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ABSTRACT

Calcium channel and beta-adrenergic receptor antagonists are common pharma-
ceutical agents with multiple overlapping clinical indications. When used appropriately,
these agents are safe and efficacious. In overdose, however, these agents have the potential
for serious morbidity. Calcium channel blockers and beta blockers share similar physio-
logical effects on the cardiovascular system, such as hypotension and bradycardia, in over-
dose and occasionally at therapeutic doses. The initial management for symptomatic
overdose of both drug classes consists of supportive care measures. Other therapies in-
cluding administration of glucagon, calcium, catecholamines, phosphodiesterase in-
hibitors and insulin have been used with varying degrees of success. In addition, intra-
aortic balloon pump and extracorporeal membrane oxygenation techniques have been
successfully utilized in refractory cases. This article reviews beta blocker and calcium
channel blocker pharmacological principles and updates current management strategies.
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Objectives: Upon completion of this article, the reader should be able to: (1) discuss the mechanisms of action of clinically used cal-
cium channel blockers and beta blockers and relate these effects to the toxicity seen with overdose; (2) describe the role for gastric
decontamination following overdose; (3) understand the various therapies for the treatment of acute beta blocker and calcium chan-
nel blocker toxicity and recognize their relative advantages and disadvantages.
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There are now 15 BBs and 10 CCBs that are approved
by the Food and Drug Administration (FDA) for clini-
cal use in the United States.1 Common indications for
both include hypertension, supraventricular dysrhyth-
mias, angina pectoris, and migraine headache prophy-
laxis. When used appropriately these agents are effica-

Beta-adrenergic antagonists, or beta blockers
(BBs), and calcium channel blockers (CCBs) are com-
monly used medications with similar physiological and
toxic effects. These are primarily negative inotropic
and chronotropic effects on the heart, which can lead
to profound bradycardia and hypotension in overdose.
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Table 1 Selected Pharmacologic Properties of Calcium Channel Blockers

Protein Volume of

Binding T
1/2

Bioavailability Distribution

Drug Class (%) (Hours) (%) (L/kg)

Phenylalkylamine Verapamil 90 3–7 20–35 5
Benzothiazepine Diltiazem 80 4–6 40–60 3
Dihydropyridines Amlodipine > 90 30–50 60–90 21

Felodipine > 99 11–16 20 10
Isradipine 95 2 20 3
Nicardipine > 95 2–4 35 0.7
Nifedipine 99 2–5 45–70 1
Nimodipine > 95 1–2 10 1
Nisoldipine 99 7–12 5 4–5

Other Bepridil 99 24 60

cious and safe. In overdose, however, their toxic effects
may result in management challenges for even the most
experienced clinicians.

BBs and CCBs, whether ingested accidentally
or intentionally, are the two most common cardiovascular
medication classes reported to the database of the Amer-
ican Association of Poison Control Centers Toxic Expo-
sure Surveillance System (AAPCC-TESS). In 1999
there were 9,502 BB cases and 8,844 CCB cases reported
with 26 and 61 deaths, respectively.2 Although these are
the best available data, most cases of overdose go unre-
ported. The numbers thus grossly underestimate the true
incidence of ingestions and subsequent major morbidity
and mortality. This article provides an overview of the
physiology and pharmacology of BBs and CCBs, reviews
clinical presentations and current recommended man-
agement strategies, and discusses pertinent pharmacolog-
ical and clinical differences between these two important
cardiovascular therapeutic classes.

PHYSIOLOGY
Calcium is one of the most important signaling mecha-
nisms in the human body, linking extracellular or
membrane-initiated events to cellular responses.3,4 The
intracellular flow of calcium is mediated by stretch-
operated, receptor-operated, and voltage-gated chan-
nels. Both BBs and CCBs inhibit this intracellular cur-
rent, albeit through different mechanisms.

In the heart, activation of myofibrils and sub-
sequent myocyte contraction is intimately related to
calcium regulation. The influx of calcium into the myo-
cytes during systole initiates the further release of cal-
cium from intracellular stores in the sarcoplasmic retic-
ulum and, to a lesser extent, the mitochondria.3 The
strength of contraction is proportional to the amount of
calcium entering the cytosol during systole. The second
messenger, cyclic adenosine monophosphate (cAMP)
plays a major role in this process by triggering a cascade

of intracellular events that results in the intracellular
flow of calcium down its electrochemical gradient.5

All clinically available CCBs inhibit the trans-
membrane flow of calcium by antagonizing the L-sub-
type of voltage-gated channels.6 In the heart, this antag-
onism results in negative inotropy. In the peripheral
vasculature, it results in smooth muscle relaxation and
thus vasodilation. BBs competitively antagonize beta-
adrenergic receptors, which also decreases transmem-
brane calcium flow by decreasing cAMP synthesis.5 Ulti-
mately, both BBs and CCBs inhibit myocyte contraction
by altering the cytosolic calcium concentration.

PHARMACOLOGY

Calcium Channel Blockers

CCBs are rapidly absorbed via the oral route and un-
dergo extensive first-pass hepatic metabolism, predomi-
nantly by the CYP3A subgroup of cytochrome P450
enzymes.6 Toxicity is usually evident within 20 to 60
minutes of ingesting regular-release preparations but
may be delayed several hours in sustained-release prepa-
rations. Most CCBs are > 90% protein bound and have
volumes of distribution in excess of 2 L/kg.7 These prop-
erties make them particularly unsuitable for elimination
via extracorporeal methods. The half-lives of CCBs are
highly variable but for most agents are less than 12 hours,
amlodipine and bepridil being notable exceptions. In the
setting of an overdose the hepatic enzymes responsible
for the metabolism of CCBs can become saturated, thus
greatly prolonging their elimination half-lives.8,9

Verapamil, diltiazem, and nifedipine were the first
three CCBs introduced to the U.S. market and remain
the prototypical agents for the three main classes of
CCBs: the phenylalkylamines, the benzothiazepines, and
the dihydropyridines (Table 1). Each group can be fur-
ther characterized by its relative affinity for myocardial
channels and smooth muscle channels. For example, the
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Table 2 Selected Pharmacologic Properties of Beta Blockers

Beta Receptor Protein T
1/2

Bioavailability V
D

Lipid Primary Membrane

Blocker Selectivity Binding (%) (Hours) (%) (L/kg) Solubility Metabolism Stabilization

Acebutolol Beta1 25 3–4 70 1.2 Low Hepatic +
Atenolol Beta1 5–10 6–9 50–60 1 Low Renal �

Betaxolol Beta1 50 14–22 90 5–13 Low Hepatic +
Bisoprolol Beta1 30 9–12 80 3 Low Renal �

Carteolol Beta1,Beta2 30 6 85 Low Renal +
Carvedilol Alpha1, 25–35 6–8 20 1–2 High Hepatic +

Beta1,Beta2

Esmolol Beta1 55 9 minutes N/A 2 Low Erythrocyte �

Esterases
Labetalol Alpha1, 50 6–8 90 9 Moderate Renal �

Beta1,Beta2

Metoprolol Beta1 10 3–4 90 4 Moderate Hepatic �

Nadolol Beta1,Beta2 25–30 20–24 30 2 Low Renal �

Penbutalol Beta1,Beta2 80–98 5 100 0.5 High Hepatic �

Pindolol Beta1,Beta2 50 3–4 95 2 Moderate Hepatic +
Propranolol Beta1,Beta2 90 3–5 90 4 High Hepatic +
Sotalol Beta1,Beta2 0 7–15 80 2 Low Renal �

Timolol Beta1,Beta2 10 4 90 2 Moderate Hepatic �

effects of verapamil are predominantly confined to the
heart in therapeutic doses, whereas those of nifedipine
(and the other dihydropyridines) are almost exclusively
confined to the peripheral blood vessels. Diltiazem is
generally considered to have greater affinity for the car-
diac channels than the peripheral blood vessel channels,
though its cardiodepressant effects are only about one
third as potent as those of verapamil.7 In severe over-
doses, channel selectivity is lost and these pharmacody-
namic nuances may disappear. The clinical experience
with CCB toxicity highlights the differences among the
different classes of CCBs. In a multicenter series review
of CCB overdose, verapamil was noted to have depressed
atrioventricular nodal conduction more frequently and
more severely than either diltiazem or nifedipine.10 Dys-
rhythmias, hypotension, and depression of the sinoatrial
node occurred with equal frequency.

Beta Blockers

BBs comprise a pharmacologically diverse group (Table
2). Channel selectivity is an important consideration for
any physician prescribing these medications. For exam-
ple, beta1-selective agents are considered safer than
nonselective agents for diabetic or asthmatic patients.
As with CCBs, distinctions among the various BBs
tend to disappear in overdose situations.

For most BB overdoses symptoms will be evident
within 6 hours of ingestion.11 Important exceptions in-
clude nadolol, sotalol, or any sustained-release prepara-
tions. Most BBs have half-lives in the 3- to 6-hour
range and apparent volumes of distribution of 2 to

4 L/kg.12 The more lipid soluble compounds require
hepatic biotransformation prior to secretion and can
therefore accumulate with hepatic insufficiency. In con-
trast, the water-soluble compounds are excreted by the
kidney and can accumulate with renal insufficiency. Es-
molol is water soluble but does not accumulate in renal
failure to any significant extent because it is metabo-
lized by erythrocyte esterases.13

Some BBs pose additional risks in overdose due to
their ability to block fast sodium channels, a property that
is also termed membrane stabilizing activity. This effect
has little therapeutic value but agents with this ability,
such as propanolol, acebutolol, and oxprenolol, have been
reported to be more dangerous in overdose.14–16 Clini-
cally, patients who overdose with one of these medica-
tions are more likely to present with seizures, coma, and
hypotension associated with a widened QRS and ventric-
ular dysrhythmias.15,17,18 Sotalol is unique in that it
prolongs the action potential duration by blocking the
delayed rectifier potassium channels responsible for repo-
larization. This results in a prolongation of the QT inter-
val and predisposes to torsades de pointes and ventricular
fibrillation even with therapeutic doses.19,20

PATHOPHYSIOLOGY
The main physiological derangements caused by CCBs
and BBs, myocardial depression and hypotension, are
exaggerations of their therapeutic effects. The final
common pathway for CCB and BB toxicity is a hypody-
namic state with ensuing tissue hypoperfusion. Early
symptoms include weakness and lightheadedness, which
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may progress to depressed mental status and death.
Mental status changes are more frequently seen with
BB ingestion, in particular with the more lipophyllic
agents.16,18 For example, large ingestions of propranolol,
a highly lipophyllic BB, frequently result in seizures and
mental status depression.16 A finding of altered mental
status without hypotension is not characteristic of CCB
toxicity and should prompt a search for other ingestants
or possible causes.

Bradycardia, junctional escape beats, idioventricu-
lar rhythms, and complete heart block are the rhythm dis-
turbances seen most often with significant ingestions of
CCBs.21,22 BB toxicity also causes bradycardia but ven-
tricular conduction defects tend to be more common with
BBs than with CCBs. Mild hyperkalemia may be ob-
served with therapeutic and toxic levels of BBs.23 In se-
vere overdoses these electrolyte disturbances may further
lower the threshold for serious rhythm abnormalities.

Bowel infarction, stroke, hyperglycemia, and non-
cardiogenic pulmonary edema have also been reported
as complications of CCB toxicity.24–27 Similarly, there
are case reports of many complications with BB inges-
tion including mesenteric ischemia, acute renal failure,
rhabdomyolysis, and a variety of dermatological condi-
tions.28–31 Hypoglycemia may be observed with BB tox-
icity in children but is usually not seen in adults unless
they are diabetic.16 Hyperglycemia is frequently noted
with CCB toxicity even in nondiabetic subjects.7

DIFFERENTIAL DIAGNOSES
There are a variety of toxicological causes of hypotension
and bradycardia in addition to BBs and CCBs. These in-
clude digoxin, clonidine, antidysrhythmics, opioids, seda-
tive hypnotics, and organophosphates. Nontoxicological
causes of bradycardia and hypotension include hyper-
kalemia, hypothermia, cardiac ischemia, myxedema coma,
intracranial hemorrhage, and sick sinus syndrome.

TREATMENT

Evaluation and Stabilization

The initial management of BB and CCB overdose is
similar. If the patient is hypotensive on presentation,
supportive care measures including resuscitation with
isotonic crystalloid fluid are indicated. Bradycardia may
be treated with atropine according to the usual ACLS
(advanced cardiac life support) guidelines.32 In overdose
patients who require endotracheal intubation, atropine
prior to laryngoscopy will blunt reflex vagal stimulation
that may exacerbate preexisting bradycardia. If brady-
cardia is refractory to atropine then other pharma-
cotherapeutic measures and transcutaneous (or transve-
nous) pacing may be considered. Review of the clinical
literature indicates that capture rarely results in im-
proved cardiac output and perfusion pressure in the set-

ting of massive ingestions.7,33,34 Serum electrolytes (in-
cluding ionized calcium), as well as renal and hepatic
functions, should be monitored. In any patient sus-
pected of intentional overdose, obtaining serum aceta-
minophen and aspirin concentrations is recommended
because of their widespread availability.

BBs and CCBs may be detected by gas and liquid
chromatography methodologies. Determination of serum
concentrations may be useful for diagnostic confirmation
and medical–legal purposes, but are rarely available in a
timely and useful manner for the acute management of
the poisoned patient. Urine toxicological screening is like-
wise rarely helpful in the acute setting. An electrocardio-
gram may provide clues to the severity of the ingestion as
well as to the presence of cardiotoxic co-ingestants. Inva-
sive hemodynamic monitoring is recommended when the
patient does not respond to conservative measures such as
fluids and atropine. Arterial line and pulmonary catheter
data will optimize the selection and infusion rate of vaso-
pressor agents.

Decontamination

Gastrointestinal decontamination with activated char-
coal (1 gm/kg up to 50 gm) should be considered for all
significant overdoses. Orogastric lavage with a large-
bore tube (36–42F in the adult) may be useful, especially
in patients who present within 1 hour of ingestion and
are symptomatic, or who have ingested massive amounts
of either drug. Atropine should be administered (or be
available) prior to insertion of the gastric tube in case of
symptomatic vagal stimulation.33 Whole-bowel irriga-
tion (WBI) with polyethylene glycol should also be in-
stituted for ingestions of sustained-release preparations
and continued until the effluent is clear or an ileus de-
velops. The use of extracoporeal decontamination meth-
ods, such as charcoal hemoperfusion or hemodialysis,
is generally not helpful; although some beta-adrenergic
antagonists (e.g., atenolol, acebutolol, sotalol) have a rel-
atively small volume of distribution and may thus be
amenable to extracoporeal elimination.

Pharmacotherapy

There are a variety of pharmacological options available
for the patient who remains unresponsive to fluids and
atropine (Table 3). However, much of the reported
human data consist of case reports and case series, with
multiple interventions taking place simultaneously in an
attempt to restore hemodynamic stability. Direct com-
parison of the efficacy of the various treatment options
is therefore difficult.

CALCIUM

Both BB and CCB toxicity result in intracellular hypo-
calcemia. Therefore, calcium salts (gluconate or chloride)
are logical first-line agents. It is well documented that the
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administration of calcium prior to the infusion of vera-
pamil or diltiazem can blunt the hypotensive response
that often accompanies the intravenous use of these med-
ications.35,36 In overdose, the results are often much less
dramatic. Calcium may modestly improve conduction,
inotropy, and blood pressure but significant ingestions
rarely respond to calcium as the sole agent.37–39 The ini-
tial recommended dose is 13 to 25 mEq for the average-
sized adult and may be followed by repeat boluses or by
an infusion. If concomitant cardiac glycoside toxicity is
suspected, parenteral administration of calcium should be
approached cautiously. There is a theoretical risk of po-
tentiating toxic intracellular calcium concentrations asso-
ciated with digitalis toxicity.40

GLUCAGON

Glucagon has become an accepted antidote to beta-
blocker poisoning because it stimulates cAMP synthesis
independent of the beta-adrenergic receptor.41 Gluca-
gon has shown positive inotropic and chronotropic ef-
fects despite beta-receptor blockade in numerous ani-
mal models and in humans.42,43 Several animal studies
and case reports have also demonstrated a benefit in
CCB toxicity, though many treatment failures have
been noted as well.44–46 Side effects include dose-
dependent nausea and vomiting, hyperglycemia, hypo-
kalemia, and allergic reactions.47

CATECHOLAMINES

No one catecholamine has been shown to be consis-
tently effective in CCB or BB overdoses. These medica-
tions are started in the usual doses and titrated rapidly
until the desired clinical response is achieved. It should
be noted that extraordinarily high doses may be re-
quired before a response is seen, especially with BB tox-
icity.14,33 Pulmonary artery catheter data may be invalu-
able in assisting with the choice of vasopressor as well
its optimal titration.

Dopamine has been used successfully in both
CCB and BB overdoses. However, because some of its ef-
fects are mediated by catecholamine release, catechol-
amine depletion in severe overdoses may limit its useful-

ness in this setting. Isoproterenol, a beta-adrenergic ago-
nist, is theoretically a logical agent for BB toxicity. How-
ever, the high dose infusions of isoproterenol often re-
quired in these cases may result in dysrhythmias and
significant peripheral vasodilation from beta2-adrenergic
stimulation.14 Dobutamine is likewise a logical agent for
BB toxicity but it is not always effective.48 Pure alpha ag-
onists should be utilized with caution in BB poisoned pa-
tients because the unopposed alpha stimulation may re-
sult in heart failure. Because of its dual alpha and beta
effects, epinephrine is a reasonable first choice, particu-
larly for CCB overdoses.49 Alternatively, an equally ap-
propriate strategy in CCB toxicity is to use agents with
different spectra of activity, such as dobutamine (beta)
and norepinephrine (alpha).

OTHER INOTROPIC AGENTS

Phosphodiesterase inhibitors (amrinone and milrinone)
are theoretically beneficial in beta-blocker toxicity
because they increase intracellular concentrations of
cAMP independent of beta-adrenergic receptor stimu-
lation. In animal and human trials of BB toxicity they
have been shown to have a positive inotropic effect.50,51

Phosphodiesterase inhibitors may also be useful in CCB
overdose because increasing intracellular cAMP may re-
cruit nonantagonized channels.52 These agents should
be used in conjunction with a vasopressor because alone
they are likely to result in peripheral vasodilatation
and may actually worsen preexisting hypotension. Their
utility is also limited by their long half-lives, which
make titration difficult.

HYPERINSULINEMIC EUGLYCEMIA

Hyperinsulinemic euglycemia (HIE) refers to the use
of high doses of insulin (1–10 units/kg) with concur-
rent glucose infusion to maintain euglycemia. The ra-
tionale for this approach is twofold. First, insulin by
itself has inotropic properties. Second, it promotes the
more efficient utilization of glucose by myocytes dur-
ing stressed states. HIE was recently shown to im-
prove cardiac performance and increase survival in ca-
nine models of propranolol and verapamil toxicity.53–55

Table 3 Pharmacotherapeutic Options for Severe Beta-adrenergic Receptor and 

Calcium Channel Antagonist Poisoning

Pediatric Bolus Dose Adult Bolus Dose Infusion Rate

Calcium 0.15–0.35 mEq/kg 13–25 mEq 0.5 mEq/kg/hra

10% calcium chloride 10–25 mg/kg 1–2 gm 0.4 mL/kg/hr
10% calcium gluconate 30–75 mg/kg 3–6 gm 1.2 mL/kg/hr

Glucagon 50–150 mcg/kg 5–10 mg 2–10 mg/hrb

Insulinc 0.1 units/kg 5–10 units 1–10 units/kg/hr
Catecholamines d d d

aAlternatively, repeat boluses every 15 to 20 minutes.
bDilute the lyophylized glucagon powder in sterile water; the diluent provided by manufacturer contains phenol.
cDextrose infusion co-administered to maintain euglycemia.
dPer usual dosing guidelines.
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This approach is showing promise at the bedside as
well. In a recent series, patients who remained hy-
potensive despite calcium, glucagon, and vasopressors
were treated with HIE.56 All patients demonstrated
improved hemodynamic parameters and all survived to
hospital discharge.

Nonpharmacological Adjuncts

There have been isolated case reports of success with
intra-aortic balloon pump (IABP) counterpulsation,
extracorporeal membrane oxygenation, and even car-
diopulmonary bypass.57–59 These modalities are usually
reserved for severely intoxicated patients who have hy-
potension and bradycardia refractory to conventional
therapies. They work by providing hemodynamic sup-
port until the toxin can be metabolized or excreted.

CONCLUSION
BBs and CCBs are ubiquitous pharmacological agents
with the potential for serious cardiovascular conse-
quences. Their widespread use makes it likely that criti-
cal care and emergency medicine physicians will man-
age symptomatic cases of BB and CCB toxicity multiple
times during their careers. An understanding of their
basic mechanism of action and the resulting pathophys-
iology of their misuse is essential for the development of
a rational approach to treating BB and CCB toxicity.
Because severe intoxications may not respond to a single
therapeutic approach, knowledge of the various treat-
ment modalities will enable an optimal response for
problematic clinical presentations.
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