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Dosing of Drugs in Elderly
S P,ITUg dose should be reduced in elderly patients because of a general
decluLé in body function with age. The lean body mass decreases and
body fat increases by almost 100% in elderly persons as compared to
adults. Because of smaller volume of body water, higher, peak Alcohol
levels are observed in elderly subjects than in young adults. Vg of 2
water-soluble drug may decrease and that of a lipid-soluble drug like
diazepam increases with age. Age-related changes in hepatic and renal
function greatly alters the clearance of drugs. Because of progressive
decrease in renal function, the dosage regimen of drugs that are predomi-
nantly excreted'unchanged in urine should be reduced in elderly’paticnts'. |

— > A general equation that allows calculation of maintenance dose for a
patient of any age (except neonates and infants) when maintenance of

same Cgg ay 18 desired is:

weight in Kg)*’ (140— Agei
Patient's Dose=( cight in g) 16(1600 Ageln yf:'m-s)xAdultDose

Dosing of Drugs in Obese Patients
eatly affected by

—> The apparent volume of distribution of a drug is gr
he latter is directly related to the volume

changes in body weight since t i k
ideal body weight (IBW) for men and

of various body fluids. The
women can be calculated from qumezh

— - 7
g/2.5 cm above Or below 150 cm in heig%

e

—

[BW (men) =50Kg= 1K
/,—\/_\
g/2.5 cm above Or below 150 cm 1

IBW (women) = 45 Kg+1K n height

more than 25% above the IBW is
the lean-to@dipose)issue ratio is
f body fat which alters the Vg4 of
Il in comparison to lean tissue

se body weight is
In such patients,
proportion 0

—> Any person who
considered obese.
small because of greater .
drugs. The ECF of adipose tissue 1

in obese patients.
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> Following generalizations can be made regarding drug distribution

and dose adjustment in obese patients:

1. For drugs such as digoxin that do not significantly distribute in
the excess body space, V4 do not change and hence dose to be
administered should be calculated on IBW basis.

2. For polar drugs such as antibiotics {gentamicin) which distribute
in excess body space of obese patients to an extent less than that
in lean tissues, the dose should be lesser on per Kg total body
weight basis but more than that on IBW basis.

3. In case of drugs such as caffeine, theophylline, lidocaine and
lorazepam which distribute to the same extent in both lean and
adipose tissues, the Vg is larger in obese patients but same on
per Kg total body weight basis; hence, dose should be adminis-
tered on total body weight basis.

4. For drugs such a phenytoin, diazepam and thiopental which are
lipid-soluble and distribute more in adipose tissues, the Vy is
larger per Kg body weight in obese patients and hence they
require larger doses, more than that on total body weight basis.

—= Changes in dose based on alteration of V4 is also attributed to
modification of clearance and half-life of the drug.
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INDICATIONS for TDM:

1. Pharmacokinetic variability e.g. aspirin, digoxin.

2. Concentration related therapeutic and adverse effects e.g. phenytoin:
ataxia, vertigo, drowsiness

3. Narrow Therapeutic Index: digoxin

4. Effect difficult to monitor.

5. Inter individual variations in metabolism.

6. Saturation kinetics: omeprazole: P450)2C19

7. Difficult to recognized toxicity clinically: cyclosporine , Seizures

8. Hepatic and renal diseases: aminoglycoside

9. Multiple drug therapy and drug mteractlonﬁ Probemcnd increases level of penicillir
\_______J/

105 Doubtful patients compliance.
11.to monitor drug interaction. eg . Rifampicin
12.for drugs which exhibit poor and erratic absorption
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It s used in_all types of seizure exceptf absence selzuré. n seizure caused

by' theog_hx I:ne overdose - —
» It s also useful for dlgltahs induced ventncular arrhyg'l as)
JEED FOR TDM: Monitoring is imperative as a guide to dosage
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nonlinear kmetlcs The relative rate of eltmlnatmn is slower at higher ;ie

adjustment .since phenytoin.has a“ low theraEeutuc lndgx and exhlbrts

it
—

concs than at lower concs of the drug ) ' i

w \5\1‘\\‘“ k)
PHARMACOIGNEI’!C PROPERTIES'

\/Bioavaﬂablhty 70-100%
- Ka = 50mg/hr saturable kinetics of absorption (zero order) - L Ik
k/tmax = 3 12 hr (mcreases with dose) ' B

P e et el 2
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\)lbumnrl bound ftactlon = 0 9
k)otransfonnatlon 70 90%
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THERAPEUTIC RANGE:

: R

>\_~"Adult n children  —

- — -

> Newborns n chnldren under 3 years __I_>

=

10-20 mg/I

- 6-14 mg/l
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B(BPECIMENS‘

Serum or plasmagne. generally recommended for totaI phehytoin

measurements _
= Use of anti coagulants r not recommended

. Saliva7s broposéd for children:

a. Saliva{s a useful s e r monitoring unbound phenytoin conc

\/BULLECTION METHODBS AND ASSAYS:
’ Immunoassays are most common methods of m w
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samples from patients with renal impairment. - e
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' LITHIUM j
o
: Absorpt:on Curlﬂum is well absorbed orally)
| ..‘D:stnbution' o - '

.....

daily dose requirements than in younger pabents
s isnot tgound to plasma proteins.

. Lithium crosses the placenta.
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Elimlnatlon\tithlum exhibits first ordﬁents it is 5ﬁmatgd to range from
thvmic pa ’
87 L1are jc)psychiatric _
Half-ife: In(euthymic

15-55 hr_s:) R

'Sampllng: R :
 Therapeutic lithium levels are based on the se
In the moming 12 hrs after the last dose,
* Acutely manic patfents require and to|
to an increased fithium clearance,
e Frequently lithjum' Ievels,'_nomially
in the treatment ¢f an acute. n

Fum sample obtained

erate higher lithjum doses due -




Spec:mens, collectton methods and assays of lithium:

“'Serum sample. should be reJected if th

. better- wi
| lIthlum

- Flame
‘still the most commonly used meth

 Merageti ":e'véfé

|
re is any evidence of ]l!'

hemolys:s since release of high concentration of lithium from the

red blood cells will artlfactually raise the serum concentration. |
o I
ance of hemolysis, serum should be separated iii

To mmlmize the ch

from the red blood ceﬂs within 1 hr of collection.
erum oOr plasma is stable at room temperature or

thhlum in s

l
: refrlgeratlon temperature for extended periods of time. %i‘i
....... :ﬁ’; i

thhuum erythrocyte concentratnon has- been proposed to correlate i
ith reSponse ‘and toxicity since it represents intracellular |

{
' i

Saliva. c centration of lithium have been praposed as noninvasive :*'E
11

bststutes for serum or plasma lithium concentration. f.
lemlsslon sphotometry and atomic absorption spectroscopy are ]

:-Li
ods for lithium quantszat\on,'; i%
I

OW Interferenoes

accurac;y and |

¥ .if
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O‘Dk\.i),e r%'\tt\U\
INDIVIDUALIZATION OF DOSAGE REGIMEN

>(Dosage regimen is defined as the@anng\r)in which the drug is taken.
ires Individualization of Dosage regimen to fit a

> Rational drug therapy requi

particular patient’s needs.
dosage regimen-design-forthe-sa fe-and-effective. management-ofilnessIn

individuakpatient-is-called-as-€Elinical Pharmacokinetics.

> Safe doge of drug may progdce large diff€rences in ph@rmacologis response
inl diffefent individuals; thjé is called as tersubject vgriability. | other v%'ds
it medns that tife dose rgquired to praguce a certairlresponse duaries from

individual to individual.

Factors:

@Agé:
AP
% The factors that affect drug absorption, including gastric pH, gastric
emptying, intestinal motility , and blood flow change with age
> Thus, in the neonate a condition of achlorhydria persists for the first week
of life, and only after 3 years of age gastric acid secretion approaches the

adult value
» Gastric emptying is also prolonged and peristalsis is irregular during the

early months of life

> Skeletal muscle mass is also much reduced, and muscle contractions, which
tend to promote both blood flow and spreading of an intramuscularly
administered drug, are relatively feeble

> An elevated gastric pH, a delay in gastric emptying, and both diminished
intestinal motility and blood flow are also seen in the elderly

» Differences in drug absorption among adults, the very young and the

elderly, are therefore expected
» Gaaerally, ch i e-rgther ?r\in-exter}t'qfabso‘rption are found

p r,
be Jess apparent in the elder}y than in the very

7



o A
>?z’ordipgly, in subsequent calculations of dosage, extentﬁf bsorption is
S

sumed not to vary wnth age ~
» Asnajor exception is for some first-pass drugs given to the elderly/where
/'oral bioavailability increase with age : r

£ The halffife is shortest.around 1 year of age; it is Ionges’c in'both newborn
and elderly patients y

» In‘premature newborns, the. urlnary excretion is even more d,pregé:i per
“kilogram of body weught than in full- term heonates -

e Metabollc activity may ‘take months t6 mature the,t»rme required for full

maturation varieswith the enzyme system -~ e

> A decrease in unbound metabbolic cleara/ce’ln the elderly pat/ut’ﬁas been

demonstrated for an increasing number of drugs, especnally"those

principally by oxidation e e

These changes may be associated in part, with the’ decrease in-the size of

the liver, as a proportion of body weight, from 25%i in the young adult to

1.6 % at 90 years of age e

@ Body Weight:
e
» One aspect of aging is body weight

» Weight, 3.5 kg at birth, increases rapidly in childhood and adolescence and
then declines slowly in the elderly
» As body water spaces, muscle mass, organ blood flow, and organ function
are related to body weight, the volume of distribution, clearance and hence
dosage regimens of drugs also depend on body weight
However, a weight adjustment is generally thought necessary only if the
weight of an individual differs by more than 30% from the average adult
weight (70 kg)
» In practice, then, adjustments for weight are made only for the child and
for the adult who is small, thin, big, or obese
» A dose correction must be considered for thin and obese patients
» -Thp.difference.intloading- dose ‘may not be as great as antlcmated from
b dy,welght alone _
ecéuse distribution gey age-related changes and much depends on the
cal propertles of the drug /

h contfast/total bo%wenghtfmay be moré releﬁnt fora drulfthat is highly
ipid sOlubfe

Y

Y




> Thfughfenal arid hepatig functionsaare rglated to
tp duceZorrespghding increase il hepaticfunction,
» fongequently, the usé of total body weight to eterminé a drug glosag

3\Gender:

> Genetic and physiological differences between men and women can
influence both PKand PD

> For example, many genes on the Y chromosome, which are expressed only
in males, have no counterpart on the X chromosome

» The Y chromosome has genes involved in basic cellular function and some
genes on the X chromosome are expressed at higher levels in females

> Gene expression and regulation are likely to be influenced by hormonal
differences between males and females

» Genomic imprinting, body size, organ size, body fat, ADME can also affect
pharmacological outcome

» Other factors such as gastrointestinal transit time, liver enzyme function and
urinary creatinine clearance are influenced by both age and sex

» Agrgss the path of a woman'sife it.is necessary to consider the stageg of
z‘)garia_ﬁ functiqh to appreciate the potential for drug; 'sex, and age V4
‘i[ﬁte’r,adctjéns agthe‘y inﬂu_ence ration.a'l drug therapy Use of'oral .~ | |

fcog’trageptiy’es gngl hqrar,_nona['cha:nges which occur throughouf-the
nﬁensgfual cycle irfﬂ‘y'er{ce pharmacological results. /
bgdy
ell as
S

> ,Nec sary cgnsiderations du rifn’g pregnancy a?g"alt;/vétions’jﬁ
!,[;co positign, car;l‘iac output,/pulmonafy and;ena’l’, unctio'vé
3 I sysfems (/ !

L

: erus,
ardiovascular'systems, and liver are sTame of the tissues, organs or systems
which are-altered by the.oss of estrogens,-»ahdrogens, and progéétagens
{’ » Thése hormonal _changes are aisq_ass‘ocia ted with the ex'p'"ression of different
diseases aftgc-menopaus& L™



.Genetlcs

>

Genetic polymorphism that lead to the production of isoenzyme with reduced
or no activity of to multiple copies of an enzyme with high activity make a
major contribution to the variability in the dose requirements of drugs that
eliminated by hepatic metabolism

Cytochrome P450 (CYP 450) enzymes, P — glycoproteins are increasingly being
recognized for their importance to pharmacokinetic variability

Most of these genetic differences are complex and are difficult to determine
with any degree of certainty; but a few genetic differences are well
documented (oxidation, S- methylation, and acetylation)

> merﬂsmf genetic phenotyping....

o Omeprazole / Pantaprazole(Phenp pl/g,for CYP2€19)
o Lovastatin (Phenotyping for C,YPBA4),
. D(extrom‘e'rhorphaq (Phena{ypmg«for CYBQ/E)

5.)Disease Conditions:

e

>
>

A7

Disease is a major source of variability in drug response

The PK and PD of some drugs have been shown to be influenced by the
presence of concurrent'diseases other than the one for which a drug is used
There are also occasions when the pharmacokinetics of a drug is altered in the
disease for which it is used

Diseases of the kidney, liver, cardio vascular system, respiratory system,
gastrointestinal system and endocrine system are the major cause that
warrant individualized drug therapy

The influence of Hepatic disorder on the drug bioavailability & disposition is
unpredictable because of the multiple effects that liver produces.

The altered response to drugs in liver disease could be due to decreased
metabolizing capacity of the hepatocytes, impaired biliary elimination, due to
biliary obstruction (e.g. Rifampicin accumulation in obstruction jaundice)

An p,atlentwuh renaI‘failuref‘the~half.hféaf.the.d[_ﬁg~_ mcreasg,a.nd..u_c,

ent should fake into account the renal function of the
ion of unch nged drug,excreted in urlne

ere arg/two additional methqz for dose adjustment in rgnal insufficiency if
he Vd change is assumed to bé;negllglble.




ase are carried/out by

» Thefadjustment’of drug dosage in case of renal dise

inly thre pp}pdaches
o /Doge adjustEént based on Total body clearance.

?se adjustment based on Elimination rate constan
Pose adjustment in renal failure

t or Half life.

>~

@ Drug Interactions:

» Many of the clinically significant interactions be
pharmacokinetic in origin, often due to induction an

enzymes or transporter proteins

acgions s gan allgrbccur bz(weegﬂrug?ﬂd f?dﬁ su?vfemgﬁtspr

0;0t ree

tween drugs are
d inhibition of metabolizing

ing € ”’ﬁ‘mpehp\femhl ition Gf,tew occyf withi
s wherea¢ inductigh may yake anything térm hours to

the/intergcting dryig has gflong el |nat;6n half llfe themzlkactno may
::sg{st.fn ame-time-afterit has-beend:scontmded

Absorption:
e Studies have demonstrated the importance of intestinal CYP3A4 and P —
| glycoprotein in drug absorption
o _IndacHon; e FET
,sbewn‘to’re‘d&%%h*Bmaf B’.gamn
e Absorption can also be altered by drug interactions within the gut that result
from binding to other drugs, such as cholestyramine or antacids, or to.enteral

feeds, as in the case of Phenytoin

seSrsaTswortkhave-heon

Distribution:
e Drug distribution can be altered by interactions that cause displacement from

plasma protein binding
¢ But, these do not normally alter maintenance dose requirements unless there is

also a reduction in the clearance of unbound drug

Metabolism: )

e Metabolism can be altered by enzyr{e induction or inhibition
e Due to wide variability in enzyme activity, the clinical significance of an
interaction is often difficult to predict on an individual basis



'}he§,e'ihtera ONns are o dose-dependent imescale of.the offset and
onset of te effect depends notefily on t Mferned,
but also the isoenzyme(s) r i i

Excretion:

-('Probenecig) reduces the renal excretion of many antibiotics by competing for
anion secretion transport mechanism

e Changes in biliary secretion and entero-hepatic circulation can also play a role

e For example, Penicillins can impair the recirculation of oral contraceptives by
altering the bacterial.fﬁffa of the gut)
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renal impairment have

ing, drugs in patients with v
aftered pharmacokinetic profile. Their renal clearance and elimination
fate are reduced, the elimination half-life is . reased and the apparent
volume of distribution is altered. Thus, dose must be altered depending
upon the renal function in such patients. However, except for drugs
having low therapeutic indices, the therapeutic range of others is suffi-
ciently large and dosage adjustment is not essential. - '

—3>> Dosage regimen need not be changed when |
» The fraction of drug excreted unchanged, f, is < 0.3, «8

» The renal function RF is 2 0.7 of normal. |

The above generalization is based on the assumption that the
melabolites are inactive and binding characteristics and drug availability
5~ unaltered and so is the renal function in kidney failure conditions.

—>When the f; value approaches unity and RF approaches zero, elimination
.. extremely slowed down and dosing should be reduced,drggtic_:_’qlﬂl_y; )
Thessignificance of nenrenal clearance-inereases-in-such-eanditions.

T

> The required dose in patients with renal impairment can be calcu-
\sted by the simple formula: -~

Drug dose in renal impairment = Normal dose X Rﬁ) €290)
—_— "

k_‘__/ ~f\M'

—= The dosing interval in hours can be computed from. the followirig
Cc‘uation: T~ o

.. Normal i i
" Dosing interval = nterval in hours PN
' RF :

S S
T —
_S, When the drug is eliminated both by renal and nonrenal mechanisms,

‘he dose to be administered in patients with renal failure is obtained
'rom equation : :
quation @

RF x Fracti i : B
Drug dose = Normal dose { Fraction excreted in urine + :‘ )

Fraction eliminated nonrenally
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ﬁ&é?adjustment__l_:ased on_total body clearance : Eeumam .
ms(thc parameters to be adjusted in renal insuffi-
ciency are Shosestr=ion, . :

- B —

T~ T~ N '
< < 1 Xo ™\ azs)
{ " = F X ~_ X - o
“ ahe Cir T .
T T T T
to be assumed decreased needs
\ v kept constant due to adjustment
)’~, ' normal, .  disease

\ . ' .

If Clt', Xo' and T represent the values for the renal failure patient.

equation for dose adjustment is given as:

then the ¢4 B A
Xo __Xp

— L bR

\ Css.av = T e
> CltT  Clyr )
Nl A » ‘! ’ 'L } »

{

(



p R 1 1 ol - .
? carranging in terms of dose and dose interval to be adjusted, the
cquation is: N

< Xo _ CltXo
. 1'| CITT
2 A /'\ - s

— From above equation, the regimen may be adjusted by reduction 1n
dosage or increase in dosing interval or a combination of both.

2.-)Dose adjustment based on elimination ratf__c_:_g_gs_t_gnt‘ or half-
'lgg:mmw, the parameters to be adjusted in
renal insufficiency are , - '

=

(¥225)

to be kept assumed decreased ~ needs
normal constant due to  adjustment
disease

PR A
-~ S If u,, Xo and T represent the values for the renal failure patient,
then: ~J >

(bavdy

be adjusted, we get:

olongation of halt-life of a drug due to reduction in

___~ Because of pr _ ue,
taken to achieve the desire@akes longer,

renal function, the time
the more severe the dysfunction. Hence, such patients sometimes need

loading dose.

e _____‘_-—-'

LAt
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Cl.Pharmacokinetics

Dosage Adjustment in Renal and Hepatic

EXTRACORPOREAL METHODS OF DRUG REMOVAL

CExtracorporeal therapy is a medical procedure which is performed
outside the body.For patients with end-stage renal disease and
drug overdose to remove accumulated drug and its metabolites)

Objegtive:

o(&rapidlggre un,des'/able)dru s and metabolites from the
L

wiout distirbing/the’ fluidand eletrolytg balande. if the

(1) Hemodialysis

@ Peritoneal dialysis
@ Hemofiltration

L\ Hemodiafiltration
5 Hemoperfusion

( Dialysis is the Process of separating elements in a solution by
diffusion across a semipermeable membrane down a
‘conc.gradient)

. ¢ {-rA _{*
N @-IEMODIALYSlS:

(The method for removing waste products such as creatinine and
urea, as well as free water from the blood when the kidneys are in

renal failure.)

(' Principle: involves diffusion of soiutes across a semipermeable
membrane )
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How Does Hemodialysis Work?

—>% A dialysis machine pun:lp} small blood out of the body,
mixed with anticoagulant and circulated through a filter
called dialyzer.

—>) = inside the dialyzer, a porous Jartificial membrane separates
blood from the dialysis fluid (dialysate)
—>% diffusion of extra fluid and wastes from the blood into the
dialysate
3% purified blood is then pumped back into the body.

Lo

oG OoH]
71 8 Wel

@is[e]e)s)

Access

"N RN

Hasmodialysis
Machine Blood flows
back to body
Blood lMows

to dialyzer

,-%Membrane is permeable to water and small ions but is
impermeable to blood cells,lipids, or plasma proteins

—~—— utilizes counter current flow,®. dialysate is flowing in the
opposite direction to blood flow in the extracorporealgrcmt )

195
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—3 Counter-current flow maintains the conc. gradient across the
membrane at a maximum and increases the efficiency of the

dialysis.
———3 Pressure in the dialysate compartment is lower than blood
compartment
Venous pressure monjor
Air rap and air getector
_ 8 o
Saline solgn ﬂ : Clegsrblood
Fresh dialysate
/T - Patient
Used dialysate ____; ,
ey 7
Inflow pressure -
monitor ; _
L—
\
‘ Blood pump

Heparin pump Arterial pressure  Removed bl
(to prevent clotting) monitor for cleaning
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C1.Pharmacokinetics Dosage Adjustment in Renal and Hepatic

TYPES QF HEMODIALYSIS ACCESS

For tempo ry access

e A shunt
artery and'§
e Tubes are ja

sther in a vein.
d.above the gki

For permanent acce?

e An arterio-venous
procedure

How is blood rom ed and replaced?

o An intenous catheter
o Agfarteriovenous (AV) fistula

/A synthetic graft

Types of hemodialysis
—
= conventional hemodialysis

= daily hemodialysis
. tdtrﬁaﬁhemodialysis

'-1—————/

reated in the arm, with orie tube inserted in an

sy graft is created Dby a surgical
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Dosage Adjustment in Renal and Hepatic

@ PERITONEAL DIALYSI

— Introducing dialyzing fluid into the peritoneal cavity via a catheter
and after a period, the fluid is drained’and discarded.)

_,,__) Principle: osmosis and diffusion

| S

Catheter
Periloneum F

Abdominal
Cavity

/._; = The process uses the patient's peritoneum in the abdomen
as a membrane across which fluids and dissolved
substances (electrolytes, urea, glucose, albumin and other
small molecules) are exchanged from the blood.

—3* Membrane cTrestricts the movement of formed
elements(eg.erythrocytes) and large molecules(eg.protein)
but allows the movement of smaller molecules according to
the conc.gradient.

V4

\ 44
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Techniques used for peritoneal dialysis -

" Manual intermittent peri.dialysis
- Automated cycler intermittent peri.dialysis
< Continuous ambulatory pen.dialysis

Manibey intermittent peri.dialysis ‘

e Bags ntammg fluid arg/warmed to body temp; fluid is
infused r Omins, all d to remain there for 60 to 90 mins
and then draindg m yput 10 to 20mins

Automated cycler i | Spttent peri.dialysis
¢ Timed device/p n‘opeople in their home.
¢ People se cycler at bedme so the dialysis takes place

while they gfe sleeping
o Performed 6 or 7 nights a week

‘

Continuguf ambulatory peritoneal dialySjs

e Daghg the day by keeping 2L of fluid in ge abdomen at all
ighes
¢ &xchanging the fluids 4-6 times per day

Peritoneal Dialysis solution

e e ®

‘e Sodium chloride 5.6g
e Calcium chloride 0.26g
e Magnesium chloride 0.15g
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¢ Sodium lactate 5.0g
« Anhydrous glucose 13.60g
e Water for inj. To 1000m|

G;Ifosei reaseé osmotje pressure anpd thereb de(}frm@gq the
rade of fiyid trangfer andfacilitat tra(filtratio

HEMOFILTRATION

« Convective solute transport ie. Movement of dissolved
substances with fluid flow through filtering membrane

e blood is passed through a set of tubing

e (a filtration - circuit) 'via a machine to a semipermeable
membrane (the filter) where waste products and water are
removed.

 Replacement fluid is administered to the patient for volume
replacement

« purified blood is retumed to the patient )

Hemefiltraticn:-Convection

o \ s oo s moim e ‘
%= Blood Out ;
/

f' '

12 patient)

7 e

Repl.
BN Solution
N
10 waste Blood In 3 )

(from patient) '
LOW PRESS =G== HIGH PRESS
“camMBRO

@



Dosage Adjusgment in Renal and Hepatic

o dialysatéNg not usecp

e positive hydrqstatic pressurg’ drifes water and solutes across
the fiter meNbrane frorp” the blood to the filtrate
compartment, from\yhich j¥is drained.

e Removes nonprotein Pednd,small molecules from blood '
Types of hemofiltra '-/

Continous veno-ve u emofiltiqtion

hemofilter is pla between, cannulatdd femoral, subclavian or’
internal jugula 2ins

Continous Arteriovenous hemofilttation

N
blood pgses through a hemofilter that is placed between a
cannuldted femoral artery and vein

@EMODIAFILTRATION

C Hemofiltration in combination with hemodialysis

e Blood is pumped through the blood compartment of a high

@dialyzer, and a high rate of ultrafiltration is used

« So high rate of movement of water and solutes from blood to
dialysate that must be replaced by substitution fluid that is
infused directly into the blood line.

e Dialysis solution s also run through the dialysate

compartment of the dialyzer
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« Blood pump is used to drive blood flow through the filter
e Access is achieved through a catheter
e Good removal of both large and small mole.wgt solutes )

HEMOPERFUSION

e Blood is passed through an adsorbent material which
attracts toxic substances.

e Adsorbent is fixed to a solid surface inside a column.

e Patient's blood is passed through the column,and toxins bind
to the adsorbent material, allowing cleansed blood to flow
out of the column
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MEASUREMENT OF GLOMERULAR FILTRATION RATE CG? R_)

ave been used as markers to

> Several drugs and endogenous substances h
by the blood via the

measure GFR. These markers are carried to the kidney
renal artery and are filtered at the glomerulus.

¢ Inulin, a fructose polysaccharide,used as a standard reference for the
measurement of GFR. In practice, however, the use of inulin involves a
time-consuming procedure in which inulin is given by intravenous
infusion until a constant steady-state plasma level is obtained. Clearance
of inulin may then be measured by the rate of infusion divided by the
steady-state plasma inulin concentration. Although this procedure gives
an accurate value for GFR, inulin clearance is not used frequently in

clinical practice.

Advantage:

——> Most accurate
———> Represents the standard to measure GFR®

_——> -used in processed foods because it has unusually adaptable
' characteristics '

- Disadvantages:

.._-——> - Intestinal discomfort, including flatulence, bloating, stomach
noises, belching, and cramping,

— - Diarrhea
,-'—-j - Anaphylactic allergic reaction (rare) - inulin is used for GFR testing,
and in some isolated cases has resulted in an allergic reaction,

possibly linked to a food allergy response



e The clearance of creatmme is used most extensively as a measurement of
GER. Creatinine is an endogenous substance formed from creatine
phosphate during muscle metabolism. Creatinine production varies with
the age, weight, and gender of the individual. In humans, creatinine is
filtered mainly at the glomerulus, with no tubular reabsorption. However,
a small amount of creatinine may be actively-secreted by the renal
tubules, and the values of GFR obtained by the creatinine clearance tend
to be higher than GFR measured by inulin clearance. Creatinine clearance
tends to decrease in the elderly patient. As.mentioned- -tr—the-physielegic
changes.due.-to.aging may.necessitate sp necial considerations-in
administering-drugs.in.the-eldesly.

Advantage:

— A)lt is a normal metabolite of the body
__— Bjitdoes not require L.V. administration
_,‘__,,5 C)Estimation of creatinine is simple

= [ e I B oy i
D Diaeany SLEFRES TONAas ROT davaniEg ooy SiEpeoiane

Disadvantages:

—

#—9 P

10 o lS seoreted by renal tubules
ﬁ% Secretion increases as kidney function decreases.

> Secrahon of crea’rmme is dependen‘r on renal
fanction

o

¢ we &v ";_;;_‘.._ o _-—l -—— --'n-'-p—

g ’\'ﬂ‘— —""”;—- ﬂ)ﬁ:”ﬂs:ﬁmm‘“{




* Blood urea nitrogen (BUN) is a commonly used clinical diagnostic
laboratory test for renal disease. Urea is the end product of protein
catabolism and is excreted through the kidney. Normal BUN levels range
from 10 to 20 mg/dL. Higher BUN levels generally indicate the presence of
renal disease. However, other factors, such as excessive protein intake,
\reduced renal blood flow, hemorrhagic shock, or gastric bleeding, may
affect increased BUN levels. The renal clearance of urea is by glomerular
filtration and partial reabsorption in the renal tubules. Themeiose,.the
FEIAT Slearance of Urea isdessthan.creatining orinulinclearance:andwaes
Rotgive-a-qtantitative. measure-of kidney-function.

Adva ntage:

———»= Imperfect marker of l GFR
> = Marker for adequacy of protein intake

M = Marker for presence of uremic toxins in
chronic renal failure

Disadvantages:

_,.,.5 . bleeding at the puncture site
— ¢ bruising.at the(puncturg’ site

—F

{»-accur‘nulation of blood under the skin



Creatinine clearance

« Creatinine clearance may be defined as the rate of urinary excretion of creatinine/serum
creatinine. Creatinine clearance can be calculated directly by determining the patient's
serum creatinine concentration and the rate of urinary excretion of creatinine.

_0.48H [ﬂ
(140 - Age) W
128

. = (140 - Age)W
Females, Clee = 85S,,

cr © ale

creatinine clearance in mli/min,
Scr = serum creatinine in mg%,

H = height in cms, and

W = weight in Kg.

where, Clg,

I

Age is measured in years.

Clp = Rate of creatininc excretion
Scrum creatinine in mg %
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toxic responses ma 5 ; :
sensitivity at th¢ receptor site. Overall, uremic patients have
special dosing considerations account for such
pharmacokinetic and pharmacodynamic alterations.

Kera\

PHARMACOKINETIC CONSIDERATIONS  in - safesliing A Sesie

/—> Uremic patients may exhibit pharmacokinetic changes in

bioavailability, volume of distribution, and clearance. The oral
bioavailability of a drug in severe uremia may be decreased as a
result of disease-related changes in gastrointestinal motility and
pH caused by nausea, vomiting, and diarrhea.(Mesenteric blood
flow may also be altered. However, the oral bioavailébifify of a
| drug such as propranolol (which has a high first-pass effect) may
' | be increased in patients with renal impairment as a result of the
' decrease in first-pass hepatic metabolism.

——> The apparent volume of distribution depends largely on drug

protein binding in plasma or tissues and total body water. Renal
impairment may alter the distribution of the drug as a result of




eticy Dosage Adjustment in Renal and Hepatic
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ug protein binding, Of other factors
the apparent volume of distribution.
of weak acidic drugs in uremic
s the protein binding of weak basic

drugs is less affected. The decrease in drug protein binding
results in a larger fraction of free drug and an increase in the
volume of distribution. However, the net elimination half-life is
generally increased as a result of the dominant effect of reduced
glomerular filtration. Protein binding of the drug may be further-
compromised due to the accumulation of metabolites of the drug
and accumulation of various biochemical metabolites, such as
free fatty acids and urea, which may compete for the protein-

binding sites for the active drug.

changes in fluid balance, dr
that may cause changes in
—> The plasma protéin binding
patients is decreased, wherea

— Total body clearance of drugs in uremic patients is also reduced
by either a decrease in the glomerular filtration rate and possibly

.0 ; . .
active tubular secretion or reduced hepatic clearance resulting
from a decrease in'intrinsic hepatic clearance.

—In clinical practice, estimation of the appropriate drug dosage
regimen in patients with impaired renal function is based on an
estimate of the remaining renal function of the patient and a
prediction of the total body clearance. A complete
pharmacokinetic analysis of the drug in the uremic patient is not
possible. Moreover, the patient's uremic condition may not be
stable and may be changing too rapidly for pharmacokinetic
analysis. Each of the approaches for the calculation of a dosage
regimen have certain assumptions and limitations that must be
carefully assessed by the clinician before any approach is taken.
Dosing guidelines for Individual drugs in patients with renal

a
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impairment may be found in various reference books, such as the
Physicians’ Desk Reference, and in the medical literature.)
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Dosage Adjustment in Renal and Hepatic

to the patient to
the volume of fluid
removed can Me easily controlled compared to intermittent
hemofiltration. Heparin infusions are also provided for
anticoagulation.

EFFECT OF HEPATIC DISEASE ON PHARMACOKINETICS

Drugs are often metabolized by one or more enzymes located in
cellular membranes in different parts of the liver. Drugs and
metabolites may also be excreted by biliary secretion. Hepatic
disease may lead to drug-accumulation, failure to form an active
or inactive metabolite, increased bioavailability after oral
administration, and other effects including possible alteration in
drug protein binding, and kidney function.

—> The major difficulty in estimating hepatic clearance in patients
with hepatic disease is the complexity and stratification of the liver
enzyme systems. In contrast, creatinine clearance has been used
successfully to measure kidney function and renal clearance of
“drugs. Clinical laboratory tests measure only a limited number of
liver functions. Some clinical laboratory tests, such as the
aspartate aminotransferase (AST) and alanine aminotransferases
(ALT), are common serum enzyme tests that detect liver cell
damage rather than liver function. Other laboratory tests, such as
serum bilirubin, are used to measure biliary obstruction or
interference with bile flow. Presently, no single test accurately
assesses the total liver function. Usually, a series of clinical
laboratory tests are used in clinical practice to -detect the
presence of liver disease,

(3
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distinguish among different types of liver disorders, gauge the
extent of known liver damage, and follow the response to
treatment. A few tests have been used to relate the severity of
hepatic impairment to predicted changes in the pharmacokinetic

profile of the drug (Mmmﬁwg). Examples
of these tests include the ability of the liver to eliminate marker
drugs such as antipyrine, indocyanine green, monoethylglycine-
xylidide, and galactose. Furthermore, endogenous substrates
such as albumin or bilirubin, or a functional measure such as

prothrombin time, have been used for the evaluation of liver
impainnent.)
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GENETIC POLYMORPHISM IN DRUG TRANSPOEI P-

GLYCOPROTEIN AND MULTIDRUG RESISTANGE &

——>Transporterpharmacogenetics is a rapidly developing field that is
concerned with drug uptake and ‘effluxdinto or through tissues.
Significant problems in the clinical application of drugs result from
poor or variable oral drug bioavailability, and high intra- and
interindividual variation in pharmacokinetics. Several membrane
transporter proteins are involved in the absorption of drugs from
the intestinal tract into the body, into nonintestinal tissues, or into

specific target sites of action 9

——> Drug efflux is an important cause of drug resistance in certain
types of cells. In cytotoxic chemotherapy for several human
cancerous diseases, drugs are generally very effective, but in the
case ofntrinsic or acquired multidrug resistance, usually highly
effective antineoplastic compounds, eg,  vincristine, vmblastlneA

- daunorubicin, -or-doxorubicin, fail to produce cures. One of the
major causes of such muitidrug resistance is the appearance of
special integral membrane proteins, the P-glycoprotein multidrug
transporter, or MDR1, which is one of the maJor causes of low
drug level in targeted cells. £ gi=ampat :

—> The multidrug resistance-associated proteins (MRPs) are
members of the ATP-binding cassette (ABC) superfamily with six
members currently, of which MRP1, MRP2, and MRP3 are
commonly known to affect drug disposition. MRP1 is: ubiquitous in
the body.cSubstrates for MRP1 include @ne (glucuromde
and sulfate. MRP1 is expressed@olaterally in the intestine,”

713,
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although its role in extruding drugs out of the enterocytes is still
uncertain. There is some substrate overlap between MRP1 and
apically located P-glycoprotein. The aminoacid homology
between MDR1 and P-glycoprotein was reported to be 15% in

some cell lines.

GENETIC POLYMORPHISM IN DRUG TARGETS §

—> In the future, proteins involved in disease will become identified
as important biomarkers for pharmacodynamic studies. Genomics
has led to the development of proteonomics, which involves the
study of biologically interesting proteins and their variants.
Proteins can be used as probes for drug discovery or as
biomarkers for drug safety, such as cell surface proteins (eg,
COX-2, D-2R), intracellular proteins (eg, troponin I), and secreted

proteins (eg, MCP-l). |
——5 The physiologic response of the body to a drug is generally the
result of interaction of the drug at a specific target site in the body.
It is estimated that about 50% of drugs act on membrane
receptors, about 30% act on enyzmes, and about 5% act on ion
channelsg Many of the genes encoding these target proteins
exhibit polymorphisms that may alter drug response. Clinically
relevant examples of polymorphism leading to variable responses
are listed in . For example, the -2-adrenergic receptor, and its
common mutation of ArgGly at amino acid 16, greatly reduces the

bronchodilator response of albuterol
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Gene Freque)‘fy Drug /" Drug Effect /
Multidrug/resistance/gene 24%’% Digoxin i Increased oncentrations of
(MDR / digoxin fi plasma
Beta“2 adrenegdic receptor /4% Alputerol ; / ased respprse to Beta-2
gghe (2AR) / / energic 3gonists
~ / 4 /
ulphonyh./ea receptor ( 23C"3% / Tolbutamide Decreased insulin response
/ gene (suﬁn .
Five génés coding for 15€°2% | Antlarrhythmics, terfenadine, Sudden cardiac death due to
‘cardiac ion channels many other drugs long-QT syndrome

> The systematic identification and functional analysis of human
genes is changing the study of disease processes and drug
development. Pharmacogenetics enable: clinic@i to make
reliable assessments of an individual's risk of( acquiring a
particular disease, be more specific in targeting drugs, and
account for individual variation of therapeutic response and
toxicity of drugs

l’?—-—
PHARMACOKINEAICS/PHARMACODYNAMICS (PK/PD

CONSID W M
PHARMACOGENETICS/PHA -asf( GAIPGX

The gfudy of drug ipteractions and PGt/PGx hds revealed that
ma / upiexpectgd /pharmagodypiamic “responses  and
phgarmacakinetic ¥ariatjons among individydls during drug therapy
ipvolve genetic factgrs. TheSe denetic factors contribute to
ariation\at phany leves, ingluding drug transport, metabolism,
and interactjon at the receptor site.
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GENETIC POLYMORPHISM IN DRUG METABOLISM:
CYTOCHROME P450 ISOZYMES:

(L cyp2p6

—Ls, CYP2D6 () is a large isozyme family that affects metabolism of
many drugs. CYP2D6 is highly polymorphic.

—> More than 70 variant alleles of the CYP2D6 locus have been
reported. The metabolism of the tricyclic antidepressants
amitriptyline, clomipramine, desipramine, imipramine,
nortriptyline, and the tetracyclic compounds maprotiline and
mianserin is influenced by the CYP2D6 polymorphism to various
degrees. Genetic polymorphism of CYP2D6 was first investigated
with debrisoquine (). Poor metabolizers often carry two
nonfunctional alleles of this gene, resulting in reduced drug

clearance.

_—> Since about 10% of the population are poor CYP2D6
metabolizers, CYP2D6 drug candidates are often dropped from
further development by researchers in favor of others §). Poor
metabolizers have increased plasma concentrations of tricyclic
antidepressants when given recommended doses of the drug.
Adverse effects may occur more frequently in poor metabolizers
and may be misinterpreted as symptoms of depression and may
further lead to cerroneous increases in the dose. When
determining CYP2D6 metabolic status (slow versus fast
metabolizers) in patients on tricyclic antidepressants, co-
administration of other CYP2D6 substrates such as serotonin-
selective reuptake inhibitors may result in erroneously concluding
poor CYP2D6 metabolic status.

<D
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puld &u/z
rapid or poor metabolizers.

(@) cvpiaz

———> Another isozyme, CYP1A2, which metabolizes 5% of randomly
selected drugs, may also be considered during development,
since up to 15% of a patient population can be classified as poor
metabolizers, according to’.Fluvoxamine is a substrate and potent
inhibitor of CYP1A2, causing important interactions with drugs
such as .amitriptyline, -clomipramine, imipramine, clozapine, and
theophylline that are partly metabolized by this cytochrome P-450
enzyme.

@ CYP2C9

""j Still another example of a clinically important drug metabolism
polymorphism is the association of variant-alleles of CYP2C9 with
the requirement for lower warfarin dose. In a retrospective study
of a population from an anticoagulant clinic, the CYP2C9 alleles
associated with decreased enzyme activity (*22mi2d) were found
to be overrepresented in patients stabilized on low doses of
warfarin. These patients had an increase incidence of major and
minor hemorrhage.



