of fluctuation in plasma Given the degree of fluctuation in plasma 
concentration desired within a dosing interval, concentration desired within a dosing interval, 
determine that interval. Given the interval, determine that interval. Given the interval, 
determine the fluctuation in the plasma determine the fluctuation in the plasma 
concentration.concentration.



Time to plasma samplingTime to plasma sampling

�� If the drug is distributed to the tissues, If the drug is distributed to the tissues, 
then a suitable time is required before then a suitable time is required before 
taking sample.taking sample.

�� If oral drug is given, wait for absorption.If oral drug is given, wait for absorption.

�� CCpmaxpmax is important where high drug is important where high drug 
concentration is required or toxicity is concentration is required or toxicity is 
anticipated.anticipated.



Time to plasma sampling, continueTime to plasma sampling, continue

�� CCpminpmin is usually measured just before the is usually measured just before the 
next dose.next dose.

�� When therapeutic response needs to be When therapeutic response needs to be 
assessed, then the drug needs to reach assessed, then the drug needs to reach 
steadysteady--state.state.

�� Frequent monitoring is needed in critical Frequent monitoring is needed in critical 
patients.patients.



Revision of pharmacokinetic Revision of pharmacokinetic 
parametersparameters

�� Patient specific pharmacokinetic Patient specific pharmacokinetic 
parameters should be used whenever parameters should be used whenever 
possible.possible.

�� Especially Vd and ClEspecially Vd and Cl



Assay specificityAssay specificity

�� The accuracy and specificity of the assay The accuracy and specificity of the assay 
used by the laboratory measuring the used by the laboratory measuring the 
plasma drug concentrations is critical.plasma drug concentrations is critical.

�� Laboratory errors should always be Laboratory errors should always be 
anticipated if the concentration reported is anticipated if the concentration reported is 
unlogic.unlogic.



Creatinine ClearanceCreatinine Clearance

�� Theoretically 24 hour urine collection is the Theoretically 24 hour urine collection is the 
most accurate measure; however, its most accurate measure; however, its 
practically impossible.practically impossible.

�� Creatinine is a metabolic byCreatinine is a metabolic by--product of the product of the 
muscles.muscles.

�� Its lower in elderly and in females.Its lower in elderly and in females.

�� Its almost exclusively eliminated by renal Its almost exclusively eliminated by renal 
glomerular filtration. glomerular filtration. 



Creatinine clearanceCreatinine clearance

�� For MalesFor Males

�� For FemalesFor Females

�� Age in years, Weight in Age in years, Weight in 
Kg, and Scr in mg/dlKg, and Scr in mg/dl
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Ideal Body WeightIdeal Body Weight

�� Ideal body weight for males in Kg = 50 + Ideal body weight for males in Kg = 50 + 
(2.3) (height in inches >60).(2.3) (height in inches >60).

�� Ideal body weight for females in Kg = 45 + Ideal body weight for females in Kg = 45 + 
(2.3) (height in inches >60).(2.3) (height in inches >60).

�� Use those formulas if actual body weight is Use those formulas if actual body weight is 
120% of the IBW; otherwise use the actual 120% of the IBW; otherwise use the actual 
weight even if its lower than IBW.weight even if its lower than IBW.



DigoxinDigoxin TDMTDM



Key parametersKey parameters

2 days2 days�� half lifehalf life

57 ml/min + 57 ml/min + 
1.02 1.02 ClcrClcr

VdVd

1.01.0SS

1.01.0F (gelatin capsule)F (gelatin capsule)

0.80.8F (elixir)F (elixir)

0.70.7F (tablets)F (tablets)

11--2 mcg/L2 mcg/LTherapeutic plasma concentrationTherapeutic plasma concentration



Volume of distributionVolume of distribution

�� VdVd is increased in:is increased in:
�� Renal diseaseRenal disease

�� HypothyrodismHypothyrodism

�� Patients taking Patients taking QuinidineQuinidine

�� VdVd is decreased in:is decreased in:
�� HyperthyrodismHyperthyrodism



VdVd, continue, continue

�� DigoxinDigoxin follow two compartment modelfollow two compartment model

�� Measuring only ViMeasuring only Vi

�� Distribution time should be allowedDistribution time should be allowed

�� Plasma level is only valuable when Plasma level is only valuable when 
obtained at least 4 hours after IV dose and obtained at least 4 hours after IV dose and 
6 hours after oral dose.6 hours after oral dose.



Vi Vs Vi Vs VtVt



ClearanceClearance

�� Liver metabolism plus renal clearanceLiver metabolism plus renal clearance

�� ClCltt = = ClClmm + + ClClrr
�� CHF affects the clearanceCHF affects the clearance

�� Total Total digoxindigoxin clearanceclearance
�� Without CHFWithout CHF

�� ((mLmL/min)=(0.8 /min)=(0.8 mL/min/kg)(wtmL/min/kg)(wt in kg) + in kg) + ClcrClcr

�� With CHFWith CHF

�� ((mLmL/min)=(0.33 /min)=(0.33 mL/min/kg)(wtmL/min/kg)(wt in kg) + 0.9 in kg) + 0.9 ClcrClcr



Half lifeHalf life

�� Half life is about 2 days in patients with Half life is about 2 days in patients with 
normal renal function.normal renal function.

�� In renal failure patients, half life could In renal failure patients, half life could 
reach to 6 days.reach to 6 days.

�� Half life is difficult to be estimated based Half life is difficult to be estimated based 
only in renal function as only in renal function as VdVd will be will be 
changed as well.changed as well.



Time to sampleTime to sample

�� Routine monitoring should be done 7Routine monitoring should be done 7--14 14 
days following initiation or change in dose.days following initiation or change in dose.

�� Patients with end stage renal disease Patients with end stage renal disease 
might require about 20 days before might require about 20 days before 
reaching steady state.reaching steady state.



Loading dose, case studyLoading dose, case study

�� Estimate the Estimate the digoxindigoxin loading dose that loading dose that 
would be required to achieve a plasma would be required to achieve a plasma 
concentration of 1.5 mcg/L for an average concentration of 1.5 mcg/L for an average 
70 Kg patient being treated for CHF? 70 Kg patient being treated for CHF? 



AnswerAnswer
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How to administer the loading How to administer the loading 
dose?dose?

�� The usual procedure is to give oneThe usual procedure is to give one--half of half of 
the calculated loading dose initially the calculated loading dose initially 
followed by onefollowed by one--fourth in hours; the fourth in hours; the 
remaining fourth is administered six hours remaining fourth is administered six hours 
after the second dose.after the second dose.



Maintenance doseMaintenance dose

�� Assuming the same patient was 50 years Assuming the same patient was 50 years 
old male who had a serum old male who had a serum creatininecreatinine of of 
1.0 mg/1.0 mg/dLdL, calculate a maintenance dose , calculate a maintenance dose 
that would achieve an average plasma that would achieve an average plasma 
concentration of 1.5 mcg/L?concentration of 1.5 mcg/L?



AnswerAnswer

�� ((mLmL/min)=(0.33 /min)=(0.33 
mL/min/kg)(wtmL/min/kg)(wt in kg) in kg) 
+ 0.9 + 0.9 ClcrClcr
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ClcrClcr ((mLmL/min)/min)
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Total Total digoxindigoxin clearanceclearance

�� ((mLmL/min)=(0.33 /min)=(0.33 mL/min/kg)(wtmL/min/kg)(wt in kg) + 0.9 in kg) + 0.9 
ClcrClcr

�� =(0.33 mL/min/kg)(70 kg) + 0.9 (87.5 =(0.33 mL/min/kg)(70 kg) + 0.9 (87.5 
mLmL/min)/min)

�� =23.1 =23.1 mLmL/min +78.8 /min +78.8 mLmL/min/min

�� 101.9 101.9 mLmL/min/min

�� Multiplied by 1440 divided by 1000Multiplied by 1440 divided by 1000

�� =146.7 L/day=146.7 L/day



Maintenance doseMaintenance dose

daymgMD
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MD, continueMD, continue

�� One could elect to give either 0.25 or One could elect to give either 0.25 or 
0.375 mg/day since these are the most 0.375 mg/day since these are the most 
convenient dosage form.convenient dosage form.

�� Another solution is to give 0.25 and 0.375 Another solution is to give 0.25 and 0.375 
mg on alternate days for an average dose mg on alternate days for an average dose 
of 0.312 mg/day.of 0.312 mg/day.



Loading dose in renal failure Loading dose in renal failure 
patients?patients?

�� If the same patient had a serum If the same patient had a serum creatininecreatinine
of 5 mg/of 5 mg/dLdL, would the estimated loading , would the estimated loading 
dose have been different?dose have been different?



AnswerAnswer

�� TheoriticallyTheoritically renal renal 
function affects only function affects only 
the maintenance dose the maintenance dose 
not the loading dose.not the loading dose.

�� In renal failure In renal failure 
patients, patients, digoxindigoxin is is 
displaced from tissue displaced from tissue 
compartment.compartment.

Cp
Ab

Vd =



DigoxinDigoxin VdVd (L per 70 Kg)(L per 70 Kg)

Clcr
Clcr

+
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DigoxinDigoxin VD (L)VD (L)

�� =(3.8 L/=(3.8 L/kg)(wtkg)(wt in kg) + (3.1)(Clcr)in kg) + (3.1)(Clcr)

�� More convenient equation!More convenient equation!



Calculating Calculating creatininecreatinine clearanceclearance
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Calculating Calculating digoxindigoxin VdVd (L per 70 (L per 70 
Kg)Kg)
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Calculated loading doseCalculated loading dose

mgmcgDoseLoading
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Same division of doses in loading Same division of doses in loading 
dose should be useddose should be used



Maintenance dose in renal failureMaintenance dose in renal failure

�� Estimate the daily dose that would Estimate the daily dose that would 
maintain the average maintain the average digoxindigoxin
concentration at 1.5 mcg/L in this same concentration at 1.5 mcg/L in this same 
patinetpatinet (50 years, 70 Kg, and serum (50 years, 70 Kg, and serum 
creatininecreatinine 5.0 mg/5.0 mg/dLdL??



Maintenance doseMaintenance dose
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Calculating Calculating digoxindigoxin clearanceclearance

�� ((mLmL/min)=(0.33 /min)=(0.33 mL/min/kg)(wtmL/min/kg)(wt in kg) + 0.9 in kg) + 0.9 
ClcrClcr

�� =(0.33 mL/min/kg)(70)+0.9(17.5)=(0.33 mL/min/kg)(70)+0.9(17.5)

�� =23.1+ 15.75=23.1+ 15.75

�� =38.85 =38.85 mLmL/min/min

�� MultiplyedMultiplyed by 1440 and divided by 1000by 1440 and divided by 1000

�� = 56 L/day= 56 L/day



Calculating MDCalculating MD
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Changing the route of Changing the route of 
administrationadministration

�� Assume that the same patient NPO and Assume that the same patient NPO and 
he must use IV he must use IV digoxindigoxin; calculate the IV ; calculate the IV 
dose thatdose that’’s equivalent to 0.125 mg daily?s equivalent to 0.125 mg daily?



AnswerAnswer

�� Amount of the drug absorbed or reaching Amount of the drug absorbed or reaching 
systemic circulation = F * Dosesystemic circulation = F * Dose

�� =0.7 * 0.125 mg=0.7 * 0.125 mg

�� =0.0875 mg=0.0875 mg

�� Dose of the new dosage form=amount of Dose of the new dosage form=amount of 
the drug absorbed Divided by F of the new the drug absorbed Divided by F of the new 
form.form.

�� =0.0875/1= 0.0875 mg=0.0875/1= 0.0875 mg



Determining of half lifeDetermining of half life

�� A 62 years old women weighing 50 kg was A 62 years old women weighing 50 kg was 
admitted to the hospital for possible admitted to the hospital for possible 
digoxindigoxin toxicity. Her serum toxicity. Her serum creatininecreatinine was was 
3.0 mg/3.0 mg/dLdL and her dosing regimen at and her dosing regimen at 
home was 0.25 mg of home was 0.25 mg of digoxindigoxin daily for daily for 
several months. The several months. The digoxindigoxin plasma plasma concconc
on admission was reported to be 4.0 on admission was reported to be 4.0 
mcg/L. How long will it take for the mcg/L. How long will it take for the digoxindigoxin
concconc to fall from 4.0 to 2.0 mcg/L?to fall from 4.0 to 2.0 mcg/L?



Recalling formulasRecalling formulas
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Summary of the stepsSummary of the steps

1.1. Estimate the clearanceEstimate the clearance

2.2. Estimate the Estimate the VdVd

3.3. Calculate half lifeCalculate half life



Clearance estimationClearance estimation
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Another method for clearance Another method for clearance 
estimationestimation
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Total Total digoxindigoxin clearanceclearance

�� =(0.33 =(0.33 mL/min/kg)(wtmL/min/kg)(wt in kg)+0.9Clcrin kg)+0.9Clcr

�� =0.33 =0.33 mLmL/min/kg (50) + (0.9) (15.3 /min/kg (50) + (0.9) (15.3 mLmL/min)/min)

�� =16.5 =16.5 mLmL/min + 13.8 /min + 13.8 mLmL/min/min

�� =30.3 =30.3 mLmL/min/min

�� MultiplyedMultiplyed by 1440 and divided by 1000by 1440 and divided by 1000

�� =43.6 L/day=43.6 L/day



Estimation of Estimation of VdVd

�� =(3.8 L/kg) (wt in Kg) + (3.1) (=(3.8 L/kg) (wt in Kg) + (3.1) (ClcrClcr))

�� = (3.8 L/Kg) (50) + (3.1) (15.3 = (3.8 L/Kg) (50) + (3.1) (15.3 mLmL/min)/min)

�� =237 L=237 L



Calculating half lifeCalculating half life

�� KdKd = = ClCl / / VdVd

�� KdKd = 43.6 L/day / 237 L= 43.6 L/day / 237 L

�� KdKd = 0.184 per day= 0.184 per day

�� tt1/21/2 = (0.693)(Vd) / = (0.693)(Vd) / ClCl

�� tt1/21/2 = (0.693)(237 L) / 43.6 L/day= (0.693)(237 L) / 43.6 L/day

�� tt1/21/2 = 3.8 days= 3.8 days



Another methodAnother method
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New maintenance doseNew maintenance dose

�� Calculate a daily dose which will maintain Calculate a daily dose which will maintain 
this patients average this patients average digoxindigoxin plasma plasma 
concentration at 2 mcg/L?concentration at 2 mcg/L?



AnswerAnswer
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High serum level reported!High serum level reported!

�� A 45 YO M is using A 45 YO M is using digoxindigoxin in regular in regular 
basis for 15 days is seen in the clinic for basis for 15 days is seen in the clinic for 
regular checkup and he is doing fine regular checkup and he is doing fine 
clinically. A clinically. A digoxindigoxin plasma level reported plasma level reported 
was 3.4 mcg/L, what are possible was 3.4 mcg/L, what are possible 
explanation?explanation?



AnswerAnswer
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PossibilitiesPossibilities

�� The patient is absorbing more than The patient is absorbing more than 
average figure.average figure.

�� The patient is taking higher dose.The patient is taking higher dose.

�� The patient is taking the drug more The patient is taking the drug more 
frequent.frequent.

�� Clearance is lower than expected.Clearance is lower than expected.

�� Error in the reported figure or interfering in Error in the reported figure or interfering in 
assay or even error in sampling time. assay or even error in sampling time. 



DigoxinDigoxin toxicitytoxicity

�� Muscle weaknessMuscle weakness

�� GI complainsGI complains

�� CNS complainsCNS complains

�� Cardiac: AV block, Cardiac: AV block, bradycardiabradycardia, , arrythmiaarrythmia

�� Toxicity are more likely to happen if there Toxicity are more likely to happen if there 
is electrolyte imbalance.is electrolyte imbalance.



DigoxinDigoxin assay interferenceassay interference

�� SpironolactoneSpironolactone and its metabolitesand its metabolites

�� Structurally similar substances in Chinese Structurally similar substances in Chinese 
medicines or herbals.medicines or herbals.

�� 9 different commercial immunoassay 9 different commercial immunoassay 
methods available in US market; in one methods available in US market; in one 
study 3 underestimates potential toxicity study 3 underestimates potential toxicity 
because of because of spironolactonespironolactone..



DigoxinDigoxin monitoring parametersmonitoring parameters

�� Serum levelSerum level

�� HRHR

�� ECGECG

�� ElectrolytesElectrolytes

�� Serum Serum creatininecreatinine

�� EfficacyEfficacy



AminoglycosidesAminoglycosides



IntroductionIntroduction

�� GentamicinGentamicin, , TobramycinTobramycin, , AmikacinAmikacin

�� Used in GUsed in G--veve infectionsinfections

�� GI absorption is very poorGI absorption is very poor

�� VdVd is 0.25 L/kgis 0.25 L/kg

�� Clearance is equal to Clearance is equal to creatininecreatinine clearance clearance 
in patients with normal renal functionin patients with normal renal function



Therapeutic plasma concentrationsTherapeutic plasma concentrations

<10<102020--3030AmikacinAmikacin

<2<244--88TobramycinTobramycin

<2<244--88GentamicinGentamicin

Trough (mg/L)Trough (mg/L)Peak (mg/L)Peak (mg/L)



Volume of distributionVolume of distribution

�� AMG AMG VdVd in obese patients = (0.25 in obese patients = (0.25 
L/L/kg)(IBWkg)(IBW) + 0.1(TBW) + 0.1(TBW--IBW)IBW)

�� Patients with 3Patients with 3rdrd space volume, their space volume, their VdVd
have to be corrected by 1 liter per each kg have to be corrected by 1 liter per each kg 
of weight gain due to the fluid.of weight gain due to the fluid.

�� =(0.25 L/=(0.25 L/kg)(drykg)(dry weight) + excess fluid weight) + excess fluid 
gain in kggain in kg



ClearanceClearance

�� Almost entirely Almost entirely execretedexecreted by kidney; by kidney; 
hence renal function is the key element.hence renal function is the key element.



Creatinine clearanceCreatinine clearance

�� For MalesFor Males

�� For FemalesFor Females

�� Age in years, Weight in Age in years, Weight in 
Kg, and Scr in mg/dlKg, and Scr in mg/dl
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Ideal Body WeightIdeal Body Weight

�� Ideal body weight for males in Kg = 50 + Ideal body weight for males in Kg = 50 + 
(2.3) (height in inches >60).(2.3) (height in inches >60).

�� Ideal body weight for females in Kg = 45 + Ideal body weight for females in Kg = 45 + 
(2.3) (height in inches >60).(2.3) (height in inches >60).



AMG AMG nomogramsnomograms

�� NomogramsNomograms are better than standard are better than standard 
dosing as certain factors will be included.dosing as certain factors will be included.

�� Many Many nomogramsnomograms are available butare available but
�� Fixed peak and troughFixed peak and trough

�� NomogramsNomograms are based on population are based on population 
pharmacokinetics not patient specific.pharmacokinetics not patient specific.

�� Does not correct for obesity and significant 3Does not correct for obesity and significant 3rdrd

space fluid.space fluid.



Time to sampleTime to sample

�� Peak reading is taking after 1 hour after Peak reading is taking after 1 hour after 
initiation of maintenance dose.initiation of maintenance dose.

�� Dose usually is administered as infusion Dose usually is administered as infusion 
over 30 minutesover 30 minutes

�� Trough is usually taken half hour before Trough is usually taken half hour before 
the next dose.the next dose.

�� The exact time should be recorded.The exact time should be recorded.

�� After how many doses?After how many doses?



Case studyCase study

�� RW is a 30 YO, 70 kg women with a RW is a 30 YO, 70 kg women with a 
serum serum creatininecreatinine of 0.9 mg/of 0.9 mg/dLdL. An initial . An initial 
gentamicingentamicin dose of 100 mg was infused dose of 100 mg was infused 
intravenously over 30 minutes. Calculate intravenously over 30 minutes. Calculate 
the plasma concentration of the plasma concentration of gentamicingentamicin
after 1 hour of infusion completion?after 1 hour of infusion completion?



Recalling formulaRecalling formula
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Estimation of initial concentrationEstimation of initial concentration
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Recalling formulaRecalling formula

t
Cp
Cp

Kd

Vd
Cl

Kd

)ln(
2

1

=

=



Estimation of Estimation of creatininecreatinine clearanceclearance
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Determination of Determination of KdKd
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Case studyCase study

�� For the same patient and when the dose is For the same patient and when the dose is 
given as 100 mg Q 8 hrs, calculate the given as 100 mg Q 8 hrs, calculate the 
predicted trough?predicted trough?



SolutionSolution
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CalculationCalculation
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Case studyCase study

�� C.I is a 50 YO, 60 kg male with a serum C.I is a 50 YO, 60 kg male with a serum 
creatininecreatinine of 1.5 mg/of 1.5 mg/dLdL. He is receiving . He is receiving 
350 mg of 350 mg of amikacinamikacin IV over 30 minutes Q IV over 30 minutes Q 
8 hours. He had a peak serum 8 hours. He had a peak serum 
concentration of 15 mg/L obtained 1 hr concentration of 15 mg/L obtained 1 hr 
after starting the infusion and a trough of 6 after starting the infusion and a trough of 6 
mg/L obtained just before the next dose. mg/L obtained just before the next dose. 
Does this patient require any dose Does this patient require any dose 
adjustment?adjustment?



SolutionSolution

�� Patient response and clinical evaluationPatient response and clinical evaluation

�� Patient specific parametersPatient specific parameters
�� KdKd

�� ClearanceClearance

�� Volume of distributionVolume of distribution
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ClearanceClearance
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�� tt22 is the time between the end of infusion and sampling timeis the time between the end of infusion and sampling time
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Determination of Determination of creatininecreatinine
clearanceclearance

hrLClcr

mlClcr

Clcr

Scr
WeightAge

Clcr

/_3

min/_50

)5.1)(72(
)60)(50140(

))(72(
))(140(

=

=

-
=

-
=



What parameters should be What parameters should be 
used?used?



Once daily dosing!Once daily dosing!



Common practiceCommon practice















RecomendationRecomendation
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Dialysis of the DrugsDialysis of the Drugs



Oral route:Oral route:
What would the graph of blood What would the graph of blood 

level against time look like?level against time look like?

Time

Blood
level



What is happening in these two What is happening in these two 
phases?phases?

Time

Blood
level
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level
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and
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Excretion



Pharmacokinetic ProcessPharmacokinetic Process

Extravascular
Administration

Intravascular 
Administration

Gut
Wall

Body
tissues

Blood

Liver
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ABSORPTION

DISTRIBUTION

METABOLISM

EXCRETION



IV route:IV route:
What would the graph of blood What would the graph of blood 

level against time look like?level against time look like?

Time

Blood
level



Example Example –– same drug, 3 different same drug, 3 different 
formulations could have same formulations could have same 

bioavailabilitybioavailability

Time

Plasma 
conc

IV

Oral – not S/R

Oral - SR











Pharmacokinetic variabilityPharmacokinetic variability







































Goal Goal orientedoriented -- model model based based 
dosingdosing
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