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An Evidence-based Approach to 
Beta-Blocker and Calcium Channel 

Blocker Toxicity

Introduction
You have just taken sign-out when a nurse comes up to you and says that 

there is a 64-year-old man in the critical bay who took an overdose of his 
medications. The patient has a history of hypertension, atrial fibrillation, and 
depression. The patient is lethargic but arousable, and reports he took about 40 
tablets of immediate-release metoprolol three hours ago in an attempt to “end 
it all.” The nurses are starting IV lines, checking vitals, and putting the patient 
on the monitor. You wonder, “Is it too late for gastric decontamination? If he is 
symptomatic, which therapy will I try first, and what are my options?”

Meanwhile, the resident working with you pulls you aside to tell you about 
a 2-year-old child in the pediatric area who was found playing with grandma’s 
bottle of verapamil controlled release 15 minutes ago. The grandmother thinks 
that at most there are three tablets missing. The resident says the child looks 
great and is playing in the room and then asks you, “Are three tablets a big 
deal? Can we just watch the child for a couple of hours? Do we need an IV and 
blood work? Since there is no pediatric unit here, should we consider transfer 
now?”

Beta-blockers and calcium channel blockers are very widely prescribed cardio-
vascular medications. In the emergency department, we are all aware of these 
medications for the treatment of hypertension, heart failure, atrial fibrillation, 
and a variety of other illnesses. When misused, either intentionally or uninten-
tionally, the effects can be life-threatening. It is important for an emergency 
physician to be aware of the potential severity of an overdose. When signs or 
symptoms do develop, there are many therapeutic options.

Epidemiology
In 2008, the American Association of Poison Control Centers in the Toxic 

Exposure Surveillance System Database recorded 21,282 exposures to beta-
blockers and 10,398 exposures to calcium channel blockers. Of these exposures, 
707 beta-blocker and 423 calcium channel blocker cases had “moderate” to 
“severe” outcomes, and there were 6 beta-blocker and 12 calcium channel 
blocker deaths reported.1 Approximately 40% of each were unintentional expo-
sures, and 14% involved children younger than age 6.1

Physiology
The Calcium Channel. There are many different types of calcium channels, 

but our focus here is the L-type channel. It is a voltage-gated channel found in 
cardiac myocytes, pacemaker cells, vascular smooth muscle, and on beta islet 
cells in the pancreas.2 When the cell is depolarized, it allows for calcium influx. 
Depending on the cell type, increased calcium initiates different intracellular 
pathways. 
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In myocytes, on entering the cell, 
calcium binds the ryanodine recep-
tor on the sarcoplasmic reticulum, 
releasing calcium stores, which bind 
troponin, initiating contraction.2,3 
(See Figure 1.) This corresponds to 
phase 2, also known as the plateau 
phase, of the myocyte action poten-
tial. (See Figure 2.)

In the pacemaker cells of the heart, 
slow calcium influx begins in phase 
4 and is also responsible for phase 0 
of the pacemaker action potential, 
which is further depolarization of 
the cell. (See Figure 3.) In smooth 
muscle, intracellular calcium binds 
directly to calmodulin, which leads 
to contraction.3 In the pancreas, 
the calcium allows for exocytosis of 
insulin.

The Beta-Receptor. The beta-
receptor is an adrenergic receptor, 
so its major ligands are epinephrine 
and norepinephrine. There are three 
types of beta-receptors.  

The beta-1 receptor is mainly 
located in the heart and is the most 
important for this discussion. It is 
coupled to a stimulatory G protein 
and, when bound, activates adenyl-
ate cyclase, which converts ATP to 
cAMP.4-6 This stimulates protein 
kinase A (PKA) to phosphorylate, or 
activate, the L-type calcium channel, 
and leads to the pathways mentioned 
above.2,3,6 PKA also phosphory-
lates phospholamban, which leads 
to increased intracellular calcium.2 
(See Figure 4.) Stimulation of the 
beta-1 receptor, therefore, leads to 
increased inotropy and chronotropy. 

The beta-2 receptor is found 
on vascular smooth muscle where 

stimulation causes vasodilation.4 
In skeletal muscle it causes glyco-
genolysis and potassium uptake 
(hypokalemia).4,6 In the liver it leads 
to glycogenolysis and gluconeogene-
sis.4,6 In the lungs, stimulation results 
in bronchodilation. The beta-3 
receptor is involved in lipolysis, and 
is not significant for this discussion.

Pharmacology
Calcium Channel Blockade. 

Understanding how calcium ion 
movement affects the body on a cel-
lular level allows us to appreciate 
the mechanism of calcium channel 
blockers. Blocking the L-type cal-
cium channels in the pacemaker cells 
leads to prolonged time for depolar-
ization and therefore impulse propa-
gation. The result is slowing of the 
heart rate. 

Blockade in the ventricular myo-
cytes leads to decreased strength of 
contraction. Smooth muscle calcium 
channel blockade leads to relaxation. 
In the pancreas, calcium channel 
blockade inhibits insulin release, 
resulting in hyperglycemia.7

Calcium Channel Blockers. 
There are three main types of cal-
cium channel blockers currently 
prescribed in the United States. 
Verapamil is the only available phe-
nylalkylamine. Of all the calcium 
channel blockers, it has the strongest 
effect on the heart, and a measurable 
effect on peripheral vasculature. The 
result is decreased inotropy, chro-
notropy, and peripheral vasodilation. 
Diltiazem is the only available ben-
zothiazepine. It has a mechanism of 
action similar to verapamil, although 

it is less potent peripherally. This 
makes it a good choice for patients 
in the emergency department 
with atrial fibrillation with a rapid 
ventricular response, as it usually 
decreases inotropy without signifi-
cant hypotension.

The last major category is the 
dihydropyridines. Examples include 
amlodipine, felodipine, nifedipine 
and nicardipine. These drugs primar-
ily act on the peripheral vasculature, 
producing vasodilation. This is how 
they produce their anti-hypertensive 
effect. There is less direct effect 
on the heart in therapeutic doses 
compared to verapamil and diltia-
zem, and due to decreased preload, 
the patient may experience a reflex 
tachycardia. 

Beta-Blockade. Beta-1 receptor 
blockade leads to decreased adenylyl 
cyclase activation. In turn, less cAMP 
is produced. In the pacemaker cells, 
this slows the action potential, lead-
ing to decrease in heart rate and can 
result in SA or AV nodal blocks.8 
In the myocytes, decreased calcum 
influx disrupts the pathway to con-
traction, and so there is decreased 
inotropy.8 By decreasing heart rate 
and contractility, cardiac output is 
decreased.

Blockade of beta-2 receptors 
causes constriction of the peripheral 
vasculature, bronchospasm, hyperka-
lemia, and hypoglycemia.8

Beta-Blockers. While the focus of 
this article is the toxicity of beta-1 
blockade, there are many different 
beta-blockers available that have 
different affinities for each receptor 
type. There are beta-blockers that 

 � Patients who have ingested excessive amounts of beta-
blockers or calcium channel blockers may deteriorate 
rapidly and should be closely observed.

 � Children can have significant, even life-threatening tox-
icity from 1-2 tablets of adult-strength medication. 

 � Patients who develop hypotension and/or bradycardia 
after an overdose of calcium channel or beta-blockers 
should initially be treated with fluids, atropine, and, if 
necessary, pressors.

 � Patients who do not respond to initial treatment may 
need high doses of IV calcium, IV glucagon, and/or 
insulin with dextrose. 

 � Intravenous lipid emulsion has been used to treat these 
overdoses. 

Executive Summary
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are selective for the beta-1 receptor, 
which include atenolol, esmolol, and 
metoprolol. The main effects are 
decreased inotropy and chronotropy. 
This specificity, however, may be lost 
in overdose. 

Other beta-blockers that are 
non-selective for any one type of 
beta-receptor include carvedilol, 
labetalol, propranolol, sotalol, and 
timolol. They all possess some beta-2 
antagonist activity in addition to 
beta-1 antagonist activity. Carvedilol 
and labetalol also antagonize the 
alpha-receptor. Labetalol has some 
intrinsic sympathomimetic activity. 
Sotalol also blocks potassium chan-
nels and is considered a class III 
antidysrhythmic. 

Pharmacokinetics/
Pharmacodynamics

Calcium Channel Blockers. The 
pharmacokinetics and pharmaco-
dynamics for the calcium channel 
blockers vary depending upon the 
specific class and type, so it is essen-
tial to know which drug the patient 
took. The exact formulation, thus, 
has significant impact on emergency 

department management and 
disposition. 

Verapamil can be prescribed as 
immediate release (IR), sustained 
release (SR), and controlled release 
(CR). Diltiazem and the dihydropyr-
idines come in IR and SR forms. 

Immediate- and sustained-release 
formulations can take effect within 1 
hour, whereas the controlled-release 
forms delay onset of effect for 4-5 
hours. Peak plasma concentrations 
generally are achieved for IR prepa-
rations within 30 minutes to 2 hours, 
and can be delayed for 5-7 hours 
for sustained-release formulations. 
Half-lives for immediate-release for-
mulations range from 2-7 hours after 
a single dose and 4-7 hours for sus-
tained release. It can be longer with 
repetitive dosing or liver dysfunc-
tion. All calcium channel blockers 
are extensively metabolized by the 
liver, and many by the cytochrome 
P450 system, specifically CYP3A4.2

CYP3A4 is both inhibited and 
induced by a variety of other medica-
tions, and this may have a significant 
effect on kinetics. 

Beta-Blockers. The 

pharmacokinetics among the beta-
blockers are even more varied than 
the calcium channel blockers. Beta-
blockers differ greatly in their lipo-
philicity. Propranalol, metoprolol, 
and labetalol are highly lipid-soluble 
and consequently have higher vol-
umes of distribution. High lipo-
philicity enhances distribution into 
tissues, especially the central nervous 
system (CNS). Beta-blockers are also 
primarily metabolized in the liver.6,8

Some of the metabolites are active. 
One of the active metabolites of 
propanolol has a longer half-life than 
propranolol itself, and so its duration 
of effect is prolonged.8 Atenolol and 
sotalol are examples of beta-blockers 
that are hydrophilic, i.e., have low 
volumes of distribution, low protein 
binding, and are excreted unchanged 
by the kidneys.6,8 Half-lives vary 
greatly, from less than 10 minutes 
for esmolol, to up to 12 hours for 
sotalol, and even longer for some less 
commonly used beta-blockers.6

Toxic Dose and Toxicokinetics/
Toxicodynamics. In using the word 
“overdose,” we refer to any amount 
of drug taken that exceeds the pre-
scribed dose. There is no precise 
dose for any of these medications 
that we can clearly say is a “toxic” 
dose. In children, there are mul-
tiple case reports of toxicity, even 
death, following ingestion of only 
1-2 pills of calcium channel block-
ers.3,9 Unfortunately, we cannot use 
the limited information from case 
reports to define a “safe” vs. “toxic” 
amount. 

In overdose, many of the phar-
macokinetic and pharmacodynamic 
parameters may be altered. We thus 
use the terms toxicokinetics and 
toxicodynamics to describe this 
difference. Following overdose, a 
drug may be absorbed over a longer 
period of time or its elimination half-
life can increase. This is something 
to keep in mind during management 
of the patient. It may, for example, 
affect the decision to implement 
gastric decontamination and/or the 
choice of gastrointestinal decon-
tamination (i.e., activated charcoal 
vs. whole bowel irrigation). These 
agents may also have different clinical 

Figure 1: The Ventricular Myocyte: The Calcium Channel

When the cell is depolarized, the L-type (L) calcium channel opens 
and calcium moves into the cytoplasm. Calcium then binds the 
ryanodine (R) receptor on the sarcoplasmic reticulum (SR), triggering 
������������	
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then bind troponin, which leads to contraction of the actin and 
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effects in the setting of overdose. For 
example, the dihydropyridines typi-
cally cause reflex tachycardia when 
used therapeutically to lower blood 
pressure, but in overdose, significant 
bradycardia may occur.  

Prehospital Care
Transport to an emergency depart-

ment for evaluation is recommended 
for the following10,11:

-
tions or taking other cardiovascular 

if time since ingestion less than 6 

up to 8 hours for beta-blockers (12 
for sotalol), 18 hours for calcium 
channel blockers (24 for verapamil). 
Remember that children can become 
symptomatic after ingestion of only 

1-2 tablets.
En route to the hospital, depend-

ing on the capabilities of the emer-
gency medical service10,11:

if unabsorbed drug is believed to still 

no contraindications (i.e., the airway 
is protected). 

calcium, glucagon, and epinephrine 
may be indicated (see doses below).

Clinical Course
Depending on the time since 

ingestion and the severity of the 
overdose, the patient may appear 
clinically well on presentation. Some 
patients will never become symptom-

-
pensate rapidly, and all patients 
should be monitored closely initially. 
Patients may complain of dizziness 
or nausea. Seizures or syncope may 
occur. In the more severe cases, a 
patient can present obtunded or in 
cardiac arrest.  

The main clinical signs that will 
be encountered are cardiovascular. 
Hypotension and bradycardia are 
common and can be severe. They 
may occur simultaneously, or either 
can precede the other. Deterioration 
into cardiogenic shock is typical of 
severe toxicity. A variety of con-
duction disturbances may be seen, 
mainly in the form of a conduction 
delay. It can occur anywhere, and can 
be a mild interval prolongation or 
complete heart block. QT prolonga-
tion and torsades de pointes may 
be encountered with any of these 
medications, but most commonly 
are described with sotalol due to its 
effect on potassium channels.8

CNS findings, as mentioned above, 
include decreased or altered men-
tal status, obtundation, and coma. 
Seizures have been reported follow-
ing beta-blocker overdose, espe-
cially propranolol, because it blocks 
sodium channels.8,12

There are metabolic findings asso-
ciated with overdose. Beta-blocker 
toxicity can cause hypoglycemia that 
seems to occur more commonly in 
children, and significant hyperka-
lemia. In contrast, calcium channel 

Figure 2: The Ventricular Myocyte Action Potential

Phase 0 corresponds to the fast inward sodium current and 
depolarization of the myocyte. Phase 1 is a transient outward 
potassium current that begins repolarization. Phase 2, or the 
plateau phase, is the slow inward calcium current through the 
L-type channel. Phase 3 is further repolarization by another 
outward potassium current.

Figure 3: The Pacemaker Action Potential

Phase 4 corresponds to the slow spontaneous depolarization of 
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calcium current through the L-type channel. In phase 0, the L-type 
channel calcium current continues to depolarize the cell. Phase 3 
is repolarization by an outward potassium current.
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blocker toxicity typically causes 
hyperglycemia.

Differential Diagnosis
The differential includes toxicity 

from these agents:

Emergency Department 
Evaluation

When obtaining the history, be as 
thorough as possible regarding the 
overdose. It is helpful to know the 
time of ingestion, the specific name 
of the medication (e. g., proprano-
lol instead of just “beta-blocker”), 
the number of pills ingested, the 
formulation (i.e., immediate release 
vs. sustained release), and the dose 
per tablet. Ask about co-ingestants, 
which may include other tablets 
(e.g., prescribed, over-the-counter, 
herbals) taken in overdose, chronic 
medications taken as prescribed, 
alcohol, or illicit drugs. Patients who 
are on other cardioactive medica-
tion are at higher risk for morbidity 
overdose.8,13

With more severe intoxications, 
the patient may require intubation 
for airway protection. Place at least 
one peripheral IV line initially, place 
the patient on a cardiac monitor, and 
obtain a baseline ECG and a full set 
of vital signs. Ensure that the patient 
is in a room that is easily accessible 
and in an area where he or she can 
be monitored closely for decompen-
sation. Repeat vital signs frequently. 
Order laboratory tests including 
serum electrolytes, creatinine, and a 
bedside fingerstick glucose level.  

When the patient becomes symp-
tomatic, management can be diffi-
cult, and it is often helpful to discuss 
the case with a toxicologist. Consider 
consulting the local poison control 
center early on, even if the patient is 
asymptomatic.

On a psychosocial level, try to 
elicit the cause of the overdose. Was 
it a medication error or a suicide 
attempt? In children, was the inges-
tion unintentional or the act of a 

caregiver? Psychiatry, social work, 
and child protective services may 
need to be involved.

Gastric Decontamination
Gastric decontamination may 

be indicated, depending on the 
parameters of the ingestion, with 
orogastric lavage, activated charcoal, 
and whole bowel irrigation. Good 
scientific evidence for the use of 
these techniques is currently lack-

individual circumstance, they could 
theoretically be effective at mitigat-
ing toxicity. All of these modalities 
require a protected airway, either by 
an alert patient or placement of an 
endotracheal tube. Intubation may 
be necessary based on the patient’s 

should not be done for the sole pur-
pose of performing gastrointestinal 
decontamination.  

Many emergency physicians believe 
that all forms of gastric decontamina-
tion must be done within a specific 
time frame, such as only perform-
ing gastric lavage within one hour 
of overdose. However, absorption 
from the gastrointestinal tract may 
be delayed in the overdose setting, 
and gastrointestinal decontamination 

should be considered in all poten-
tially life-threatening overdoses. 
While there are a myriad of thera-
peutic options, there is no pure 
antidote for calcium channel or 
beta-blocker toxicity. With significant 
morbidity and mortality possible, 
early aggressive management is key. 
Consequently, if the patient has 
ingested a potentially life-threatening 
dose of these medications, GI decon-
tamination can be performed, even 
more than 1 hour after ingestion.  

In cases where orogastric lavage 
is believed to be ineffective or con-
traindicated, activated charcoal can 
be considered. In a human trial, 
volunteers took standard doses of 
verapamil and then took activated 
charcoal. The results showed that 
activated charcoal given immediately 
after ingestion decreased the amount 
absorbed (the area under the curve) 
for all formulations, while delayed 
activated charcoal was only able to 
decrease the area under the curve 
in a slow-release preparation.14 One 
case report details multiple diltiazem 
levels through treatment and chron-
icles multi-dose activated charcoal. 
There did not appear to be any sig-
nificant reduction in the area under 
the curve.15 If the ingestion is serious 

Figure 4: The Ventricular Myocyte: The Beta-Receptor

When the beta-receptor (B) is activated, the G-stimulatory protein 
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activates PKA to further activate other pathways; it activates 
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sarcoplasmic reticulum, and leads to contraction coupling.
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and there are no contraindica-
tions, give activated charcoal. If the 
amount of drug ingested is known, 
the dose of activated charcoal is 10 
times that dose up to a maximum of 
50 g/dose. In adults, if the dose is 

the dose is 0.5 g/kg. 
Whole bowel irrigation (WBI) is a 

method of washing out the gastroin-
testinal tract. One of the indications 
for WBI is the ingestion of sustained-
release products. Volunteer trials 
and case reports have shown mixed 
results.16 Although it has never been 
proven effective, if the physician is 
concerned for severe toxicity, WBI is 
sometimes utilized when sustained-
release beta-blocker or calcium chan-
nel blocker preparations have been 
ingested. To perform WBI, place a 
nasogastric tube and infuse polyeth-
ylene glycol electrolyte solution at 
1-2 liters per hour. Continue until 
the stool is clear, and observe for pill 
fragments.

The decision to proceed with any 
type of gastric decontamination is 
not clear, and it is a controversial 
subject even among toxicologists. If 
there is a question, call the on-call 
medical toxicologist or local poison 
center to discuss the potential risks 
and benefits.

Treatment 
Treatment is similar for both beta-

blockers and calcium channel block-
ers. The focus of treatment is reversal 
of the cardiovascular effects. Table 1 
summarizes currently recommending 
therapies and dosing. (See Table 1.)

Intravenous Fluids and 
Atropine. It is standard practice to 
start with intravenous crystalloid 
fluid boluses for patients who are 
hypotensive, as long as no contra-
indication exists. In mild cases, this 
may be all that is needed to reverse 
toxicity.

Atropine is a standard agent used 
in the emergency department for 
patients with symptomatic brady-
cardia. By antagonism of muscarinic 
receptors, there may be less inhibi-
tion of adenylate cyclase in the heart, 
and therefore, more cAMP.8 Its effi-
cacy is minimal, and it is unlikely to 

improve hemodynamics in patients 
with beta-blocker or calcium chan-
nel blocker overdose.17 Nevertheless, 
since it is readily available, there is 
little down side to its administra-
tion. The adult dose is 0.5-1 mg IV 

18 
pediatric dose is 0.02 mg/kg IV with 
a minimum of 0.1 mg.19

Calcium Salts. Calcium can be 
given in an attempt to raise serum 
calcium levels to a point where 
it overcomes the blockade of the 
L-type channel by calcium channel 
blockers and the downstream effects 
of beta-blockade.20 Success of this 
therapy is inconsistent,15,21,22 but 
multiple case reports indicate that 
giving many boluses or prolonged 
infusion of calcium may improve 
hemodynamics.23-25 Animal studies of 
beta-blockers and verapamil toxicity 
show that calcium chloride infusion 
improves inotropy but heart rate is 
unaffected.26-28

As baseline serum calcium levels 
are not specifically altered by beta-
blocker or calcium channel blocker 
toxicity, giving calcium, especially 
multiple boluses, will raise serum 
calcium levels. There are reports of 
giving 13 to 30 grams of calcium to 
patients without adverse effect.23,24 
However, there are still risks associ-
ated with this treatment. There is a 
reported case of verapamil overdose 
in which the patient received 5 g of 
calcium gluconate, 3 g of calcium 
chloride, and then a calcium chlo-
ride drip at 4 g/hour. The patient 
later died, and the autopsy revealed 
that cause of death was multi-organ 
failure presumably secondary to cal-
ciphylaxis.29 There is also a report 
of extravasation of calcium chloride 
from a peripheral IV that resulted in 
skin necrosis requiring debridement 
and a skin graft.25

Currently, the accepted dosing for 
adults is an IV bolus of calcium glu-
conate 10% 3 g (30 mL) or calcium 
chloride 10% 1 g (10 mL), which can 
be repeated as needed.20 For chil-
dren, the bolus for calcium gluconate 
10% is 60 mg/kg (0.6 mL/kg) and 
for calcium chloride 10% it is 20 
mg/kg (0.2 mL/kg), with a maxi-
mum equivalent to adult dosing.20

Glucagon. Glucagon activates ade-
nylate cyclase, increasing cyclic AMP 
independently of the beta-adrenergic 
receptor.7,30 It increases inotropy and 
chronotropy in animal models.22,31,32 
One animal study showed no signifi-
cant difference between glucagon 
and vasopressin in beta-blocker over-
dose.33 There are no human studies 
on the effect of glucagon after beta-
blocker or calcium channel blocker 

hemodynamic effects in animal stud-
ies, it is recommended as part of the 
treatment in overdose.8,34,35 

Glucagon is usually dosed as an IV 
bolus of 50 mcg/kg (max 10 mg) 
pushed over 1-2 minutes followed 
by an infusion of that dose/hour.36 
Massive doses are recommended by 
some. Adverse effects are mainly gas-
trointestinal (e.g., nausea, vomiting) 
and either hypo- or hyperglycemia.36

Vasopressors. If the patient is per-
sistently hypotensive and unstable, 
vasopressors should be started. There 
are many to choose from, but unfor-
tunately in both animal studies and 
human case reports, none have had 
high rates of success.2,6 

Epinephrine and norepinephrine 
activate both beta- and alpha-recep-
tors. They compete with beta-block-
ers, and in calcium channel blocked 
patients, beta activation can provide 
some activation of the L-type chan-
nels, and also activate downstream 
channels to produce contraction and 
increase heart rate. Also, peripheral 
alpha-1-receptor activation causes 
vasoconstriction. 

Dopamine must be converted to 
epinephrine or norepinephrine to 
exert its clinical effects. When cat-
echolamine stores have already been 
depleted by physiologic stress, this is 
less likely to be effective compared 
to giving epinephrine or norepineph-
rine.2 Invasive blood pressure moni-
toring, in addition to continuous 
telemetry, is important to help keep 
these effects in balance.  

Isoproterenol is a non-specific 
beta-adrenergic agonist. Overcoming 
the beta-blockade may induce more 
peripheral vasodilation via the beta-2 
receptor. Without alpha effects, this 
can exacerbate hypotenison. Animal 
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studies have shown benefit over glu-
cagon in beta-blocker toxicity, but 
this has not held true in human case 
reports.6  

Dobutamine is specific for the 
beta-1 receptor and does not act 
peripherally. It may be more use-
ful for beta-1-specific beta-blockers, 

like metoprolol, or in central act-
ing calcium channel blockers, like 
diltiazem. 

Selection of the best agent should 
be based on the mechanism of the 
agent involved in the overdose and 
the mechanisms of the available vaso-
pressors. Often, more than one agent 

will be needed. Monitor hemody-
namic parameters closely and titrate 
the medications accordingly. 

Phosphodiesterase Inhibitors. 
Phosphodiesterase (PDE) inhibition 
leads to increased cAMP without 
activation of the beta-receptor.32 
Animal studies show PDE inhibitors 
improve inotropy with little effect 
on heart rate.32,37 Glucagon provides 
similar inotropic effects with the 
added benefit of the chronotropic 
effects.37 Phosphodiesterase inhibi-
tors also have a vasodilating effect, 
and this may counteract their inotro-
pic effects on blood pressure.16 When 
all other therapies are failing, a trial 
of one of these medications (e.g., 
milrinone or inamrinone) may be 
considered.

High-Dose Insulin Euglycemia 
(HDIE) Therapy. High-dose insu-
lin may be administered to increase 
inotropy.7,22,38 Its proposed mecha-
nism of action is by improving cal-
cium use in the myocytes, although 
the exact mechanism is unclear.7 
Under normal circumstances, cardiac 
cells acquire energy via fatty acid oxi-
dation, but need glucose in times of 
stress, such as toxin-induced cardio-
genic shock.7 Insulin improves glu-
cose utilization in the heart.7,22,38,39

There are no randomized con-
trolled human trials. There are 
multiple case reports of the hemo-
dynamic improvement after institu-
tion of HDIE.40,41 Animal studies 
of calcium channel blocker and 
beta-blocker toxicity have shown 
improved survival with insulin vs. 
placebo.7,22 Animal studies on beta-
blocker toxicity have shown HDIE 
to be superior to both vasopres-
sin and epinephrine.42 Human case 
reports of calcium channel blocker 
toxicity have shown HDIE improves 
survival, although in severe cases, 
other treatments should be used in 
conjunction.7,43 

High-dose insulin administered 
as a 1 unit/kg bolus with a dex-
trose bolus of 0.5 g/kg has been 
described.39 This is followed by an 
insulin drip at 0.5 unit/kg/hr with 
a dextrose infusion of 0.5 g/kg/
hr, which is titrated to effect.39 It 
can take up to 60 minutes to see 

Table 1: Summary of Therapeutic Options and Dosing

������� ����

Atropine18,19

Adult: 0.5-1 mg IV bolus
Pediatric: 0.02 mg/kg IV bolus, 
min. 0.1 mg
+��<�=���

Calcium19,20

Adult: Calcium gluconate 10% 3 g 
(30 mL) IV bolus
Calcium chloride 10% 1 g (10 mL) 
IV bolus
Pediatric: Calcium gluconate 10% 
60 mg/kg (0.6 mL/kg)
Calcium chloride 10% 20 mg/kg 
(0.2 mL/kg)
+��<����������
�������
Repeat as needed

Glucagon19,36

Adult and Pediatric:
Bolus: 50 mcg/kg IV over 1-2 min
��	�<�@5D���E��
���F�$����������
the effective bolus dose/hour)
+��<�@H����$�������'

Vasopressors19

Epinephrine: Adult: 1-10 mcg/min
Pediatric: 0.1-1 mcg/min IV
Norepinephrine: Adult: 2-20 mcg/
min
Pediatric: 0.1-2 mcg/kg/min IV

High-dose Insulin — Euglycemia39

Insulin bolus: 1 unit/kg IV
Insulin drip: 0.5 unit/kg IV, titrate 
to effect
���������"��
�<�H�D��E����F
�����������	�<�H�D��E��E����F

Phosphodiesterase Inhibitors19

Adult and Pediatric:
+	��	����<�O��
�<�DH����E����F�
over 10 min
��	�<�H�D����E��E�	�
Inamrinone: Bolus: 0.75 mg/kg IV 
over 5 min 
��	�<�D5@H����E��E�	�

Intralipid6,57

Lipid emulsion 20%
Bolus: 1.5 mL/kg IV, can be 
repeated
��	�<�H�TD��/E��E�	�
+��<�U��/E��
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improvement.39 It is given along with 
a dextrose infusion of 0.5 g/kg/
hr.39 It is important to follow glucose 
and potassium levels closely during 
HDIE and avoid hypoglycemia and 
hypokalemia.

Invasive Procedures. When 
these treatments fail, even when the 
patient is in cardiac arrest, there are 
case reports of using an intra-aortic 
balloon pump44,45 or extracorporeal 
membrane oxygenation with suc-
cess.46,47,48 If the patient is symp-
tomatic following overdose, consult 
cardiology early, so that if the patient 
continues to deteriorate, these inva-
sive procedures can be performed.

Controversies
Intravenous Fat Emulsion 

Rescue Therapy. Intravenous fat 
emulsion (IFE) rescue therapy has 
been primarily used by anesthesiolo-
gists for local anesthetic toxicity (e.g. 
bupivicaine), and more recently, 
its use has been reported in beta-
blocker and calcium channel blocker 
toxicity. No human randomized 
control trials regarding treatment 
with IFE are available. A few ani-
mal studies of IFE in beta-blocker 
and calcium channel blocker toxic-
ity show hemodynamic benefit.49-52 
There are multiple human case 
reports in which IFE appears to have 
contributed to recovery from car-
diogenic shock or arrest.41,49,51-54 As 
these are case reports, and there may 
exist a bias against reporting or pub-
lishing negative outcomes, human 
case-control studies are needed to 
further elucidate the efficacy of IFE 
in beta-blocker and calcium channel 
blocker overdose. At this time, given 
the potential benefit and despite no 
human randomized controlled trials 
performed to date, IFE may be con-
sidered for patients who are failing 
other modalities or during cardiac 
arrest. 

Reported adverse effects include 
acute reactions such as an anaphy-
lactoid reaction, and subacute reac-
tions or the “fat overload syndrome” 
(i.e., coagulopathy, jaundice, lipid 
accumulation in the liver).55 One 
case report of iatrogenic IFE over-
dose describes interference with 

laboratory studies, but otherwise 
no other attributable adverse effects 
were noted.56

Based on previous use of intra-
lipid for local anesthetic toxicity, the 
accepted dosing for IFE is a 20% 
lipid emulsion given as a 1.5 mL/
kg bolus, followed by an infusion of 
0.25 mL/kg/min for 30 minutes 
(not to exceed 8 mL/kg total initial 
dose).57 

Risk Management Pitfalls 
for BB/CCB Toxicity

“The patient looked great on 
arrival. I thought he would be OK in 
one of the back rooms.” These patients 
can look well on presentation and 
rapidly deteriorate. They should be 
in an area of the emergency depart-
ment where they can be closely 
monitored.

“The child may have only ingested 
one pill.” With this class of medica-
tions, one pill can cause serious tox-
icity. Extra attention needs to be paid 
to pediatric patients in this type of 
ingestion. 

“The ingestion was over one hour 
ago. I didn’t think I could do gastric 
decontamination.” Medications taken 
in large overdose may have delayed 
or prolonged absorption, and given 
the risk of severe toxicity and lack 
of antidote, gastric decontamination 
can be considered after the first hour.

“One unit/kg of insulin seems too 
high. The patient was not diabetic.” 
Euglycemia can be maintained when 
high-dose insulin is given along with 
dextrose and glucose if levels are 
closely monitored.

“I didn’t know what formulation 
he took, but he was asymptomatic at 
6 hours, so I sent him home.” If the 
formulation is unknown, manage for 
the worst-case scenario and observe/
admit for 18-24 hours.

Disposition
For symptomatic patients, dis-

position is simple. They should 
be admitted to a monitored unit, 
preferably some form of intensive/
critical/cardiac care unit. The 
patients will require very close 
monitoring and may be on various 

cardioactive or vasoactive medica-
tions. Asymptomatic patients who 
have been medically cleared from 
the overdose may still require psy-
chiatric admission if it was a suicide 
attempt. In the case of a child who 
is medically cleared, he or she may 
require a social admission if there is 
any concern that the medication was 
intentionally given to the child to 
cause harm.

Other than these instances, medi-
cally clearing a patient for discharge 
is generally based on an observation 
period dictated by the drug and its 
formulation. For most immediate-
release preparations, if the patient 
is completely asymptomatic at 6-8 
hours, it is safe to discharge him or 
her home.13 For these patients, the 
decision to hold them in the emer-
gency department for observation or 
perhaps admit to an observation unit 
is at the discretion of the emergency 
physician. For sustained-release 
preparations, the general recom-
mendation is a minimum observation 
period of 18 to 24 hours. It is best to 
admit these patients to a monitored 
setting, preferably one where the 
patient will be observed closely for 
hemodynamic decompensation.

Summary
Beta-blockers and calcium channel 

blockers are commonly prescribed 
cardiovascular medications. They 
are involved in a large number of 
overdoses every year and a num-
ber of fatalities. While no antidote 
exists, there are multiple therapeutic 
options that may be life saving. It is 
important for emergency physicians 
to recognize signs and symptoms of 
toxicity early and to treat patients 
aggressively. 

Case Conclusions
Shortly after speaking with the 

patient who overdosed on metopro-
lol, the nurse informs you that his 
pulse was 44 and his blood pressure 
was 70/48. The patient becomes 
obtunded, and you intubate him for 
airway protection. You attempt gas-
tric decontamination with orogastric 
lavage and activated charcoal. You 
order IV fluids and give atropine and 
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calcium without improvement. After 
a 5 mg bolus of glucagon, vital signs 
improve. The patient is started on a 
glucagon drip and admitted to the 
ICU.

On your way to see the pediatric 
patient exposed to verapamil, you 
explain to the resident that the pos-
sible ingestion of 3 tablets is very 
serious. You tell the grandmother 
that while the child appears well, it is 
a controlled-release formulation, and 
the patient might not exhibit signs 
or symptoms of toxicity for hours 
to come and will require at least 24 
hours of monitoring. You ask the 
nurse to start an IV, send basic labs, 
set up telemetry, and get an ECG. 
Then you call the nearby pediatric 
hospital to arrange for transfer.
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Physician CME Questions

111. Calcium channel blockers primarily 
block: 
A. L-type calcium channels
B. epinephrine uptake
C. cAMP calcium channels
D. calcium reuptake by the plasma

112. A 55-year-old male mistakenly takes an 
extra dose of his calcium channel blocker. 
He complains of some lightheadedness 
on standing. His heart rate is 42, blood 
pressure 86/54, respirations 14, satura-
tion 96% on room air. Which of the fol-
lowing is most likely to have caused his 
symptoms?
A. amlodipine
B. felodipine
C. nifedipine
D. verapamil

113. A 62-year-old female with a history of 
asthma is started on a beta-blocker for 
hypertension. Which of the following 
medications is least likely to interfere with 
her comorbid condition?
A. carvedilol
B. labetalol
C. metoprolol
D. propranolol

114. A 44-year-old male presents after an 
intentional overdose of his mother’s cal-
cium channel blocker. You may see:
A. bradycardia, but not if it was a dihy-

dropyridine
B. hyperkalemia
C. persistent hypoglycemia
D. third-degree AV block

115. A 3-year-old female is brought to the 
emergency department by her grand-
mother 50 minutes after being found 
with an open bottle of verapamil SR. The 
grandmother does not know if any pills 
are missing. At this time, the child appears 
alert, playful, heart rate is 90, blood pres-
sure is 78/52, respirations 24, saturation 
99% on room air. What is the best course 
of action?
A. As the child is asymptomatic, reassure 

the grandmother and discharge.
B. Check labs including glucose, place 

child on telemetry and discuss case 
with PICU for admission.

C. Observe the child in the emergency 
department for 6 hours from time of 
ingestion, and if asymptomatic at that 
time, discharge.

D. Place 2 large-bore IV lines and imme-
diately give 2 boluses of IV fluids.

116. A 60-year-old female is found obtunded 
by family members next to empty bottles 
of metoprolol XL and nifedipine. Per 
family, ingestion must have been about 
3 hours prior to arrival in the emergency 
department. You intubate the patient as 
she is not protecting her airway. You con-
sider gastric decontamination and decide 
that:

CME Instructions
Physicians participate in this continuing medical education program by read-

ing the article, using the provided references for further research, and studying 
the questions at the end of the article. Participants should select what they believe 
to be the correct answers, then refer to the list of correct answers to evaluate their 
knowledge. To clarify confusion surrounding any questions answered incorrectly, 
please consult the source material. After completing this activity, you must com-
plete the evaluation form that will be provided at the end of the semester and return 
it in the reply envelope provided to receive a credit letter. When your evaluation is 
received, a credit letter will be mailed to you.
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A. activated charcoal will not adsorb 
these medications

B. gastric decontamination is not indi-
cated

C. it is too late to attempt oro-gastric 
lavage

D. whole bowel irrigation may be of ben-
efit

117. You have a 70-kg patient who is symp-
tomatic after diltiazem overdose. He is 
already on both a glucagon and epineph-
rine drip and persistently hypotensive. 
You decide to implement high-dose insu-
lin euglycemia therapy. His last bedside 
glucose was 340 mg/dL. In addition to 
frequent glucose monitoring, your insulin 
order should read:
A. Insulin 7 units IV followed by 7 units 

IV per hour
B. Insulin 70 units SubQ bolus followed 

by 35 units SubQ per hour
C. Insulin 35 units IV bolus followed by 

70 units IV per hour
D. Insulin 70 units IV bolus followed by 

35 units IV per hour

118. Thirty minutes after presentation, a 
patient who is thought to have overdosed 
on propranolol goes into cardiac arrest. 
During the resuscitation, you have given 
multiple doses of atropine, calcium, epi-
nepherine, and glucagon. At this time you 
may also consider:
A. intralipid bolus
B. hemodialysis
C. multi-dose activated charcoal
D. pronouncing the patient dead

119. You are taking care of a patient who 
presented for an overdose of his cardiac 
medications. His initial ECG showed QTc 
of 510 ms. The patient soon becomes 
obtunded, and the monitor shows tors-
ades de pointes. The most likely medica-
tion responsible for this finding is:
A. atenolol
B. nifedipine
C. sotalol
D. verapamil

120. Patients who have ingested an 
unknown type of antihypertensive may be 
discharged if asymptomatic 
A. after 6 hours of observation
B. if their QTc is normal
C. after 18-24 hours of observation
D. after gastric decontamination 
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Exclusive to our subscribers Rapid Access Management Guidelines

Beta-blocker and 
Calcium Channel 
Blocker Toxicity

The Ventricular Myocyte: The Calcium 
Channel

When the cell is depolarized, the L-type (L) calcium channel opens 
and calcium moves into the cytoplasm. Calcium then binds the 
ryanodine (R) receptor on the sarcoplasmic reticulum (SR), triggering 
a large calcium effl ux from the SR into the cell. The calcium can 
then bind troponin, which leads to contraction of the actin and 
myosin fi liments.

The Ventricular Myocyte Action  
Potential

Phase 0 corresponds to the fast inward sodium current and 
depolarization of the myocyte. Phase 1 is a transient outward 
potassium current that begins repolarization. Phase 2, or the 
plateau phase, is the slow inward calcium current through the 
L-type channel. Phase 3 is further repolarization by another 
outward potassium current.

The Pacemaker Action Potential

Phase 4 corresponds to the slow spontaneous depolarization of 
the pacemaker cell. It is mostly sodium infl ux. During this phase a 
transient calcium current fl ows inward, followed by the slow inward 
calcium current through the L-type channel. In phase 0, the L-type 
channel calcium current continues to depolarize the cell. Phase 3 
is repolarization by an outward potassium current.
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The Ventricular Myocyte: The Beta- 
Receptor

Summary of Therapeutic Options and  
Dosing

When the beta-receptor (B) is activated, the G-stimulatory protein 
activates adenylate cyclase (AC) to convert ATP to cAMP. This 
activates PKA to further activate other pathways; it activates 
the L-type receptor, the channel allowing calcium infl ux into the 
sarcoplasmic reticulum, and leads to contraction coupling.

Therapy Dose

Atropine18,19

Adult: 0.5-1 mg IV bolus
Pediatric: 0.02 mg/kg IV bolus, 
min. 0.1 mg
Max: 3 mg

Calcium19,20

Adult: Calcium gluconate 10% 3 g 
(30 mL) IV bolus
Calcium chloride 10% 1 g (10 mL) 
IV bolus
Pediatric: Calcium gluconate 10% 
60 mg/kg (0.6 mL/kg)
Calcium chloride 10% 20 mg/kg 
(0.2 mL/kg)
Max: at the adult dose
Repeat as needed

Glucagon19,36

Adult and Pediatric:
Bolus: 50 mcg/kg IV over 1-2 min
Drip: 1-5 mg/hour IV (generally 
the effective bolus dose/hour)
Max: 10 mg (or more)

Vasopressors19

Epinephrine: Adult: 1-10 mcg/min
Pediatric: 0.1-1 mcg/min IV
Norepinephrine: Adult: 2-20 mcg/
min
Pediatric: 0.1-2 mcg/kg/min IV

High-dose Insulin — Euglycemia39

Insulin bolus: 1 unit/kg IV
Insulin drip: 0.5 unit/kg IV, titrate 
to effect
Dextrose bolus: 0.5 g/kg IV
Dextrose drip: 0.5 g/kg/hr IV

Phosphodiesterase Inhibitors19

Adult and Pediatric:
Milrinone: Bolus: 50 mcg/kg IV 
over 10 min
Drip: 0.5 mcg/kg/min
Inamrinone: Bolus: 0.75 mg/kg IV 
over 5 min 
Drip: 5-10 mcg/kg/min

Intralipid6,57

Lipid emulsion 20%
Bolus: 1.5 mL/kg IV, can be 
repeated
Drip: 0.25 mL/kg/min
Max: 8 mL/kg


