Ventricular Arrhythmias, Part III:
Benefits And Risks Of
Antiarrhythmic Therapy

Ken Grauer, M.D., and John Gums, Pharm.D.

Abstract: In Parts I and II of this series, clinical sig-
nificance, prevalence, and special concerns in the
evaluation of patients with ventricular arrhythmias
were reviewed. We now examine the categories of
antiarrhythmic drugs and offer indications for their
use. Reasons why a patient may not respond to

In previous installments of this series, we classi-
fied ventricular arrhythmias as benign, potentially
lethal, or lethal depending on their clinical signifi-
cance. Benign ventricular arrhythmias occur in
persons without underlying heart disease. They
place the person at minimal increased risk of dy-
ing suddenly from an arrhythmia. Underlying
heart disease is present in patients with both po-
tentially lethal and lethal ventricular arrhythmias.
The former is the largest group, and these persons
have a moderate-to-high risk of dying suddenly
from arrhythmias. The highest risk of sudden
death is in the small group of patients with lethal
ventricular arrhythmias and includes survivors of
sudden cardiac death who have a 2-year, 50 per-
cent recurrence rate unless effective treatment is
instituted.

Potential benefits of antiarrhythmic therapy
must always be balanced against the potential
risks of such treatment (Table 1). This is especially
true for asymptomatic patients who have benign
or potentially lethal ventricular arrhythmias, be-
cause the benefit of treating such persons has
never been proved.

Antiarrhythmic medications are associated with
a high frequency of adverse effects with long-term
use.!? In addition to the common side effects
noted in Table 2 is the reality that treatment is
costly, long-term compliance is often poor, the
benefit of therapy is questionable, and the drugs
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antiarrhythmic therapy, end points of therapy, and
the benefits and drawbacks of measuring serum
drug levels are addressed. Use of newer drugs and
additional treatment modalities are discussed in
the final installment. (J Am Bd Fam Pract 1988;
1:255-66.)

that are used may sometimes worsen the very ar-
rhythmia that one is trying to suppress.?4

Classification of Antiarrhythmic
Drugs

The most commonly used method for classifying
antiarrhythmic drugs is the Vaughan-Williams
system,”> which divides the agents into four cate-
gories (Table 3). The largest group is made up of
the local anesthetic agents (class I). These drugs
exert a membrane-stabilizing effect and retard de-
polarization of the cardiac cell membrane by re-

* stricting entry of the fast sodium current (sodium-

channel blockers). This results in a reduction of
spontaneous automaticity. Class I agents are sub-
divided according to their effect on the action po-
tential of cardiac cells.

Class 1A drugs moderately slow the upstroke ve-
locity of the action potential and significantly pro-
long repolarization. This latter effect is responsible
for the Q-T interval prolongation characteristi¢ of
these agents. Conduction velocity is only slowed
to a moderate degree. Included among the class
IA drugs are quinidine, procainamide, and diso-
pyramide.

In contrast, class IC drugs (flecainide, encainide)
profoundly slow conduction and markedly de-
press the upstroke velocity of the action potential.
They only exert a minimal effect on repolariza-
tion. As a result, the P-R and QRS duration may
be significantly prolonged, but the Q-T interval
per se is usually not greatly affected.

The lidocaine cogeners (tocainide, mexiletine)
make up class IB. They may increase fibrillation
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Table 1. Pros and Cons of Antiarrhythmic Therapy.

Pros
Symptoms may be relieved
The risk of sudden cardiac death may be lessened
Cons '
Cost
Need for follow-up monitoring
Poor long-term compliance in many patients
Questionable efficacy of treatment
Induction of a proarrhythmic effect in up to 10 per-
cent of patients (especially with quinidine, pro-
cainamide, and disopyramide)
Adverse effects of antiarrhythmic drugs

threshold but have little effect on conduction ve-
locity or repolarization. Consequently, they do
not alter electrocardiographic intervals.

The other three classes in the Vaughan-Wil-
liams system are the beta-blockers (class 1), anti-
fibrillatory agents that also prolong repolarization

Table 2. Adverse Effects of Antiarrhythmic Drugs.

(class IIT), and the calcium-channel blockers (class
1V). Although calcium-channel blockers may be
extremely useful in the treatment of supraven-
tricular arrhythmias, they are not effective for
ventricular arthythmias.

Conventional Antiarrhythmic
Agents

Quinidine and procainamide are two class 1A
antiarthythmic agents that have withstood the
test of time. Each was introduced more than 35
years ago. Despite development of newer agents,
many clinicians continue to select one of these
drugs as their first choice for antiarrhythmic ther-
apy. With the introduction of disopyramide in
1977, a third drug with similar therapeutic prop-
erties became available in this class. All three of
these agents are effective in the treatment of ven-
tricular and supraventricular arrhythmias, and the

Quinidine

Gastrointestinal side effects (nausea, vomiting, diar-
rhea, anorexia)

Fever

Skin rash .

Increased tendency to bleeding (by causing thrombo-
cytopenia, vitamin K antagonism, or by interfering
with action of coumadin)

Cinchonism (dizziness, tinnitis, blurred vision, head-
ache, tremor)

Procainamide

Drug-induced, lupus-like syndrome (fever, malaise,
arthralgia or arthritis, pleural or pericardial effusions)

Gastrointestinal side effects (nausea, vomiting)

Neutropenia

Disopyramide

Significant anticholinergic side effects (constipation,
dry mouth, blurred vision, urinary hesitancy or re-
tention)

Negative inotropic effect

Propranolol and other B-blockers

May precipitate bronchospasm

Negative inotropic effect, bradycardia

May mask hypoglycemic effect in diabetics

Insomnia, nightmares

Weakness, fatigue

Tocainide

Gastrointestinal side effects (nausea, vomiting, ano-
rexia, constipation) ~

Neurologic side effects (headache, dizziness, pares-
thesia, tremor)

Skin rash

Agranulocytosis

Pulmonary fibrosis

Mexiletine »
Gastrointestinal side effects (nausea, vomiting)
Neurologic side effects (dizziness, tremor, blurred vi-
sion, coordination difficulties)

Flecainide
Neurologic side effects (dizziness, headache, blurred
vision)
Nausea
Negative inotropic effect
Aggravation of conduction system disturbances

Encainide
Neurologic side effects (dizziness, headache, diplopia,
ataxia, tremor)
Nausea
Metallic taste
Aggravation of conduction system disturbances

Amiodarone

Gastrointestinal side effects (nausea, vomiting, ano-
rexia)

Neurologic side effects (ataxia, tremor, dizziness)

Photosensitivity

Blue-gray skin discoloration

Corneal microdeposits

Hyperthyroidism or hypothyroidism

Liver function abnormalities

Pulmonary fibrosis

Multiple drug interactions (with warfarin, digoxin,
beta-blockers, quinidine, procainamide)

Bradyarrhythmias (sinus node dysfunction, AV
block)
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choice among them is usually determined by their
side-effect profile and the personal preference of
the treating physician.

Quinidine

Gastrointestinal symptoms are the most common
limiting feature of the various quinidine prepara-
tions. Lowering the dose, using the more expen-
sive gluconate or polygalacturonate forms instead
of quinidine sulfate, and taking the drug with an

Table 3. The Vaughan-Williams Classification of Antiar-
rhythmic Agents.

Class I (local anesthetics)

Subclass 1A
Quinidine*$
Procainamide*+
Disopyramide*$

Subclass IB
Tocainide*
Mexiletine*

Subclass IC
Flecainide*
Encainide*

Class 11 (beta-blockers)
Acebutolol*t Nadolol
Atenolol Pindolol
Esmololt Propranolol*}
Metoprolol Timolol

Class III
Bretylium*
Amiodaronet
Sotalol
Class IV (calcium-channel blockers)
Verapamilt
Diltiazem
Nifedipine

*Approved for treatment of ventricular arrhythmias.

t+Approved for treatment of life-threatening ventricular ar-
rhythmias that have not responded to adequate trial with other
antiarrhythmic agents.

$Approved for treatment of supraventicular arrhythmias.

aluminum-containing antacid may reduce the fre-
quency of diarrhea. Other noncardiac adverse re-
actions include fever, skin rash, clotting-factor ab-
normalities, and cinchonism. Although torsades
de pointes may develop with any of the class IA
agents, it is most likely to occur in patients receiv-
ing quinidine. Despite these shortcomings, quini-
dine has remained the most commonly used anti-
arrhythmic agent.

Procainamide

Gastrointestinal symptoms may be prominent
with procainamide. In addition, it may cause neu-
tropenia. However, drug-induced systemic lupus
erythematosus (SLE) appears to be the most
frequent reason some clinicians avoid the drug.
Others use procainamide almost exclusively for
patients in need of short-term antiarrhythmic
therapy, because the risk of developing antinu-
clear antibody (ANA) appears directly related to
the length of treatment.® After 1 year of therapy,
ANA titers will be positive for as many as 80 per-
cent of patients.”

The meaning of positive ANA titers is unclear,
and controversy still exists whether this indicates
aneed to discontinue the drug. Clinically, the syn-
drome of drug-induced SLE includes fever, myal-
gias, arthritis, pleurisy, and pericarditis. Fortu-
nately, the renal vasculitis of systemic lupus
erythematosis does not occur with the procain-
amide-induced form of the disease. Many patients
with positive ANA titers never develop any of the
above symptoms, and when symptoms do occur,
they usually disappear after the drug is stopped. It
may, therefore, be reasonable and cost-effective to
use procainamide as long as patients remain well.
ANA titers need not necessarily be checked rou-
tinely.®

Disopyramide

Many clinicians consider disopyramide as second-
line therapy to quinidine and procainamide. Their
reluctance to use the drug is probably from con-
cern for its anticholinergic side effects and nega-
tive inotropic action. With careful patient selec-
tion, however, the drug is usually well tolerated
by most patients. It should not be given to patients
with obstructive uropathy or glaucoma or when
there is any evidence of impaired left ventricular
function.®!? Administration of a loading dose is
no longer recommended because the cardiac out-
put of otherwise normal persons may be de-
pressed by this practice.® Instead, one should be-
gin with a low dose and increase the amount in a
very gradual manner. If these precautions are fol-
lowed, the chances of precipitating heart failure or
disabling anticholinergic side effects are greatly re-
duced. The sustained release form of this drug
may further improve patient tolerance because it
allows doses twice a day and eliminates the peaks
and troughs inherent with more frequent admin-
istration.

" Ventricular Arrhythmias, 111

257

WY6uAdod Ag parosiold 1senb Ag £z0z idy 0T uo /B0 wigel mmmw//:dny woly papeojumod "886T 18q0100 T U0 GGZ '+ T Wydel/zzTe 0T Se paysiignd is1y j1oeid wed preog Wy



http://www.jabfm.org/

258

Special Considerations for the Use
of B-Blocking Agents

A case may be made for considering f-blocking
agents as the initial drug for therapy of ventricular
arrhythmias.* Although not as effective as class 1A
antiarrhythmic agents for suppression of prema-
ture ventricular contractions (PVCs), B-blockers
are usually better tolerated than other agents and
less likely to produce a proarrhythmic effect. In
addition, they are the treatment of choice for
symptomatic patients with mitral valve prolapse
(MVP), idiopathic hypertrophic subaortic stenosis
(IHSS), and arrthythmias due to exercise or exces-
sive sympathetic stimulation. When more than
one drug is needed for control of an arrhythmia,
B-blockers are excellent adjunctive agents to com-
bine with class IA drugs. Moreover, p-blockers
(propranolol,!! timolol,!? and others) have been
shown to lower mortality following myocardial
infarction. Whether this is due to reduction of
myocardial oxygen demand, relief of ischemia,
blunting of catecholamine effect, prevention of
stress-induced hypokalemia, or their modest anti-
arrhythmic effect is not known.

Consideration should be given to Holter moni-
toring patients following acute myocardial infarc-
tion before they are sent home from the hospital.
If PVC frequency on this predischarge Holter is
moderate (between 3-10 PVCs per hour) and
minimal complex forms are noted, one might
elect to start B-blocker therapy with the dual aim
of controlling the arrhythmia and reducing the
risk of reinfarction. With more frequent ventricu-
lar ectopy (> 10 PVCs per hour) or a high preva-
lence of complex forms, consider substituting or
adding another drug such as tocainide, mexile-
tine, or a class IA agent to the regimen.

A number of investigators have suggested that
psychological stress is a risk factor for sudden car-
diac death for persons with or without underlying
structural heart disease.'> The proposed mecha-
nism predisposing to this risk is stimulation of the
sympathetic nervous system. Solitary B-blocker
therapy appears to be extremely effective for con-
trolling symptoms in such persons and in reduc-
ing the frequency and severity of potentially lethal
ventricular arrhythmias.!?

*Propranolol is the prototype B-blocking drug for treatment
of ventricular arrhythmias. Although other B-blockers are also
effective, there is less experience with them, and few of these
drugs have been approved in this country.

Tocainide and Mexiletine

Recently, tocainide and mexiletine have been
added to the list of conventional antiarrhythmic
drugs available for use in this country. These oral
analogs of lidocaine belong to the type IB class of
antiarthythmic agents. As such, they have little
effect on P-R, QRS, and Q-T intervals. Conse-
quently, they may be safely used in patients with
Q-T interval prolongation without fear of induc-
ing torsades de pointes. Other proarrhythmic ef-
fects are also relatively uncommon.'#

Both drugs are absorbed well, and peak serum
concentrations are reached within several hours.
Adverse effects are principally neurologic or
gastrointestinal (Table 2). The former occur more
frequently with tocainide, while the latter occur
more often with mexiletine. Although neither
tocainide nor mexiletine is active against supra-
ventricular arrhythmias, both drugs are effec-
tive in suppressing ventricular arrhythmias that
responded to therapy with intravenous lido-
caine.'*"'¢ However, the response to one of these
agents does not predict the antiarrhythmic re-
sponse to the other.!” Even though a patient fails
to respond to one of these drugs, it may still be
reasonable to try the other.

Treatment with tocainide is usually begun with
a dose of 400 mg administered three times daily.
This may be increased to 600 mg three times daily.
When there is renal impairment, a dose twice a
day suffices. Gastrointestinal and neurologic side
effects occur in 30—40 percent of patients. The
latter appear to be dose-related and often decrease
with time.!® When mild, gastrointestinal side ef-
fects may be minimized by taking the drug with
food or antacid or by administering smaller doses
more frequently.'”>!¢ Adverse effects are severe
enough to warrant discontinuation of the drug in
10-20 percent of patients. Because case reports of
agranulocytosis have been noted, it is prudent to
monitor blood cell counts for the initial months of
therapy.‘s'“”‘g

Mexiletine may be started with a dose of 150
or 200 mg administered three times daily. Most
patients’ arrhythmias are controlled with 600~
900 mg per day; the maximum daily dosage is
1200 mg. Because of extensive hepatic metabo-
lism, doses twice daily may suffice for patients
with impaired liver function. The efficacy of this
drug has been highly variable in studies to date,
with satisfactory control of ventricular arrhyth-
mias being achieved for 30-90 percent of pa-
tients.2%23 The efficacy of mexiletine or tocainide
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may be enhanced when used in combination with
other antiarrhythmic agents such as quinidine. In
addition to improving antiarrhythmic effect, com-
bining class IA and class IB drugs may allow a
lower dose of each drug and therefore result in a
reduction of side effects.22%-24 Adverse reactions
to mexiletine may be reduced by taking the drug
with food or antacid or by lowering the dose. Drug
discontinuation is necessary for 10-40 percent of
patients, 423

The two class IB agents represent an important
addition to the antiarrhythmic repertoire. The
drugs are well tolerated in many patients and
show moderate efficacy against ventricular ar-
rhythmias that are not life threatening, especially
those suppressed by lidocaine. Proarrthythmic ef-
fects are relatively uncommon, and the Q-T inter-
val prolongation seen with the class IA agents
does not occur. Because of the potential for tocai-
nide to produce agranulocytosis, selection of mex-
iletine should be favored when the decision is
made to choose an agent in this class.

Newer Antiarrhythmic Agents

Three extremely potent agents that have recently
been approved for antiarthythmic therapy are fle-
cainide, encainide, and amiodarone. In general,
their use has been reserved for patients who have
not responded to the drugs discussed above. Each
of these agents is examined in detail in the final
installment of this series.

Reasons Why a Patient May Not
Respond to Antiarrhythmic
Therapy

Once the decision is made to institute antiarrhyth-
mic therapy, it is important to keep in mind the
reasons why patients may not respond favorably
to treatment (Table 4). It is often assumed that if a
patient is receiving a therapeutic dose of an antiar-
rhythmic agent and is tolerating the drug, the ar-
rhythmia will be suppressed. Unfortunately, this
is not necessarily the case. Under the best of cir-
cumstances, conventional antiarrhythmic agents
are no more than 70 percent effective in achiev-
ing a statistically significant decrease in PVC
frequency when used to treat patients with
chronic ventricular arrhythmias.!® Success rates
are significantly less for treatment of more unsta-
ble patients with lethal ventricular arrhythmias or
impaired left ventricular function or both. In addi-

Table 4. Reasons for an Inadequate Response to Antiar-
rhythmic Therapy.

Wrong Drug
Proarrhythmic effect
Inefficacy of drug
Quinidine, procainamide = 5070 percent efficacy
Disopyramide =~ 50-60 percent efficacy
Tocainide, mexiletine = 50 percent efficacy
Propranolol = 30-50 percent efficacy
BUT — the above figures are for chronic ventricu-
lar arthythmias! (For unstable patients with im-
paired LV function and lethal ventricular ar-
rhythmias, the success rates of these drugs are
considerably lower [only in the range of 10-25
percent success]).

Right drug ~— wrong dose
Subtherapeutic dose prescribed
Drug interaction

Right drug — poor compliance due to
Undesirable side effects
High cost of medication
Inconvenient (i.e., too frequent) dosing
Inadequate patient motivation to take the drug
Lack of patient conviction about the need for therapy
and the benefits of treatment

Right drug — other problem causing PVCs
Extracardiac factors
Stimulants — smoking, alcohol, caffeine, diet pills,
over-the-counter sympathomimetics (i.e.,
cough/cold remedies)
Stress
Insufficient sleep
Metabolic abnormality (i.e., decreased K+, Mgt +)
Acute ischemia (i.e., angina pectoris, coronary
spasm, silent myocardial ischemia)
Congestive heart failure
Dissociation between dysrhythmic and antifibrillatory
effect :
A decrease in PVCs does not necessarily result in pro-
tection againt VI/VF

tion, the risk of inducing a proarrhythmic effect
becomes correspondingly greater for this latter
group of patients.'8

Even if the “right” drug is chosen for therapy,
there are still a number of reasons why an antiar-
rhythmic agent may not be effective. These in-
clude inadequate doses, the interaction of one
drug with another, poor compliance, persistence
of unrecognized extracardiac factors, uncorrected
metabolic abnormalities, and coexistent ischemia
or congestive heart failure (Table 4).

Drug interactions are often subtle. For example,
phenytoin, phenobarbital, and rifampin may en-
hance hepatic metabolism of quinidine, resulting
in decreased serum concentrations of this agent.”
Conversely, increases in serum concentrations of
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quinidine have been reported when either cimeti-
dine or nifedipine are used concomitantly.?%-*7

Quinidine may markedly increase serum di-
goxin concentrations. On the average, the addi-
tion of quinidine results in a doubling of the se-
rum digoxin level. In some patients, however, no
effect is seen, while in others up to a sixfold in-
crease in serum digoxin levels may occur.?® The
effect is believed to be due to displacement of di-
goxin from tissue-binding sites or from impaired
renal clearance of the drug or both.”-?° Unfortu-
nately, it is impossible to predict how quinidine
will affect the serum digoxin level in any given
patient. Many clinicians routinely halve the di-
goxin dose when quinidine is added. Others prefer
not to alter the dose but to monitor serum drug
concentrations closely. Regardless of which tack is
chosen, unless there is awareness of the digoxin-
quinidine interaction, ventricular arrhythmias
may be precipitated by the development of digi-
talis toxicity.

Digoxin levels may also be increased with con-
comitant use of calcium-channel blockers. The
greatest effect seems to occur with verapamil. Up
to a 70 percent increase in steady-state serum di-
goxin concentrations is seen when this drug is
added to digoxin.>® A lesser effect is seen with
nifedipine, while diltiazem has the least effect and
probably does not increase serum digoxin concen-
trations greatly,30-3!

In the acute care setting, the high first-pass me-
tabolism of lidocaine makes this drug susceptible
to interactions with agents that impair hepatic
blood flow. Concomitant use of either cimetidine
or propranolol may markedly increase the half-
life of lidocaine and lead to toxicity.”-32

The final reason for an inadequate response to
antiarrhythmic therapy is due to the potential dis-
crepancy that may exist between dysrhythmic and
antifibrillatory effects of antiarrhythmic medica-
tions. Decreasing both the frequency and com-
plexity of ventricular ectopy does not necessarily
reduce the risk of dying from a cardiac arrhyth-
mia. This disturbing finding was reported by
Ruskin, et al. in a study where a small subset
of patients developed an increased susceptibil-
ity to ventricular tachycardia/fibrillation despite a
greater than 90 percent reduction in PVC fre-
quency.? Similar findings have been noted by oth-
ers.>? Thus, the usual methods of monitoring may
sometimes deceive one into thinking that a good
clinical response is being achieved (i.e., the num-
ber of PVCs dramatically decreases), when in fact

the opposite may be occurring (i.e., the patient
becomes more susceptible to developing ventric-
ular tachycardia/fibrillation). How frequently this
discrepancy between the dysrhythmic and anti-
fibrillatory effect occurs in clinical practice is un-
known. In the Ruskin study in which survivors
of sudden cardiac death were examined, it was
seen in less than 5 percent of patients. It prob-
ably occurs even less often in patients who are
treated for arrhythmias that are not life threaten-
ing. Nevertheless, the fact remains that antiar-
rhythmic medications (particularly class IA anti-
arrhythmic agents) may actually cause cardiac
arrest in a small number of predisposed persons.
Use of antiarrhythmic drugs must never be taken
lightly.

End Points of Therapy

Because antiarrhythmic agents have the potential
for exacerbating ventricular arrhythmias, the cli-
nician is left with the dilemma of determining a
suitable end point of therapy (Table 5). Severity of
the arrhythmia, its effect on the patient, cost, com-
pliance with and tolerance of antiarrhythmic
treatment, and availability of other therapeutic
modalities are factors that influence this decision.

For example, control of symptoms would not be
an acceptable end point of therapy for a patient
who has sustained an out-of-hospital cardiac ar-
rest, because subjective relief of symptoms is not
necessarily correlated with control of this life-
threatening arrhythmia. On the other hand,
control of symptoms might be a perfectly appro-
priate and cost-effective end point for the
management of a benign ventricular arrhythmia
that was merely bothersome to the patient,

The ideal goal of antiarrhythmic therapy would
seem to be total elimination of PVCs. Although
this end point may be attainable when ventricular
ectopy is infrequent, it is much more difficult (if

Table 5. Potential End Points of Antiarrhiythmic Therapy.

Control of symptoms

Total elimination of PVCs

Partial suppression of ventricular arrthythmias, especially
of the most worrisome forms

Maintenance of consistently therapeutic antiarrhythmic
blood levels

Prevention of ventricular tachycardia induction by PES
studies

Implantation of an automatic cardioverter-defibrillator
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not impossible) to achieve for most patients with
lethal ventricular arrhythmias. The overwhelming
majority of these persons show extremely fre-
quent and complex ventricular ectopy that cannot
be completely suppressed by any antiarrhythmic
therapy. Considering the discrepancy that may
exist between dysrhythmic and antifibrillatory ef-
fects of antiarrhythmic medications, even if signif-
icant suppression of PVCs could be achieved, pro-
tection from sudden cardiac death would not
necessarily be assured.

Optimal management of high-risk patients with
lethal ventricular arrhythmias should probably
include invasive evaluation with programmed
electrophysiologic stimulation (PES) studies or
with implantation of an automatic cardioverter-
defibrillator (AICD) or both. Unfortunately, im-
plementation of these modalities is expensive and
requires facilities that are not available in many
parts of the country. An alternative for manage-
ment that we have found attractive is the empiric
approach proposed by Myerburg.?435 His data
suggest patients with ventricular arrhythmias
have improved long-term survival when con-
sistently therapeutic antiarrhythmic blood levels
are maintained regardless of whether PVC fre-
quency is significantly reduced. Although far
from optimal, partial reduction in PVC frequency
with elimination of the most worrisome forms
and maintenance of therapeutic antiarrhythmic
drug levels may be a realistic and reasonable end

_point when sophisticated alternatives are not
by available.*®

Benefits and Drawbacks of
* Monitoring Antiarrhythmic Drug

Levels
In general, antiarrhythmic agents operate within a
fairly narrow range of serum drug concentrations
where a favorable balance exists between anti-
arrhythmic activity and adverse effects. Serum
drug levels have been empirically defined as
subtherapeutic, therapeutic, or toxic depending
on whether they are below, within, or beyond this
“therapeutic window.” A major advantage of
measuring serum drug levels, therefore, is to pro-
vide an indication of whether the amount of anti-
arrhythmic drug in the circulation is adequate
(Table 6).

The therapeutic range for any given drug is a
statistical calculation of the average range of serum
concentrations at which a drug is effective and its

Table 6. Benefits and Drawbacks of Monitoring Antiar-
rhythmic Drug Levels.

Benefits
Allows correlation of peak drug activity to antiar-
rhythmic effect
May suggest toxicity, proarrhythmic effect, or both
Achievement of therapeutic drug levels may serve as
a desirable end point of antiarthythmic therapy
Detects noncompliance
Drawbacks
Cost
Inappropriately timed drug level may give misleading
results (trough levels drawn before next dose are
preferred)
Potential misinterpretation of actual drug level ob-
tained
Quinidine
Active metabolites are frequently not measured
Lower doses are required in the presence of con-
gestive heart failure, liver or renal disease, and
for the elderly
Procainamide
Peak rather than trough levels are sometimes ob-
tained when blood is sampled just before the
next dose
Potentially active metabolite NAPA has unusual
pharmacokinetics
Disopyramide
Protein binding (and amount of free “active” drug)
varies depending on dose of drug

side effects are minimal. It provides only rough
guidelines for treatment and does not give defini-
tive information for a particular patient. Marked
differences in tolerance and response to a drug
make individualization of antiarrhythmic therapy
essential.”-3¢

Monitoring serum drug levels allows correla-
tion of peak drug activity with antiarrhythmic ef-
fect on Holter monitoring. For example, if drug
levels are subtherapeutic at a time when arrhyth-
mia suppression is unsatisfactory, the dose may be
increased until a therapeutic level is attained or
satisfactory control of the arrhythmia is achieved.
If, on the other hand, the arrhythmia is worsened
despite therapeutic levels of a drug, a proarrhyth-
mic effect may be suspected. Maintenance of
therapeutic antiarrhythmic blood levels may be a
desired end point of therapy for selected patients
in whom total suppression of ventricular ectopy is
not feasible. Because different drug levels may be
needed to control different arrhythmias, a greater
dosage is usually required for total abolition of
ventricular ectopic activity than for reduction of
complex forms.¢
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Table 7. Practical Pharmacokinetic Information on Approved Antiarrhythmic Agents.

[
>
Available Usual Range Suggested S
Generic Drug Oral Dose Usual Starting of Oral Dose Therapeutic %
{Class) Trade Name (mg) Dose & Frequency (mg/day) Serum Level' 9
S
&
Quinidine (IA) Quinidine 200, 300 (The 300 mg tablet 200-300 mg 800-1800 2-6 pg/mL®> 3
Sulfate contains 249 mg of q6-8 hr i)
active quinidine) 8
Quinidex Extentabs 300 (= 249 mg of active 1-2 tabs 9001800 same -
(Sulfate) quinidine) q8~12 hr @
Quinaglute Dura- 324 (= 202 mg of active same 648-2000 same -
tabs (Gluconate) quinidine o
Duraquin 330 (= 206 mg of active same 660-2000 same a
(Gluconate) quinidine) - ‘ e
Cardioquin 275 (= 200 mg of active same 550—-1700 same o
(Polygalacturonate) quinidine) -
o
Procainamide (IA) Procainamide 250, 375, 500 375-500 mg 15004000 Procainamide leved
or Pronestyl q3-4 hr = 4-10 pg/mL
Procan SR 250, 375, 500-750 mg same NAPA + pro- 2
500, 1000 q6—8 hr cainamide level g—h
Pronestyl-SR 500 500-1000 mg same = 10-30 pg/mL 3
q6-8 hr =
A
(V)
o1
a1
Disopyramide (IA)  Norpace 100,150 100 mg g6 hr 200—-600 2-6 pg/mL S
[E=Y
g
Norpace CR 100,150 100-300 mg same same o
q12 hr 8
[EEY
©
3]
©
—L
Tocainide (IB) Tonocard 400, 600 400 mg q8 hr 900-1800 4~10 pg/mlL %
scored tablets %
o
a
®
o
Mexiletine (IB) Mexitil 150, 200, 250 150-200 mg 450-900 0.5-2.0 pg/ng‘
q8 hr 3
=
S
Flecainide (1C) Tambocar 100 mg (scored) 100 mg q12 hr 200400 0.2-1.0 pg/mL
tablets
5
=
3
=
Q
Encainide (IC) Enkaid 25, 35, 50 25 mg g8 hr 75-200 100-400 ug/mL;,
=]
'_\
o
>
©
N
S
Propranolol (II) Inderal® 10, 20, 40, 60, 807 20 mg q6-8 hr 60-320 Not usually &
measured £

(O

'For optimal monitoring, frough rather than peak levels of antiarrhythmic agents should be followed and maintained within tlg
therapeutic range. The therapeutic range may vary slightly from one laboratory to the next.

?Ideally, serum drug levels should not be drawn until steady-state conditions have become established (i.e., unul at least 5 half-lives &
drug have passed). If blood is sampled before this time, misleadingly low levels may be seen. b

*A number of cardioactive quinidine metabolites are not detected by standard assay techniques. Because these metabolites are most like,
to accumulate in the elderly and in those with renal impairment, therapeutic serum trough levels may be as low as 0.08 pg/mL in these

persons.
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Table 7. Practical Pharmacokinetic Information. (Continued from previous page.)

Time to Peak

Time to

Steady-State

Concentration Half-Life Concentration? Special Points
1 hr Average = 6 hrs 30-45 hrs Short-acting form . Absorption more complete with
(l.6-16 hr Less expensive; quick peak effect sulfate forms .
range) compared to other preparations All dosages of quinidine preparations
3-5hrs same same Sustained-release forms* should be decreased in presence of
Allow bid dose congestive failure, liver or renal dis-
5 hrs same same Diarrhea may be lessened by taking an 2% and in the elderly
aluminum-containing antacid (i.e., Gluconate and polygalacturonate
same same same Amphogel™, Alternagel ™ forms have a lower incidence of GI
- side effects
same same same
1~1.5 hrs Procainamide 30-60 hrs® Short-acting forms NAPA levels are increased in fast ace-
= 3-5 hrs Less expensive tylators and in those with renal im-
2~4 hrs NAPA same Sustained-release forms pairment
=~ 610 hrs Allow tid, gid dose Drug-induced lupus is less likely when
same same Breaking, crushing or chewing tablets NAPA level is high
will interfere with sustained release
effect
2-3 hrs Average = 7 hrs 30-45 hrs With higher doses, protein binding is
(4-10 hr less, and the amount of free (i.e., ac-
range) tive) drug increases
2.5-4.5 hrs same same Sustained-release form Contraindicated in congestive heart
Allows for bid dose failure
Adverse effects minimized by begin-
ning at a low dose
0.5-2 hrs Average = 15 hrs 75-90 hrs Gl side effects may be lessened by taking the drug with food and antacids and/or
(11-17 hr by lowering the dose and giving the drug more frequently
range) Half-life with renal failure increases to as much as 30 hrs (i.e., bid dose should
be used in these patients)
1-3 hrs Average = 11 hrs 48-72 hrs GI side effects may be lessened by taking the drug with food and antacids, by
(8-14 hr lowering the dose and giving the drug frequently, or both
range) The drug undergoes extensive hepatic metabolism, so doses are needed less fre-
quently with liver impairment )
3 hrs Average = 13 hrs 72~120 hrs Almost completely absorbed following oral administration
(upto 24 hrs) Drug dose increases should be made slowly (not more often than every 72-96 hrs)
A lower starting dose {50 mg qd or bid) should be used for patients with signifi-
cantly impaired renal function . :
Plasma monitoring is effective because there are no significant active metabolites
1-2 hrs 1.6—4 hrs 72-120 hrs Usually well absorbed following oral administration ‘ :
Drug dose increases should be made slowly (not more often than every 72-96 hrs)
A lower starting dose (25 mg gd or bid) should be used in patients with signifi-
cantly impaired renal function
Plasma drug levels are difficult to interpret due to the antiarrhythmic activity of
encainide metabolites
1-1.5 hrs 3-6 hrs 15-40 hrs B-blockers tend to have the most favorable side effect profile among the antiar-

-

rhythmic agents

*Quiniday™, a sustained-release preparation of quinidine sulfate (A.H. Robins Co.) with the potential for a once-a-day dose has be-

come available for study. It should be released for general use in the near future.

40

*The time to reach steady-state conditions becomes closer to the upper limit of this range as the amount of NAPA increases.
¢Although a sustained-release form of propranolol is available (Inderal LA™), it has not been approved for the treatment of cardiac

arrythmias.

’The patent for propranolol expired in 1985, so that a number of generic forms have become available.
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One of the most important benefits of monitor-
ing serum drug levels is that the results indicate
whether a patient is actually taking the drug.
Squire, et al. studied 98 consecutive patients re-
ceiving long-term oral antiarrthythmic therapy in
an ambulatory cardiology clinic.?” Despite ade-
quate doses, more than 75 percent of the patients
treated with quinidine or procainamide had se-
rum drug concentrations that were less than 50
percent of the recommended minimal therapeutic
level. Even among patients who claimed to have
taken their last dose of medication within 6 hours
of blood sampling, a majority still had subthera-
peutic levels. These results suggest that noncom-
pliance with long-term antiarrhythmic therapy is
probably more common than is generally appre-
ciated. It may be the most frequent explanation
for an inadequate response to antiarrhythmic
therapy.

Monitoring serum drug levels of antiarrhythmic
agents is not without drawbacks (Table 6). The
cost is appreciable (approximately $30 per level);
multiple determinations are often required; and
the actual level obtained may be misinterpreted.

Appropriate timing for blood sampling is crit-
ical. Monitoring is best accomplished during
steady-state conditions. Trough levels (obtained
just before the next dose) are ideal, because they
indicate the lowest level of medication during a
particular interval. Concentrations obtained 1 to
several hours after the patient receives the dose
are much more difficult to interpret because sam-
pling during the time of peak absorption may
have little 1o do with the steady-state concentra-
tion of a drug.

For unknown reasons, some patients on pro-
cainamide have peak rather than trough levels
when blood is sampled before the next dose.?®
Multiple sampling techniques are occasionally
needed to avoid inappropriate interpretations of
drug concentrations in these patients.

Other vagaries in interpreting serum drug levels
include alterations in protein binding and the
phammacologically active metabolites of the drugs.
For example, hepatic metabolism of quinidine
produces several cardioactive metabolites.” Be-
cause different types of assays for quinidine drug
concentrations vary in their sensitivity for detect-
ing the active metabolites, the recommended
therapeutic serum level for quinidine may vary
from one laboratory to the next. In general, active
metabolites of quinidine tend to accumulate more
in elderly patients and in those with renal impair-

ment.”>® For these persons, a level of 0.8ug/mL
may be therapeutic even though standard recom-
mended serum concentrations are usually higher
(i.e., on the order of 2~6 pg/L).

The important metabolite of procainamide is
N-acetylprocainamide (NAPA). At one time, con-
sideration was given to marketing NAPA as a sep-
arate antiarrhythmic agent, but recent data sug-
gest that its antiarrhythmic activity is of little
clinical significance. NAPA has a much longer
half-life than the parent compound, and it accu-
mulates more in people who are fast acetylators, a
genetically determined trait. It also accumulates in
patients with impaired renal function. Antiar-
rhythmic activity of NAPA may become clinically
significant at high levels, and for this reason
both procainamide and NAPA levels should be
monitored.?

The final factor in interpreting antiarrhythmic
blood levels is the degree of protein binding of the
drugs. This is particularly important for disopyra-
mide, because the amount of free (active) drug
varies with protein binding and dose. With higher
doses, there is less protein binding and greater
amounts of free drug in circulation.® Because se-
rum levels indicate total circulating drug (but not
free drug), patients may conceivably become toxic
despite having “therapeutic” concentrations of
disopyramide. Similarly, protein binding may be
important when quinidine is used. In the presence
of liver disease, protein binding decreases,>® and
lower than usual blood levels should be sought.

Pharmacokinetic information to consider when
prescribing oral antiarrhythmic agents is summa-
rized in Table 7. Included are the dose forms avail-
able, usual initial and maintenance doses, sug-
gested therapeutic drug levels, serum half-lives,
the time to peak and steady-state concentration,
and special points of interest. ,

In general, serum levels should not be ob-
tained until steady-state conditions have been
reached. This requires approximately 5 half-
lives of the drug. Serum levels obtained before
this time may be misleadingly low and deceive
the clinician into thinking that the dose needs to
be increased. For example, the average half-life
of tocainide is 15 hours, so a serum level should
not be obtained for at least 75 hours. With pro-
cainamide and its potentially cardioactive me-
tabolite, NAPA, the half-life of the parent com-
pound is shorter (3—5 hours) than that of NAPA
(6—10 hours). Patients who are likely to accu-
mulate NAPA (fast acetylators and those with
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renal impairment) will require a longer time to
achieve equilibrium (up to 60 hours).

A final point shown in Table 7 is the required
dose frequencies for the agents. The more frequently
the drug must be given, the less likely a patient is
going to be compliant in taking the medication.
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GLEANINGS FROM A COMMONPLACE BOOK — NJP

“The true aim of medicine is not to make men virtuous; it is to safeguard and rescue them from the consequences of their vices. The
physician does not preach repentance; he offers absolution.”
H.L. Mencken

“I'hold it to be one of the distinguishing excellences of elective over hereditary succession, that the talents, which nature has provided
in sufficient proportion, should be selected by the society for the government of their affairs, rather than this should be transmitted
through the loins of knaves and fools, passing from the debauches of the table to those of the bed.”

T. Jefferson

“Do you not know that disease and death must needs overtake us, no matter what we are doing, {or} what you wish to be doing, when
it overtakes you. If you have anything better to be doing when you are so overtaken, get to work on that.”
Epictetus

“An ideal cannot wait for its realization to prove its validity.”
G. Santayana

“Much of the leadership of our profession seems to have been transumed from physicians of pride and clinical experience to those
meretricious phrase-mongers and uplifters whose only baggage is voluminous but vacuous reports of ‘task forces’.”
N. Pisacano

Re Antibiotics: “The Lord hath created medicines out of the earth; and he that is wise will not abhor them.”
Apocrypha (Ecclesiaticus)

The Journal of the American Board of Family Practice—Vol. 1 No. 4

ybuAdod Ag pajosiold 1senb Aqg 1720z |1udy 0T, uo /Bio"wycel mmwy/:diy woly pspeojumod "886T 1800100 T U0 §GZ T Wydel/zZTe 0T Se-paysiignd 11y :10eld wed pieog wy ¢



http://www.jabfm.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


