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Therapeutic Drug Monitoring of Antiarrhythmics : General Principles

Issues of Therapeutic Monitoring of Antiarrhythmic Agents

Goals: to monitor levels of these drug for the 2 reasons below

1)
To enhance efficacy

2)
To minimize toxicity (especially potentially lethal proarrhythmia/Torsades)


i.e name one S/E of these anti arrhythmic --- torsade, so these drugs are an oxymoron. They’re supposed to be designed to tx arrhythmia, but while doing that they predispose pt to pro arrhythmias. These proarrythmia can be lethal if not treated on time

1. Most antiarrhythmics have narrow therapeutic indexes which require serum drug monitoring.  However, not all serum antiarrhythmic assays are readily available clinically., to be checked.

Exception to the above rule are the four drugs below


Serum antiarrhythmic assays available for clinical use:
Amiodarone









Digoxin









Lidocaine









Procainamide









Quinidine (not commonly use clinically, b/c of SE profile like torsade and liver toxicity.

2. Lack of direct relationship between serum drug concentration and efficacy and toxicity.

(clinically if you have and pt and you get their drug levels, if these levels sit at border line, meaning slightly at lower or upper limit. If it’s this way, don’t worry abt it b/c that’s very vague. The reason is serum drug level will only work precisely if drug doesn’t distribute anywhere except drug compartment. So only way to get correct serum level is if drug only goes to water/blood compartment. AG and Vanco follow the serum levels well. For any other meds, i.e anti arrhythmic they have to go to cardiac tissue so what really important is not the drug level but the cardiac muscle concentration. Since we can’t measure myocardial level we can only get drug level and try to correlate the drug level with myocardial level. So impt not to stick to range, but it’ll tell you if drug is working or not)

3. Free drug levels may correlate better with electrophysiologic effects but free (Unbound levels) are not readily available.

(this is apprecatied in dilantin b/c it’s highly protein bound, but this is not readily available for anti arrythmics, make sure to look at pt to see how they’re doing before increasing or decreasing the dose)

4. Active metabolites may contribute to antiarrhythmic effect, but are not routinely measured.

(some of these fall under different classes of antiarrythmics, for example procainamide is a class IA agent and it’s active metabolite NAPA is a class III agent, so all these mixed together to give you a clinical effect so it’s hard to correlate the clinical observation of effect to the drug level so we worry more about SE and if pt is doing ok.)

5. Direct proportionality between steady state level and dose does not exist.  Everybody respond differently (pharmacogenetically determined response).

6. Evaluating total drug concentration may not be appropriate for compounds that are racemic mixtures with differing antiarrhythmic activity.

Eg. Procainamide

Diagram: your heart is the pacemaker of body and the heart rhythm start from SA node in the right atrium, spreads thru atrium to AV node then spreads to ventricles and that’s how ventricles squeeze and give blood supply to rest of your body. Arrythmia is generally divided into two types so it’s either Atrital or ventricular. There are specific drugs for each one and specific target drug levels for each)

We know there are different types of arrhythmias like atrial vib, atrial flutter…all those are atria arrhythmias. For kinetics purpose we’ll only worry abt if it’s atrial or ventricular arrhythmias.
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CLASSIFICATION OF ANTIARRHYTHMIC AGENTS

(Rate Control Agents versus Rhythm Control Agents)

arrhythmia is abnormal heart rhythm, besides anything that’s the normal sinus rhythm everything is classified as an arrhythmia. It can be subdivided into two, either Rate is abnormal;beating too fast or too slow, ventricular rate is too fast/slow, other is the pattern is abnormal or irregular,( rhythm is uneven) not spaced evenly apart it’s sometimes fast or sometimes slow. These are two different problems and tx is different……..WE’LL FOCUS ON RHYTHM CONTROL AGENTS
	Vaughn-Williams Classification 
	Mechanism of Action
	Drug

	(Rhythm control agents)

Ia

Ib

Ic
	Sodium Channel Blocker
Moderate phase-0 depression

Minimal phase-0 depression

Mark phase-0 depression
	Procainamide (IV, po)

Quinidine (po)

Disopyramide (po)

Lidocaine (IV)

Mexilitine (po)

Phenytoin (IV, po)

Flecainide (po)

Propafenone (po)

Moricizine (po)

	Rate Control Agents

II
	Beta-Blockers
	

	Rhythm Control Agents

III
	Potassium Channel Blockers: 

Prolong repolarization
	Amiodarone (IV, po) (most presciribed antiarrythmic)

Sotalol (po)

Ibutilide (IV)

Dofetilide (po)

	Rate Control Agents

IV
	Calcium Channel Blockers
	


Other Antiarrhythmic Agents:

Digitalis (digoxin, digitoxin):
excretes it effect by Enhance parasympathetics, vagal tone, slow done AV node conduction.  It is used clinically to slow down heart rate only.

Adenosine:
(Has it’s  own receptor and it excretes very strong atrial-ventricular node blockade effect so it blocks AV node and prevents any abnormal rhythm form atrium from going down to ventricle so prevents worsening of ventricular rhythm) 


Agonist of adenosine receptors.  Indirectly decrease calcium influx via slow inward channels, increase potassium flux, antiadrenergic effects.  Slow down AV node conduction, reduce heart rate.

General Principles in Initiating Antiarrhythmic Drug Therapy in Patients(IMP)

For drugs that serum concentrations can be measured:

· Loading dose and maintenance regimen for patients can be designed individually based on population pharmacokinetics parameters.

· Check trough levels at steady states and adjust dose accordingly (target steady state level at lower end of therapeutic range whenever possible to minimize toxicity) (these drugs are 2 compartment model, we won’t use same equations used in AG and vanco, we’ll use same equations as anti-epileptic. And for 2 compartment we don’t check peak b/c not sure if drug distributed to 2nd compartment or not. So we only check trough)
· Monitor QTc intervals, if QTc intervals > 500 msec on ECG at any time point, dose needs to be decreased even if it means that patients will have subtherapeutic levels. must check this even if level is OK, it’s one of the most important intervals(EKG) QTC is corrected pt interval based on pt heart rate. Make sure sure it’s not >500(REMEMER THIS NUMBER) so you want level to be o.k and you want QTc to be ok.
For drugs that serum concentrations cannot be measured clinically:

· Start with lowest maintenance dose recommended by the manufacturers. Never start with a loading dose (adjust for renal function if appropriate( eg. Sotalol, dofetilide).  Otherwise, will increase the risk of Torsades if you start with loading dose.

· It is also (for the same reason) that drugs without serum concentration measurement available are seldom used for acute termination of arrhythmias (as a loading dose is usually needed in this case).  They are only used for chronic maintenance of normal sinus rhythm, so they won’t go back to arrhythmia again.

· Since you can’t check level the only thing you can do is to Monitor QT intervals.  QT intervals can continue to prolong until patients achieved steady states.

Torsade is deadly if it occurs in the hospital they can be saved, by shocking but if at home/street then they’ll die, unless shocked. So these drugs are started in hospital first, observed then go home.
Approximately 2-3 hours after the FIRST dose, the QTc must be evaluated.  2-3 hrs is when most levels peak after you swallow the tab, cmax occurs around this time. 

	QTc 2-3 hours after FIRST dose 
	Dose Adjustment

	Increase in QTc ( 15%
	Continue current dose and recheck when at ss

	Increase in QTc ( 15%, or > 500 msec
	Decrease dose, b/c you know after one dose it’s not ss, so if after one dose they’re already prolonged that much, you know at ss you’ll be in trouble. So must dec dose after 1st dose

	
	

	QTc anytime after the SECOND dose 
	

	> 500msec
	DISCONTINUE therapy, this is telling you that even the lowest of lowest does recommended by manufacturer is still too much for this pt so this drug will be too dangerous for this pt. d/c and pick diff drug and retry 


· Dose adjustment is made according to symptoms (ie. Episodes of recurrent arrhythmias-this is only time you’ll increase the dose and redo QTc checking to make sure it’s not >500) or renal function or QT intervals if applicable.

· If QT interval is OK, don't adjust dose until the initial dose has achieved steady state, otherwise, you are not sure if you have achieved the full effect of the drug.  Increasing dose prematurely will only increase risk of toxicity.

ALWAYS BE CAUTIOUS IN PATIENTS WHO ARE ALREADY PREDISPOSE TO TORSADES/PROARRHYTHMIA- always be cautious of drug intx that can interact with pro arrhythmic drugs and increase the conc.
ALWAYS BE AWARE OF DRUG INTERACTIONS THAT WILL INCREASE LEVEL OF ANTIARRHYTHMICS.  MANY ANTIARRHYTHMICS ARE METABOLIZED BY CYP3A4 (eg. quinidine, amiodarone, dofetilide)

	Risk factors for proarrhythmias:
	Drugs that prolong QT and/or Torsades de Pointes

	Hypothyroidism- uncontrolled, tx with synthroid

Hypothermia-cold body temp, puts u at risk of torsade

Hypokalemia-must monitor level while moitoring drug levle

Hypomagnesemium

Ischemic heart disease (dose antiarrhythmics cautiously, monitor QT more frequently)

Congestive heart failure (dose antiarrhythmics cautiously, monitor QT more frequently)

Other structural heart abnormalities/valvular abnormalities (dose antiarrhythmics cautiously, monitor QT more frequently)

Patients who are borne with prolonged QTc intervals
	Anesthetic agents (Isoflurane, halothane, propofol)- usually given in setting where can be mointered
Antipsychotics (typical and atypical) i.e haldol
Droperidol- anti emetic, used in cancer pts
Methoadone (high dose)

Class I and III antiarrhythmics- NA and K channels
Tricyclic antidepressants- amitryptiline. SSRI are safe, used more
Macrolides antibiotics (except azithromycin

) all others ie erythro and clairthro have risk
“Conazole” antifungal: ketoconazole, itraconazole

Pentamidine- used to tx pcp in HIV 
Floroquinolones

Hydroxychloroquine- anti malarial, looks like quinidine structurally
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