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Relationship between K, Ko and Css 

 

 

• A: 

Assuming A is the reference. 

Half life is 2.31 hr so the time needed to reach SS is 11.5 hr (point X) 

 

• B: 

B had longer half life (lower k) so time needed to reach SS was longer (point Y) 

Half life is doubled to 4.62 hr, so tss is doubled to 23 hr. 

 

• C: 

We doubled rate of infusion in C, so we got higher Conc.  

The Half life is the same = 2.31, so the time needed to reach SS is the same = 11.5 hr(point X) 

 

 

➢ Remember as the Time required to reach SS is dependent on half-life, we need 5 half lives to 

reach/attain SS. 

➢ And if we have a drug that has a long half-life then the time required to reach SS will also be long, 

this is not practical! I can’t wait 5 half-lives to reach SS! 

 

Let’s take an example… 
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➢ Example: 

 

➢ In this case we need around 20 hours to reach SS, the patient will not stay this long period of time 

with no concentration of a drug in his body. 

➢ So we need to increase the dose in the beginning by administrating LOADING DOSE, it is usually 

giving in form of IV bolus 

 

• This IV bolus must be ideal, this means that it must give us an amount equal to the amount of SS (it must 

give Xss) 

Remember: Xss = (Ko / K ) = ( Css*Vd ) 

 

So, the initial concentration would be Css 

Remember: Css = Xss / Vd 

 

Also remember in calculating concentration of IV bolus, we use this equation:  

C = Co * e-kt 

And we said that initial concentration is Css, so the equation is: C = Css * e-kt (this is IV bolus equation) 

 

So, we give IV bolus and start IV infusion at the same time 

The drug is given by both routes (the concentration is increasing from both routes) 

 Ctotal = IV bolus + IV infusion 

Ct = (Css*e-kt) + (Css* (1 – e-kt) 

Ct = Css* e-kt + Css – Css* e-kt) 

Ct = Css: This means that when we give IV infusion and IV 

bolus (loading dose) the concentration at any time would be 

equal to CSS. 

 

• Let’s approve what we said and term of half life: 
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• For IV infusion (exponential increase) 

After 1 half-life: Increasing into 50% of SS 

After 2 half-lives: Increasing into 75% of SS 

After 3 half-lives: Increasing into 90% of SS 

 

• For IV bolus (exponential decrease) 

After 1 half-lives: 50% loss of SS (remaining is 50%) 

After 2 half-lives: 75% loss of SS (remaining is 25%) 

After 3 half-lives: 90% loss of SS (remaining is 10%) 

 

• So: after 1 half-life: (50% infusion + 50% bolus = 100% SS) 

After 2 half-lives: (75% infusion + 25 % bolus = 100% SS) 

After 3 half-lives: (90% infusion + 10 % bolus = 100% SS) 

The total concentration will always be equal to Css 

 

• So, loading dose lead to attaining Css immediately (from time zero) 

 

• What if loading dose was not ideal (doesn’t give Xss)? let’s study the following to answer this 

question… 

 

 

 

Case A : 

We found that Xss = 200 mg through testing IV infusion. 

Here, no loading dose was given—only an infusion was started 

to determine the Xss. 

 

 

Case B: If we give IV bolus of 200 mg (equals to Xss), this is 

an ideal loading dose, we will reach SS from time zero! 

after 1 half life the IV bolus dose will decrease to 100, while IV 

infusion will increase to 100, so the total is 200 and so on… 

They will continue to complement each other to maintain the 

amount at 200 mg and stay at steady state (SS). 
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• So, this way I didn’t gain anything, because even without giving a loading dose, I would still have to 

wait 5 half-lives to reach steady state (SS). And if I gave the loading dose incorrectly, I would still end 

up waiting the same time. 

• So in situations A, C, D we will wait 5 half-lives to reach SS, we reach SS immediately only if loading 

dose = XSS 

 

• It is almost impossible to know Xss before attempting an IV infusion and testing it in the patient. This 

brings us to the next question: 

 

• Is it helpful to use a loading dose? 

In most cases, we don’t even know the exact amount to give, and we might mistakenly administer a dose 

that is either less or higher than Xss, which would make it take longer to reach steady state (SS). 

 

• Do you still think it is helpful to give a loading dose? 

Actually, yes, it is helpful because giving an incorrect amount in the loading dose (either higher or lower 

than Xss) will only slow down the time to reach a constant concentration (Css). However, it will speed up 

the onset of action, helping the drug enter the therapeutic window faster and achieve an effect sooner. 

 

 

Case C: If we give IV bolus dose of 400 mg (higher than Xss) , 

after 1 half-life IV bolus will decrease to 200 while IV infusion 

will increase to 100, total is 300 after 2 half lives, IV bolus as 

well decrease into 100 while IV infusion will increase into 150, 

total is 250 

When will we reach total of 200 (Xss) ? practically after 5 half-

lives , this means that we didn’t reach SS immediately but after 

5-7 half lives. 

 

 

 

Case D: If we give loading dose of 100 (less than Xss) after 1 

half life IV bolus will decrease into 50 while IV infusion will 

increase up to 100 , the total is 150 and so on … 

we will reach SS after 5 to 7 have lives (not immediately) 

 

This means that if loading dose not equal Xss we will NOT 

reach SS immediately, we will reach it after 5 half lives. 
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• Key point: 

➢ Increasing or decreasing the loading dose allows for faster therapeutic effects, even though it slows 

the time required to stabilize the concentration. 

➢ The goal is not to immediately stabilize the concentration but to treat the patient and achieve the 

desired effect as quickly as possible. 

➢ We care more about having an effect than reaching SS. While we will attain Css after 5 half-lives, 

we can achieve an effect in less than 1 half-life! 

➢ Thus, adding a loading dose reduces the onset of action but may increase the time required to reach 

Steady state. 

➢ The only concern with a loading dose is if it results in a toxic concentration. 

 

 

• What if half life of our drug is changed ? 

 

➢ First, how would the have life change for a drug ?  

Suppose our drug has Xss = 200 mg 

if we give another drug , and this drug was as enzyme inducer for metabolism of our drug (make it 

faster to eliminate our drug) so half life of our drug is shorter than expected and hence K is higher 

than expected. 

 

➢ Xss is decreased to 100 mg 

Css is decreased 

 

 

And time required to reach SS (5 half-lives) well decrease because half life is decreased  

 

➢ So decreasing t0.5 will decrease :  

✓ Css      

✓ Xss      

✓ Time required to reach SS 

 

 

 

 

➢ On the other hand if the second given medication is enzyme inhibitor for the metabolism of our 

drug (decrease elimination/ makes it slower to eliminate our drug) so half life of our drug will be 

longer and hence K is lower.  

 

✓ Xss is increased to 300 mg 

✓ Css is increased 

✓ Time to reach SS is increased 

 

So increasing t0.5 will increase Xss, Css and time  

required to reach SS. 

 

 

 

 

 

 

Due to increased K : (Css = 
Ko

KVd
) & (Xss = 

Ko

K
 ) 
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• Example : therapeutic range for this drug is 10 to 20 mg/L 

 

 

 

 

 

 

 

 

➢ A) after giving this drug in an infusion rate Ko of 30 mg/h we reached SS after 5 to 7 half-lives and 

calculated Css = 7.5 mg/L (out of therapeutic range, no effect) 

➢ B) So we decided to increase Ko up to 60 mg/h to have higher CSS remember when clearance is 

constant (same patient) CSS increase by increasing Ko New Css = 15 mg/ L The change in Ko will 

break the equilibrium ( point X ) After increasing Ko the concentration will change until we attain 

new SS after 5 t0.5 

➢ C) Add a new Ko, new high Css, we might face some problems with the patient (side effects) so we 

need to decrease the rate again to the previous Ko This decrease will continue until we reach another 

SS (same SS when we give rate of A) after 5-7 half-lives  

➢ D) we want to stop the medication, so we stop the infusion ( it is now like IV bolus; conc of the drug 

will decline and finally we will get rid of medication after 5 to 7 t0.5). 

 

➢ Conclusion: changing infusion rate Ko requires 5 to 7 t0.5 to attain a new steady-state 

situation. 

 

• Question 1: How can I increase the concentration from 7.5 mg/L to 15 mg/L immediately without 

waiting for the initial SS through infusion?  

 

To achieve this, I would give an IV bolus loading dose.  

 

The required amount can be calculated as:  

Amount = (Target concentration - Current concentration) * Vd  

Amount = (15 - 7.5) * Vd = 7.5 * Vd 

 

• Question 2: How can I quickly increase the concentration from 4 mg/L to 10 mg/L?  

Similarly, I would give an IV bolus loading dose, and the required amount would be:  

Amount = (Target concentration - Current concentration) * Vd  

Amount= (10 - 4) * Vd = 6 * Vd 

 

 

 

 

 

A 

B 

C 

D 
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• Figure: 

 

 
➢ A drug (plasminogen activator) has t0.5 = 6.6 minutes, if given in IV infusions, SS is reached after 

five t0.5: 5 * 6.6 = 33 min = almost half an hour (pointed in blue).  

At X: we changed Ko and reached a new SS after another 5 half-lives (another half hour) at 90 

minutes (pointed in purple)  

➢ Did we increase or decrease Ko? decrease it, because the plot declines.  

At Y: we stopped the infusion after another 5 half-lives (another half-hour) the concentration of the 

drug is almost 0. 

 

 

➢ If we want to know the time needed to reach SS we need to know the half life and then multiply 

it with five.   

 

➢ For Digoxin (t0.5 =34 hours) if it is infused for 72 hours would we reach SS or not?  

34 hr * 5 = 170 hr No, because 70 hours involves only 2 half-lives 

 

Although 70 hours is a long time, it is not enough to reach steady state (SS) for digoxin. However, 30 

minutes was sufficient for a plasminogen activator and covered the 5 half-lives required.  

This shows that there is no absolute “long” or “short” time it is always relative to the drug’s 

half-life. 

 

This model is applicable for any route of administration that involves zero order absorption.  

Oral: some dosage forms release drugs in zero order  

Transdermal  

Long acting IM injections  

Subcutaneous implants ( contraceptives )  

Vaginal rings 

 

And here are many other examples… 

FIGURE 10-6. The plasma concentration of plasminogen 

activator (t-PA) starts at about 0.6 mg/L and approaches a 

plateau of 0.8 mg/L following an i.v. bolus of 10 mg and a 

constant-rate infusion of 1.6 mg/min for 60 min to an 

individual subject. Subsequently, the plasma concentration 

drops as the drug infusion is decreased to 0.3 mg/min until 

210 min when the infusion is discontinued. The time from 

the first steady state to the second one (0.16 mg/L) depends 

on the half-life of the drug 6.6 min in this subject, as does the 

decline to zero after drug administration is stopped. 
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• Important note: In IV infusion we can’t find Co from extrapolation 

of the line We don’t even have Co here ( this is a common mistake 

in calculating Vd try to avoid it) 
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Cases in IV Infusion 

• Case 1: Following a two-hour infusion of 100 mg/hr plasma was collected and analyzed for drug 

concentration. Calculate K and Vd. 

 

Time (hr) 3 5 9 12 18 24 

Cp (mg/L) 12 9 8 5 3.9 1.7 

 

 
 

These conc in the table are collected in post infusion phase (after infusion) because the first conc is on 3 

hr while the whole infusion took 2 hours only. 
 

Ko = 100 mg/ hr  

Xo = 100*2 = 200 mg  
 

➢ K ? 

From slope we can find K  

-Slope = K = 0.087 hr-1  

t0.5 = 8 hr, we didn’t reach SS.  
 

➢ Vd ? 

Cp = [ (
𝐾𝑜

𝐾∗𝑉𝑑
)*(1 - e-k*tinfustion) ]*e-k*tpost  

12 = [ (
100

0.087∗𝑉𝑑
)*(1 - e-0.087*2) ]* e-0.087*1  

Vd = 14.1 L  

……………………………………….…………………………………………………………………………. 

• Case 2: Estimate the volume of distribution, elimination rate constant, half-life, and clearance from the 

data in the following table obtained on infusing a drug at the rate of 50 mg/hr for 16 hours. 

 

Time 

(hr) 
0 2 4 6 10 12 15 16 18 20 24 

Conc 

(mg/L) 
0 3.48 5.47 6.6 7.6 7.8 8 8 4.6 2.62 0.85 

 

Ko = 50 mg/L 

Infusion time = 16 hr 

 

Did we reach SS? yes, because the concentration is constant at both 15 and 16 hours  

after 16 hours the infusion stopped.  

Css =8 mg /L  
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➢ Cl = 
𝐾𝑜

𝐶𝑠𝑠
  

          = 
50

8
 = 6.25 L/hr 

➢ K ? We can find K from the slope of post-infusion information (at times 18,20,24 hr) 

Slope = 
ln(4.6)−ln (2.62)

18−20
  = -0.28 hr -1 

K = - Slope = 0.28 hr-1 

➢ t0.5 = 0.693/𝐾 = 2.5 hr 

➢ Vd = 
𝐶𝑙

𝐾
  

      = 
𝟔.𝟐𝟓

𝟎.𝟐𝟖
 = 22 L 

………………………………………………………………………………………………………………….. 

• Case 3: A drug that displays one compartment characterstics was administered as an IV bolus of 250 mg 

followed immediately by a constant infusion of 10 mg/hr for the duration of a study. Estimate the values 

of the volume of distribution, elimination rate constant, half-life, and clearance from the data in the 

following table: 

 

Time (hr) 0 5 20 45 50 

Conc (mg/L) 10 7.6 4.8 4.0 4.0 

 

Here we have IV infusion + IV bolus 

 

Very important note:  

At times zero the concentration is only from IV bolus. 

At steady-state (time 45, 50 hr) the concentration is only from IV infusion. 

In between (time 5, 20 hr) combination IV infusion + IV bolus. 

 

➢ At times zero we have no infusion, so the concentration 10 mg/L is only from IV bolus  

IV bolus dose = 250 mg 

Vd = 
𝑋𝑜

𝐶𝑜
 

      = 
250

10
 = 25 L 

 

➢ If you noticed a time 45 hr the concentration is constant this means that we reach it SS where the 

concentration is Css , Css is from IV infusion only 

➢ Cl = 
𝐾𝑜

𝐶𝑠𝑠
  

    = 
10

4
 = 2.5 L/ hr  

➢ Vd = Cl / K  

K = 0.1 hr -1  

➢ Half-life = 0.693 /0.1 = 7 hrs 

➢ Do not take any slope in combined IV bolus + infusion! you will get the wrong information. 
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• Case 4: For prolonged surgical procedures, succinylcholine is given by IV infusion for sustained muscle 

relaxation. A typical initial dose is 20 mg followed by a continuous infusion of 4 mg/min. The infusion 

must be individualized because of variations in the kinetics of the metabolism of succinylcholine. 

Estimate the elimination of half-lives of succinylcholine in patients requiring 0.4 mg/min and 4 mg/min, 

respectively, to maintain 20 mg in the body. 

 

This drug has high variability between different patients, so we need to individualize the dose for each 

patient so that XSS remains 20 in the two patients. 

 

➢ Patient 1: we give an infusion of rate 0.4 mg/min  

Patient 2: we give an infusion of rate 4 mg/min 

 

➢ What is the half-life for each patient?  

1st patient:  

Xss = 
𝐾𝑜

𝐾
 

20 = 
0.4

𝐾
    →  K=0.02 hr-1 

t0.5 = 0.693 / K  

t0.5 = 35 min  

 

2nd patient:  

Xss = 
𝐾𝑜

𝐾
 

20 = 
0.4

𝐾
  →  K=0.2 hr-1 

t0.5 = 0.693 / K 

t0.5 = 3.5 min  

…………………………………………………………………………………………………………………. 

• Case 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.  

 

➢ 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? 

Ko = Xo/ t.infusion = 300/ 30 = 10 mg/min  

If you were asked to find Ko in mg/hr => 300/0.5 hr = 600 mg/ hr  

At the end of infusion (at time 30 min ) = we didn’t reach SS! Because half-life is 2.4 hr.  

 

Cp = Css*(1 - e-k*tinfusion )  

Cp = (
600

0.4∗28
)*(1 – e -0.4*0.5)  

Cp = 9.71 mg/L 

 

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

t post infusion?  

Cp = C initial * e-k*tpost  

5 =[ (
600

0.4∗28
)*(1 – e -0.4*0.5) ]*e-0.4*tpost  

5 = 9.71 * e-0.4*tpost  

tpost = 1.66 hr 
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➢ 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? 

Cp?  

Cp = Cintial * e-k*tpost  

Cp = 9.71*e-0.4*5.5  

Cp = 1.08 mg/L  

………………………..…………………………..………………………..…………………………………... 

• Case 6: A patient is administered 60 mg/h of theophylline. It is known from previous hospital 

admissions that the patient has the following pharmacokinetic parameters for theophylline: V = 40 L and 

K = 0.139 h−1 .  

 

➢ What is the serum concentration of theophylline in this patient after receiving the drug for: 
 

A) 8 hours  

Cp = Css*(1 - e^-kt)  

Cp = (
60

0.139∗40
)*(1 – e -0.139*8)  

Cp = 7.24 mg/L  

 

B) At steady state.  

Css = 
60

0.139∗40
 

Css = 10.8 mg/L 

 

➢ Compute the theophylline serum concentration 6 hours after the infusion stopped in either 

circumstance (a & b) 

 

A) 8 hours  

Cp = Cpt8 * e-ktpost  

Cp = 7.24*e-0.139*6  

Cp = 3.14 mg/L  

 

B) At steady state.  

Cp = Css*e-ktpost  

Cp = 10.8*e-0.139*6  

Cp = 4.69 mg/L  

………………………………………………………………………………………………………………….. 

• Case 7: A 20 year-old male patient with ideal body weight of 60- kg is receiving 950 mg of a 

cephalosporine infused intravenously over 15 minutes. The half-life of the drug is 45 minutes and the 

apparent volume of distribution is 0.8 L/kg. Find out : 

K= 0.693/0.75  

   = 0.924 hr-1 

Vd = 0.8*60 = 48L 

➢ The rate of infusion (mg/hr).  

Ko = 𝑋𝑜/ 𝑡. 𝑖𝑛𝑓𝑢𝑠𝑖𝑜𝑛  

      = 950/15  

      = 63.3 mg/min → 3800 mg/hr 
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➢ The onset of action (in min) if the MEC is 10 µg/ml.  

Cp = (
𝐾𝑜

𝐾𝑉𝑑
)* (1- e-kt)  

10 = (
3800

0.924∗48
)*(1 - e-0.924*t)  

t = 0.14 hr*60 → 8 min 

 

➢ The maximum concentration after this infusion. 

it’s not Css! The higher conc. Is when the infusion has stopped (15 min/0.25h)  

Cp = Css*(1 -- e-k*tinfusion)  

Cp = (
3800

0.924∗48
)*(1 - e-0.924*0.25)  

Cp = 17.7 mg/L 

………………………………………………………………………………………………………………….. 

• Case 8: Shargel, 2016, Chapter 6, Q5. According to the manufacturer, a steady-state serum concentration 

of 17 mg/L was measured when the antibiotic, cephradine (Velosef R) was given by IV infusion to 9 

adult male volunteers (average weight, 71.7 kg) at a rate of 5.3 mg/kg/h for 4 hours.  

Css = 17 mg/L  

Ko = 5.3*71.7 = 376.8 mg/h  

T infusion = 4 hr 

 

➢ Calculate the total body clearance for this drug. 

CL = 
𝐾𝑜

𝐶𝑠𝑠
 

      = 376.8/17 = 22.4 L/hr 

 

➢ When the IV infusion was discontinued, the cephradine serum concentration decreased 

exponentially, declining to 1.5 mg/L at 6.5 hours after the start of the infusion. Calculate the 

elimination half-life. 

Cp = Css*e-ktpost  

1.5 = 17*e-2.5k  

K= 0.971 hr-1  

 

t0.5 = 0.693/0.971  

t0.5 = 0.714 hr 

 

➢ From the information above, calculate the apparent volume of distribution. 

Css = 
𝐾𝑜

𝐾𝑉𝑑
 

17 =  
376.8

0.971∗𝑉𝑑
 

Vd = 23 L 

 

THE END 
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