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(] Abstract—Background: Beta blocker or calcium channel
blocker toxicity is a serious condition that carries with it a
high rate of morbidity and mortality. Objective: This review
highlights the pearls and pitfalls of beta blocker and calcium
channel blocker toxicity, including presentation, diagnosis,
and management in the emergency department (ED) based
on current evidence. Discussion: Beta blocker and calcium
channel blocker toxicity is a life-threatening emergency that
requires prompt identification and management. Patients
commonly present with both hypotension and bradycardia.
The rare exception to this involves overdoses with dihy-
dropyridines such as amlodipine which can initially present
with hypotension and tachycardia before eventually devel-
oping bradycardia. Beta blockers such as propranolol can
present with altered mentation, seizures, and ventricular
dysrhythmias resulting from their ability to block sodium
channels. Sotalol can cause significant QT prolongation in
addition to hypotension and bradycardia. While laboratory
evaluation does not confirm the diagnosis of beta blocker
or calcium channel blocker toxicity, laboratory testing such
as renal function and lactate can be used to evaluate for
end organ perfusion, while acetaminophen, salicylate, and
digoxin concentrations can be sent to evaluate for possible
concomitant ingestions. Initial treatment should focus on flu-
ids, atropine, calcium, and in select patients, gastrointestinal
(GI) decontamination with activated charcoal. For more sig-
nificant toxicity that does not respond to initial treatments,
vasopressors and high-dose insulin should be considered,
while intralipid and extracorporeal membrane oxygenation
should be considered in the cases of refractory toxicity de-
spite maximal therapy. Patients should be admitted to the
intensive care unit for close hemodynamic monitoring. Con-

clusion: An understanding of beta blocker and calcium
channel blocker toxicity can assist emergency clinicians in
diagnosing and managing this potentially deadly disease. ©
2026 Elsevier Inc. All rights are reserved, including those for
text and data mining, Al training, and similar technologies.
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Introduction
Definition

Beta blockers (BB) and calcium channel blockers
(CCB) are two classes of cardioactive medications that
are primarily used for the treatment of various cardio-
vascular disorders such as tachydysrhythmias, angina,
coronary artery disease, and hypertension. These medi-
cations are also used for a variety of noncardiovascular
disorders such as migraine prophylaxis, essential tremor,
and performance anxiety (1,2,3). BBs can be further sub-
divided based on certain pharmacological properties such
as receptor selectivity, while calcium channel blockers
are typically divided into two main clinical groups: di-
hydropyridines and nondihydropyridines (4,5). Toxicity
from these two groups of cardioactive medications most
commonly occurs after overdose but can also occur in
the setting of therapeutic use or through drug-drug in-
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teractions. This review will focus on the pathophysiol-
ogy, emergency department evaluation, and management
strategies of BB and CCB toxicity.

Pathophysiology

The electrical and mechanical activity of the heart re-
lies on the movement and concentration of various ions
including calcium, sodium, and potassium. Heart rate is
largely determined by rate of spontaneous depolarization
of pacemaker cells in the sinoatrial node. The sponta-
neous depolarization of pacemaker cells involves several
mechanisms including inward cation currents through
pacemaker cells and the rhythmic release of calcium from
the sarcoplasmic reticulum which is termed the “calcium
clock.” (6).

During normal systole, cellular depolarization causes
the opening of L-type calcium channels on the myocyte
membrane. The influx of calcium into the cardiac my-
ocyte causes an increase in the concentration of calcium
in the myocyte, which triggers the opening of ryanodine
receptors on the sarcoplasmic reticulum (SR) and causes a
large efflux of calcium from the SR. This is known as “cal-
cium induced calcium release.” (7). Calcium within the
myocyte then binds to troponin C which allows actin and
myosin interaction which causes a subsequent contrac-
tion. The strength of the myocyte contraction is dependent
on the amount of calcium released from the SR (8).

In diastole, several mechanisms help to remove cal-
cium from the myocyte cytoplasm. These mechanisms
include the SR calcium ATPase which pumps calcium
back into the SR and the calcium-sodium transporter that
exchanges one intracellular calcium ion for three sodium
ions from the extracellular fluid (9). The drop in calcium
concentrations within the cytosol causes the dissociation
of calcium from troponin and relaxation occurs.

Beta receptors, mainly beta 1, are found in the cardiac
myocyte and help to increase inotropy. Beta 1 receptors
are coupled to Gs proteins that activate adenylate cyclase
which causes the increased formation of cyclic adenosine
monophosphate (cAMP). cAMP then activates protein ki-
nase A (PKA) which then phosphorylates several key
proteins in the myocyte that all help to promote increased
inotropy (10).

While both BB and CCBs decrease cardiac output and
heart rate and cause peripheral vasodilation, the mecha-
nisms of action differ. Toxicity from BBs largely results
from their competitive antagonism of catecholamines at
beta receptors located in the cardiac myocyte. Toxicity
from CCBs comes from the blockade of L-type calcium
channels located in the cardiac myocyte and smooth mus-
cle (11). Nondihydropyridines such as verapamil and
diltiazem bind to cardiac L-type channels due to their pref-
erential binding at more negative membrane potentials

(=90 mv) while the dihydropyridines such as amlodipine
bind to calcium channels located in the peripheral smooth
muscle due to their preferential binding at less negative
membrane potentials (—70 mV) (12).

Epidemiology

According to the 2023 American Associated of Poi-
son Control Centers (AAPCC) annual report, deaths from
CCBs and BBs were the 6th and 7th most common causes
of fatalities from overdose with 193 and 125 fatalities in-
volving CCBs and BBs respectively. Within the BB class,
propranolol accounts for a large number of cases in both
overall exposures and fatalities with a total of 29 cases
resulting in fatalities that involved propranolol (13). The
remainder of this review will discuss key tenets of the pre-
sentation, evaluation, and management of patients with
BB and CCB toxicity.

Discussion

Are Certain Beta Blockers Associated with Greater Risk
of Toxicity?

While all beta blockers have the potential to cause de-
pending on the amount ingested, there are two important
groups of beta blockers to consider when performing an
initial risk assessment. Sotalol toxicity can result in not
only bradycardia and hypotension, but also significant QT
interval prolongation leading to ventricular dysrhythmias
including torsades de pointes (14). Specific management
that may be required in cases of sotalol toxicity include
treatment of hypokalemia and hypomagnesemia if present
and general management of torsades de pointes which can
include the use of chronotropic agents such as epinephrine
or isoproterenol or overdrive pacing to increase heart rate
(15).

Several beta blockers possess membrane stabilizing
activity with propranolol having the strongest membrane
stabilizing effect (16). In addition to bradycardia and hy-
potension, toxicity from beta blockers with membrane sta-
bilizing effects can cause ventricular dysrhythmias from
their ability to antagonize sodium channels which leads to
a prolonged QRS interval (17). The evidence on the use of
sodium bicarbonate in the case of beta blocker poisoning
is mixed. Sodium bicarbonate therapy did slightly de-
crease the QRS interval in propranolol poisoned canines,
although the decrease was not statistically significant (18).
A case report of acebutolol induced ventricular tachy-
cardia was rapidly corrected with the administration of
sodium bicarbonate (19). While the evidence is mixed,
in patients who overdose on membrane stabilizing beta
blockers with evidence of QRS interval prolongation or
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Table 1. Comparing Calcium Channel Blocker (CCB) and Beta Blocker (BB) Toxicity.

Component

Blood pressure
Heart rate

Central nervous system

effects (seizure, delirium)
QRS prolongation

QTc prolongation

Beta Blockers

s

\

Yes (seen with lipophilic BBs
like propranolol)

Yes (seen with the membrane
stabilizing BBs such as
propranolol)

Yes (seen with the potassium
channel blocking BBs such

Calcium Channel Blockers

\

| (Dihydropyridines may
cause a reflex tachycardia)
Not typically seen

Not typically seen

Mild prolongation

as sotalol)
Blood glucose Normal/|

concentrations

ventricular dysrhythmias, 1-2 mEq/kg of sodium bicar-
bonate IV should be administered.

Are Certain Calcium Channel Blockers Associated with
Greater Risk of Toxicity?

The most commonly encountered CCBs that result in
toxicity include verapamil, diltiazem, and amlodipine. In
the 2023 AAPCC annual report, the CCB that was in-
volved with the most fatalities was amlodipine, followed
by verapamil and then diltiazem. There was a total of 275
fatalities reported involving cardiovascular drugs, with
109 of these cases involving amlodipine, reflecting the
severity of amlodipine toxicity (13).

How Can the Presentations Differ between Beta Blocker
and Calcium Channel Blocker Toxicity?

While both BBs and CCBs overdose typically presents
with bradycardia and hypotension, there are important
differences (Table 1). While altered mentation can re-
sult from significant decrease in cardiac output, due to
its lipophilicity and ability to penetrate the blood-brain-
barrier, patients who overdose on propranolol can present
with seizures and coma even in the absence of significant
hypotension (20). While most patients with CCB toxic-
ity present with bradycardia, patients who present with
toxicity from the dihydropyridines such as amlodipine
can initially present with tachycardia before developing
bradycardia (21,22).

Determination of blood glucose concentrations can
be helpful in differentiating patients who present with
concern for toxicity from either a BB or CCB. While
hypoglycemia is thought to be commonplace in patients
presenting with BB toxicity, this association is mostly

Normal/t

seen in the pediatric patient population and is rare in adults
(23). The BBs most commonly associated with the de-
velopment of hypoglycemia include the nonselective BBs
and long acting BBs (24). The mechanism of the devel-
opment of hypoglycemia is thought to be secondary to
the inhibition of the beta 2 receptor. Normally, beta 2 re-
ceptor agonism results in a net increase in glucose due
to the increase in glycogenolysis, hepatic gluconeogene-
sis, and the release of glucagon from pancreatitis alpha
cells which can help increase glucose levels during hypo-
glycemic events. Therefore, beta blockade may help blunt
the corrective process of increasing glucose concentra-
tions but can also mask the sympathetic effects that may
occur during hypoglycemic events (24).

In patients presenting with CCB toxicity, the pres-
ence and degree of hyperglycemia has been used as a
prognostic factor in predicting severity of illness. The
mechanism of hyperglycemia in the context of CCB tox-
icity is through the inhibition of L-type calcium channels
on the pancreas, as well as the development of insulin re-
sistance. Calcium influx through calcium channels on the
pancreas is responsible for the release of insulin from the
pancreas, and blockade of these channels results in the
decrease of insulin secretion resulting in hyperglycemia
(25). A retrospective study of CCB poisoning showed that
patients who presented with a mean serum glucose con-
centration of 188 mg/dL went on to have higher rates of
vasopressor use, pacemaker use, and death compared to
those patients who presented with a serum blood glucose
of 122 mg/dL (26).

What Are the Key Tenets of Management?

The hallmark of both BB and CCB toxicity is hypoten-
sion and bradycardia. Vital sign abnormalities generally
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occur within the first several hours following ingestion.
Multiple dysrhythmias can be encountered including id-
ioventricular rhythms, junctional escape rhythms, and
complete heart block (12). Signs and symptoms of toxic-
ity can vary depending on the degree of hypoperfusion,
ranging from dizziness and lightheadedness to altered
mental status and coma. Acute respiratory distress syn-
drome has been described in some cases of severe calcium
channel blocker poisoning and is believed to be caused by
capillary vasodilation which leads to increased capillary
transudates and interstitial edema (27,28).

As with all critically ill patients, attention should be
made initially to airway, breathing, circulation, and de-
contamination. Patients with severe BB and CCB toxicity
will likely need multiple points of intravenous access
with multiple medications being given simultaneously,
and thus ensuring adequate intravenous access is critical.
A 12-lead electrocardiogram (ECG) should be performed,
and patients should be placed on continuous cardiac mon-
itoring. Critically ill patients secondary to a toxicological
exposure should have a brief toxicological risk assessment
performed which includes determining the type of medi-
cation, dose, preparation, and timeline of ingestion. While
BB and CCB toxicity most commonly results after inten-
tional ingestion, toxicity can also result from proper use
of these medications due to accumulation of the parent
compound or metabolites due to altered metabolism or
poor clearance (29,30). Close attention should be drawn
to both the type of preparation and the type of medica-
tion as the different pharmacological properties between
specific BBs and CCBs can be crucial and can alter which
management strategies are chosen. The initial treatment of
bradycardia and hypotension should consist of both intra-
venous fluids and atropine. While atropine may have some
benefit in mild cases of toxicity, in severe cases of BB and
CBB toxicity, atropine may be insufficient (31,32).

Laboratory testing evaluating for alternative etiolo-
gies of bradycardia should be obtained including thy-
roid function, electrolytes including potassium, renal and
liver function, and troponin. Other etiologies of brady-
cardia and hypotension should be considered including
myxedema coma and myocardial infarction, as well as
other toxicological etiologies (Table 2). In cases of inten-
tional overdoses, both salicylate and acetaminophen con-
centrations should be obtained. In patients who present
with both hypotension and bradycardia and have access
to digoxin or have features suggestive of cardioactive
steroid poisoning such as nausea, vomiting, and abdom-
inal pain, a digoxin concentration should be obtained.
Serum concentrations of both BBs and CCBs are not typi-
cally readily available in the emergency department (ED)
setting.

Gastrointestinal decontamination including activated
charcoal (AC) should be considered in all patients who

Table 2. Toxicological Causes of Bradycardia and
Hypotension.

» Alpha-2 adrenergic agonists
« Antidysrhythmics (flecainide)
+ Beta blockers

+ Calcium channel blockers

+ Cardiac glycosides (digoxin)
 Opioids

» Organophosphates

» Sedative hypnotics

present within 1-2 hours after an ingestion of a CCB or
BB. AC should still be considered in patients who present
outside of this window in the case of massive ingestions or
after an ingestion of an extended release formulation (33).
In patients with intact mental status and who are cooper-
ative, 50-100 g of AC should be administered. AC has
been shown to decrease the absorption of various CCBs
and BBs (34,35).

Patients who present with bradycardia, hypotension,
alteration in mental status, or ECG abnormalities in-
cluding prolongation of the QRS interval or significant
prolongation of the QTc should be admitted to an inten-
sive care unit until these findings are resolved. In cases
that involve immediate release preparations with the ex-
ception of sotalol (due to its long half-life) and the patient
remains asymptomatic with normal vital signs for a period
of 6-8 hours, discharge may be appropriate (34). In cases
of toxicity resulting from either extended-release prepara-
tions, large ingestions, or from sotalol, patients should be
observed for a period of at least 24 hours in an intensive
care unit due to the risk of delayed toxicity (36).

While there are many pharmacological options that
can be used in the treatment of BB and CCB toxicity, a
stepwise and incremental approach should be used when
treating critically ill patients. The following sections will
go over the efficacy of different treatment options and
when to consider a certain pharmacological intervention.

Is Calcium or Glucagon Effective?

Calcium salts have been shown to increase cardiac out-
put and blood pressure in both animal models and human
case series with little effect on heart rate (37,38). Limi-
tations of calcium salt therapy are the short-lived effect
and decreased efficacy in severely poisoned patients (39).
Given its potential to give significant transient benefit and
overall low side effect profile, the administration of cal-
cium salts is recommended in both BB and CCB toxicity.
While there is no established dosing protocol, an initial
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starting dose 1 gram of 10% calcium chloride through a
central line or 3 grams of 10% calcium gluconate IV given
over 10 minutes is recommended, two repeat doses can be
given 10 minutes apart after the initial dose. Subsequent
doses can be given every 20—60 minutes as needed. Serum
calcium concentrations should be monitored closely and
a target ionized calcium of 1.5 times the upper limit of
normal should be maintained.

Glucagon is an endogenous polypeptide that exerts
its positive inotropic effects through its interaction with
Gs proteins in the heart. The binding of glucagon to Gs
proteins in the heart increases the activity of adenylate cy-
clase (40). The increase of activity of adenylate cyclase is
independent of any binding to beta adrenergic receptors.
Thus, glucagon is thought to exert its clinical effects on
the cardiac myocyte by effectively “bypassing” the poi-
soned beta adrenergic G coupled receptor. Glucagon has
also been shown to inhibit phosphodiesterase, therefore
inhibiting the breakdown of cAMP, which provides an in-
crease in inotropy (41).

Glucagon has been shown to be effective in BB toxi-
city in several animal models and in a human case series
(42,43). The evidence supporting the use of glucagon in
CCB toxicity is limited as animal models have shown
transient improvement in heart with little change in mean
arterial pressure and little effect on survival rate, while
human data are limited to case reports (44). The side
effects of glucagon include nausea, vomiting, hyper-
glycemia, and hypocalcemia (45] The initial starting dose
of glucagon is 3-5 mg given as a slow bolus over 1-2
minutes. The initial starting dose in pediatric patients is
50 mcg/kg. The initial bolus dosing can be repeated for
a cumulative bolus dose of up to 10 mg. Bolus dosing
can be followed by an infusion of glucagon that is typi-
cally started at the “response dose,” meaning if a patient
received a cumulative bolus dose of 5 mg of glucagon that
resulted in a response, an infusion can be started at 5 mg/h.
Limitations to providing large amounts of glucagon in-
clude limitations in a hospital’s supply of glucagon and
the development of tachyphylaxis which is the need for
significant increase in the dose of a drug to provide the
same clinical effect.

Given the mixed clinical evidence for glucagon ther-
apy in the setting of BB and CCB toxicity and adverse
effects, it is reasonable to trial glucagon in the early stages
of BB and CCB toxicity while preparing for the use of
other more effective treatment modalities.

What Vasopressor(s) or Inotrope(s) Should be Utilized?

Several vasopressors and inotropes have been utilized
for both BB and CCB toxicity with varying rates of suc-
cess. The decision to use these pharmacological agents
typically is made when initial treatments such as atropine,

calcium, glucagon, and fluids are ineffective in maintain-
ing cardiac output.

Epinephrine and Norepinephrine

Epinephrine and norepinephrine are two vasopressors
commonly used in the setting of BB and CCB toxic-
ity. In animal studies, data suggest a lower efficacy of
the use of vasopressors when compared to the use of
an inotrope like high dose insulin. In a porcine model
of propranolol toxicity, survival was significantly higher
in pigs treated with high dose insulin compared to pigs
treated with vasopressin and epinephrine. Hemodynamic
parameters of mean arterial pressure and systemic vas-
cular resistance tended to be much higher earlier on in
the vasopressin and epinephrine group but then decreased
precipitously (46).

Two other separate studies of propranolol poisoned
pigs showed that the use of high dose insulin had a sig-
nificant increase in cardiac output and survival benefit
compared to the use of vasopressors, although in one of
these studies, the use of high dose insulin combined with
norepinephrine was superior in terms of survival time
compared to the use of high dose insulin alone (47,48). A
retrospective chart review of patients admitted with either
verapamil or diltiazem toxicity highlighted the success-
ful use of vasopressors in a majority of cases without
the use of high dose insulin and low rates of complica-
tions despite the high doses of vasopressors used (49).
Vasopressors used in this study included dobutamine,
isoproterenol, epinephrine, and norepinephrine. The me-
dian infusion rate for norepinephrine and epinephrine
was 15 ug/min and 20 ug/min, respectively. Max in-
fusion doses of norepinephrine and epinephrine were
100 ug/min and 150 ug/min, respectively. The study
highlighted the low rates of ischemic complications
with eight ischemic events reported and five of those
events were deemed to have occurred before vasopressor
therapy.

Despite no clear consensus on the efficacy of the use
of vasopressors, it is reasonable to begin with either
epinephrine or norepinephrine depending on the clinical
context and in the setting where initial therapies have
failed to maintain cardiac output. Typical dosing range for
norepinephrine and epinephrine is 5-40 mcg/min and 5—
20 mcg/min IV, respectively, and in the setting of CCB and
BB toxicity, doses above this dose range may be needed.

Dobutamine

Dobutamine is another beta 1 agonist with little effect
on the peripheral vasculature. Experience in human cases
of BB and CCB toxicity are quite limited, and the effi-
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cacy of dobutamine is mixed (50). The starting dose of
dobutamine is 3-5 mcg/kg/min followed by an infusion
of 5-15 mcg/kg/min IV.

Nonselective Beta Agonists

Nonselective beta agonists such as isoproterenol have
been used for BB toxicity with varying success. High
doses of isoproterenol are typically required and can cause
vasodilation due to the stimulation of beta 2 receptors
(51,52). While some animal models show positive results
when using isoproterenol (53), many clinical cases show
that isoproterenol is largely ineffective in raising blood
pressure and increasing heart rate. Literature suggests,
epinephrine is a superior vasopressor when compared to
isoproterenol (54). Typical loading dose of isoproterenol
is 0.02-0.06 mg IV followed by an infusion at 2-20
mcg/min.

Methylene Blue

Methylene blue is the antidote of choice for the treat-
ment of methemoglobinemia but has also been used
successfully in the treatment of refractory hypotension,
particularly in cases involving amlodipine toxicity (55).
Dihydropyridines, particularly amlodipine, are thought
to increase nitric oxide in the peripheral smooth muscle
which causes vasodilation and vasoplegia (56). Methylene
blue theoretically counteracts the vasodilation and vaso-
plegia caused by dihydropyridines by inhibiting guanylyl
cyclase which blocks the release of cyclic guanosine
monophosphate, an important mediator in the nitric ox-
ide signaling pathway (57). Methylene blue has also been
shown to inhibit nitric oxide synthase, therefore directly
reducing the amount of nitric oxide (58).

While the evidence supporting the use of methylene
blue in the setting of CCB toxicity, particularly with am-
lodipine toxicity, is limited to case reports, it is reasonable
to trial a dose of 1-2 mg/kg of methylene blue if signif-
icant hypotension persists despite initial treatment with
Vasopressors.

Phosphodiesterase Inhibitors

Phosphodiesterase inhibitors have also been used in the
setting of BB toxicity with varying degrees of success.
These drugs inhibit the breakdown of cAMP by the en-
zyme phosphodiesterase, and therefore, increase cAMP
without the need for beta receptor stimulation. Animal
models have shown mixed results, and there are a limited
amount of studies showing benefit in humans (59,60). In
addition, phosphodiesterase inhibitors can cause signifi-
cant hypotension due to peripheral vasodilation, and many

of the agents have long half-lives making titration quite
difficult. Thus, these agents are not routinely used in the
setting of BB or CCB toxicity.

What Are the Pearls Regarding High-Dose Insulin and
Glucose Therapy?

High-dose insulin (HDI) is an inotropic agent that has
been used as an adjunctive treatment for BB and CCB
toxicity. The heart primarily relies on free fatty acids for
its energy needs, but during periods of stress such as
overdose involving CCBs and BBs, the heart switches
to carbohydrates as its primary energy source (61). HDI
is thought to increase myocardial inotropy by helping to
facilitate the utilization of carbohydrates for metabolism
(62). In addition to the increasing glucose utilization dur-
ing times of myocardial stress, HDI has been shown to
increase the uptake and utilization of lactate in the my-
ocardium by restoring pyruvate dehydrogenase activity in
the setting of verapamil toxicity involving canines (62).
HDI also results in the increase of intracellular calcium
through the inhibition of the sodium-calcium antiporter,
which helps increase calcium release from the sarcoplas-
mic reticulum causing increased myocardial contractility
(63).

Most of the data showing positive results with HDI are
from animal models that were previously mentioned in the
discussion regarding the use of vasopressors (48,50,60).
One of the earliest reports on the use of HDI therapy
was from a case series in 1999 that involved five pa-
tients with either verapamil or amlodipine and atenolol
overdoses. All patients failed the initial antidotal therapy,
and all subsequently responded to insulin therapy (64).
Because of the strong, positive inotropic effects on the
myocardium, HDI therapy should be considered in the set-
ting of patients with CCB or BB toxicity with evidence
of myocardial depression. The presence of myocardial
depression can be assessed with the use of cardiac ultra-
sonography.

HDI is typically initiated with a 1 unit/kg bolus of reg-
ular insulin IV alongside a 0.5 g/kg bolus of dextrose
if blood glucose concentrations are below 300 mg/dL.
Clinical responses to insulin typically occur within 15—
60 minutes (65). Following the bolus dose, an infusion of
1 unit/kg/h of regular insulin should be started. A dex-
trose infusion beginning at 0.5 g/kg/h can be started to
maintain a blood glucose concentration between 100 and
250 mg/dL. Common adverse events associated with HDI
include hypoglycemia and hypokalemia (66). It should be
noted that HDI causes vasodilation through the release of
nitric oxide which can potentially amplify the vasodila-
tory effects of amlodipine, especially in overdose (58).
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Table 3. Summary of Pearls.

- Consider beta blocker and calcium blocker toxicity in patients presenting with bradycardia and

hypotension.

» Dihydropyridines can present with tachycardia initially as these agents can cause profound
vasoplegia with a compensatory increase in heart rate.

« Lipophilic beta blockers like propranolol can cause seizures and significant QRS widening.

« Potassium channel blocking beta blockers such as sotalol can cause significant QTc prolongation

and torsade de pointes.

« Initial treatment for BB or CCB toxicity should include activated charcoal if the airway is intact,
atropine for significant bradycardia, calcium salts, and in the setting of BB toxicity, glucagon can be

considered if readily available.

« If initial interventions fail, vasopressors should be utilized with consideration for high dose insulin if
there is evidence of diminished cardiac contractility on echocardiogram.

» Methylene blue can be used to treat refractory vasoplegic shock due to dihydropyridine toxicity.

+ Intralipid therapy is reasonable if ECMO is not available or in cases or cardiac arrest from a

presumed overdose of a CCB or BB.

+ In the event of refractory hypotension and bradycardia, ECMO should be considered if feasible and

available.

BB = beta blocker; CCB = calcium channel blocker; ECMO = extracorporeal membrane oxygenation.

When Should Intralipid Therapy Be Considered, and
What Are the Components of Administration?

Intralipid is an antidote that has the most evidence
for treatment of toxicity from local anesthetics (67). In-
tralipid has been used in many cases of toxicity from
xenobiotics including cases involving CCBs and BBs with
mixed results. Several mechanisms of action have been
proposed for intralipid in the setting of CCB and BB tox-
icity. Intralipid is thought to favor the uptake of lipophilic
medications such as verapamil and propranolol into lipid
droplets which results in the redistribution of lipophilic
compounds from the tissue to the blood stream. Intralipid
has been shown to act as an inotropic agent and promote
the use of fatty acids, the hearts preferred energy substrate,
during times of cardiac stress where the heart preferen-
tially utilizes carbohydrates (68).

Most of the evidence regarding the use of intralipid in
cases of CCB and BB toxicity is from case reports. There
are several case reports reporting the use of intralipid with
positive outcomes (69,70,71). Intralipid may play a more
important role in the setting of overdose from lipophilic
medications such as propranolol or verapamil, although it
is not considered first line treatment for either BB or CCB
toxicity. The use of intralipid is reasonable in the setting
of significant, refractory CCB or BB toxicity despite max-
imum therapies or in the setting of cardiac arrest from
presumed CCB or BB overdose, especially when extra-
corporeal life support such as extracorporeal membrane
oxygenation (ECMO) is not readily available (72).

The dosing for intralipid in the setting of CCB and BB
toxicity follows the same dosing for local systemic anes-
thetic toxicity. A bolus dose of 1.5 cc/kg of intralipid is
administered over two to 3 minutes. The bolus dose can
be repeated every three to 5 minutes for a maximum total
dose of 8 cc/kg.

When Should Hemodialysis and Extracorporeal Mem-
brane Oxygenation Be Considered?

Hemodialysis is typically reserved for the removal of
xenobiotics with a low volume of distribution and low de-
gree of protein binding. Two beta blockers in particular
that can cause severe toxicity that are readily dialyzable
include atenolol and acebutolol (73,74). It is reasonable
to consider hemodialysis in the setting of refractory hy-
potension, bradycardia, significant renal impairment, and
in the case of sotalol toxicity, recurrent torsades de pointes
(75). Due to high volume of distribution, high lipophilic-
ity, and high degree of protein binding of propranolol,
verapamil, diltiazem, and amlodipine, hemodialysis is not
recommended.

ECMO has been used in cases of both CCB and BB
toxicity that are refractory to advanced therapies. Two re-
views show that timely initiation of ECMO in the setting
of CCB or BB toxicity improves survival to discharge and
results in lower mortality (76,77). Initiation of ECMO
provides hemodynamic support and oxygen exchange
while allowing time for the drug to metabolize. Veno-
arterial ECMO is the form most commonly employed
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in the setting of cardiovascular drug toxicity, as it pro-
vides both cardiac and respiratory support (77). The most
common limitation in utilizing ECMO is its limited avail-
ability. Adverse effects associated with ECMO include
bleeding, development of coagulopathy, sepsis, and limb
ischemia (78). In patients who have failed standard and
advanced therapies including vasopressors and HDI, it is
reasonable to consider ECMO cannulation if readily avail-
able.

Table 3 presents pearls regarding the evaluation and
management of patients with BB or CCB toxicity.

Conclusions

BB and CCB toxicity can result in significant morbidity
and mortality if not recognized and treated in a timely
manner. While many BBs and CCBs share similar char-
acteristics, there are important differences within these
two drug classes. While almost all BBs and CCBs cause
significant bradycardia and hypotension, amlodipine can
initially cause a reflex tachycardia due to its vasoplegic
properties. Propranolol can cause significant toxicity re-
lated to its ability to block sodium channels, and sotalol
has the ability to cause significant QTc prolongation and
torsades de pointes. The primary components initial treat-
ment include AC, fluids, atropine, and calcium salts. If
these initial treatments fail, vasopressors, HDI, or methy-
lene blue can be used depending on the agent and clinical
context. If patients are refractory to initial and more
advanced therapies, depending on resource availability,
intralipid rescue therapy or ECMO should be considered.
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Article Summary
1. Why is this topic important?
BB or CCB toxicity is associated with high rate of mor-
bidity and mortality.

2. What does this review attempt to show?
This review provides an evidence-based overview of
managing the patient with BB or CCB toxicity.

3. What are the key findings?

Patients with BB or CCB toxicity typically present with
hypotension, though other findings may be present de-
pending on the specific medication. Management includes
fluids, atropine, calcium, and GI decontamination with ac-
tivated charcoal in appropriate patients. However, those
with more severe toxicity require vasopressors and high-
dose insulin, and intralipid and extracorporeal membrane
oxygenation may be necessary in cases of refractory toxi-
city despite maximal therapy.

4. How is patient care impacted?
Emergency clinicians should have an understanding of
BB and CCB toxicity.
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