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\ S X a
2 o f Clinical Pharm -
62 ; UV A Text Book o are known, the above equation i

i ™

I sarance
Alternatively, if the normal total body clearance

modified after substitution as

cl, and fe

Cl “Cr

= Cl(1-f.) + fCl oo

&I Ry d in the previous sections all assume that the
e

The method for renal dose adjustment discuss ted by nonrenal routes are unchanged. These

volume of distribution and the fraction of drug excre  Boweves, i the absence of reliable
assumptions are convenient and hold true for many drug

demonstrateq
uations should be
information assuring the validity of these be assymptions, the eq

ho established a linear
) approach was used by W
2 statisticglly welisbe fn pracion, stadistica le:)l: first order elimination constant of the drug

relationship between creatinine concentration an sus edition.

n the previ
in patients. The Wagner mcthod is described in greater detail | pt for a patient can be obtained
This method takes advantagc of the fact that the elimination constan

from the creatinine clearance, as follows:

K%:a+bc1qr

5.9 EXTRACORPOREAL METHODS OF DRUG REMOVAL

Extracorppreal therapy is a medical procedure which is performed outside the body. For pahents
with end-stage renal disease and drug overdose to remove accumulated drug and its metabohtes

591 OBJECTIVE
|
To remove rapidly the undesirable drugs and metabolites from the body without dxsturbmg the ..

fluid and electrolyte balange in the body

5.10. METHODS AVAILABLE FOR DRUG REMOVAL

* Haemodialysis

* DPeritoneal dialysis'
e Hemofiltration

* Hemodiafiltration
* Hemoperfusion



- the Process of separating elements in

is is a soluti e T s — ES
Dia]ySls on by dl“US]()n acrogg o, =Tt

n a concentric gradient o by

embrant dow &  SeMmipermeqp,
5.10 1 HEMODIALYSIS
Tl.19 method for removing waste products such as creatinine and urea ag
h plood when the kidneys are in renal failure. well as freq Water frop,
the '

nciple: Involves diffusion of solutes across a semipermeab]e membran
pn ' :

How Does Haemodialysis Work?
« A dialysis machine pumps small blood out of the body,
circulated through a filter called dialyzer. blood
. Inside the dialyzer, a poroug artificial membrane separates blood from the
uirl .Diffusion of extra fluid and wastes from the blood into dialysate'
bl The purificd blood is then pumped back into the body.
"« Membrane is permeable to water and small ions but is impermeable to blood ce]
or plasma proteins

mixed with anticoagulant ang

dialysis fluid

Is, lipids,

o Utilizes counter current flow ie. dialysate is flowing in the opposite direction to blood flgy
in the extracorporeal circuit.

Haemodialysis
Machine

+ Blood flows
Blood flows back to body
to dialyzer

Fig 5.1: Figure Showing The working of Haemodialysis.

. ximum
Coume"cuﬂent flow maintains the conc. gradient across the membrane at a ma

and i - e
Pnd INcreases the efficiency of the dialysis.
fessure in the dialysate compartment is lower than blood compartment




N Clinical Pharmacokinetics & Pharmacotherapeutic Drug Monftoring
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Venous pressure monitor
Air rap and air detector

Clean blood

Heparin pump Arterial presswe  Removed blood} })
(to prevent clotting) monitor for cleaning

Figure 5.2: Figure Showing the Setup Process for Haemodialysis.
TYPES OF HEMODIALYSIS ACCESS

For temporary access

® A shuntis created in the arm, with one tube inserted in

* Tubes are joined above the skin
For permanent access

* Anarterio-venous catheter
* Anarteriovenous (AV) fistula or
* synthetic graft

Types of haemodialysis

graft is created by a surgical procedure

® conventional haemodialysis

* daily haemodialysis
® nocturnal haemodialysis
Conventional haemodialysis

* Done 3 times per week, for about 3-4hrs for each treatment
drawn out through a tube at a rate of 3-400cc/mi.

During treatment, the Patient's entire blo
15 minutes

an artery and another in a vein.

—

od volume circulates through the machine every

g~




atients who do their dialysis at home
y done for 2 hours, six days a week

Used by P
ysuall
wmal haem
performed

odialysis
six nights a week and six-

No¢
ten ho ,
urs per session whijle the pati
jcations patient sleeps
used in chronic renal failure and in poisoning b
nd lithium. salicylates, phenobarbitone Yy certain 2

ApP!
Mainly
ethylene glycol a

5.10.2. PERITONEAL DIALYSIS

Introducing dialyzing fluid into the peritoneal cavity via a catheter ang
r and after a per;
period, the fluid ;
1S

drained and discarded.
nd diffusion

gents such ag methano|

Principle: 0SMOSis @

Dialysate

Catheter

Peritoneum

Abdominal
Cavity

Figure 5.3: Figure Showing Peritoneal Dialysis.

..* The proc
' process uses the patient's peritoneum in the abdomen

are excha i<l gubstancas (electrolytes, urea, glucose, albumin,
Membra nged from the blood. fluids movement of formed
ne restri
llows e estricts the elements (e.g. erythrocytes) and large molecules (€8
movement of smaller molecules according to the concentric. Gradient.

and dissolved as a membrane
and other small molecules)

VIsy®,
. protein) but
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Techniques used for peritoneal dialysis

* Manual intermittent peri. Dialysis i
*  Automated cycler intermittent peri. Dialysis

* Continuous ambulatory peritonealdialysis

Manual intermittent peri. Dialysis - f '
; flui ; or 10mins, allowe
Bags containing fluid are warmed to body temperature; fluid is infused , d to

’ H s
remain there for 60 to 90 mins and then drained in about 10 to 20min

! Automated cycler intermittent peri. Dialysis
* Timed device, performed by people in their home. ' it
* People set the cycler at bedtime so the dialysis takes place while they are s eeping

* Performed 6 or 7 nights a week

Continuous ambulatory peritoneal dialysis .
* During the day by keeping 2L of fluid in the abdomen always
* Exchanging the fluids 4-6 times per day '

Peritoneal Dialysis solution
® Sodium chloride 5.6g
* Calcium chloride 0.26g
* Magnesium chioride 0.15g
* Sodium lactate 5.0g
® Anhydrous glucose 13.60g
* Water for inj. To 1000m]

* Convective solute transport i.e, Movement of dissolved substances with fluid flow through
filtering membrane

* blood is passed through a set of tubing

* (a filtration circuit) via a machine to semipermeable membrane (the filter) where waste
products and water are removed,

* Replacement fluid js administered to the patient for volume replacement

* purified blood is returned to the patient.




,

Hemofiltration:

Types of hery

""-'Dialysis solu

zer, and a high rate
of movement of water and solutes from blood to dialysate that must be

Teplaceq by Substitution fluig that is infused directly into the blood line.

tion is also run through the dialys

ate compartment of the dialyzer.
1s used to drive blood flow through the filter

BlOOd pump



% %a PV A Text Book of Clinical Pharmacokinetics & Pharmatotherapeutic Drug M°""°rlng
r A

Blood

Substitution

fluid (post)

‘.A

Dialysate +
nitrate

Figure 5.5: Figure Showing Process of Haemodiafilteration

® Access is achieved through a catheter
* Good removal of both large and small mole.wgt solutes

Q.. HEMOPERFUSION

* Blood is passed through an adsorbent material which attracts toxic substances.
. Adsorbent is fixed to a solid surface inside a column.

 Patiént's bloodsis passed through the column and toxins bind to the adsorbent materia]
allowing cleansed blood to flowOut of the column

. v
Hemoperfusion ArEssti Air
sensor © dector Clamp

[

Adsorption
column

Anticoagulant pump

SRR

.
Pre-filter & @ & Arterial

pressure Blood pressure
sensor pump sensor

Figure 5.6: Figure Showing Hemoperfusion




A ents used: "
Ads:ﬁ\'a s mberlite XAD-2/XAD-4)
A

in (A
b | perlite rest | adsorbs both polar and nonpolar drugs
a .
b‘Actisvated charc polymeric beads, each Containing agglom
= i a . .
berlite mﬁmrzsphef es; greater affinity for nonpglay drugs,
. mic
i

re available as insoluble

”,

rinis given at the beginning of the
a ,
’ l.:::;hne“t takes about 3 hrs
L

factors for drug removal by haemoperfus'mn:

s Affinity of the drug for the adsorbent
o Surface area of the adsorbent

* Absorptive Capacity of the adsorbent

* Rate of blgog flow through the adsorbent
? * Equilibration Tate of the drug from the Peripheral ticcia ies ..
i
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Urine concentration X Urine Flow

GFR = :
Plasma concentration

IMPORTANCE OF GFR MEASUREMENT

In day to day clinical practice an estimation
of glomerular filtration rate (GFR) is required
for various reasons viz,

a) assessment of renal function.

b) severity of renal disease

c) calculation of proper drug dosage and
d) appraisal of renal involvement in systemic
diseases.



METHODS USED FOR
MEASURING GFR

|. CLEARENCE METHODS:
-EXOGENOUS SUBSTANCE
-ENDOGENOUS SUBSTANCE

Il. FROM PLASMA CREATININE

I1l. BY NEW ENDOGENOUS MARKERS

A) Exogenous Substances

i) Inulin:- (MW 5200 dalton), a polymer of fructose is considered the
gold standard for the estimation of GFR. It s freely filtered by
glomerulus, and is neither reabsorbed nor secreted by the renal tubules.
It is metabolically inert and cleared only by the kidney. It requires
constant IV infusion to maintain plasma level and once steady state has
been achieved, plasma and timed urine specimen levels are measured.
However, analysis of inulin is technically demanding, time consuming,
labour intensive, costly and unsuitable for out patient use. The reference
ranges for the GFR in normal individuals given by Smith are 88 to
174 ml/min/1.73m? for males and 87 to 147ml.min/1.73m* for females .



ii)Non-radiolabelled contrast media:- In addition to inulin. E'I'
radiolabelled contrast media infusion (iothalamate / iohexol) ...
been used to measure GFR. One advantage is that urography and an
estimation of GFR can be done at a single examination (3).
Cumbersome measurement makes it unsuitable for day to day
clinical practice.

iii)Radiolabelled compounds:- A number of radiolabelled
chelates have been used to assess the GFR in man, as very small
non-toxic amounts of the compound can be given and can be
measured even at very low concentrations using conventional
counters. Amongst these are [°'Cr] EDTA, ['¥I] iothalamate,
[*Tc™] DTPA, ["'I] Hippuran to mention a few . Disadvantages
are that some radiation is administered, radiopharmaceuticals
arc more expensive, Gamma camera and skilled personnel are

needed. Hence these chelates cannot be used routinely to assess
GFR.

* B) Endogenous Substances Ej-
1) Urea (MW 60 dalton) was one of the f..”.
markers for assessing GFR (6) but at present is
not used in clinical practice due to several
reasons. Urea production is variable and varies
with protein intake. It is readily reabsorbed by
tubules and again amount of reabsorption is
variable. Hydration status of the individual also
affects urea clearance markedly, increased
plasma levels accompany decreased urine flow
in patients with depleted intravascular volume.
In addition many substances may interfere with
its estimation.
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Table 1: Formulas for rapid estimation of CI1_.

+
Authords) Fornmmuln Units LI
Cockcroft & Gault (15) & (140-nge).B. W, ml/min
s, 72
@ Correction fnctor 0.85
Hull er al (14) o) 145 - nge ml/min/70kg
-3
St‘!
@ Correction factor 0.85
Jelliffe (16) ) 100 mli/min/1.73m?
S S N
Stl‘
Q 80
SC-'I'
Bamcskay eral (17) 4,420 mil/mimn
~e--eeeeeeee-a+88 - age
pﬂ
Salazar & Corcornn (18) d“(l 37-ape) (0.285.BW).(12.1. Ht3) ml/man/
51. S,
@ (146-ape).(0.287.BW).(9.74.HF)
GO0. S_

Ser = Serum Creatinine (mg/dl); BW=Body weight (kg): Ht=Height (m)

[

|
I

Measuring ClI
* Pediatric equation &S- 1 Year)

Clcr =0.48 *height (cm) *BSA.
Sr.cr (mg/dL) 1.73

- Age 1- 18

* Clcr = 0.55 * Height (cm) *BSA.
Sr.cr (mg /dL) 1.73




III: GFR estimation by new endogeno—",
markers:- A

* a) B2-Microglobulin (MW 11815 dalton) is filtered at
glomerulus like water. Subsequently >99.9% is reabsorbed and
degraded in renal tubule. Because it is filtered so readily, its
plasma concentration in health is low(average 1.5mg/ L). The
plasma concentration increases as the glomerular filteration rate
declines reaching about 40mg/l in terminal wuremia. The
logarithm of the plasma concentration is linearly related to the
logarithm of glomerular filtration rate throughout the whole
range so that it provides an excellent marker for renal
dysfunction. The plasma concentration of B2-microglobular is
not affected by muscle mass nor by sex of individual. As its
estimation involves expensive radioimmunoassay it has not yet
become more useful in clinical practice. Also in patients with
some tumors and inflammatory diseases there may be increase
in plasma concentration due to increased production rather
than reduced clearance (19).

* b) Cystatin C is a 13-KD protease inhibitor []
which 1s produced by all nucleated cells and 1>
independent of muscle mass and sex. Its
production, unlike 32-microglobulin is not
affected by inflammatory states or
malignancies. Cystatin C is eliminated by
glomerular filtration and metabolized by
proximal tubular cells. Its measurement has
been proposed as an alternative and more
sensitive marker of GFR than creatinine
particularly in patients with slight to
moderately decreased GFR .
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Some useful formulas for
Calculating child dose




[
B2 v Young’s rule !

Age (in Years) Xt Adult Dose = Child dose
Age (in'years)+ 12

Dr. Ramesh Bhandari ﬁ
Asst. Profesor

v/ Child dose based'on BSA

BSA of child (m?)FX Adult Dose = Child dose
1.73. M2

Dr. Ramesh Bhandari
Asst. Profesor

Haycock formulaffor BSA:
BSA = 0.024265 X W0-5378 X [50.3964
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v Clark’s Rule:

Weight (in 1b)" X¢ Adult Dose = Child dose
150/1b

Dr. Ramesh Bhandari
Asst. Profesar

Practice Problem

v'The elimination half=life of penicillin G is
0.5 hour m adults¥and® 3.2 hours iIn
neonates (0=7 days'old)-Assuming that the
normal adult dose™of penicillin G is
4 mg/kg every 4 hours; (v:1 (Vi ki i

izl e foranill=1binfant.

-

Dr. Ramesh Bhandari
Asst. Profesor




DOSE CALCULATION BASED ON BODY [
SURFACE AREA

Child dose= [ Child's body surface area / Average adult body
surface area] x Adult dose

(An average adult of 70kg, 175cm has a body surface area of
1.73m2. Child body surface area obtained from nomogram
that determine body surface area using the height (cm or in)
and weight (kg or Ib) of the child.)
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