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BACKGROUND At the beginning of the 21st century, the structure of acute exotoxicoses changed, in particular, an increase in poisoning by drugs that 
mainly affect the cardiovascular system, including calcium channel blockers, was noted. Currently, there is no clear treatment algorithm for this group of 
patients. 

AIM OF STUDY To evaluate the effectiveness of methods for the treatment of acute calcium channel blocker (ССВ) poisoning according to the literature. 

MATERIAL AND METHODS The search for domestic publications was carried out in the eLibrary database, foreign ones - in the MEDLINE/PubMed, Google 
Scholar databases for the period from 2010 to February 2022, as well as among previously published works that have no modern analogues. The terms 
used as a search query were according to the official MeSH terms: “calcium channel blockers” OR “Blockers, Calcium Channel” OR “Calcium Channel 
Antagonists” AND “poisoning”. 

RESULTS This review contains information about the mechanism of action, clinical picture, diagnosis of calcium channel blocker poisoning, as well as the 
results of using various methods of treatment for this pathology. 

CONCLUSIONS Summarizing the data obtained, it is possible to schematically present an algorithm for the treatment of patients with acute CCB poisoning. 
After cleansing the gastrointestinal tract and starting infusion therapy, pathogenetic treatment with the use of calcium preparations should be carried 
out, subsequently, in case of unstable hemodynamics, the prescription of vasopressors and inotropic drugs is indicated; and if there is no positive dynamics, 
insulin therapy must be added. However, it should be noted that such a scheme is indicative, reflecting the key points. In general, this problem remains 
open and requires further multicenter studies. 
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AV block – atrioventricular block 
BP – blood pressure 
CCBs – calcium channel blockers 
ECG – electrocardiogram 
EchoCG – echocardiography 
ECMO – extracorporeal membrane oxygenation 
MAP – mean arterial pressure 

MB – ؘ methylene blue 
cAMP – cyclic adenosine monophosphate 
CTT – chemical toxicity test  
CVA –- central venous access 
VA ECMO – veno-arterial extracorporeal membrane 

oxygenation 

RELEVANCE 

At the beginning of the 21st century, the 
structure of acute exotoxicoses changed, in 
particular, an increase in the number of poisonings 
by drugs that primarily affect the cardiovascular 
system, including calcium channel blockers (CCBs) 
was noted [1–5]. Due to their mechanisms of action, 
CCBs are used as antiarrhythmic, hypotensive and 
antianginal agents for various diseases of the 
cardiovascular system [6]. Over the years, they have 
shown high hypotensive and preventive 
effectiveness against cerebral strokes, acute 
coronary syndrome, myocardial infarction, etc. [7]. 
The widespread, often uncontrolled, use of CCBs for 
therapeutic purposes, as well as their availability for 
purchase without a prescription lead to accidental 
and suicidal poisoning, often accompanied by the 
development of severe complications, in some cases 
with fatal outcome [8].  

Despite a sufficient amount of information 
regarding the diagnosis and treatment of patients 
with acute CCB poisoning, there is currently no clear 
algorithm for treating this group of patients in 
domestic and foreign literature. In this regard, we 
decided to analyze and systematize literature data to 
substantiate an integrated approach to the treatment 
of patients with CCB poisoning. 

Aim: to evaluate the effectiveness of treatment 
methods for acute CCB poisoning according to 
literature data. 

MATERIAL AND METHODS 

The search for domestic publications was carried 
out in the eLibrary database, foreign - in the 
MEDLINE/PubMed, Google Scholar databases for the 
period from 2010 to February 2022, as well as among 
previously published works that have no modern 
analogues. As a search query, we used official MeSH 
terms: “calcium channel blockers” OR “Blockers, 
Calcium Channel” OR “Calcium Channel 
Antagonists” AND “poisoning”. We analyzed 
publications describing the mechanism of action, 
clinical picture, diagnosis of CCB poisoning, as well 
as works assessing the effectiveness of various 
treatment methods.  

PHARMACOKINETICS AND MECHANISM OF ACTION 

Drugs of the CCB group inhibit the 
transmembrane calcium flux by blocking L-type 
calcium channels. Along with this, they 
competitively irritate beta-adrenergic receptors, 
which further reduces the transmembrane flux of 
calcium ions by inhibiting cAMP (cyclic adenosine 
monophosphate) synthesis [9-11]. CCBs are divided 
into three groups depending on the structure and 
degree of affinity for a certain part of the channels. 
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Thus, dihydropyridines (nifedipine, amlodipine, etc.) 
have a high affinity for L-type channels of the 
vascular smooth muscles, whereas 
phenylalkylamines (verapamil, etc.) and 
benzothiazepines (diltiazem, etc.) (non-
dihydropyridines) act mainly on myocardial cells 
[12,13]. In this regard, dihydropyridines in 
therapeutic doses cause vasodilation, minor 
myocardial depression, and may actually increase 
cardiac output due to reflex tachycardia [14]. 
Phenylalkylamines block myocardial and smooth 
muscle L-type calcium channels, leading to 
depression of the heart muscle and inhibition of 
electrical activity of the sinus node. 
Benzothiazepines have a more pronounced 
chronotropic effect than a vasoactive one. In case of 
poisoning, loss of this pharmacological selectivity 
may occur [15, 16]. CCBs in toxic doses block sodium 
channels, causing prolongation of the QRS complex 
on the electrocardiogram (ECG) [17]. 

CCBs also have a toxic effect on L-type calcium 
channels in pancreatic β-cells, interfering with the 
release of insulin. This leads to hypoinsulinemia and 
insulin resistance, causing hyperglycemia and 
ketoacidosis. The hypoinsulinemic state caused by 
CCBs prevents the uptake of glucose by 
cardiomyocytes, depriving them of the energy 
substrate, which further impairs cardiac contractility 
[14]. 

CCBs are well absorbed after oral administration, 
and are metabolized in the liver by the P450 enzyme 
with endogenous clearance of more than 400 ml/min 
[12]. All CCBs are highly bound to plasma proteins 
and are fat soluble drugs. The volume of distribution 
of verapamil is 5.5 l/kg, diltiazem - 5.3 l/kg, 
nifedipine - 0.8 l/kg [18]. 

CLINICAL PICTURE AND DIAGNOSIS OF ACUTE CCB 
POISONING 

The first symptoms of CCB poisoning may be 
nonspecific: dizziness, fatigue, weakness. The main 
clinical signs of intoxication are hypotension and the 
presence of bradycardia, as a result of decreased 
myocardial contractility and automatism of the sinus 
node, and vasodilation [14, 19]. The time of onset and 
duration of symptoms of poisoning depends on the 

CCB drug. The toxicity of CCBs when taking the 
regular dosage form manifests itself 20 minutes - 2-
3 hours after taking the drug, and when using a 
prolonged release dosage form - up to 16 hours [15, 
18]. It is noted that the timing of the appearance of 
the first symptoms of poisoning also depends on the 
pharmacokinetics of specific medicines. For 
example, in case of nifedipine, verapamil and 
diltiazem administration, symptoms appear after 
0.5–2 hours, the half-life being from 2 to 7 hours; and 
when taking a second generation CCB (amlodipine), 
symptoms can be observed after 6–12 hours, since 
their half-life is 30–50 hours [18, 20]. For most drugs 
from the CCB group, only therapeutic concentrations 
are given in the available literature, and the exact 
toxic and lethal concentrations in blood plasma are 
not established. When using some CCBs for 
therapeutic purposes, significant interindividual 
differences are found associated with the age, 
genetic and other characteristics of patients, which 
may be accompanied by manifestations of toxicity 
[20, 21]. Thus, in elderly and senile patients, 
poisoning can develop when taking therapeutic 
doses. If there is an evidence of taking increased 
doses of the drug and no symptoms of poisoning, the 
patients should be monitored for at least 24 hours 
[22]. Some authors focus on the development of rapid 
negative dynamics, even death, in some initially 
stable patients [1]. 

It is established that phenylalkylamines 
(verapamil) have the most pronounced effect on 
cardiac conduction. Benzothiazepines (diltiazem, 
etc.) have a less pronounced effect in this regard; at 
the same time, their chronotropic and inotropic 
effects, capability to lower blood pressure (BP), and 
cause cardiogenic shock were discovered [18, 23]. 
Toxic doses of drugs from the dihydropyridine group 
are often accompanied by bradycardia instead of 
reflex tachycardia due to the loss of their preferential 
selectivity for peripheral smooth muscles [18]. 
Despite the decrease in blood pressure, the patients 
may maintain clear consciousness for a long time; 
however, a sharp deterioration in neurological status 
may also occur due to critically reduced cerebral 
perfusion. 
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In diagnostic terms, the dynamic twelve-lead 
ECG is of paramount importance [1, 18, 24]. 

Poisoning by non-dihydropyridine CCBs is 
usually manifested by atrioventricular block, bundle 
branch block, prolongation of the QT interval on the 
ECG; by dihydropyridines - reflex sinus tachycardia. 
There are indications that sodium channel blockade, 
causing prolongation of QRS on the ECG, increases 
the risk of developing dysrhythmia up to asystole 
[18]. Initially, sinus bradycardia is recorded on the 
ECG, followed by varying degrees of atrioventricular 
block 

(AV block), as well as nodal and ventricular 
bradydysrhythmias; and then sinus tachycardia 
(nifedipine), atrial arrhythmias and transient 
rhythms, prolongation of the QT interval on the ECG 
[1]. 

Along with this, it is recommended to use pulse 
oximetry, echocardiography, hemodynamic 
monitoring – non-invasive or invasive (invasive 
blood pressure measurement, central venous access 
(CVA), PiCCO, etc. in severe CCB poisoning) [25]. 
Standard laboratory tests are indicated: 
determination of the gas composition and acid-base 
state of arterial and venous blood, electrolyte 
composition, general and biochemical blood tests 
[26]. Some authors draw attention to the advisability 
of determining the concentration of lactate in the 
blood, which also serves as a prognostic factor for 
death [27]. 

Since, as mentioned earlier, CCBs have a toxic 
effect on L-type calcium channels in the pancreatic 
beta cells, interfering with the release of insulin, this 
leads to hyperglycemia, ketoacidosis; and therefore 
it is recommended to monitor blood glucose levels 
[28, 29]. There are indications that the degree of 
hyperglycemia correlates with the severity of 
poisoning [30]. Moreover, some authors note that it 
is more pronounced in case of poisoning by diltiazem 
and verapamil compared to amlodipine [22, 23, 29]. 
The presence of hyperglycemia is a factor in the 
differential diagnosis of CCB poisoning and β-
blocker poisoning [18]. 

Chemical toxicity test (CTT) of CCB level in the 
blood is carried out extremely rarely. Hoffman R.I. et 

al. note that CTT of serum concentrations of CCBs is 
not performed due to the complexity of this 
procedure [18]. According to some studies, there is a 
correlation between the concentration of the drug in 
the blood and fatal outcome [30]. Considering the 
above-mentioned interindividual differences in the 
manifestation of CCB toxicity and the increasing 
incidence of acute CCB poisoning, the development 
of methods for their chemical and toxicological 
detection in the biological environments of the body 
seems relevant. This is the subject of recent research, 
the results of which are used both for the diagnosis 
of acute poisonings, including fatal ones, and for 
therapeutic drug monitoring [5, 31–33]. 

TREATMENT 

Treatment of patients with CCB poisoning must 
begin with ensuring airway patency, stabilizing 
hemodynamics, and central venous catheter (CVC) 
insertion [18]. In the presence of hypotension and 
bradycardia, treatment should begin with the 
administration of atropine and infusion therapy [26]. 

A mandatory condition for the treatment of 
patients with CCB poisoning is gastric lavage, if no 
more than 2 hours have passed since administration 
of conventional forms of the drugs [15, 18]. A number 
of sources indicate that when lavaging the stomach, 
it is necessary to remember about the possible 
aggravation of hypotension and bradycardia due to 
stimulation of the vagus nerve [34]. The introduction 
of activated carbon (1 g/kg) is especially effective in 
the first hours after CCB taking, however, it is noted 
that its use is advisable even later [35, 36]. When 
taking long-acting CCBs, repeated administration of 
activated carbon is indicated [18]. Some authors note 
the need for “orogastric” lavage (administration of 
polyethylene glycol at a rate of 2 liters per hour for 
an adult until clear lavage water appears) in order to 
achieve bulky stool when taking long-acting CCBs 
[29, 37, 38]. However, this method is not 
recommended in cases of unstable hemodynamics 
[39, 40]. According to recent data, it is more 
appropriate to use saline enteral solution for 
intestinal lavage [41]. 
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After assessing the hemodynamic profile, 
targeted therapy should be carried out taking into 
account hemodynamic parameters. If the 
administration of vasopressors is ineffective, 
infusion therapy (crystalloids) under the control of 
volume status and mean blood pressure is indicated 
[23, 26]. At the same time, a number of researchers 
recommend avoiding hyperinfusion due to the high 
risk of developing pulmonary edema; crystalloid 
solutions should be administered in a volume of 20 
ml/kg [1, 2, 22, 42]. Although other works emphasize 
that the volume of infusion therapy should be 
individualized, taking into account the volume status 
[1, 43]. 

For bradycardia, atropine is administered at a 
dose of 0.5–1 mg intravenously every 2–3 minutes to 
a maximum dose of 3 mg [18, 44]. However, in some 
cases, a lack of effect was noted [43]. 

CALCIUM SUPPLEMENTS 

The use of calcium supplements in this pathology 
is pathogenetic in nature, increasing the 
extracellular concentration of this ion, and, 
consequently, the concentration gradient facilitating 
the entry of calcium into the cell. This leads to 
increased contractility and improved cardiac 
conductivity, and increased blood pressure [18]. 

There are various recommendations for the 
administration of calcium supplements in this group 
of patients. Calcium gluconate should be 
administered through central or peripheral venous 
access, calcium chloride – through central venous 
access if there are no restrictions [45]. According to 
the literature, it is advisable to administer 10–20 ml 
of 10% calcium chloride over 10–20 minutes in adults 
[1, 2, 28]. If no effect is observed, this dose must be 
repeated up to 4 times every 20 minutes [46]. Calcium 
gluconate - 10%, 30–60 ml [1]. Yatsinyuk B.B. et al. 
recommend to administer calcium chloride 
intravenously as a bolus of 100 mg over 15 minutes, 
followed by infusion of 0.1–0.2 mg/kg in case of 
compensated version of hemodynamic disturbances 
based on mean arterial pressure (MAP) and cardiac 
index (CI). In decompensated version, calcium 
chloride is to be administered intravenously as a 

bolus of 200 mg over 15 minutes, followed by 
infusion of 0.1–0.2 mg/kg [47]. 

There are reports in the literature about the 
development of hypercalcemia after the 
administration of calcium preparations [48]. Thus, 
Sim M.T. et al. described a case of iatrogenic 
hypercalcemia that resulted in death [49]. Often, due 
to the risk of developing this side effect, clinicians 
choose other methods of treatment for CCB 
poisoning. When administering calcium 
preparations, it is necessary to monitor (every 20 
minutes) serum concentrations of calcium and 
phosphate to detect hypercalcemia and 
hypophosphatemia, as well as to perform ECG before 
and after the administration of calcium preparations 
[2, 18]. Nausea, vomiting, and confusion may also 
occur with calcium administration.  

VASOPRESSOR/INOTROPIC AGENTS 

In the literature, there is still no consensus on the 
priority of using insulin or vasopressor/inotropic 
drugs when infusion therapy and calcium 
supplementation are ineffective [48]. 

However, most literature sources indicate that in 
the case of shock, a decrease in MAP below 65 mmHg, 
the development of lactic acidosis, and if previous 
therapy (infusion, calcium supplements) is 
ineffective, the administration of 
vasopressor/inotropic drugs should be started. To 
patients requiring vasopressor support, it is 
advisable to initially insert an arterial catheter for 
invasive blood pressure monitoring [1]. 

Omar A. Alshaya et al. indicate that the choice of 
drug should be guided by the type of shock. 
Epinephrine increases heart rate (HR), contractility, 
blood pressure by stimulating ß1 and ɑ1 receptors; 
norepinephrine increases blood pressure by acting 
on ɑ1 receptors; dobutamine increases heart rate and 
contractility by stimulating ß1 receptors. 
Epinephrine and dobutamine are recommended for 
cardiogenic shock, norepinephrine – for vasogenic 
shock [50]. However, most recommendations 
indicate that in case of CCB poisoning, 
norepinephrine is the drug of choice [1, 2]. According 
to the literature, the initial dose range for 
norepinephrine infusion is 0.02 to 1 mcg/kg/min to 
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improve hemodynamics and hemoperfusion, titrated 
to achieve a MAP of 65 mmHg [1]. If one vasopressor 
is ineffective, a second one should be added 
depending on the results of hemodynamic 
monitoring. PiCCO monitoring and 
echocardiography (EchoCG) will help carry out 
targeted hemodynamic therapy [51]. 

INSULIN THERAPY 

Most researchers point out that only if the 
administration of vasopressors is ineffective, it is 
necessary to start insulin therapy while continuing to 
administer vasopressors [2]. However, Bruno 
Mégarbane recommends insulin therapy in the first 
line before the administration of vasopressors [52]. 

Insulin in large doses is an inotropic drug, 
causing vasodilation, improving microcirculation 
and systemic hemoperfusion [53]. Insulin also 
ensures that cardiomyocytes absorb glucose, which is 
the preferred energy substrate of the heart during 
stress. In addition, the administration of exogenous 
insulin corrects insulin deficiency in CCB poisoning 
[53]. However, a complete understanding of the 
mechanisms of its action in this pathology is 
currently missing. 

Numerous studies were conducted to 
demonstrate the effectiveness and safety of 
hyperinsulinemic-euglycemic therapy, subject to 
careful monitoring [30, 54]. A number of authors 
recommend starting insulin therapy 15 minutes after 
the start of vasopressor administration if they do not 
yield the desired effect [55]. However, there are no 
randomized controlled trials in humans comparing 
the effectiveness of insulin therapy and vasopressor 
administration. Some clinical observations and 
experimental studies showed that insulin therapy 
restores hemodynamic stability more quickly [56]. 
The effect of high doses of insulin appears 1 hour 
after the start of administration, so administration of 
vasopressors should not be stopped until 
hemodynamic parameters stabilize [54]. 

Glucose monitoring is necessary before initiating 
insulin administration. An insulin dose of 1 to 10 
U/kg/h is considered effective; in some cases, in 
order to stabilize hemodynamics, it was successfully 
used at a dose of 22 U/kg/h as well [53, 57]. The 

standard insulin administration regimen is as 
follows: its initial bolus dose is 1 U/kg intravenously, 
followed by regular infusion of 0.5 U/kg per hour, the 
rate of which can be increased due to the lack of 
effect within 60 minutes from the start of therapy. 
Titration is necessary until hypotension is 
eliminated or the maximum dose - 10 U/kg per hour 
- is reached. If necessary, to maintain 
normoglycemia throughout insulin therapy and for 
24 hours after its completion, a 5–10% glucose 
solution should be administered [53]. But often in 
patients with CCB poisoning due to hyperglycemia, 
additional glucose administration is not required. 
Yatsinyuk B.B. et al. propose the following regimen 
for administering insulin and glucose in case of 
verapamil poisoning: bolus insulin - 1 unit/kg for 15 
minutes, followed by infusion - 1 unit/kg/hour; bolus 
glucose - 0.5 g/kg over 15 minutes, followed by 
infusion - 0.25 g/kg/h [47]. 

Target hemodynamic parameters are as follows: 
MAP of more than 65 mmHg, systolic blood pressure 
of more than 90 mmHg. It is necessary to determine 
the level of glucose and potassium in the blood 30 
minutes after the start of insulin therapy, then every 
hour, and during the first day after completion of 
insulin therapy. Blood gases should be monitored at 
least 4–6 times per hour during the first 24–48 hours 
of therapy. If the potassium concentration decreases 
below 3.5 mmol/l, it is necessary to administer 
potassium supplements. Engebretsen K.M. points 
out that it is necessary to adjust the blood potassium 
level if it is below 2.8–3.0 mEq/L in the blood [58]. 
Hypokalemia develops as a result of the movement of 
potassium into the cellular space, and not due to a 
decrease in potassium concentration in the body. In 
the largest review of clinical observations, mild to 
severe hypoglycemia without neurological sequelae 
and mild hypokalemia without cardiac arrhythmia 
were reported in 73% and 82% of cases, respectively. 
The disorders were quickly stopped [59]. Another 
review observed no complications associated with 
insulin administration [46]. 

According to the literature, insulin therapy 
should not be terminated until hemodynamic 
stability not requiring the administration of 
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vasopressor drugs is achieved. The effect usually 
appears within 30–60 minutes. The issue of stopping 
insulin therapy among clinicians is controversial, 
and there is no consensus on it. Insulin should be 
withdrawn slowly under the following parameters: 
MAP is more than 65 mm Hg, elimination of lactic 
acidosis, and improvement in the level of 
consciousness [2, 48]. A number of reports state that 
the target indicators are as follows: heart rate = 50 
beats/min or more, systolic blood pressure – 100 
mmHg. Insulin therapy should be discontinued 
slowly (up to several days), since hemodynamic 
instability may return [55]. 

Stephen V.S. et al. emphasize that medical 
personnel should be informed about the advisability 
of administering high doses of insulin to severe 
patients with CCB poisoning in order to avoid 
premature cessation of therapy and its adverse 
consequences [2]. 

Cole J.B. et al. suggested that it is advisable to 
begin insulin therapy during the prehospital stage at 
a dose of up to 8 U/kg/h after consultation with the 
toxicologist [48]. 

As a result of their research, the authors found 
that patients with amlodipine poisoning, whose 
treatment included insulin therapy, required greater 
amounts of vasopressor agents and methylene blue 
than patients with verapamil or diltiazem poisoning. 
This is due to the fact that, unlike other CCBs, 
amlodipine, like insulin, stimulates endothelial 
nitric oxide synthase, resulting in synergistic 
vasodilation [60]. 

GLUCAGON 

Glucagon is an endogenous polypeptide hormone 
secreted by pancreatic cells. It stimulates adenylate 
cyclase and has an inotropic and chronotropic effect. 
Information on the use of glucagon in case of CCB 
poisoning is contradictory. Some authors did not see 
convincing evidence of its effectiveness in these 
exotoxicoses [2]. However, a number of studies have 
established a positive effect of glucagon [61, 62]. The 
studies were either experimental in nature or based 
on case series, which is considered to have a low level 
of evidence.  

FAT EMULSIONS (FE) 

There are many reports in the literature on the 
effectiveness of fat emulsions in poisoning by 
lipophilic drugs, including CCBs. It is believed that 
FE “absorb” fat-soluble drugs and are excreted from 
the body due to a concentration gradient; FE also 
provide the myocardium with a ready source of 
energy, improving cardiac function [63]. 

Currently, some researchers recommend the 
following regimen for FE administration: a loading 
dose of 1.5 ml/kg of 20% lipid emulsion over one 
minute, followed by an infusion of 0.025 ml/kg per 
minute over 30–60 minutes [53]. 

In general, the mechanism of FE action is not 
completely clear, and optimal doses have not been 
established [64]. There is no information on 
prospective randomized studies proving the 
effectiveness of FE administration in case of CCB 
poisoning. 

METHYLENE BLUE (MB) 

The effectiveness of MB in CCB poisoning began 
to be studied not so long ago. CCBs are known to 
enhance the activity of endothelial nitric oxide 
synthase, resulting in the production of large 
amounts of nitric oxide. Nitric oxide activates 
guanylate cyclase and the formation of cyclic 
guanylate monophosphate, which leads to smooth 
muscle relaxation and vasoplegia. MB is an inhibitor 
of guanylate cyclase, causes vasoconstriction, and 
also improves sensitivity to catecholamines [22]. 
Biplab K. Saha et al. argue that early use of MB will 
lead to a reduction in vasopressor requirements and 
complication rates [54]. 

Other researchers did not recommend the use of 
MB due to insufficient evidence base [22]. 

The optimal dose of MB for refractory shock has 
not been established [65, 66]. The effect is observed 
5 minutes after infusion and lasts 4 hours. Side 
effects (dizziness, headache, nausea, cyanosis) are 
rarely observed at doses below 2 mg/kg. MB is an 
easily accessible, inexpensive and safe drug [54]. 

OTHER DRUGS 

Some researchers recommend the inotropic 
agent of Levosimendan in CCB poisoning [67]. It 
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increases the strength of the heart’s contraction, has 
a vasodilating effect on blood vessels, and is a 
selective phosphodiesterase inhibitor. The 
effectiveness of this drug for CCB poisoning has not 
been proven. There are isolated reports in the 
literature on the use of phosphodiesterase inhibitors 
in this pathology [68]. Drugs of this group increase 
the level of cAMP, the level of calcium in the cell, and 
myocardial contractility. However, their use can lead 
to severe vasodilation and arterial hypotension. Data 
from experimental studies are contradictory [18]. 

Despite the fact that there are isolated reports of 
the effectiveness of these drugs in case of CCB 
poisoning, researchers do not recommend their use 
due to the possible aggravation of hypotension [18].  

EXTRACORPOREAL METHODS 

Hemodialysis. After analyzing 83 publications (1 
systematic review, 1 cohort study, 19 
pharmacokinetic studies, 55 clinical observations, 7 
experimental studies; a total of 210 patients), the 
Extracorporeal Treatments in Poisoning (EXTRIP) 
workgroup does not recommend the use of 
hemodialysis in complex treatment for severe 
poisoning by CCBs (verapamil, amlodipine, 
diltiazem), which is explained by the 
pharmacokinetic properties of the drugs (high degree 
of plasma protein binding) [12]. 

MARS therapy. Beyls C. et al. conducted a 
retrospective cohort study that included 7 patients 
with severe CCB poisoning who were admitted to the 
hospital with cardiogenic shock. The complex of 
treatment for the patients included the use of MARS 
therapy. An increase in MAP from 56 (43–58) to 65 
(61–78) mmHg (p =0.005) was detected. The dose of 
norepinephrine decreased statistically significantly 
from 3.2 (0.8–10) μg/kg/min to 1.2 (0.1–1.9) 
μg/kg/min (p = 0.008); and the lactate level decreased 
from 3.2 (2.4–3.4) mmol/L-1 to 1.6 (0.9–2.2) 
mmol/L-1 (p = 0.008). All the patients were 
discharged in satisfactory condition [69]. Two more 

clinical cases were described by Martinez Garcia J.J. 
et al. [70]. Connor-Schuler R.L., having received 
positive results after using MARS therapy, concluded 
that this treatment method is effective [71]. 

Osman Yeşilbaş et al. suggested that single-pass 
albumin dialysis (SPAD) would be effective in case of 
CCB poisoning. The authors described a clinical 
observation in which a 15-year-old patient showed 
positive dynamics after albumin dialysis [72]. Essink 
J. et al. demonstrated successful treatment of a 
patient with CCB poisoning, which included the use 
of SPAD and extracorporeal membrane oxygenation 
(ECMO) [73]. Clinicians observed a positive effect in 
a patient with amlodipine poisoning after 
plasmapheresis [74]. 

Veno-arterial extracorporeal membrane 
oxygenation (VA ECMO). VA ECMO provides 
temporary hemodynamic support. VA ECMO should 
be used as a last-line option. The indication for VA 
ECMO in case of CCB poisoning is refractory shock, 
despite intensive therapy (infusion therapy, calcium 
supplements, vasopressor/inotropic drugs, high 
doses of insulin, fat emulsions, in some cases, intra-
aortic balloon counterpulsation) [75, 76]. 

CONCLUSION 

Summarizing the data obtained, we can 
schematically present an algorithm for the treatment 
of patients with acute poisoning by calcium channel 
blockers. After cleansing the gastrointestinal tract 
and starting infusion therapy, pathogenetic 
treatment should be carried out using calcium 
preparations; subsequently, in case of unstable 
hemodynamics, the prescription of vasopressors and 
inotropic drugs is indicated; and if there is no 
positive dynamics, it is recommended to add insulin 
therapy. However, it should be noted that the given 
scheme is indicative in nature, reflecting key points. 
In general, this problem remains open and requires 
further multicenter studies. 
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