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  Introduction:

Theophylline is a drug, which acts as a bronchial smooth muscle relaxant.

However it is commonly used in the treatment of:

· Bronchial asthma

· Apnea of prematurity

· Other forms of reactive airway disease

It is characterized by being poorly water soluble, but some salts of theophylline such as ethylenediamine & aminophylline are more soluble.

*Route of administration:

Theophylline can be administrated as:

· Intravenously (inj.) due to its poor water solubility. 

· Rectal suppositories

· Rectal solutions

*HOW IT IS PRESCRIBED:

   Theophylline comes in three forms:

1. Tablets 

2. Capsules

3. Liquid

*Some notes to be known before the administration of Theophylline:

1. When taking theophylline in a tablet form, never crush it; swallow it intantly.otherwise if it was crushed it would take a long time to be released.

2. Never take theophylline with hot food or liquids. This will dissolve the medicine and release too much in the body.

3. It should be administrated with food rather than with an empty stomach.

4. It is to be taken every 8 or every 12 hours.

5. If a child suffers from fever or a virus or even if he is being treated with any antibiotic, the dose of theophylline should be reduced other wise it will be too strong and the child might get sick.

6. Frequent administration of drugs that interfere with theophylline metabolism should be avoided. If these drugs are frequently taken so, the dose of theophylline should be reduced by one half.

7. It is advisable to check the serum theophylline concentration within 24hours after beginning any new concurrently administered medication for which there is no specific information regarding interaction with theophylline.

Monitoring parameters:

 Due to the small therapeutic index of theophylline, which means that, it is highly toxic. So it is important to inquire the complete medical history of the patient before taking any theophylline dose.

 We should know whether the patient is allergic , suffers from illness , smokes , or is taking other drugs.

 Anyhow we should maintain the plasma blood level to make sure it is stable.it is important to measure the plasma level more, if the patient is being treated by I.V theophylline.

Also to monitor the pulse and blood pressure.

If the patient found any symptoms like nausea , insomnia etc.. Should stop taking theophylline.

*Some brand names of Theophylline:

· Aerolate III(
· Elixophyllin(
· Quibron-t(
· Respbid(
· Slo-Bid gyro caps(
*Precautions:

 The plasma concentration of theophylline should be adjusted in order to reduce toxicity, also by administrating drugs that will inhibit the theophylline metabolism will lead to an increase in the chance of toxicity. Thereby, increasing the risk of toxicity if the dose was not reduced.

*Interactions:

  Enzyme inhibitors such as cimetidine, erythromycin, propafenone, Propranolol  & also enzyme inducers such as barbiturates, carbamazipine & smoking, all these reduce the effect of theophylline.

  Theophylline in order reduces the effect of lithium.

*Adverse Reactions:

  Theophylline causes numerous problems. Approximately 50% of the treated subjects experience side effects.

  *Dangerous complications:

                               It occurs mainly when plasma levels rise above 110(mol/l; they mostly affect the heart and the central nervous system. Hypokalemia and rhabdomyolyses might also occur.

*Side effects:

 The side effects that occur within the therapeutic range include:

1. Loss of appetite

2. Nausea

3. Vomiting

4. Abdominal pain

5. Tachycardia

6. Head ache

7. Nervousness

8. Excitability

9. Sleep disturbances

*Contraindications:

  Anyhow theophylline is completely contraindicated in Active peptic ulcer.

*Cautions:

Therapeutic plasma levels are between 55-110mol/l  i.e. 10-20g/ml.

Indications for determining plasma levels:

Optimal adjustment for sever asthma, heart failure, disorders of hepatic functions, suspected toxicity, intravenous theophylline treatment in patients may have been treated beforehand.

*Therefore, the doctor should do a simple blood test to know if the drug is at the right plasma level; in order to maintain toxicity and reduce side effects.

      Theophylline dosing:

*Oral dosing: 

    Give 3-4mg/kg in a bid to tid dosing. Note that the  t1/2 = 8hrs; therefore,                                the steady state =1.5 days .

In order to prevent tachyarrythmias while using theophylline maintenance dose should be at 0.6mg/kg/hr.

*How to calculate the dose required of theophylline by the patient who suffers from shortness of breath:

     1.find the loading dose for example     3mg/kg.

2.find the maintenance dose, which is calculated by using this equation :   0.5mg/kg/h x condition factor (C.F).

3-some examples of condition factors:

  Congestive heart failure ( 0.4

  Sever bronchial obstruction (0.8

  Young adult smoker ( 1.6

  Older patients(0.6

  Verapamil (0.5

  Phenobarbital(1.2

 Propranolol(0.7

4-Two blood samples are taken form the patient and Clearance is estimated  (this method involves rapid estimation of the total body clearance of theophylline from two data points; generated from determination of the plasma drug concentration during infusion or after). 

In this case the two blood samples (C1 &C2) will be taken after administration of the loading dose and start of maintenance dose. Although the best results could be obtained if the two samples were taken 1hour (t1) and 5 hour (t2) after the commencement of the maintenance dose.

 5-Estimation of the clearance (Cl) is done by the following equation:

                2ko           2vd(C1-C2)

  Cl=      _______  + _______________

              C1+C2      (C1+C2)(t2-t1)

Where Ko is the infusion rate or the maintenance dose, Vd is a population kinetic estimation of theophylline volume of distribution, which is assumed to be 0.5 L/kg.

6-the Cl estimated could be used to calculate the Css value that such a dosage regimen is going to produce:

     Css = Dose /kE Vd

7-Then the appropriate dose is calculated, according to the patient’s condition.

Amount of dose to be administrated, if patient suffers from the following :
	case


	Admini-

stration
	Initial loading dose 
	Interval
	Maint-

enance 

  dose

	Nocturnal

 Asthma
	Oral
	200-300

mg
	24hours
	200-600mg

	Status 

Asthmaticus
	I.V
	5mg/kg
	  _______
	________


*Therapeutic and toxic plasma concentrations:

  The plasma conc. Of theophylline is between 10mg/l – 20mg/l. Therefore in order to improve respiratory functions the plasma conc. should be as low as 5mg/l.

 However, at conc. as low as 13 to 15mg/l, side effects might occur, but they are observed more frequently if the conc. exceeded 20mg/l.

Cardiac symptoms such as tachycardia are usually minor within the therapeutic range.

 While, atrial and ventricular contractions are less predictable; but they usually occur at conc. exceeding 40mg/l.

Insomnia & nervousness are side effects, which occur at many conc., also nausea, vomiting. Anyhow these side effects are not very serious and they do not show that the patient reached the toxicity level of theophylline.  Sever CNS side effects such as seizure occur at conc. exceeding 50mg/Lor <30mg/l .

KINETICS:

**Bioavailability (F):

  Bioavailability refers to the measurement of the rate and extent of active drug that reaches the systemic circulation.

Nonsustained –release dosage forms:

 The absorption of theophylline and its derivatives, when either being administered by liquids or non-sustained release dosage forms, is very rapid and complete;

(i.e. 100%bioavailable) moreover the plasma conc. of theophylline peak about one to two hours after oral administration (this shows it is rapidly absorbed in two the systemic circulation).

Selection of the theophylline oral dosage form depends on the cost and quality of the product.

Theophylline are available in a large number of salt forms, when patient is going to take another theophylline salt care should be taken and dose should be carefully adjusted.

Sustained-release dosage forms:

These products release theophylline slowly, however it is a good type for the patients who metabolise the drug rapidly such as children &smokers. And this will make it easy to determine the plasma conc. between usual dosing intervals.

Moreover, this type of DF is completely absorbed although, they only differ in duration of absorption, rate and extent of absorption. 

Some times if a type of dosage form was taken with a high fat meal might accelerate its absorption.

Volume of distribution:

 It is the apparent volume required to account for all the drug in the body if it were present throughout the body in  the same conc. as in the sample obtained from the plasma. Also, it is a useful parameter that relates plasma conc. to the amount of drug in the body. 

The volume of distribution of theophylline is approx. 0.5 L/kg, and it is distributed by a

 two-compartment model (the bronchioles are associated in the two-compartment).

Therefore, toxicity effects may occur in this case at high conc. and at an initial volume of distribution or if it was distributed rapidly or if it was accumulated at a first-compartment.

*Some selected theophylline dosage forms and their salt factor(s):

	Dosage form
	             S

	Uncoated tabs&liq.
	

	 Aminophylline(generic)
	         0.8to0.84

	Elixophylline (generic)
	                 1.0

	Theophylline
	                 1.0

	Somophyllin
	1.0

	Slo-phyllin
	1.0

	Coated &sustained relase
	

	Choledyl
	0.64

	Aminodur
	0.84

	Aerolate
	1.0

	Constant-T
	1.0

	Respbid
	1.0

	Slo-bid Gyrocap
	1.0

	Somophyllin-CRT
	1.0

	Theo –24
	1.0

	Theolair-SR
	1.0

	Theo-Dur
	1.0

	Theobid Duracap
	1.0

	Theophyl-SR
	1.0

	Uniphyl
	1.0

	Slo-phyllin Gyrocap
	1.0


 Clearance (Cl):

Clearance is the volume of plasma that is cleared of the drug per unit time.

The average theophylline clearance is 0.04 L/hr/kg. Which is based on the ideal body weight, somewhat also clearance may be affected by some factors, and not only body weight. 

*Factors that affect Cl  are shown below:

          Disease states which affect   

             theophylline clearance

	Disease
	Factor                  

	Smoking
	      1.6

	Congestive heart failure
	       0.4

	Cystic fibrosis
	1.5

	Acute pulmonary edema
	       0.5

	Acute viral illness
	        0.5

	Sever obstructive pulmonary disease
	       0.5

	obesity
	       IBW

	Hepatic cirrhosis
	       0.8


The factor indicates the estimated clearance

 And the IBW is the ideal body weight.

*Smoking: the smoking clearance is about 1.5 to two times the one of the non-smokers. Therefore, the patient with a smoking history and stopped a long time should be considered as a smoker.

*Diseases: the congestive heart failure reduces the theophylline clearance to about 40%. While sever pulmonary disease has an ability to reduce the Cl about 85% of the average value.

Also hepatic cirrhosis also reduces the Cl.

The premature newborns also have a very low Cl.

*Diet: it also affects the metabolism of theophylline. I.e. patients taking a high protein and a low-carbohydrate diet have an ability to metabolise the drug quickly. While Caffeine reduces the metabolism rate to a limited extent. 

*DRUG INTERACTIONS:

· A Macrolide antibiotic such as erythromycin reduces theophylline clearance by 25% to 50%.

· Phenobarbital increases the metabolism by 30%.

· Phenytoin increases the Cl by a factor of approx 1.5

· Cimetidine, a drug mainly taken with theophylline in order to reduce its metabolism by 40%.

· Rifampin  increases in the theophylline metabolism; but it slightly increases the Clearance by 20 – 25%.

· IV isoprotrenol slightly increase the theophylline clearance by 20%.

Anyhow, if there are a lot of factors that affect theophylline clearance present, then the prediction of theophylline drug level will be difficult. Therefore, the plasma level of theophylline should be monitored.

Drugs that affect theophylline level

	  drug
	Factor

	Cimetidine
	0.6

	Ciprofloxacin
	0.7

	Erythromycin
	0.75

	Influenza Vaccine
	0.5

	Phenobarbital
	1.3

	Phenytoin
	1.6

	Propranolol
	0.6

	Rifampin
	1.3


Half-life (t1/2):

 The theophylline half-life is approx. 8hrs for a normal person, but if the patient is a smoker, or if he is taking drugs that increase the metabolism of theophylline the half-life will be the half-life is reduced to 3-4hrs. But for patients who suffer from congestive heart failure or those who administer drugs that prevent the theophylline metabolism; have a half-life of 18 to 24 hrs, therefore these patients are highly susceptible to theophylline toxicity.

If the patient is obese he is likely to have a longer half-life too. 

Time to sample:

Since the average theophylline half-life is approx. 8hrs as said before, so it is better to start monitoring the plasma conc. after 24 hours of starting the therapy. So the steady state could have reached, and therefore, accurate results could be obtained.

 But if the sample was taken before18hr it should be discarded, because the steady state may not have been reached therefore, no accurate results may be obtained.

While in patients receiving non-sustained-release or liquid dosage forms of theophylline, the sampling procedure of theophylline plasma conc. is probably good when trough levels are obtained.

If the patient has a short half-life then, the peak theophylline plasma conc. is calculated by adding the increase in theophylline conc. in a single dose to the trough conc. as shown in the equation below:

    

  (S)(F)(D)

Cpss max = Cpss min + -------------------


    (Vd)

Cpss max is the maximum or peak plasma conc. reached at steady state when a constant dose is administrated at a constant dosing interval.

Cpss min is the minimum plasma or peak conc. reached at steady state, when a constant dose is being administrated at a constant dosing interval. 

F is the bioavilability.

S is the salt factor because theophylline and their derivatives are available in salt dosage forms.

 Vd is the vol. of distribution. 

*Some points to know to understand the cases:

 S is the salt form, which is the fraction of administered salt or ester form of the drug that is the active moiety. And in this case it is either 0.80 or 0.84 but we will be using 0.80.

Steady state is achieved when the rate of drug administration is equal to the rate of drug elimination.

Cpss ave: which is the average plasma drug conc. at steady state.

Bioavailability: the fraction of an administered dose which reaches the systemic circulation.

And it is 100% in case of IV inj , because drug is being completely absorbed.

 **Examples of equations:

     (S)(F)(D)

  --------------------  this shows the change in plasma

Vd
conc. following a dose.

(S)(F)(D/T)

-------------------  this is used in case of determining

     Cl
the average steady state conc.

(e(- Kd t))   this is the fraction remaining after time of decay (t).

(1 – e( - Kd t))  this is the fraction lost during decay phase or fraction of steady state achieved during infusion.

Ideal Vd of theophylline is = 0.5L/kg
  For new bornns it is = 0.7L/kg

  At one year of age =0.5L/kg

  Patients with cystic fibriosis = 0.6L/kg

Ideal average Cl = 0.04 L/hr/Kg based on ideal body weight.

Theophylline half-life can be as long as 18-24 hours .

**Cases:

Case1:

K.M is a patient who is receiving an aminophylline infusion, has a plasma theophylline conc. of 30mg/l. If the aminophylline infusion rate is decreased by one-half, so that the new plasma theophylline conc. is 15mg/l, will the pharmacological (bronchodilating) effect also be reduced by one-half?

   Ans: No, the bronchodilating effect of theophylline is proportional to the log of the theophylline conc. A 50% reduction in the plasma theophylline conc. in K.M may be well tolerated, since the bronchodilating effect will be decreased by much less than 50%. However, before any alteration in the theophylline plasma conc. is considered, the clinical status of the patient must be assessed. In some cases, the change in dosage may have serious consequences: toxicity may appear if an increase in plasma conc. is attempted or increased bronchospasm may occur if the conc. is reduced.

Case 2:

R.J.,an 80kg,50 years-old male, is seen in the emergency room with asthma that is responsive to epinephrine. Estimate a loading dose of aminophylline that will produce a plasma theophylline conc. of 15mg/l?

Ans: Assuming R.J. has received no recent aminophylline doses, so anyhow the equation below can be used to determine the loading dose:

         Loading dose = (Vd) (Cp)

                                     -----------------------

                                            (S) (F) 

Where S, which is the salt factor, where theophylline is a salt. The ratio of molar weight of base (salt) over the molar weight of the drug. Since it can be either 0.80 or 0.84 depending upon whether the hydrous (0.80) or the anhydrous (0.84) form was used to compound the drug product. But in this case we used the hydrous form of the salt. 

F , is the bioavilability of the drug which is 100% so it will be given at 1 , this shows that the drug is 100% bioavailable i.e. it is completely absorbed. It is used if the drug was given orally or by other routs of administration other than IV inj. 

The volume of distribution (Vd) is approximately 0.4 to 0.5 L/kg. So, in this case we are using 0.5L/Kg, the Vd is calculated by multiplying the patients weight (80kg) by the Vd (0.5). The Vd is 40L.

Theophylline Vd = (0.5L/Kg) x (weight)

                          = (0.5L/Kg) x (80Kg)  

                          = 40 L

Cp is the plasma conc. which is given as 15mg/L

Calculation of the loading dose of aminophylline:

     Loading dose = (Vd) (Cp)

                                  ------------------

                                     (S) (F)

                      =      (40L) x (15mg/L)

                              --------------------------------

                                   (0.8) (1.0)

                      =           600mg

                                   ---------------

                                       0.8

          *So the loading dose of theophylline is 750mg.

The aminophylline dose is somewhat greater than the usual 300 to 500mg loading dose for two reasons.

  First, the target level of 15mglL is higher that the usual target of 10mg/L that can be achieved with the standard loading dose of the 5 to 6 mg/Kg of aminophylline. Second, R.J. is larger than the average and, therefore, should require a larger loading dose.

Case 3:

   What would be the reasonable loading dose for R.J. if he is obese and has an estimated ideal body weight of 60 Kg?

The food and drug administration (FDA) recommends that the ideal body weight be used to calculate the loading dose. Others have argued that the volume of distribution (which is the major determinant of loading dose) correlates best with total body weight rather that lean or ideal body weight. Because there is uncertainty with regard to the relationship between ideal or total body weight and the apparent vol. Of distribution for theophylline, some care should be taken when calculating the loading dose for obese patients.

In general, it is sufficient to calculate a theophylline-loading dose that will produce a theophylline conc. bellow the usual target level of 10 mg/L.

This should not be a problem as long as a theophylline conc. of at least 5mg/L is achieved. 

If a target level of >10mg/L was desired, one should ensure that the upper and of the therapeutic range (20mg/L) is not exceeded.

For obese patients whose ideal body weight is less that one-half their total body weight, the calculated loading dose of theophylline will be substantially different when the calculation is based upon ideal body weight. In these individuals, it may be more appropriate to use a value somewhere between the ideal and total body weights to calculate the vol. of distribution.

In any case, theophylline plasma conc. should be monitored and the loading dose is usually limited to no more than 500mg. A theophylline level taken approximately one to two hours after the initial loading dose will help establish the approximate vol. of distribution for obese subjects. 

  Case 4:

 What will influence the theophylline-loading dose?

 Ans : A major factor (other than obesity) which is known to influence the loading dose of theophylline, is the presence of theophylline in the plasma . The pre-existing theophylline conc. can be accounted for in the calculation of theophylline loading dose by using the equation below :

     Incremental    = (Vd) (Cp desired – Cp initial)

       Loading dose   ----------------------------------------------------------

                                                          (S) (F)

 We have two plasma conc. one was adjusted the day of the first dose between two half lives(before the dose) , and the other was taken the next day ,this is done in order to maintain accuracy.

Since “stat” theophylline levels are not widely available, it is common clinical practice to obtain a plasma sample and administer an empiric loading dose of 3mg/kg of aminophylline if the patient has taken theophylline within the past 12 to 24 hours, but isn’t believed to have taken this drug on regular basis. This reduced loading dose increases the plasma theophylline conc. by about 5mg/L, which will produce some brinchodilation if the initial plasma theophylline conc. is zero. Hopefully, this increment will not cause toxicity if the patient’s initial theophylline conc. is                >10 to 20 mg/L.

If the patient is believed to have compliant with the outpatient theophylline-dosing regimen, the loading dose should be omitted and the patient should be started on a maintenance regimen. Care should be taken , however , to obtain an accurate outpatient medication history because many patients receiving sustained-release theophylline products will continue to absorb drug for 8 to 24 hours after admission. This will depend upon the time of the last outpatient dose and the type of product prescribed.

Case 5:

     How rapidly should the aminophylline loading dose be administered if it is given intravenously?

  Theophylline displays two-compartment pharmacokinetics in which the therapeutic or bronchodilating effects correlate more closely with conc. in the second or tissue compartment. Since the toxic effects of theophylline correlate with high conc. in the initial vol. of distribution, the loading dose is usually infused over 30 minutes to minimize accumulation within the first compartment and to avoid toxicity.

Case 6: R.J., the patient described in case 2 before, received the 750mg loading-dose of aminophylline and a theophylline plasma conc. of 15mg/L was achieved. What aminophylline infusion rate will maintain and average steady-state level of 15mg/L?

 In this case the infusion rate is constant and will be given to maintain the steady-state plasma conc. in order to reach the steady state we depend on the elimination rate constant of the drug for a constant vol. of distribution, the steady state average is determined by 

  Cpssmax + Cpssmin 

 -------------------------------

           2 


This graph shows the plasma level time curve for a constant IV infusion. Which reached steady state at a constant time.

So, the equation below can be used to determine the maintenance dose :

   Maintenance = (Cl)(Cpss ave)(T)

      Dose            -------------------------------

                                          (S) (F)

Where T is taw, which is the dose interval at steady state. Which is 1 in this case. In this case aminophylline is being taken once daily, because the patients plasma conc. is higher than usual, and the aminophylline loading dose should be about 250 to 500mg for a patient who is 70 Kg i.e. 5 to 6mg/Kg . Although this patient is taking 750mg , which is a high dose ,were he is supposed to take between 400 to 480 mg(coz his weight is 80Kg) therefore, we give him the drug once daily. 

 While the Cpss ave is the average plasma conc. at steady state.

S, is the salt factor. And is given as 0.8 

F, is the bioavilability which is 100%, although it is used here as 1. In this case the drug is given by infusion so it is 100% bioavilable (i.e. completely absorbed).

The average theophylline clearance is of           0.04 L/Kg/hr which is calculated by multiplying the Cl ave. by the weight 0.04 x 80=3.2L/hr for R.J. who weights 80kg.

The maintenance infusion dose would be 60mg/hr of aminophylline based on the following calculation:

Maintenance  = (Cl) (Cpss ave)(T)

   Dose                 -----------------------------------

                                        (S) (F)

                          = (3.2L/hr) x (15mg/L)(1hr)

                            ---------------------------------------------------

                                         (0.8) (1)

                   =   48mg

                             -----------------

                                   0.8

                          =60mg

So the maintenance dose of aminophylline is 60mg.

Case 7:

  Calculate a maintenance dose for R.J. if he had been an obese individual with a total body weight of 80kg and an ideal body weight of 60kg.

Unlike vol. of distribution , which may correlate better with total body weight, the clearance of theophylline appears to correlate better with ideal body weight . If R.J. ‘s ideal body weight is 60kg ,  the assumed clearance would be 2.4L/hr (0.04L/Kg/hr x 60) and the maintenance dose (M.D)would be 45mg/hr of aminophylline according to the calculations below:

M.D =   (Cl) x (Cpss ave)(T)

             ------------------------------------------

                        (S) (F)

                 =  (2.4 L/hr) x (15mg/L)(1hr)

                 -------------------------------------------------------

                           (0.8) X (1)

                  =    36mg

                      ---------------

                          0.8

               =   45mg of aminophylline

Case 8:

    Assume that R.J. (80kg non-obese weight) has severe obstructive pulmonary disease, CHF (congestive heart failure), and smokes more and 1 pack/day. Calculate a maintenance dose of aminophylline plasma conc. at 15mg/L.

  If none of the factors known to alter theophylline clearance were present, R.J.’s expected theophylline clearance would be 3.2L/hr (0.04 L/kg/hr x 80kg). However, smoking, severe obstructive pulmonary disease, CHF ; alters theophylline clearance by a factor of 1.6,0.8, and 0.4, respectively. So we multiply them together to know the value that will alter the clearance of theophylline :

        (1.6) x (0.4) x (0.8) = 0.152

 So the average theophylline clearance value should be multiplied by this factor of 0.152 to estimate the theophylline clearance.

         (3.2 L/hr) (0.152) = 1.64 L/hr

This clearance could then be used in the equation below to calculate the maintenance dose of approx. 30mg/hr of aminophylline:

   M.D = (Cl) x (Cpss ave) (T)
            --------------------------------

                    (S) (F)

          = (1.64L/hr) x(15mg/L) x (1hr)

            ---------------------------------------------

                          (0.80)(1)

          =24.6mg

            -------------

               0.8

          = 30.75 mg or approx. 30mg

When multiply factors are known to alter theophylline clearance in a patient, the ability to accurately predict theophylline clearance diminishes. In these situations, initial doses may be adjusted based upon literature estimates; however, theophylline plasma conc. should be monitored to ensure that the patient does not develop excessive or subtherapeutic theophylline plasma conc.

Even though R.J. will probably discontinue smoking during the acute exacerbation of his respiratory disease, the smoking factor should still be used when estimating theophylline clearance. Most clinicians assume the induction of theophylline metabolism continues for at least three months and perhaps for as long as a year after a patient has stopped smoking.

Case 9:

    Approximate R.J.’s theophylline half-life, assuming the clearance is 1.64 L/hr (as calculated in case 8 above) and the volume of distribution is 40L (as calculated in case 2above)?

 The half-life is a function of clearance and volume of distribution because the clearance is calculated by Kd x Vd.  Anyhow, Vd is given and  Cl is given ; so we do not have the Kd (elimination rate constant) so the equation before substituting it is :

     Cl  =    (0.693) x Vd

              -----------------------

                    t1/2 

   Where 0.693 / (t1/2) gives us the Kd

 After substituting it we have this equation:

  t 1/2  = (0.693) x (Vd)

           -------------------------

                   Cl

 t ½   =(0.693) x (40 L)

         ------------------------

               1.64 L/hr

   t ½ = 16.9 hr

This half-life is considerably longer than the average value of six to ten hours because R.J. has multiple factors that are known to alter theophylline clearance.

Case 10:

 How long should the aminophylline infusion be continued before a plasma sample is obtained to monitor the plasma theophylline conc. for R.J. ?

The earliest time to sample plasma for a theophylline conc. is 14to20hrs after starting the maintenance infusion (approx. two times the usual half-life). Although the expected theophylline half-life for R.J. is 16hrs, obtaining a sample early minimizes the time during which plasma conc. are low (if the clearance is greater than expected )and prevents excessive accumulation9if the clearance is less that expected).Plasma theophylline conc. obtained within two half-lives, however, cannot be reliably used to calculate R.J.’s clearance and steady state conc. , since both clearance and steady state conc. are very sensitive to small errors in the assay or in volume of distribution estimates.

If theophylline conc. at 14 to 20 hrs is significantly higher than expected (clearance is less than expected), the infusion rate should be reduced at that time . a second plasma conc. should then be obtained the following day to re-evaluate R.J.’s clearance and predicted steady-state conc.

If the theophylline conc. is much lower than expected, then an incremental loading dose might be calculated to increase the conc. from the observed level to a desired conc. by using the equation below:

 Incremental   =  (Vd)x(Cp desired – Cp initial)

Loading dose  -----------------------------------------------------

                                         (S)(F)

 Here, we have to plasma conc. one is adjusted between two half lives while the other is adjusted the day after the first dose.

Increasing the infusion rate at this time should be undertaken with extreme caution,however , because the low theophylline conc. may be due in part to a larger than expected volume of distribution rather than a higher than expected clearance.

Case 11:

M.K., a 58 years-years-old,60 Kg female, was admitted to the hospital in status athmaticus. She received an IV aminophylline infusion of

 60 mg/hr.

the next morning at 7 a.m. (ten hours after the bolus and initiation of the infusion) a plasma sample was obtained and the reported theophylline conc. was 18mg/l.

 Calculate the apparent clearance and half-life of theophylline in M.K.!

The reported plasma conc. of 18 mg/L probably does not represent a steady state conc.(it is actually the sum of plasma conc. produced by the loading dose) ; because the sample obtained only 10hrs after the infusion was begun. 

 Cp 1  = [DL&                         +    [none steady state

               Decay equation]         infusion equation]

**(DL is loading dose)

As said before the plasma conc. is 18mg/L

Therefore,

   18 mg/L=

      (s)(F)(DL)        (- kdt)  +    (S)(F)(D/T)        (- kdt)

     -------------------- e           ---------------------  1 - e

               V d                               Cl

If the following are assumed: S = 0.8 , F = 1

Time (t) = 10 hrs , loading dose is = 375mg ; the maintenance dose = 60mg/hr ; Kd = Cl/Vd & Vd is 0.5 L/kg  which is going to be 0.5 x 60 = 30L for this patient.

The above equation can be reduced to the following:

  18 mg/l = (0.8)(1)(375mg)           

                  ------------------------------- e –Cl/Vd(10hr) 

                                  Vd                             

   + (0.8)(1)(60mg/hr)                
      ------------------------------- 1 – e – Cl/Vd (10hr)
                 Cl                                  
 =  (10mg/L)  (e –cl/30(10) )  + 48 mg/hr 
                                                                  ---------------------------   1 – e –cl/30L(10)                                                                                                                                      
                                                                                       Cl                            

In this example the t ½  was not given so the Kd was not able to be calculated so instead we used the  Cl     to determine the Kd.                                                       ------

                       
                                                                   Vd 

But however we need to find the clearance so we use it also and because Cl= Kd x Vd.
Unfortunately, clearance cannot be solved for directly, but must be determined through trial and error by finding a value, which will result in a theophylline conc. of 18 mg/L. If one has a good clinical history, the factors known to alter clearance should aid in making the initial estimate for clearance. In this case, no history is provided , so a clearance of 0.04 L/Kg/hr could be tried in the above equation. Substitution of this clearance value in the equation below would result in a final steady – state theophylline conc. of only 20 mg /L :

 Theophylline clearance = (0.04 L/Kg/hr)(weight)

     
= (0.04L/Kg/hr)(60 Kg)


 
= 2.4 L/hr

     Cpss ave = (S)(F) (D/T) 


-----------------------


Cl

                   = (0.8)(1)(60mg/1hr)

   
-----------------------------------------------     = 20mg


2.4L/hr
It is unlikely that a theophylline conc. which has increased from 10mg/L to 18 mg/L in ten hours will plateau at 20mg/L . Therefore, M.K.’s clearance must be <2.4 L/hr . Furthermore, if a clearance of 2.4 L/hr is inserted into the previous equation, the predicted theophylline conc. at the ten hours would only be       15 mg/L. if a new clearance estimate of 2.0L/hr is used , the calculated theophylline conc. at ten hours is 17 mg/L.

Cp 10hr = [(10 mg/L)(e –(2.0/30)(10))] +

                                    [(0.8)(60 mg/hr)]

                                  ------------------------------ 1 – e- (2/30)(10)

         20 L/hr

 =[(10mg/L) (e- (0.066)(10))] +[(24 mg/L)(1 – e- (0.066)(10))]

 =[(10mg/L)(0.51)] + [(24 mg/L)(1 – 0.51)]

 = 5.1 mg/L + 11.8 mg/L

 = 16.9 mg/L or ~ 17 mg/L


Since this predicted plasma theophylline conc. is also less than that which was observed, the clearance must be <2 L/hr. Further more trials would demonstrate that a clearance value of 1.65 L/hr results in a predicted theophylline level of 18mg/L.

Because the plasma theophylline sample was taken only one half-life (approx.) , there may be considerable error in the clearance estimate of 1.65L/hr. However , if it is assumed that this clearance estimate is correct, the calculated theophylline half-life would be 12.6hrs

As shown below:

                                t ½ = (0.693)(Vd) 


---------------------

     Cl

               t 1/2  = (0.693)(30L)

                             -----------------------

                                1.65L/hr

           Therefore t1/2 is 12.6hr

Because the time interval between the initial plasma conc. of 10mg/L and the observed 18mg/L was less than one half-life , the accuracy of this revised clearance is questionable. 

It does suggest, however, that M.K.’s clearance is substantially less than the average literature value of 2.5 L/hr and that some adjustment in dose at this point is appropriate.

Case 12:

  Assuming that the desired steady state plasma theophylline conc. for M.K. is < 20mg/L, determine whether the maintenance dose needs to be adjusted.

   Since clearance is the primary determinant of the steady-state plasma conc. this adjusted value (1.65L/hr) can be used to estimate the plasma theophylline conc. which will be produced by an aminophylline infusion of 60 mg/hr.

 We find the Cpss ave first in order to find the Maintenance dose :

                             (S)(F)(D/T ) 

Cpss ave=
--------------------------

  
   Cl

                       (0.8)(1)(60mg/1hr)

                 =    -----------------------------------

                                 1.65 L/hr

                       48mg/hr

                 =   --------------------      = 29mg/L

                         1.65L/hr 

Since the predicted steady state plasma theophylline conc. of 29 mg/L exceeds 20mg/L, the infusion rate should be adjusted. The new infusion rate can be calculated by inserting the desired steady state plasma conc. and using the clearance of 1.65L/hr.

If a steady state plasma conc. of 15mg/L is desired,the new maintenance infusion will be 30.9mg/hr of aminophylline.

                                         (Cl)(Cpss ave)(T)

Maintenance dose =   --------------------------------

      
          (S)(F)

      (1.65 L/hr)(15mg/L)(1hr)

 = ----------------------------------------------

                 (0.8)(1)

     24.75mg

= --------------------     = 30.9mg or approx. 30mg

        0.8 

Another plasma theophylline conc. should be measured the following morning after the infusion rate has been reduced to ensure that the clearance estimate used (1.65 L/hr) is the reasonably close to M.K.’s actual value.

Case 13:

  What types of patients are likely to experience wide fluctions in their plasma theophylline conc. when taking oral doses Q 6hr? 
 Patients with a short theophylline half-life i.e. less than 6hours , will tend to have higher peak plasma conc. and lower trough conc. when the dosing interval is six hours or more. Since the vol. of dist. of theophylline is reasonably constant, anyhow, patients who have a large theophylline clearance will have short theophylline half-life .

The half life can be predicted by the equation below:  we used  Cl = Vd x Kd and substituted it to get the half life , 

                           0.693(Vd)

              t1/2 =  ------------------

                                 Cl

Where Kd is determined by: 0.693 / t ½ 

In general, paediatric patients tent to have higher theophylline clearance and shorter theophylline half-lives than the average adult. But adults who smoke and do not suffer from any disease have a theophylline half-life of six hours. 

Anyhow, wide fluctuations in the plasma theophylline conc. can be minimized in these cases by shortening the dosing interval or by prescribing a sustained-release preparation.

Case 14:

When should plasma samples for theophylline conc. be obtained for a patient who is on an oral regimen with a constant dosing interval?

Plasma samples should be obtained immediately before a schedual dose because trough conc. are more predictable than peak conc. Peak plasma conc. can be delayed by slow absorption, resulting in substainal error.

Since theophylline half-life is short in many patients, the difference between the trough and peak conc. can be substantial. Theophylline toxicity frequently occurs when the dose is increased to bring trough conc. into the usually accepted therapeutic range of 

 10 to 20 mg/L. Such toxicity may be prevented by estimating the peak plasma conc. Adding the increment in plasma conc. that will be produced by each dose to the observed trough conc. usually will give a reasonable approximation of the peak plasma conc. 
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