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Abstract

Introduction. Verapamil is a widely used cardiac drug. It belongs to the non-dihydropiridine subgroup of calcium channel
blockers (CCBs), and is used mainly for the treatment of atrial dysrhythmias, hypertension or angina. In this article, we
describe a case of poisoning with verapamil mixed with ethanol and review current treatment options. A 54-year-old
female was admitted to the Toxicology Clinic by emergency medical services after ingesting sustained-release CCBs and
ethanol in a suicidal attempt. The patient was successfully treated by administration of catecholamines and calcium, and
the introduction of a high-dose insulin infusion (HDI).
Conclusions. This case report emphasizes that even in severe poisoning, early and proper intervention may prevent circulatory
breakdown. It also summarizes treatment options in patients after verapamil overdose. Along with decontamination,
administration of catecholamines and correcting electrolyte abnormalities, the main options are HDI and lipid emulsion
therapy (LET).

Key words

overdose, calcium channel blocker, high-dose insulin, verapamil intoxication, toxicology, lipid emulsion therapy, antidotes

INTRODUCTION

Calcium channel blockers (CCBs) are divided into two main
groups: dihydropyridines (DHPs) and non-dihydropyridines
(non-DHPs). The names of DHPs usually include the ‘-pine’
suffix, e.g. amlodipine, nicardipine or nifedipine. Verapamil
and diltiazem belong to the non-DHP CCBs group. Calcium
channel blockers form a large number of prescription
medications used primarily as cardiovascular drugs; however,
they may also be used for the treatment of other conditions
for which the main indications are hypertension, angina,
atrial dysrhythmias, vasospasms and migraine headaches [1,
2]. Every CCBs drug is well absorbed when taken orally and
undergoes extensive hepatic first-pass metabolism [3].
Generally, CCBs should be considered as gating modifiers
that stabilize inactivated voltage-gated L-type (slowly
inactivating) calcium channels (LTCCs). As a result, they
block Ca2+ ions flow through the cell membrane and slow
down recovery from inactivation, which leads to use- or
frequency-dependent inhibition [4]. This mechanism is
responsible for both therapeutic and toxic effects. Therefore,
the result of LTCCs is relaxation of vessels which causes
vasodilatation, and in the case of non-dihydropyridines,
inhibition of sinoatrial and atrioventricular nodes. The influx
of calcium ions is also responsible for insulin secretion [5].
Various CCBs have a slightly different effect on glucose
homeostasis [6, 7]; therefore, LTCCs located outside the
cardiovascular system can potentially serve as novel targets
for well-known drugs [4].
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A severe overdose of CCBs is relatively rare, but is
potentially lethal. CCBs are the sixth among the top 25
substance categories that lead to death due to overdosage
[8] (Tab. 1). Severe poisoning may be caused by suicidal
ingestion, accidental over-ingestion, or exploratory ingestion
by children [9]. Because of their narrow therapeutic index,
CCBs can have adverse effects even when administered in
low doses. Therefore, drug poisoning may happen not only in
case of an overdose but also in prolong use of low doses of the
drugs, especially in cases when metabolism and elimination
alteration or drug interactions occur [10].
Verapamil causes a triple-negative effect, i.e. inotropic
negative, chronotropic negative and dromotropic negative.
It has affinity mainly to the myocardium and smooth
muscles of blood vessels. Nevertheless, adverse effects of
therapeutic doses of verapamil affect different tissues and
may manifest as constipation, dyspepsia, headaches, flushing,
gingival hyperplasia, peripheral oedema, hypotension or
fatigue [11]. They can be life-threatening in cases of severe
overdose. Poisoning with verapamil produces primarily
cardiovascular toxicity combined with hypotension caused
by vasodilatation, reduction in cardiac contractility and
conduction disturbances, such as sinus bradycardia and
decrease in atrioventricular node conduction [12]. In cases
of verapamil poisoning in humans, hyperglycaemia and
metabolic acidosis are observed. The reason for that may be
the blockade of insulin release coupled with stress hormones
release and induction of systemic insulin resistance [13, 14].
Acidosis may also be a result of CCBs interference with
calcium-stimulated mitochondrial action, catabolism of
glucose and induction of an intra-cellular carbohydratedeficient state [3,15]. In rare cases, verapamil poisoning may
produce acute respiratory distress syndrome, which should
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Table 1. Top 25 categories of substances reported in fatal exposures (in
order of the largest number of fatalites) [8]
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On admission at 22:00, patient was conscious, in a
stable condition, fully responsive, verbally communicating
logically, although in a distressed state. She admitted that
she had consumed drugs in a suicide attempt. The first ECG
showed steady sinus rhythm, heart rate (HR) of 95 beats
per minute with non-specific intraventricular conduction
defects and prolonged QT interval (502 ms); blood pressure
– 150/90 mmHg. The blood tests, including complete blood
count, venous blood gas analysis, kidney function test, liver
function test, coagulation test, blood sodium, potassium
calcium level tests and blood glucose test, remained within
the reference range. Ethanol blood concentration – 2.28 ‰
(2.28 g/l; 0.228 g/dl).
Initially, gastric lavage was performed which did not produce
the expected decontaminating effect. Afterwards, the patient
was administered 50g activated carbon via a nasogastric tube.
In preparation for potential systemic shock, a central venous
catheter was inserted into her right internal jugular vein.
From the moment of diagnosis, the prescribed antishock treatment was initiated in order to sustain life. In
addition to fluids infusion, catecholamines (dobutamine and
noradrenaline) were administered initially at a rate of 6ml/h
each. Afterwards, the specific treatment was initiated, which
primarily involved the infusion of high insulin doses (HDI),
starting with 25 U/h with 10% glucose, with simultaneous,
repeated blood glucose level measures. Additionally, 10%
CaCl was administered i.v., and calcium blood levels were
meticulously measured. The essential part of the treatment
was maintaining physiological concentrations of electrolytes
and glucose, disturbed by the drug overdose itself and
by the medication administered. Therefore, doses were
adjusted following haemodynamic parameters and results
of laboratory tests. In order to prevent possible electrolyte
disorders and secondary cardiac arrhythmias, potassium
and magnesium were administered in initial doses of 2g of
magnesium sulfate (MgSO4) and 3g of potassium chloride
(KCl), within 1–2 days, and via the intravenous route, followed
by supplementation adequate to their serum levels. As a result
of the all implemented treatment, the patient did not suffer
circulatory insufficiency and secondary complications. Heart
rate was maintained at a rate of 80 beats per minute, and BP
at 105/70 mmHg, oxygen saturation at 96%.
On the second and third days, the patient remained stable
and the continuous infusion of dobutamine, noradrenaline,
calcium and HDI with 10% glucose continued. HR oscillated
around 80 beats per minute and BP around 130/60 mmHg.
On the third day of hospitalization, the patient underwent
psychological and psychiatric assessment. The patient denied
previous psychiatric treatment, psychiatric disorders running
in or present in the family, or alcohol abuse. These assessments
did not mandate admission to a psychiatric unit.
During the next few days of hospitalization, the patient
presented a tendency towards bradycardia and hypotension.
HDI and calcium infusions were discontinued on the third
day, noradrenaline on the fourth day and dobutamine
on the fifth day of the hospital stay. Improvement in the
patient’s condition, normalization of clinical parameters and
reduction of symptoms was possible thanks to the treatment
and medical care provided.
After one week of hospitalization, the patient was
discharged home in good condition with the referral for
review in psychological/mental health clinic, and with the
recommendation to discontinue consumption of alcohol.

Substance/Category of substances

1

Sedative/hypnotics/antipsychotics

2

Opioids (pharmaceutical and illegal)

3

Alcohols

4

Stimulants and streets drugs

5

Acetaminophen (alone)

6

Calcium antagonists

7

Beta blockers

8

Antidepressants

9

Selective serotonin reuptake inhibitors (SSRI)

10 Acetaminophen (in combination)
11 Hypoglycemic (alone)

12 Sedating antihistamines
13 Unknown drugs

14 Cardiovascular drugs

15 Anticonvulsants: Gamma aminobutyric acid and analogs
16 Nonsteroidal antiinflammatory drugs
17 Muscle relaxants

18 Miscallaneous chemicals
19 Fumes/Gases/Vapors

20 Tricyclic Antidepressants (TCA)
21 Acetylsalicyc Acid Alone

22 Serotonin Norepinephrine Reuptake Inhibitors (SNRI)
23 Miscallaneous anticonvulstants

24 Angiotensin converting enzyme inhibitor
25 Cannabinoids and analogs

be considered during patient examination [16, 17]. When
treating poisoning with slow-release forms of this drug, it is
crucial to bear in mind that delayed effects may occur, among
others, due to reduced gastric motility [18, 19]. Overdoses with
cardiovascular drugs are associated with significant morbidity
and mortality. The combination of CCBs and β-blockers is
particularly dangerous; nevertheless, there still is a shortage
of strong recommendations for the management of such cases.
Moreover, apart from being familiar with interactions
between different types of CCBs and other drugs, which may
cause an increased risk of CCBs’ toxicity, it is important to
remember that CCBs interact with alcohol. Verapamil may
elevate the blood concentration of ethanol and enhance the
effects of alcohol via inhibition of ethanol elimination [20].
CASE REPORT

A 54-year-old female was brought by emergency medical
services to the Toxicology Clinic at 22:00, reporting a suicide
attempt by verapamil ingestion and ethanol poisoning.
Anamnesis revealed that around 18:00 she consumed 40–60
tablets of 120 mg sustained-release verapamil hydrochloride
(Isoptin SR). Before arriving at the hospital, she had had an
argument with her husband after which she drank alcohol and
took the Isoptin tablets. She had easy access to the drug because
she was prescribed this medication to treat supraventricular
tachycardia attacks. The patient’s weight was 52 kg.
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DISCUSSION

models [28, 29]. HDI improves myocardial contractility by
augmenting calcium processing, increasing glucose uptake,
and inhibition of free fatty acid metabolism by stressed
cardiomyocytes. Moreover, HDI acts as a vasodilator
and improves microvascular dysfunction in the case of
cardiovascular shock. Together, these mechanisms lead to
improvement of cardiac output and may reduce the doses
of catecholamines administered in cardiovascular shock
[26, 29, 30].
Commonly used HDI treatment starts at 0.5–1U/kg insulin
bolus administration, followed by 0.5–2 U/kg/h infusion,
and can be titrated up to 10U/kg/h [23, 28, 29]. In some
cases, even higher doses may be administered [31]. In one
animal study, higher doses of therapy corresponded with
better cardiac output [32]. Doses as high as 10 U/kg/h have
been successfully used in humans [33]. Response to HDI
may take 15- 60 minutes. In this type of therapy, metabolic
disturbances are likely to occur; therefore, close patient
monitoring should be maintained. The main adverse effects
of HDI include hypoglycaemia which occurs in about 31%
of patients, and hypokalaemia in about 29% of patients.
In such cases, dextrose and potassium supplementation is
administered. The blood glucose level is more likely to drop
when less concentrated dextrose infusions are used (50% at
≤10% dextrose vs 30% at ≥ 20% dextrose) [30].
All CCBs, including verapamil, are lipophilic.
Haemodialysis and haemofiltration are ineffective modes
of therapy due to the large volume of CCBs distribution (5.5 l/
kg for verapamil) and their predilection to bind to plasma
proteins [3]. Although the use of extracorporeal treatments
has been suggested, the work group recommend against this
method in CCBs poisoning [34]. Lipid emulsion therapy
(LET) involves the intravenous injection of lipid emulsion,
which creates lipid phase within the blood and binds to lipidsoluble drugs, thus reducing their volume of distribution.
LET plays the role of a ‘lipid sink’, i.e. attracts lipophilic
substances. However, there other LET’s mechanisms are
also known: increase of intracardiac Ca 2+ concentration
by affecting cardiac calcium channels, positive inotropic
effect, production of alkaline pH, and enhancement of
ATP production secondary to increased concentration of
intracellular fatty acid [35, 36]. The protocol of intravenous
lipid emulsion (ILE) treatment involves intralipid bolus
administration of 20% at a rate of 1.5 ml/kg over minute,
repeated once if needed to achieve patient clinical stability,
followed by infusion of 0.25 ml/kg/min over 30–60 minutes.
In cases when there is difficulty with obtaining peripheral
venous access, the intraosseous line may be considered as an
intermittent route [37]. In several cases, ILE was reported to
improve haemodynamic parameters in patients with CCBs
poisoning [38, 39]. Additionally, LET decreases verapamil
serum concentration and assists with clearing them [40].
However, this therapy is based mainly on animal studies and
case reports [41–43]. It is important to remember that this
type of treatment may cause various analytical interferences
with laboratory tests and methods [44].
Some papers provide information on drugs that lead to
improvement of haemodynamic parameters in particular
patients. They might find their use in the future. As for
now, they may be treated as last chance therapies and can
be considered on a case-to-case basis.
Levosimendan is a calcium sensitizer that increases the
affinity of Ca2+ to troponin C without increasing intrasystolic
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Overdosage of non-NDHPs CCBs can cause severe
hypotension and systolic heart dysfunction resulting in a
lethal outcome. The main goal in verapamil, as well as other
CCBs poisoning management, is to stabilize the patient
haemodynamically. Recently, guidelines for the treatment
of such cases have emerged. As of the present day, there
are Expert Consensus Recommendations that describe this
problem in a wide manner. There are also Dutch practical
recommendations and the guideline on the management of
drug poisoning, which includes CCBs poisoning. However,
in all of them, the level of evidence remains very low and
the recommendations are in the form of expert opinion
recommendations [21–23]. Therefore, treatment continues
to be partially physician-dependent. Initial treatment of
verapamil poisoning is primarily supportive and should be
executed in accordance with standardized ALS protocols
[24]. After securing the patient’s airway, breathing and
circulation, in haemodynamically stabilized patients an
attempt at aggressive gastrointestinal decontamination
should be considered. Methods depend on the length of
time that passed since drug ingestion. Potential treatment
options include gastric lavage, administration of activated
charcoal, and whole bowel irrigation. The latter method
may be useful in particular cases of patients who ingested
sustained-release, enteric-coated drugs, drugs not adsorbed
by activated charcoal, or if >2h have passed since drug
ingestion [25]. If cardiovascular insufficiency is observed,
then intravenous isotonic crystalloids and atropine should
be applied to manage hypotension, low cardiac filling
pressure and bradycardia. Critically ill patients may require
a multitude of simultaneous therapies [26]. After the trial
of every method mentioned above, vasopressors should be
administered, sometimes in very high doses. CCBs overdose
produces cardiovascular shock secondary to vasodilation
of blood vessels; therefore, in such cases, norepinephrine
administered via the central line is recommended.
High doses of calcium can be administered to manage some
of the adverse effects such as hypotension and conduction
disturbances. However, calcium is not likely to restore proper
cardiovascular status. Ca 2+ can be administered either as
10% calcium chloride (CaCl) in boluses of 20 ml every 2–5
minutes, or an equivalent dose of calcium gluconate. This can
be continued as an infusion in the case of severe hypotension
of bradycardia [24]. Both formulations must be delivered
intravenously. It seems more reasonable to administer
CaCl via a central line to minimize the risk of skin necrosis
around the site pof the intravenous catheter insertion [3].
Moreover, the administration of magnesium is important,
as it is an antagonist of calcium, modulator of calcium
channels activity and Ca ATPase and Na/K ATPase pumps,
thus stabilizes cell membranes and prevents cardiac rhythm
disorders [27]. If the patient remains haemodynamically
unstable after introduction of the above-mentioned therapies,
one of the following treatments might be used: high-dose
insulin infusion (HDI), lipid emulsion therapy or mechanical
life support.
Administration of a high-dose of insulin is currently
regarded as a fundamental and effective treatment of calcium
channel blocker poisoning, with a success rate estimated
at over 88%. Nevertheless, knowledge of this treatment is
deficient and based mainly on case scenarios and animal
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addition to medication therapy, providing mental health care
is an essential part of hospitalization. The described case
shows that if reported early and properly diagnosed, even such
highly hazardous situations as severe verapamil overdose,
complicated by increased alcohol consumption, may be
successfully treated and severe side-effects avoided. Currently,
because of insufficient evidence in the literature, there is a
lack of guidelines on the treatment and management of CCBs
poisoning other than expert opinion recommendations.
Therefore, due to the widespread availability of drugs and the
increase in suicide attempts in society, it seems essential to
conduct more research on this problem and develop standard
procedures for managing similar cases with solid, evidencebased recommendations.
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calcium concentration. It has an inotropic effect on the
heart and increases cardiac output, but because it is an
agonist for vascular K+ATP-channels it produces peripheral
vasodilatation [45]. In the rat model, levosimendan used on
its own in the treatment of verapamil poisoning increased
hypotension and accelerated death in animals, compared
to the control group [46]. Nevertheless, it may prove to be
beneficial when other treatment options are not effective
or when cardiovascular shock is refractory to standard
therapies; it can be used in addition to other drugs in the
treatment of cardiovascular shock [47, 48].
4-Aminopyridine is a selective antagonist of voltage-gated
K+ channels, which prolongs the action potential and increases
calcium influx. As a result, it enhances synaptic transmission,
elevates blood pressure and improves conduction in the
heart. In animal studies, 4-aminopyridine was associated
with improved haemodynamic parameters, although at the
risk of seizures [49, 50]. In human studies, it was reported
to improve heart rate, blood tension, and to improve some
heart rhythm disturbances. However, it was usually used as
the last option [51, 52]. The doses administered to humans
were smaller than those used in animal models.
Methylene blue is suggested to be a selective inhibitor
of the nitric oxide-cyclic guanosine monophosphate (NOcGMP) pathway, which is believed to play a crucial role in
the pathophysiology of distributive shock [53, 54]. In animal
studies, this substance alone was insufficient to contribute
to the significant reduction of mortality risk. However, it
increased median survival time, mean arterial pressure
and heart rate [55]. It was reported that methylene blue
improves haemodynamic parameters in patients suffering
from drug-induced refractory vasodilatory shock [56–
58]. Administration of therapeutic doses, i.e. <2mg/kg is
considered to be safe [59].
When advanced drug therapy fails to maintain life
functions, life support may be taken into consideration as
a bridge to recovery [60]. However, the introduction of life
support such as extracorporeal membrane oxygenation may
lead to bleeding, thrombosis, limb ischaemia, and other
adverse effects related to this technique/may be associated
with machine malfunction [61]. In certain situations, such as
unstable bradycardia or high-grade AV block, especially in
patients without cardiac inotropic alterations, a pacemaker
can be inserted [21]. Once the patient is stabilized, it is
important to arrange appropriate psychiatric evaluation
and behavioural health consultation.
When an overdosed agent is known, as in the abovedescribed case, its concentration may be easily measured.
Serum verapamil concentration may serve as predicting
factor for mortality, where its cut-off point was set to 5.0 μM.
Above that point, the fatality rate increases almost threefold
[62]. However, in some instances, it is hard to determine the
overdosed agent. Currently, research is being carried out to
find a method for the identification and quantification of
unknown cardiovascular drugs in both blood and urine [63].
To summarize, since in the presented case report the
overdosed agent was known, the patient received specific
pharmacological treatment shortly after arrival at the hospital.
This prompt action proved to be sufficient in preventing
circulatory collapse and maintaining the patient’s vital signs.
Due to the expected delayed effects of ingestion of sustainedrelease medication, the patient was monitored and treated
for a prolonged time. A holistic approach to patient care, in

CONCLUSIONS

CCBs poisoning may have a dramatic trajectory, and treatment
attempts are not successful in every case. Early initiation of
correct treatment plays a crucial role in improving the chances
of patient survival. It is important to remember that CCBs
overdose may have different trajectories in different cases.
Recognizing the symptoms of drug poisoning and performing
comprehensive assessment are crucial for choosing the correct
treatment options, because currently there are no readily
available protocols for detecting the overdosed substance. The
proposed algorithm of management in CCBs poisoning cases
summarizes the available recommendations and places them
in order. Nevertheless, in patients with severe intoxication
these methods may be administered simultaneously (Fig. 1).
In order to increase the chances of successful treatment, it is
also vital to inform the specialist clinic about the case and
transport the patient promptly to initiate proper management
without delay. The presented case report is an example of a
successful, early intervention in CCB poisoning.
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