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Introduction

- While a single intravenous bolus dose of a drug may produce
the desired therapeutic concentration and, therefore, the
desired pharmacological effect immediately, this mode of
administration is unsuitable when it is necessary to maintain
plasma or tissue concentrations at a concentration that will
prolong the duration of its action.

- One way of achieving this target is utilizing intravenous
infusions. It is common practice in the hospital setting to
infuse a drug at a constant rate (constant rate mput or zero-
order input), which permits precise and readily controlled
drug administration to fit individual needs.

- IV infusion can maintain an effective constant plasma drug
concentration by eliminating wide fluctuations between the

peak (maximum)

and trough (minimum)

concentration.

plasma drug

|
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Introduction s

/

. The infusion rate of a drug is
S controlled by:
Jéj:,_) flow rate (e.g., mL h™?)
Oconcentl ation (g mL*,%w/v, etc.)
of the drug in solution.

low rate is controlled by
adjusting the height of an infusion
bottle or by regulating the

apel ture size of the tube that
connegts the bottle to the needle.

15»39/ When \greater precision and
L] control of drug administration is

g desired) an| infusion pump is used.
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one compartment IV infusion (Cravies
rlg Ji

Gradual increase in plasma concentration from to ,‘
maximum allows precise control of drug levels. This is e

especially important for drugs with narrow therapeutic )~ 0!

: ?\a’t‘c
vindows .
-~ _i.v. infusion maintains an effective constant plasma drug |

- A - ~ = > f (/}0/
concentration by eliminating wide fluctuations between 3~ =-
the peak (lnaximum) and trough (minimum) plasma drug\ %7

&
concentration PR VZ,

~| Infused drugs may be given with iv. fluids including) 2,
electrolytes and nutrients ab

Duration of drug therapy may be maintained (or TU*??
terminated as needed using i.v. infusion l (835! 0l

.
a3 1V bolus

\'//Lt:« ) ;_1{ > B_SL@
N fdv\"wm?c g i Lna k-

~ At zero time: no drug present in the body

~ Drug is infused in a zero-order rate
~ Amount of drug in the plasma increases gradually (in
constant rate/zero-order), then elimination process starts
at a first-order rate.
~ Atany given time: the amount of the drug in the body will

be subject to two opposing forces (kinetics); the input

function and the various first order elimination processes

(output)

e
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i.v. infusion (compared to i.v. bolus I'outesy,

Initially, the plasma concentration is very low thus the elimination
rate is low and as a result infusion rate will be significantly higher
than the elimination rate - drug accumulates in the body

With time the quantity of drug in body increases, which leads to an
increase in the elimination rate. But since the input function (K,) is
constant, the rate of drug build-up in the body decrease

When rate of infusion = rate of drug elimination = constant amount
of drug in the body. This is called steady-state level or plateau where

rate of change in drug level = zero (dC,/dt = 0)

(EORE.

~ dX/dt = rate of infusion — rate of elimination

[—df-=Ko-Ax
dr

d X
dt

~ K, infusion rate constant

> K: elimination rate constant

7 T

~ X:amount of drug in the body
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- Steady state condition

-~ Prior to the attainment of a true steady-state condition,
the rate of infusion is alwayvs greater than the rate of
elimination (i.e., Ko> KX) and only at true steady state

does Ko= KX.

~ As time elapses and reaches infinity, the value of eIt
becomes very small and approaches zero, so thhe equation

is reduced to:
G — £

=R VD*k

~ C__1is called steady state plasima concentration

<
C
~ So, steady state depends on infusion rate and total body
clearance o s n (G 7))

£
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Cont,

If we substitute amount for concentration:

ko = C.. T (el

e

We, again, reached the assumption that at steady state

rate of infusion = rate of elimination

~ Xss = amount of drug in the body at steady-state

)z/p\,)\»f‘us\ < K)( > b*-cl \/Yu \_C\)k \_S»‘ucu_\.\

o
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. i oless e s
\MYD o~ To determine __\9(9 of Q'/JJ
om—tfu‘ v\) 21~ the amount of the ug at steady state, you need to kno“‘s (P_JJ
s\"o“f /<a the infusioinn rate @elunlnatlon 1ate@:)nstant K EA G
\)5))13‘ >~ Css, you need to know clearance and infusion rate By ).)
‘Z \ ~ It could be concluded that: T k X’I\
)(n 2 > all drugs that have the same clearance and are infused at tf_é\:JL
the @ rate, have the same Cg qﬁ?{_‘ﬁ:

~ the amount of the dug in the body at plateau is the same for?\ R—“
A
drugs that are infused at the same rate and have the same ovk

\

half life (the same k) \p.r s

(ko — Aan 2l
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xample Nl

The desired itead;v state for ciprofloxacin igémg/ Lg

clearance of the drug is 44 L/hr, elimination rate constant =

—

0.21 hr'. Determine the required infusion ratejand amount

of drug at steadv state? ;
= i P e e 2
e > : Ko
- Ko=5mg/L" 44 Lihr ->(Ky) = 220 mg/hr > C.. =
T &Y/
- Xss = (220 mg/hr)/0.21 hr'' - Xss = 46.2 mg
~ (ONCl=k'VD > VD =0.21"44 = 9.24. Bt <
» Css*VD=Xss > Xss=5"9.24 =46.2mg k-
;._rg.x\a Vv 7 5 = k':;
e A
[:ruc"iu( {imin j— (_L )“\ e
b Z /i |
. </H/2 Ko = X¢s X K
Fre;c‘-s'o d\'m.'AeA o 220 = X5 X0yl

) “G6.2)

Fraction achieved of steady state

Ko — K
C = 1— )
xva e
¥ /
: Koy o i L - o gt ae
since Css = : revious equation can (( ~\» lbusye
| KVd % 5 Q«“Mino\’r{\av\
be represented as: L ¢

buts\A U?-
el

A

" O — Kz
e —=lE e r =5\ |
ss . In(2) 1 TR N
— F._=1l—g a2 =1— e\l
I
1 )os
7 S =1—(::2‘) or £y = e

~
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Example

A drug with an elimination half life of 10) hrs.
Assuming that it follows a one compartment ,
pharmacokinetics, fill the following table: v»%“¢

Number of elapsed
half-lives

10 1 0.5

3
9
7
9
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Time required to reach C_

k’o 1o (o~ h Co;

T R (l_e—kT)
ey

C

~ After very long time of infusion (~ infinity), Css is

theoretically reached

~ However, the time to reach 90%, 95%, and 99% of the

steady-state drug concentration, Cgs, can be calculate@
applying in above equation

- g s
~ At ~ 5 half-lives: 95% of the Cgsis reached

~ At ~ 7 half —lives: 99% of the C4is reached i

-
.

’,

P
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Ci =G (1 — e
e ire— v

SS

L

= In(1 —
_F;S :(1_e /'7‘) f: 11( Fss)
e aomid B\
= e = QL= VAl ) | L) In(US 007 (@S e AW
0.693 - G\
p s 0. 693 ’_3—4\.&-:5‘
e 7 ~) We can conclude that half-life of a drug is The AN
Lz U"Q only factor that determines the time to reach/—~_\.» 5\
)\QJ’“\C‘ any fraction from steady state —\\
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Ceftizoxime has a volume of distribution of|20 gand effective
steady state level = 24 Hg (il If you know that time required to [

reach 99% of steady state is 15 hours. Determine infusion rate

needed to maintain this concentration? __ 2 I8
= D74 mglml
S5 P e 1 == ' V of St
. >C L 4 g K &ro) € )

( —
}’ » k=-In(1-Fss)t > k =-In (0.01)/15 = k = 0.3 hr-1 S \S hanve
~» KO=Css*VD "k - kO =24 ug/ml * 20000 m! * 0.31 hr! > kO &>
= 144000 pg/hr=149 mg/hr

Gs = Ko
VD xK

S
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Example

—. What is the minimum number of half lives
W« C  needed to achieve at least 95% of steady state?

« At least(5 half lives (not 4) are needed to get to
05% of steady state

& \?)u?—é“ecftc‘wel__)i 2 ‘
J‘A‘gﬁe dLC(CKCCUP\/{,Ni‘\Uh’)&) A9\9 AEPAAN m\,f\})-‘ vta) \/\ Lﬁh *Al \)\@

QA Q)B\I\_g.), N\\VM‘\'O}\( ,—3

Changing infusion rate (k;)

~ Why we may change rate of infusion?

@ ~ Inadequate pharmacologic response

@ > or toxicities

~ After changing the infusion rate the time

required to reach the new steady state will

depend on half-life
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etermination of K from Css

From data during infusion using clearance. This i1s the

preferred method to determine kK

c
( ; st o O
A A - E T
GF
G N0 M
I'ID B2 ]‘.
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C —_— L —
S Ik o —k/2.303
o
—/7 <R
GGt (1= ) =3
Kkt
10::((- S Siwey. C) loc CSS > 303 %
5

k is determined during infusion from the slope of log(Css-Cp) vs time

Determination of k from Css post infusion

stesf Srae 2 e Oy
Post-infusion sl B,
~ Once the infusion is stopped (point :%,,o
A or B), the amount of drug in the § 20
body falls by first order kinetic '

0
g ety : O 4 8 12162024283236
elimination. C at any time post e ey

infusion can be' obtained from the
following equation > Two cases:

~  Cessation of infusion after Css is
R
~kvchow  reached (A point on the plot)

=\ : d' «d S’ cessation of infusion before Css
@ 25 - is reached (B point on the plot)
| ov®

§
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Post-infusion after Css is reached Cj = Css

> Concentration = steady state concentration * first order decline

‘L;B = —kX
/\' ahj = k
(‘v a2 - O e AT
I o ¥* I
]‘ XB =k'ge-b
-y AT = =3 ——NT
Con =GRt e
Nzl I 1 t: time elapsed after
O V — O (s —
(VD IO: C IO:’ < T %) 21012 the stop of infusion

Determination of k from Css post infusion

Post-infusion before Css is reached C_,= C (at any time
prior stopping the infusion

> Concentration = concentration before reaching steady state * first order

decline
& :—T—/-DA(;]( A—e 'T)*e\—v\;’“w 5 LN
o k ]/q e
(2> |logC=log—2—-(U—e ™ )——

P 2.3/03

1S
é:g Where T = infusion time and
= t = time during the declining phase (postinfusion)
\
Joyd

e

—_———;-TW

Scanned with CamScanner


https://v3.camscanner.com/user/download

() o J-Dien o \})2)

slume of distribution calculation using post
nfusion data

- If you reached steady state conc (C* = Cgg):

A G
@ Vil S | I f e £
K . CSS

2 E g,

-

- where k is estimated as described in the previous

slide

Volume of distribution calculation using post
infusion data

- If you did not reached steady state (C*
Css(1-€*T)):

k, i k o
(PR S 50 ar1a ok
k-Vd( ) k-C*( e i)

-

C* =

—
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