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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 input 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) plasma drug
concentration.




Introduction

- The infusion rate of a drug is |
11 d b . Solution of
Contl olle V known concentration

=55\ dy=e

- flow rate (e.g., mL h?)

- (concentration (g mL*,%w/v, etc.)
of the drug in solution. |
- Flow rate is controlled by A
adJustlng the height of an 1nf1151on
bottle or by regulating the
apel aperture size of the tube that
connects the bottle to the needle.
When greater precision and |
control of drug administl ation is —— Inseried inko vein in polient’s anm
desired, an| 1nfusmn E§ used.
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One compartment IV bolus vs IV infusion
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One compartment IV infusion

Gradual increase in plasma concentration from zero to
maximum allows precise control of drug levels. This is
especially important for drugs with narrow therapeutic

windows

1.v. infusion maintains an effective constant plasma drug
concentration by eliminating wide fluctuations between

the peak (maximum) and trough (minimum) plasma drug
concentration

Infused drugs may be given with iv. fluids including
electrolyvtes and nutrients

Duration of drug therapy may be maintained or
terminated as needed using i.v. infusion




~ wulkQle dose B AM == ¢ whple dose TV infusion Yo o} rabe oF
A8 oy?\\_)\e\ )3’3\5:;5-460 =0y \M P . 'L\) r:z#«m o dnwl.;zhw
ot (c-uu Yuckuoad{ oneﬂ\u\l\\m*& ‘r"‘”"’,;‘f‘i“ oﬁ _RE
Q\)&“\’_,:\CMQ \mno\\ole__,pqﬁ\wM C _M /M\ _}A. Zé" C \V\Q'V\Q\O'(\ WOWY'
“Cont, i
uﬁgﬁ\;?r m 1\/ ST S\ \ oOoCof‘?\'\OV‘\‘ e}Awwn}\og\_ vole
J‘)/ _ N\,ﬂ \"Y AOS 2\ CJJQ\ \-wy\a_p.cdb %Ug\ PR Om Colre Canchan Ceons¥on
T\ t-—-O/ C=0 18 mhg:“ 5 3 113 2 g e St J infusion —>\<« R >
( ; ) Rirek order Rk ovdor
- T - no drug present in the body
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~ Drug is infused in a zero-order rate
~ Amount of drug in the plasma increases gradually (in
constant rate/zero-order), then elimi 1 process starts
ik ondore 25 7 (Qimionalion) e o dbs WO g 700 ordel 2 tugiom mks\\sgb
at a first-order rate. < . > ¥ b
~ At any 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
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1.v. infusion (compared to i.v. bolus routes):

Koz
—>—> Initially, the plasma concentration is verv low thus the elimination

rate is low and as a é esult infusion rate will be significantly higher
Ko 37 KX

than the elimination rate 2 drug accumulates in the body

—>With time the quantity of drug in body increases, which leads to an
Mgus on valke
increase in the elimination rate. But since the i nput function (K ) is
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—=> When rate of infusion = rate of drug elimination - constant amount

—&
constant, the rate of drug build-up in the body decrease

of drug in the body. This is called steady-state level or plateau where
(L Ko= KT € Kin=Kout

rate of change in drug level = zero (dC,/dt = 0) and s oo abber &) Jalt
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~ dX/dt = rate of infusion — rate of elimination
X _ ko—kx
dr
RRM ﬁROV\l"
d>x _ ko — AX
dt = =

~ K - infusion rate constant

-~ K: elimination rate constant

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

A\ (o
Prior to the attainiment of a true steadv-state condition.
the rate of infusion is alwayvs greater than the rate of

elimination (i.e., Ko> KX) and onlyv at true steady state
does Ko= KX.

As time elapses and reaches infinity, the value of e &t
becomes very simall and approaches zero, so the equation
is reduced to: 7

< __ — o
= 7, =K

C__ is called steady state plasimia concentration

C-v.s.s — ArO
7

So, steady state depends on infusion rate and total bodywy

clearance Ky, — C°__ F (kL F=FEIZO)




Cont,

ConC % Vo\uwme

/ Cse % \B
~ If we substitute amount for concentration:

ko =C__*(k*VD)

Zeso ordor Lirc\ ovdeC \ . .
Ap S 2o = \e\Se bc sy <
o = X . * k|~ 0000
— : ROOMY
& ng x\) 0 R \iff—;‘;‘ Oty L

~ 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




> ﬁ .~ the amount of the drug at steady state, you need to know
9%&00 -~ _ _ III ‘»Ko _ R _ /K

Ee N > the infusion rate and elimination rate constant BlThalf

+r m

> €ss, you need to know clearance and infusion rate
~ It could be concluded that:

» all drugs that have the same clearance and are infused at

the same rate, have the same C

Ss

»~ the amount of the dug in the body at plateau is the same for
drugs that are infused at the same rate and have the same
half life (the same k)




Example
C o

The desired steady state for ciprofloxacin is 5 mg/L,

. clL .. .
clearance of the drug is q4 L/ hr elimination rate constant =

K — Ko ? @ > Fss
0.21 hr?t. Determine the requir ed infusion rate and amount
Vd osedl @B exolb o o N2 42

of drug at steady state? L= Revd [P35 s hosabie st .
I‘rO — SS e
Cax cl k
~ ()(Ky = 5 mg/L * 44 L/hr > K, = 220 mg/hr  — o
SS
C’/
(O4Fe6 D e
» (DXss )= (220 mg/hr)/0.21 hr'1 > Xss = 488 mg L~ % —@\
) S
» OrCl=k*"VD > VD =0.21*44 =449 2075 L VQ

» Css* VD—XS§I9XSS-5 Y24 = MUB Mg
L e 2095 104F5
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KVd

sthead hale W\ {50, sue < =,
since S5 = KV previous equatlon can

be represented as:

C = Css(l_e_ )

Css _, In(2) g
— F _ =1— e ti2 — 1 —

or




Example
NN o5 o 5 Eufilasto 22 B Lo BN gy = bt ST Ul ol =) QU@ 5 (35-211) S Fsde drad Lo Wils
d o A - - - - B ‘o . . g~
g;m;ﬁff“f; A drug with an elimination half life of 10 hrs.
Assuming that it follows a one compartment
pharmacokinetics, fill the following table:

r
. _ Number of elapsed "y
T|me FSS Tlme half-liveSp /é Gﬁ@‘\é‘%‘”‘T
10 05 [k
10 1 /[ o5 ‘:’““*"%;5
_%_..)1\%
30 20 s/ | osrs "
50 50 A 0.969
70 - 7 0.992
%0 90 9 0.998




Time required to reach C_
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~ 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, C.g, can be calculated by

applying in above equation

~ At ~ 5 half-lives: 95% of the C44is reached i& e e (5= E i

~ At ~ 7 half —lives: 99% of the Cqqis reached >~ ™ oy sioke



Time required to reach C_

Ko — iz _’
e ]_ S ' _ L — K7
2N ( e ) o (1—e )
C = 5SS (1 T e_kr )

F.;s — (1 _e—]\'f )

— Kkt =1n(1l — F.)

. 0.693
7

Kk

1/2
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Example
vd_-7

Ceftizoxime has a volume of distribution of 20 L. and effective
steady state level = 24 ng/ml. If you know that time required to
reach 99% of steady state is 15 hours. Determine infusion rate

: : : : S K
needed to maintain this concentration? °¢
- o In(l — F__)
“ss | 7 — S5

L % J-|>cl F —
L2 _, 1-044 5

- K =-In(1-Fss)/t > k=-In (0.01)/15 =K =0.3 hr-1
- KO =Css "VD "k =2 kO =24 pg/ml * 20000 ml * 0.31 hr' = kO

= 148800 pg/hr=149 mg/’hr 201 %1000
s 148.8 mylhr




Example

- What 1s the minimum number of half lives
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




Changing infusion rate (k,)

~ Why we may change rate of infusion?

_e pits MEC A0
» Inadequate pharmacologic response ~> "~ =sugvempinC =

> Or toxicities — > e MTC il ot
- AoX '\C,‘\\‘t=_5 N

~ After changing the infusion rate the time

required to reach the new steady state will

depend on half-life




Determination of K from |Css

From data during infusion using clearance. This is the

preferred method to determine k

( v - kO
55
'/
Kk - —kt
C =——"7 d=e") 100
Fp *k $.Css
Css — k—O — \\\
IrD * ] &
? L —k/2.303
C=C._ (1—e ") & S\ o
il _7
og(C., — C) = log €| — KT
2.303
1 1 | 1 | 1 | 1 | 1
0] 1 2 3 4
Time

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



Determination of k from Css post infusion

80

Post-infusion

&

» Once the infusion is stopped (point

A or B), the amount of drug in the
body falls by first order kinetic

Plosma drug level
B
S

8 1

I
8 121620 24 28 32 36

OI|
0 4

elimination. C at any time post Time [hours)
infusion can be obtained from the
following equation ~ Two cases:
‘ Cods
~ > Cessation of infusion after Css is
— [ reached (A point on the plot
C = Clastr e ™ (AP plot)

> Cessation of infusion before Css

is reached (B point on the plot)



Post-infusion after Css is reached C_.= Css

» Concentration = steady state concentration * first order decline

Xy _ .
C = 1‘70 é’_kT dt
Vp Kk cuive A
X,=X2%"
— kT B B
C_C = (755 o e \\T
ﬂ\m\@g/(u)P e Rope
/ Kt t: time elapsed after

'Sss 2 303 the stop of infusion
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Determination of k from Css post 1nfus1on&ﬂﬁ£§\@f}

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

~ Concentration = concentration before reaching steady state * first order

decline
Kk _
\error mM C” — ) (l _ (,—AT) >k e—/c?
RhendA Loke. IrD ] e
hsion & /7;::1‘?5}‘ ’
A" | Wntusion vie, A" e“*. :;m S
log C = log O _(1—e %) 6
Fp ™k 2.3/03

Where T = infusion time and
t =time during the declining phase (postinfusion)




Volume of distribution calculation using post
fusion da

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

Css — KO —> Vd — AO
K-Vd K-C,

- where K i1s estimated as described in the previous

slide



Volume of distribution calculation using post
infusion data

- If you did not reached steady state (C* =

C* = ko (1- e'k@)DVd_
k-Vd k- C"




IV infusion + Loading IV bolus| | Chapter 8

» During constant rate IV administration, the dru
accumulates until steady state is achieved after Eiye to seven
l]a“—l]s.?es

» This can constitute a problem when immediate drug effect is
required and immediate achievement of therapeutic drug

concentrations is necessary such as in elliergeiicy situations
"\NX\_(.:_Q)O\)J

» In this ease, administration of a lgﬁglnhp%ﬁéasg will be “(m;”wj‘*’““‘
necessary. The|loading dose is'an dose Iii@g;fgﬁﬁ
administered at the time of starting the IV infusion to= e s

achieve faster approach to steady state. So admlnlstratlon of

an IV loading dose and starting :

simultaneously can rapidly 'oduce therapeutic drug

concentration. The loading %ose is chosen to produce

Plasma e similar or close to the desired plasma

concentration that will be achieved by the IV infusion at

steady state




IV infusion + Loading IV bolus

Plasma drug concentration (mg/L.)

S

10

Drug concentration after
loading dose + IV infusion

Drug concentration after

IV infusion only

Drug concentration after

® .,cP
.. .f
B -
o. .’.
—_ o.. ...
-
- -,
.! -
.
— 7 a .
/ ey

1V loading dose only

Vi e

15 20 25 30
Time (h)



Amount of Drug in Body (mg)

IV infusion + Loading IV bolus

400 -
Case A = 400 - Case B
Infusion Alone = 200-mg Bolus
300 - .§ 300 - Plus Infusion
(== ]
—
200 - = 200 + e
100 =
E 100 =
>
0 — 2

’ -.--.'--
;e i > . = ey

| . 1 2 3 4 5 6
Half-lives Half-lives
@aseA: Dru _ 1s infusefi alone (€ase B: When the bolus dose and infusion
and amount rises reaching the rate are exactly matched. so a bolus dose
plateau after S=T halflives (200mg) immediately attains the plateau

and infusion rate maintains it after



IV infusion + Loading IV bolus  ovtsemorissiiix

ef\’:gs e Shendly stad Js)
V0w Nefogiic inde R 3154\ o (a3 Su s Zs e Tdose ) Gielp W 6 3y =
&waq;&ygm\p\gof&\ﬁ;&f— - > ool o U =i, (-7 -hall
) )
€ase ©: a bolus dose of 400 mg is .@ \ Case C
given. this 1s excessive: because the S 4‘30'""% BQIUS
rate of loss is initially greater than 300 1 Ne us infusion
the input. amount in the body falls. e

Excess amount continues to fall

until the Game plateaw as in Case B

Amount of Drug in Body (mg)

1s reached. 100 -

It should be noticed that the time to -

reach the plateau depends solely on 0D L , — s,
the half-life of the drmug. 0 1 2 3 4 5
approximately 5-7 half-lives. little Half-lives

. 7 2r TV bdluse U A 5 (ot
of the bolus dose remains and the a"‘“éf;_%\ﬂh\, oo

= s <=3 s Bread oA L5 453
plateau 1s reached NN A
) E\'&:;ﬁ.ﬁ Sheady Thad @\ Qes\




IV infusion + Loading |V bolus

(Case D the bolus dose of 100

mg 1s below the plateau amount.

Because the rate of infusion now

exceeds the rate of drug

elimination. the amount in the
body continuously rises until the

Same platea is reached

(9 ) Go (Y e (5-7) Lhalho3p ) gy -

. Jote \ e Q=S8 elp

Amount of Drug in Body (mg)

400

300

2

100

(@)

|

-1

g &

Case D
100-mg Bolus
Plus Infusion

Sdoce TV oolus “ NS \R e -

SR Duhhe I Ve

Ges~ TV (oRRion 25y,

e —
-
-
=~

1 2 9 "4 5 1
Half-lives



IV infusion + Loading IV bolus

- To achieve a target steady state conc (C,,) the
following equations can be used:
= For the infusion rate:

KO — Cl ) Css
= For the loading dose:
T\ bolug
ID=Vd-C.

ko
]‘-

LD =




IV infusion + Loading IV bolus

- The conc. resulting from both the bolus
and the infusion can be described as:

Cidugone—p! 2r b2\ cose(A) =2-Xo
. VT e e SE gy Qsel®) e

C =C + Cinfusi gl (TN ifuSoM G TV oo
‘total — “~bolus ‘infusion > Vs TS TGS T povs
GoM&Gpigt b > 1=0 Nl PRUS

' —-1-wro<§-(\—\)¢;(%(\—e3 VN2 s

MO o )
\Vo\wne ~\ Xr 3 E
-y k clL

= _eo
C(tota[) I/D e -+ ]‘—I/ (1 e )



Example 1

>0 orplor

Following a twp-hour infusion of 100 mg/hr

plasma was collected and analysed for drug
concentration. Calculate kel and V.

; .. ' = \E}:\\
Time relative
< to Infusion 1 101 16 | 22
‘cessation (hr) N
Cp (mg/L) | 12 5O | 3.9 | 1.7




Log(Conc) mg/L

1.2

0.8

0.6

0.4

0.2

Post infusion data

Time (hr)

Time is the time after stopping the infusion
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Example 1
Bl 20612 =7 ¢ » gn 5 = 4O

S \e St SN\t 2t s 15 e T o) s Bcbtlo 208
AE ) \ A Y .
/an;% l sg\eadj&h\ﬂj\ Mels wb\\p\&mh

- From the slope, K is estimated to be:

K =—-2.303-Slope =—-2.303*—-0.0378 =0.087 1/hr
.ole_c,\iwe&?j\-:&;qw)\‘:\ ConC _)AT b S . .
- From the intercept, C* is estimated to be:
log(C*)=1ntercept=1.1144 ;
e Dot N et 51 bolae &
C*¥=10""*"=13mg/L L NENE PN

. \‘V)&,{g\'o\/\j\) <_s='-;,j\ LOQ:DQO V\C_,J\ J



Example 1
- Since we did not get to steady state:

p— kO
k . C o .'\v&»g\ms\k;;;;@g TN

s
vag—_ 09 (1—e'°'°87@¢14.1L
(0.087)-(13)

inwrercepl Co bbr Ca %g

Vd

(1—e™")




Example 2

© /

Estimate the volume of distribution (22 L),@2
elimination rate@constant (0.28 hr-1), half-life
(2.5 hr), and clearance (6.2 L/hr) from the data
in the following table obtained on infusing a
drug at the rate of 50 mg/hr for 16 hours.

TV nkogion &Qc,\'\\f\e,
. 2h P | yh
e 0 2 4 6 | 10| 12| 15| 16 | 18 | 20 | 24
(hr)
(ICI‘I‘;‘/‘E) 0 |348|547| 66| 76 | 7.8 | 8 8 | 4.6 |2.62|0.85

& ConC &% /%?madlﬁ Qe =N



Post-
infusion
phase

Infusion
phase
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Example 2
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15

Tame fhr)

10



Example 2

.. Calculating clearance:

It appears from the data that the infusion has
reached steady state:

(CP(t=15) = CP(t=16) = Cq)

K K, 50mg/hr
C., = =2 @ o 0melr oo st

cl . C,e  8mg/L
Y
\s »7
N b/i\ AN
N \')3,\;\59 ‘L*\



Example 2

Calculating €elimination rate constant and half
life:

From the post infusion data, K and t1/2 can be
estimated. The concentration in the post
infusion phase is described according to:
K
[

C.=C..-e™" =1loo(C,)=1loo(C..
P ss "€ 0g(C,)=log(Cq) 5303

where t1 1s the time after stopping the infusion.
Plotting log(Cp) vs. t1 results in the following:




Example 2

1 -

0.8
— y =-0.1218x + 0.9047
> 06 R? =1
§ \0(3 C = <k e \Q(&Co
e 04 - 2.0%
o
=X
_8': 0.2 -
0 ] ; ;
0 1 2 3 4 5 B 7 \0
-0.2 -

Post infusion time (hr)



Example 2

0. YZ5% 5 Lhal?
= [|2.3F hr
. - <3 ;
K=-slope*2.303=0.28 hr-1 ooy mhodey

o> NS SN

Half life = 0.6903/K=0.693/0.28=2.475 hr ~ <,

5. Calculating volume of distribution:

_Cl 625L/hr

| 4 —
2 K  028hr™

=223 L

Calculate K from pre-infusion cessation
data



Example 3

A drug that displays one compartment
characteristics was administered as an IV
bolus of 250 mgfollowed lmmedlately by
a constant infusion of 10 mg/hr for the

duration of a study. Estimate the values of
the volume of distribution (25 L),

elimination rate constant (0.1hr-1), half-

life (7), and elearance (2.5 L/hr) from the
data in the following table




Example 3 % 5

YN
Time(hr) 0 S 20 | 45 | 50
Conc(mg/L) 10 | 7.6 | 48 | 4.0 | 4.0

—_$>8 bﬁt”—og\gixwﬁg)o\é | 07552/ g/% e
! gﬁg}g JET 7 C= 4
‘ \
B oolus N Caal. = Cobugor oo
t - O J\:\Q




Example 3

- The equation that describes drug concentration
1S:
C, = Drug fromIV bolus + Drug from IV infusion

_ 2o e &7+ Ko (1 e‘K")

V, K -1,
a- Calculating volume of distribution: wgif\f = f—Q\%o
At time zero,
X X 250mg
C.(t=0)= 2 —=V,_ = o =278 551
VvV, C,(t=0) 10mg/L
Y

C,



Example 3

b- Calculating elimination rate constant and half
life:

Since the last two concentrations (at time 45 and

50 hrs) are equal, it is assumed that a steady
state situation has been achieved.

_ ,KO, o Ko’ _ lOljlga’ln‘ — 0 1he
KT, Ce 77 Q@mgfL-ZSL
boselon gt i o
Half life = 0.6903/K=0.693/0.1= 6.93 hr~+ ==7:*
- Sheody shabe | Chps @ @S- AA) G TS

CSS




Example 3

c- Calculating clearance:

Cl=K -V, =0.1-25=2.5T/hr




Example 4

For prolonged surgical procedures,
succinylcholine is given by IV infusion for
sustained muscle relaxation. A typical
initial dose is 20 mg followed bv
continuous infusion of 41 ngnun. the
infusion must be individualized because
of variation in the kinetics of metabolism
of suucinylcholine. Estimate the
ellnunatlon half-hves of succulvlchohne
in patlents requlrln 0.4 lng/ min and g4
mg/ min, respectively, to maintain 20 mg

in the body. (35 and 3.5 min) Y. Sopmunt o feady

Q‘A‘L \{& O\JQ Cs_gd—"‘ @9_95‘ & ﬁ.\/d‘* ng Q}W

LD = Zc
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Example 4 °°~% 0w

20 =4 _pK=02rn 0o —o-U = Ke 0003
< K

é}qﬁ/’izq%% = 346 min ﬁ'ff\mf/ﬂsﬁﬁ——_—gbl’é wan

For the patient requiring 0.4 mg/min:
Ko .. 1, Ay -0.693
‘455 — — ‘KO . 72— flf? — 58 >

K 0.693 2 K.

A -0.693 693 |

== = 200999 _5465min
i K 0.4

0
For the patient requiring 4 mg/min:

4, -0.693 (20)(0.693)
K 4

= 3.465min

,1/2
0



Example 5

A drug is administered as a short term
infusion. The average pharmacokinetic
parameters for this

drug are:
K =0.40 hr-1
Vd =28 L

This drug follows a one-compartment body
model.




Example 5

1) A 300 mg dose of this drug is given as a
short-term infusion over 30 minutes.
What is the infusion rate? What will be

the plasma concentration at the end of
the infusion?

2) How long will it take for the plasma
concentration to fall to 5.0 mg/L?

If another infusion is started 5.5 hours
after the first infusion was stopped, what
will the plasma concentration be just
before the second infusion?




Example 5

amounk] kivre oF osss/ e
/
1) The infusion rate (Ko) = Dose/duration = 300

mg/0.5 hr = 600 mg/hr.
'O K ops a3F W S s

Plasma concentration at the end of the infusion:

Infusion phase: p- 846
\ (o\Uas
) g la Sy
Cp=—2—(1-e™) |
K-V,
g/hr _
Co(r=05hr)=—000meNr . —oax09y 57 melt

(0.4hr)(281L)



Example 5 \\,c\

2) Post infusion phase:

k‘t:

Cop
— In(C; ) = In(C; (at the end of infusion))-K - t,
~ In(C; (at the end of infusion))-In(C,)  In(9.71)—In(5)

—t, =1.66hr
) K 0.4

The concentration will fall to 5.0 mg/L 1.66 hr
after the infusion was stopped. . 256 Sp b o
C = Coxe™®F L= MH/K -

= C, (at the end of infusion)-e”




Example 5 /<

3) Post infusion phase (conc 5 hrs after stopping
the infusion):

Cp = Cp(at theend of infusion) okt

C-Coxe -RE
C =97 g - (0w ) ha



