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1.  Describe the basic princlples of how drugs work in the body
and with one another.

2. |dentify the four most Important ways that drugs Impact the
body in both positive end negative ways.

3.  Describe three reasons why individuals in vulnerable
populations, particularly individuals with /DD and or aging
have Increased risks for reactions to polypharmacy.

Definition and Statistics

¢ In a broad sense, polypharmacy describes individuals taking
multiple medications
e Increased risk of inappropriate drug use, under use of effective
medications, medication errors, Ipm]r adherence, drug-drugand
drug, discase interactions, and adverse drug reactions
¢ More frequently applied to seniors
® 65-69:14 medIcations on average
* 80-84: 18 medications
® May be the appropriate course of action
¢ Dark side of polypharmacy:
» Polypharmacy Is responsible for 28% of hospltal admisslons
« Polypharmacy is the fifth leading cause of death
o Between 1o8-2005, about 500,000 substantial adverse reactions
causing death (n'ipfcr.l over previous years), birth defects,

disabilitics, hospitatization, life th ing situation or medical

atention
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Definition and Statistics

¢ Many polypharmacy problems stem from two sources:
» Asingle patient receives meds from more than one
doctor. (neurologist, internist, allergist, psychiatrist, etc)
* A combination of drugs is prescribed with no prior
research on how the drugs in question will interact,
particularly in regard to each individual drug’s side
effects.
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+ Drug ineffectiveness (FDA 1938)
» Adverse Drug Events
« Qver-sedation, falls, increased bleeding
* Over-dosage
* Under-dosage
+ Drug Interactions
* Increased potential side effects
» Increased cosls and hospitalizations
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== Challenges of Pharmacotherapy

* New drugs available each year

+ FDA approved and off-labe! indications are expanding
* Changing managed-care formularies

= Advanced undersianding of drug-drug inferactions

+ Increasing popularity of “nutritionals®

*  Multiple co-morbid stales

* Polypharmacy

+ Medication compliance

+ Effects of aging physiology on drug therapy

+ Medication cost




» Doctors more likely to prescribe medications for older clients than
young ones
+ Altered response to medications: cumulative effect on physlology of
aged:
« Aging
* Dlsease

« Stress
« Trauma
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» Elderly rely on varlous medications to control or relleve a range of age-
related problems
« Cardlovascular disease
* Diabetes
+ Degenerative Joint disease
» Autolmmune disorders
» Neurological disorders
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+ RIeks of problems:
« Medication errors
« Wrong drug, time, route

« Adverse effects from each drug
« Polypharmacy primary reason for adverse reactions

+ Adverse Interactions between drugs
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* Persons sged 85y and older consiitute 13% of
the populalion and purchase 33% of all
prescription medications and 40% of all OTCs
Most rapidly growing part of population (one in
ohx)

By 2040, 25% of the population will purchase
50% of all prescription drugs

Process of aging (nvolves changes in blological,
functional, psychological, and soclal faciors It Is
accompanled by chronic disease, comorbidity,
disabillty, frallly and soclal isolation
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—Wlélh age remangés

Body composition: reduction In body water and increase in fat stores
Cardiac and peripheral vascular disease: stiffening, reduction In HR

CNS: increased sensitivity, decreased blood flow, decline in receptors
and pathways

Gl: decreased secretion of acid and pepsin, disjunction in motility,
decreased GI blood flow, reduction in liver volume and blood flow

Immune system: Decreased immunity to diseases, increased infections
Musculoskeletal: loss of muscle tissue, osteoarthritis, osteoporosis
Renal: reduction of renal mass and blood flow, decreased GFR

Resplratory: vital capacity and FEV decreases, increased rigidity of
chest wall, reduced thorax muscle strength and endurance

Sensory: decreased visual, hearing, taste and smell

—Potypharmacy and Medication

related problems

 Elderly may be frail, highly sensitive to pharmacotherapy
o Pharmacokinetic changes
» Pharmacodynamics changes
¢ Inappropriate medication prescribing
« High risk of intolerance related to drug disease interactions, drugs
prescribed at too high dosages or for too long
¢ Can lead to prescribing cascade
® Omission of appropriate medications
o Can negatively influence medication adherence

¢ Inelderly noncompliance 25-75% depending on number of drugs
and daily doses
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" Pharmacotherapeutics

= Definition: The use of drugs to treat disease
+ Examples:
= Replacement therapy: to replenish or substitute for missing
substances in the body (insulin, iron}
+ Excile or depress cells (brain neurons)

» Alter tissues or cells (chemotherapy)
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+ Absorption
«  hjoavaikabiily: the fraction of a drug dose reaching the syslemic circulation
+ Distribution
« locallons In the body a drug penetrates expressed as volume per weighl (e g
Lrkg)
» Metabolism
« drug 1o all which may be pharmacologically active

or Inactive
« Elimination
* adrug's final route(s) of exil from the body expressed In terms of half-lite or
clearance
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* Half Life: The time It 1akes for half the drug to be ellminated from the body
* Protein Binding: Binding lo blood proteln, albumin. Only free drug ls avallable for

clinical activity
Tolal drug load
+ Bound
*  Unbound
« Onsel: Time interval that starte when the drug |s adminislered and ends when

therapeulic effects aclually begins

= Peak: Highest level of blood concentration

*+  Duratlon: Length of time drug produces it's therapeutic effect

+ Steady State: Occurs when tha rate of drug administration equals the rate of drug
eliminalion, Occurs after five half lives
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(Absorption)
+  Reduced gastic acid production
Rehes gasiric pH
May aker solubility of some drugs (ASA etc}
Longer gastric emplylng
Delay or reduce absorplion
Impaired aclive {ranmaport system
. Decreased esophagenl molility
decreased gastric and patieial cells makes it difficull lo swallow
Capsules more difficull 1o swallow
3 Lonn ol subcutaneous fal
+ Increaved rate of absorplion of lopical medicalions
. Increased fragility of veins.
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 Fffects of Aging-on Absorption.

= Rate of absorplion may be delayed
« Lower peak concentration \

+ Delayed time to peak conceniration
= Overall amount absorbed (bioavailability) is [ Y

unchanged
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__—Factors Aﬁ?ct‘rngﬂbserpﬁo‘ﬁ'é’
*  Route of administration
+  What it taken with the drug
» Divalent cations (Ca, Mg, Fe)
+ Food, enferal feedings
» Drugs Ihal influence gasiric pH
+ Drugs that promote or delay Gl motility
+ Comorbid conditions
+ increased Gl pH
+ Decreased gastric emptying

+ Dysphagia
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(Distribution)

+ Decreased cardiac outpul/circulation changes
* May delay onset or extend effect of medications

Decrease of lean body mass/increase of fatly tissue
where medications are siored

« Prolong medication’s action

* Increase sensitivity

* Increase loxic effects

Higher plasma levels/more erratic distribution

Plasma prolein binding issues

AS LI e R

[ Effects of Aging'on Volume of ="
" Distribution (Vd)
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Aging Effect

Vd Effect

Examples

U body water

U vd for hydrophilic
drugs

ethanol, lithium

U lean body mass

U vd for for drugs
that bind to muscle

digoxin

11 fat stores

1 vd for lipophilic
drugs

diazepam, trazodone

U plasma protein
(albumin)

1 % of unbound or
free drug (active)

diazepam, valproic acid,
phenytoin, warfarin

1t plasma protein
(oy-acid glycoprotein)

U % of unbound or
free drug (aclive)

quinidine, propranolol,
erythromycin, amitriptyline

_~FEffects oFAgﬂg-oW

(Metabolism)

Difficult to predict, depends on
» General heallh & nutritional status
» Use of alcohol, medications
+ Long term exposure to environmental toxins/pollutants

Aging causes decreased liver mass/ hepatic blood flow
- Delayed/reduced metabolism of drugs
+ Higher plasma levels

Lower serum protein favels
« Loss of protein binding

|diosyncratic reactions
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For drugn wih sxtensern firsl-pass: matabobeim, boaaitalfity may increase
bacause less drug Is sxiracied by the liver
The fimt-pass offect {or fimt-pass metabollam) fva ph ofdrug

metahollam. After o drug in swallowesl, it is almerbed by the digestive sysiem and
enter the portal ddreulathon, The abrorbed drug Is carrled thrugh the portal veln
Inter the biver.

The liver is responsible for metabolizing many druge. Some drugs are s
entenively metahollzedd by the Tiver that only a simall ameount of unchanged disg

may enter {he systemic cdreulation, & the binavallability of the drug 15 reduced.

| 1outes of administratl

(eqi Intramuss ubar, sublingual)

avold the first-passeffect
+ Essentially giving sn overdose if usa normal does of medication

| Aging Effects onHepatie Metatolem

= Metabolic clearance of drugs by the liver may be reduced due to:
« decreased hepalic blood flow
+ docreased liver size and mass
< Examples: morphine, meparidine, metoprolol, propranolol, verapamil,
amitryptyline, nortriptyline

« Significani r ion in cl of drugs by Phase 1

pathways: SSRI, bupropion

Metabolism

+  Gender

« Comorbid conditions
« Smoking

« Diet

* Drug interactions

« Race

«  Frailty
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L Metabolic Pathways—

Pathway Effect Examples

Phase |: oxidation, Conversion to diazepam, quinidine,
hydroxylation, metabolites of lesser, | piroxicam, (Feldene)
dealkylation, reduction | equal, or greater theophylline

Phase II: Conversion to inactive | lorazepam,
glucuronidation, metabolites oxazepam,
conjugation, or temazepam (Restoril)
acetylalion

»' NOTE: Medications undergoing Phase Il hepalic metabolism are
generally preferred in the elderly due 1o inaclive metabolites (no
accumulation)
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(Excretion)

« Reduction in number of functioning nephrons/decreased
glomerular filtration rate
* Longer half-life of medications
« Increased side effects

+ Increased potential for toxicity

|_—Concepts in Drug—EIirnin'atﬁﬁf,r
+ Half-life
» time for serum concentration of drug to decline by
50% (expressed in hours)
+ Clearance
« volume of serum from which the drug is removed
per unit of time (mL/min or L/hr)
+ Reduced elimination = drug accumulation and toxicity

Vo T e T R
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| __Effects of Agingonthe Kidrey~

» Decreased kidney size

+ Decreased renal blood flow

+ Decreased number of functional nephrons

= Decreased tubular secretion

» Result: U glomerular filtration rate (GFR)

+ Decreased drug clearance: atenolol,
gabapentin, H2 blockers, digoxin, allopurinol,
quinolones (Cipro, Floxin, Levaquin)
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Definition: the time course and intensity of
pharmacologic effect of a drug
+ Age-related changes:
+ 1) sensitivity to sedation and psychomotor impairment with
benzodiazepines
+ fllevet and duration of pain relief with narcotic agenis
-+ M drowsiness and lateral sway with alcohol
« U HR response to beta-blockers
« 1l sensitivity to anti-cholinergic agents
+ 1l cardiac sensitivity to digoxin
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—Pharmacodynamic Definitions

« Tolerance: Decreased response to a drug over time, requiring an
increase in drug dosage to achieve the same therapeutic effect
(pain medications)

« Additlve effect. Two drugs with similar actions administered
together. The effects are equivalent to the sum of either drug
administered alone at higher dosages.

« Antagonism: Drug interaction which occurs when the combined
response of two drugs is less ihan the response produced by either
alone.

P T PR T
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- Pharmacodynamic Definitions

—

+ Synerglsm: Two drugs that produce the same effect are given
together and one enhances the effect of the other drug. This
produces greater effects than either drug given alone.

« Proteln Binding: When two drugs are given together they can
compete for protein binding sites, leading to an increase in the
effect of one drug as that drug is displaced from the protein and
become a free unbound drug
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PK and PD changes generally result in decreased

clearance and increased sensitivity to medications in
older adults and those with I/DD
Use of lower doses, longer intervals, slower titration are

helpful in decreasing the risk of drug intolerance and
toxicity

Careful monitoring is necessary to ensure successful
outcomes
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__eovnsequences BTUverpresf:ﬁb’i'rg

* Adverse drug events (ADEs)
* Drug interactions

* Duplication of drug therapy

+ Decreased quality of life

» Unnecessary cost

* Medication non-adherence
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|_— Optimal Pharmacotherapy

+ Balance between overprescribing and under prescribing

Correct drug

Correct dose

Targets appropriate condition

Is appropriate for the patient

Avoid "a pill for every ill"

Always consider non-pharmacologic therapy
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* Responsible for 5-28% of acute
geriatric hospital admissions
Greater than 95% of ADEs in the
elderly are considered predictable
and approximately 50% are
considered preventable

Most errors occur al the ordering and

monitoring stages

"~ Most Common Medications="
Associated with ADEs in the Elderly

Opioid analgesics
NSAIDs
Anticholinergics

Benzodiazepines

Also: cardiovascular agents, CNS agents, and
musculoskeletal agents

Adverse Drug Resciion Resk Faciorn in Older Ouipebents Am J Ger Phaimacalbwapy 2003 112) 82 89

10/2/2017

12



5t

e

Beers Criteria/List

e List of potentially inappropriate medications for the elderly
® Many classes of medications and particulardrugs

» Anticholinergics

¢ Antispasmotics

* Anti-infectives

e Cardiac

e Antidepressants

¢ Antipsychotics

® Benzodiazepines

* etc

— TheBeersChiteria——

| ——
High Potentlal for High Potentlal for
Severe ADE Less Severe ADE
Amitriptyline (Elavil) Antihistamines
Digoxin >0.125mg/d diphenhydramine

Disopyramide (Norpace) Dipyridamole (Persantine)
Gl antispasmodics Indomethacin
Meperidine Muscle relaxants

Pentazocine (Talwin)
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—" Troublesome Medications

* Antacids
» Acid-base imbalance (sodium bicarbonate)
» Constipation {aluminum hydroxide)
+ Anti-arrhythmics
» Confusion
* Slurred speech
» Light-headedness, seizures

* hypotension
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* Anticoagulants:

- Bleeding

» Watch food interactions
+ Corticosleroids

+ Sodium retention (may worsen HTN & CHF)

+ nsomnia

» Psychotic behavior

+ osteoporosis

"F'ﬂhu,' —-
—" Troublesome Medications

+ Antipsychotics
» Jaundice
* Extrapyramidal symptoms
« Sedation, dizziness (can lead to falls)
+ Orthostatic hypotension
« Scaling skin on exposure to suniight (phenothiazines)

e L bl

— " Troublesome Medications

« Anxiolytics
« Confusion, lethargy
« Slurred spesch
* Alexia, falls

« Blurred vision

10/2/2017
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" Troublesome Medications

= Laxatives

Intestinal malabsorption

Reduced absorption of fat-soluble vitamins (if

taking mineral oil)

Magnesium toxicity (clients with renal

insufficiency taking magnesium)

=

— Troublesome Medications

* Narcotic analgesics
* Respiratory depression
» Constipation
= Urinary retention
« Demerok:

* Hypotension, dizziness

« confusion

—

— Troublesome Medications

+ NSAIDs
* Prolong bleeding
= Gastric discomfort, bleeding

« Increased risk of toxicity (with impaired renal function)
« Avoid with Lithium

10/2/2017
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—" Troublesome Medications

* Respiratory agents
* Restlessness, nervousness
« Confusion
* Blood pressure disturbances
« Palpltations, tachycardia
* Chest paln

Fiﬂ 65 b e 7.

-—" Troublesome Medications
* Tricycllc antidepressants

Dry mouth

Constipation

Blurred vision

Postural hypotenslon

Dizziness

Tachycardia
Urinary retention

P
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_ patient RiskFactors forADES

* Polypharmacy

« Multiple co-morbid conditions

* Prior adverse drug event

» Low body weight or body mass index

* Age > 85 years
« Estimated CrCl <560 mL/min

10/2/2017
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| _Concepts in Drug=Drug Interactions

« Absorption may be ft or U
* Drugs with similar effects can result in additive
effects

= Drugs with opposite effects can antagonize

each other

» Drug metabolism may be inhibited or induced

= May lead to Rdvarss drup events
= Llkellhood f! a8 number of medications
*  Mosl comman DDfs:
* cardiovascular drugs
+ peyohotroplc drugs (antipay p
« Depends largely on of aclion ychost P
Aizhelmer's Disease)
* Most common drug Interaction effecls:
= confusion
= cognilive impalrment
= hypotension
«  acute renal fallure
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Combination Risk
ACE inhibitor + polassium Hyperkalemia
ACE inhibitor + K sparing diuretic Hyparkalemia, hypotension
Digoxin + antiarrhythmic Bradycardia, arrhythmia
Digoxin + diuretic Elecirolyte imbalance; arrhythmia
Antiarrhyihmic + diuratic
Diurelic + diuretic Electrolyte imbalance; dehydration
Benzodiazepine + anlidepressant Sedation; confusion; falls
. ine + antipsychoti
CCB/nitrate/ dilator/diurstic Hyp

(= =

| Drig-Disease nieractions

Obesity alters Vd of lipophilic drugs

Ascites alters Vd of hydrophilic drugs

Dementia may ! sensitivity, induce paradoxical reactions to drugs
with CNS or anticholinergic activity

Renal or hepatic impairment may impair metabolism and
excretions of drugs

Drugs may exacerbate a medical condition

| _Cemmon Drugrbiseasm

Combination Risk

NSAIDs + CHF Fluid retention, CHF exacerbation
Thi idinedi + CHF

BPH + anticholinergics Urinary retention

Narcotics + constipation Exacerbation of constipation

Antichalinergics + conslipation

Metformin + CHF Hypoxia; Increased risk of lactic
acidosis
NSAIDs + gastropathy Increased ulcer and bleeding risk
NSAIDs + HTN Fluid retention; decreased
P ol dititet]
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—viedication related ProblMgesﬂons

¢ Polypharmacy:
o Areall drugs prescribed indlcated?
o Arethey cffective?
s Which ¢ould he d/c'd?

. lnapproprlate prescrlblng

o Chec! i, NSAIDs, ACL Inhibitors In patlents
with DM and protemun.l. AC E lnlnbui::u and beta hiockers
¢ Dose and administration frequency:
¢ Should adjustments take place?
o Frequency?
s Dose?
¢ Drug formulation?
e ADRs: what is the risk and are we monitoring?
* Drowsiness, EPS, hlciding with N5AllYs, bradycardia, hypotension,
constlpation with verapamil, diltiazemn
s H I with sulfony): idiabetics
. Draw-lnmand constipation after oploids
o Increase risk of falls after benxodiazepines, hypnotlcs, antipsychotics,
anthdepressants, antichalinergic agents and diuretics

R —

| iedication related Problems and Suggestions

¢ Drug-drug interactions:

¢ Loss of renal function after ACE inhibitors and NSAIDs or K sparing
diuretics
Risk of serious hemorrhage after coumadin and SSRis
Digoxin intoxication
Hyponatremia and GI bleeding after SSRis and diuretics or NSAIDs
Postural hypotension and falls after antihypertensive meds and
vasodilators, antipsychotics or tricyclic antid
Decreased antihypertensive effect after co-administration of HTN and
antidepressants
Bradycardia after beta agonists and some SSRIs (Prozac and Paxil)
Increased phenytoin toxnclty when dmini ; w:th F il

A

dlltlazem, i fl

ycin, clarith Y Ifc ids i idine, ¢iprofloxin,

grapefrult juice
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~—iedication related Problems and Suggestions

. Compliance

o Dep ol L Avanh
& ysphagl

® Changes In medications after admission/discharge from hospital:
o Check the drug history as this is the time medicatlon errorsand
polypharmacy issues can arise
+ Critical assessment of drugs at this time. Which medicatlons are really
needed or can be stopped?

10/2/2017
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_Principles of Préscribing-in the Elderly
and Individuals with I/DD

« Avoid prescribing prior to diagnosis

« Start with a low dose and titrate slowly

+ Avoid starting 2 agents at the same time

« Reach therapeutic dose before switching or adding agents
+ When do you switch?
« When do you augment?

« Consider non-pharmacologic agents/treatments
« Diet, exercise, smoking cessation, physical therapy
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— Prescribing Appropriately

= D th Il and plan for

= Declsions based on patient's age, life expectancy, goals of therapy (curalive or
palllative). reatment 1argel (1 of acule illness, prevenlion of morbidity and mortallly,
life pi i of current or heallh slate, quality of life}

Consider risk vs benelit

Avold prescribing to treat side effect of another drug
Use 1 medication lo treat 2 condltions

Consider drug-drug and drug-disease inleractione

Use simples! regimen possible
*  Adjunt doses for renal and hepatio impajiment

Avoid therapeutic duplication

Use least expensive allernative

A\

— Preventing Polypharmacy

+ Review medications regularly and each time a new medication
started or dose is changed

» Maintain accurate medication records (include vitamins, OTCs, and
herbals)

 Care should be provided according to best practice, and when
possible should be evidence based

If not possible, identify reliable and realistic targets for therapy
and monitor patient to assess target achievement or ADRs

p e T
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" Preventing Polypharmacy

+ Discontinuance should be guided by a review of medication-relaled
problems, and the phammacological characteristics of drugs to be
stopped in order to avoid adverse events related to d/c of the drug

« Ex: agilation, anxiety, confusion, delirium or insomnia after d/c of
a benzodiazepine
« Anxiety, insomnia, hallucinations, or depression after d/c of

baclofen

10/2/2017
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" Preventing Polypharmacy

+ Coordination among clinician and caregivers
« Use of electronic health records
* Communication and transparency between all providers
« Emergency room visits
» Doctor visits
« hospltalizations

=

—Polypharmacy in Individuals with
I/DD
e Lack of safety and efficacy studies
® Increase in the use of psychotropic medications in this
group
e Individuals with dual diagnosis
® 62% prescribed psychotropic meds
» More likely to be prescribed antipsychotics
* Not as many experiences physicians

® More likely to “treat” behavior rather than investigate
why it occurred
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I/DD

e If assault or severe self abuse, antipsychotic
medications are first choice (up to 85%)

* Common side effects: agitation, aggressive behavior,
anxiety, difficulty concentrating, insomnia, blurred
vision, difficulty speaking, tics. Normally attributed to
diagnosis rather than side effects

¢ Economicimpact

e Developing risk of DM and hyperglycemia
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- //DD popuiation.and Drug—"
Dynamics
+ |/DD population:
» Age earlier and differantly
« More incidence of multiple disease states
« Assault on liver and kidneys due to lifetime use of medications
* Anti-seizure medications
+ Few medications extensively excreted in kidnays ex:
gabapentin
* Not as many functioning brain neurons
= Affects psychotropic medications ex: antipsychotics,
antidepressants
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, /DD population é‘ﬁﬂ‘BmgBmalﬁngﬂ

+ |/DD population:

» Non-ambulatory stalus slows metabolism
» Oral dosing slowed
= May be incomplete
+ GERD and hyper acidic states

» Swallowing issues and g-tube absorption issues
* What can be crushed
« Adherence to g tube
« Medications administered alone vs together

[ AT
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I Cfienit Taking > Five Meds RegUlarly

+ Suggest physician prescribe combination drugs or long-
acling forms
» Fewer pills to remember
+ Suggest re-evaluation of medications periodically
* New medications
+ Good information
* Encourage follow up
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Potential Benefits of Drug Review

¢ Individuals diverted from ERs and inpatient treatment

e Reduction in polypharmacy can lead to less physical
symptoms and complaints

e Cost reduction
¢ Research is needed
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Sumaary

Successful pharmacotherapy means using the correct drug at the
correct dose for the correct indication in an individual patient

Age alters PK and PD

ADEs are common among the elderly

Risk of ADEs can be minimized by appropriate prescribing
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