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ABSTRACT
Introduction. A cardiotropic agent is a product that, once absorbed into the body, may alter the proper 

functioning of the cardiovascular system. The authors report their experience with this acute poisoning at 
pediatric age.

Materials and methods. This is an 18 month prospective study that included 73 children who developed 
cardiovascular abnormalities due to acute poisoning with cardiotropic agents. Demographic data, clinical 
and paraclinical features were colected.

Results. The etiologic agent was a pharmaceutical product in 59 cases, the rest were household and rural 
toxicants. Sinus tachycardia was the most common cardiac manifestation (37 cases), followed by sinus bra-
dycardia (15 cases). ECG record showed slowed intraventricular conduction in 11 cases, prolongation of QT 
interval in 7 cases, elevation of the ST segment (> 2 mm) in 3 cases and subepicardial ischemia in 2 cases. 
In 3 cases of severe poisoning with organophosphate insecticide the evolution was with cardiogenic shock 
and severe arrhythmia, followed by cardiac arrest and exitus. Systemic arterial hypertension was observed 
in 3 cases, while hypotension occurred in 5 cases of poisoning. Laboratory tests showed signifi cant electro-
lyte and acid-base inbalances in 34 cases. 

Conclusions. Numerous drugs and environmental toxicants may produce cardiovascular toxicity, which 
can be explained by various mechanisms of action. In evolution, life-threatening events like severe arrhyth-
mias and cardiogenic shock may occur. A thorough history, physical examination and ECG evaluation are 
key steps to approach this cases.
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INTRODUCTION
A cardiotropic agent is a product that, once 

absorbed into the body, may alter the proper 
functi oning of the cardiovascular system. This 
enti ty reff ers not only to pharmaceuti cal agents 
acti ng on cardiovascular system, but also to oth-
er pharmaceuti cal classes (anti convulsants, an-

ti depressants, neurolepti cs, bronchodilators, 
decongestants, anti histamines), drugs of abuse 
(cocaine, amphetamines), rural toxicants (or-
ganophosphate and carbamate insecti cides, ni-
trites), industrial toxicants (cyanide, aluminium 
phosphide), household toxicants (carbon mon-
oxide, trichloroetylene), plants (digitalis, colchi-
cine, aconit) and venoms. (1,2)
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Although there is a wide interest in acute 
poisoning with cardiotropic agents, there is litt le 
informati on in the literature regarding this pa-
thology in children. In this study we report our 
experience with this acute poisoning at pediat-
ric age. 

MATERIALS AND METHODS
We conducted an 18 month prospecti ve 

study in the Toxicology Department at „Grigore 
Alexandrescu” Emergency Children’s Hospital in 
Bucharest. 73 cases were included in the study 
on the following criteria: pati ents 0 to 18 years 
old, admitt ed for acute poisoning with cardio-
tropic agents who developed cardiovascular ab-
normaliti es. We excluded from the study pa-
ti ents exposed to cardiotropic agents who did 
not present any impairment of the cardiovascu-
lar system and pati ents with known heart dis-
ease prior to exposure.

We identi fi ed the causati ve agent by history, 
physical examinati on and laboratory tests. For 
each pati ent we noted age, gender, urban ver-
sus rural provenience, method of exposure and 
intenti on of poisoning. In order to demonstrate 
cardiovascular abnormaliti es, we performed 
thorough clinical examinati on with measure-
ment of vital parameters, cardiac monitoring 
and electrocardiographic (ECG) record in all ca-
ses. ECG analysis included the heart rate, 
rhythm, waves morphology, ST/T abnormaliti es, 
measurement of PR and QT intervals and identi -
fi cati on of conducti on defects. The QT interval 
was corrected (QTc) according to Bazett ’s for-
mula.(3) In order to analyse the data, we used 
the normal ECG and blood pressure standards 
for children. (4-8) The acid-base balance, blood 
gases and serum electrolytes were monitored in 
each case. We determined the cardiac enzymes 
in selected cases (ST/T aabnormaliti es on ECG, 
chest pain). Before being discharged, the pati -
ents were examined by echocardiography cou-
pled with Doppler. 

For stati sti cal analysis we used Microsoft  Ex-
cel and SPSS. We compared the conti nuous vari-
ables with t-student test and the categorical va-
riables with Fischer’s exact test, considering 
results with p < 0.05 stati sti cally signifi cant. 

RESULTS
In the 18 month period of study 982 children 

were admitt ed with the diagnosis of acute poi-
soning in our department. In 73 cases (21 boys 
and 52 girls) we highlighted cardiovascular ab-

normaliti es. The mean age was 7.5 ± 10.4 years. 
There was a signifi cant diff erence in the mean 
age between boys (4 ± 2 years) and girls (7.5 ± 
7.7 years) (p = 0.0443). We noti ced two peaks of 
incidence: fi rst in the age group 1-5 years and 
second in the age group 11-15 years. 59% of ca-
ses came from rural environment. The method 
of exposure was ingesti on in the majority of ca-
ses (n = 61, 84%), the rest were cases of inhala-
ti on, nebulisati on or intranasal administrati on. 
The exposure was accidental in 42 (58%) cases 
and it was signifi cantly related to pati ents’ age: 
before age 10-41 of 42 cases (98%) were acci-
dental exposures, while aft er age 11-30 of 31 ca-
ses (97%) were intenti onal poisoning. (p < 0.0001) 
Table I gives the age, gender and urban versus 
rural distributi on patt erns, while table II shows 
the intenti on of poisoning related to age.

The poisoning was determined, in most pati -
ents, by pharmaceuti cal agents – 59 (81%) ca-
ses. (Table 3) Carbamazepine was the most com-
mon eti ology, followed by salbutamol. In 14 cases, 
pati ents were exposed to multi ple cardiotropic 
drugs. One of the most frequent combinati ons 
was between anti convulsants, anti depressants 
and sedati ves. Non-pharmaceuti cal agents were 
involved in 13(18%) cases. In one case the eti o-
logy was unknown. 

The ECG changes and other cardiac manifes-
tati ons that we objecti fi ed in the study are listed 
in table IV. Sinus tachycardia was the most com-
mon cardiac manifestati on (37 cases, Figure 1) 
in our study, followed by sinus bradycardia (15 
cases, Figure 2). On ECG records we objecti fi ed 
slowed intraventricular conducti on (widened 
QRS complexes, right bundle branch block) in 11 
cases (Figure 3) and prolongati on of QTc interval 
in 7 cases (Figure 4). Elevati on of the ST segment 
(> 2 mm) was present in 3 cases, all of them ca-
used by organophosphorate insecti cide poiso-
ning. In one case, this abnormality was associa-
ted with raised cardiac enzymes. Systemic 
arterial hypertension was observed in 3 cases 
with organophosphate insecti cide poisoning. 
Hypotension ocured in 5 cases of poisoning. 

In three cases of severe poisoning with orga-
nophosphate insecti cide (diazinon) the evoluti -
on was with cardiogenic shock and severe ar-
rhythmia – ventricular tachycardia, torsades de 
points, ventricular fi brillati on; followed by car-
diac arrest and exitus. This 3 cases were the only 
deaths recorded during the study (4%). One 
case of severe propafenone poisoning led to hy-
potension and specifi c electrocardiographic 
patt ern for the membrane stabilizing acti vity: 
widened QRS complex, fi rst degree atrioventri-
cular block, prolonged QT interval. In two cases 
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of carbon monoxide poisoning the ECG record 
showed subepicardial ischemia.

Laboratory tests have shown signifi cant ab-
normaliti es of serum electrolytes (hyponatre-
mia, hypokalemia) and acid-base balance (me-
tabolic acidosis) in 34 cases (47%). (Figure 5)

At the ti me of discharge from the hospital, 
for all 70 surviving pati ents clinical examinati on 
of the cardiovascular system, biological param-
eters, ECG and echocardiography were within 
normal limits.

DISCUSSION
A toxic product can cause numerous dysfunc-

ti ons in the cardiovascular system. (9) This changes 
can be objecti fi ed by clinical examinati on and par-
aclinical tests. ECG record plays an important role 
in the identi fi cati on of cardiac arrhythmias and 
conducti on defects, events that sign the severity 
in these cases. Cardiotropic agents can contribute 
to arrhythmogenesis by various mechanisms: au-
tonomic disturbances, membrane-depressant ef-
fect, electrolyte and acid-base imbalances. (10)

TABLE 1. Age, gender and urban/rural distributi on

Age groups (years) Girls Boys Girls/Boys rati o Rural Urban Rural/Urban rati o Total (%)

< 1 0 3 - 2 1 2:1 3(4)
1-5 18 13 1.4:1 15 16 0.9:1 31(42)

6-10 4 4 1:1 3 5 0.6:1 8(11)
11-15 23 0 - 18 5 3.6:1 23(32)
16-18 7 1 7:1 5 3 1.7:1 8(11)
Total 52 31 1.7:1 43 30 1.4:1 73(100)

TABLE 2. Intenti on of poisoning

Intenti on 1 year 1-5 years 6-10 years 11-15 years 16-18 years Total (%)

Accidental 3 31 7 0 1 42(58)

Intenti onal 0 0 1 23 7 31(42)

Total 3 31 8 23 8 73(100)

FIGURE 1. Sinus tachycardia

FIGURE 2. Sinus bradycardia
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tachyarrhythmias. Toxicants that inhibit choliner-
gic receptors may have the same eff ect. (1,2,10-
12) In our study, we identi fi ed this oversti mulati on 
of adrenergic acti vity in pati ents admitt ed for 
acute poisoning with epinephrine, phenylephrine 
+ trimazoline, ephedrine, salbutamol and theo-
phylline. The most frequently involved agent 
was salbutamol, a β2-receptor agonist, which in 
high doses produces β1-agonist eff ects. Sinus 
tachycardia was objecti fi ed in all 13 cases caused 
by this medicine. On the other hand, α2-adreno-
ceptors oversti mulati on has a diff erent clinical pic-
ture: initi al hypertension and refl ex tachycardia, 
followed by hypotension with bradycardia. (13,14) 
We objecti fi ed this clinical feature in 2 cases of 
naphazoline acute poisoning. The α1- and β1-
adrenoceptors blockade leads to bradyarrhythmi-
as and arterial hypotension. Oversti mulati on of 
the parasympatheti c system may have the same 
eff ect. (1,2,10) In our study, β-receptor antago-
nists were involved in 5 cases. Some cardiotropic 
agents have both sympatheti c and parasympa-
theti c clinical features. In this study, we observed 
this eff ect in acute poisoning with organopho-
sphate insecti cides. Their mechanism of cardio-
toxicity consists in a short period of increased 
sympatheti c tone characterized by tachycardia 
and arterial hypertension, followed by a prolon-
ged period of parasympatheti c acti vity, during 
which bradycardia, arterial hypotension, ST/T 
changes and severe arrhytmias may occur. 
(15,16) The 3 deaths recorded during the study 
were due to cardiogenic shock and severe ven-
tricular arrhythmias caused by acute poisoning 
with organophosphate insecti cides. 

Other neurotransmitt ers are also involved in 
the occurance of cardiovascular manifestati ons. 
Serotonin reuptake inhibiti ng eff ect may pro-
duce autonomic disturbances in acute poison-
ing with serotonergic anti depressants. (17) In 
our study, sinus tachycardia was noti ced in 3 
cases caused by this drugs. We also objecti fi ed 
sinus bradycardia and fi rst degree atrioventricu-
lar block in one case of acute poisoning with ba-
clofen, which is a structural analogue of the 
main inhibitory neurotransmitt er γ-aminobutyric 
acid. (18)

The manifestati ons due to membrane-de-
pressant eff ects vary depending on the toxic 
agent and its place of acti on. Inhibiti on of the 
sodium channels in the myocardium slows the 
cardiac conducti on. This eff ect can be seen on 
the ECG record as widening of the QRS comple-
xes, atrioventricular or bundle-branch blocks 
and prolongati on of the QT interval. In evoluti -
on, this type of poisoning may lead to arterial 
hypotension, ventricular tachyarrhythmias (ven-

TABLE 3. Eti ology of poisoning

Eti ology
Number 
of cases

Cardiovascular drugs
Digitalis glycosides: digoxin 3
β-receptor antagonists: metoprolol, 
bisoprolol, propanolol

5

Calcium channel-blocking agents: diti azem, 
nifedipine

2

Sodium channel-blocking anti dysrhythmics: 
propafenone 

1

Nitrates: pentaerythritol tetranitrate 1
Non-cardiovascular drugs
Tryciclic anti depressants: amitriptyline, 
clomipramine, imipramine

5

Serotonergic anti depressants: ti anepti n, 
venlafaxine, paroxeti ne

3

Neurolepti cs: risperidone, 
levomepromazine+aripiprazole

2

Anti convulsants:carbamazepine, valproate, 
oxcarbazepine

18

Methylxanthines: theophylline 2
Neuromuscular agents: baclofen 1
Decongestants: naphazoline 2
Sympathomimeti c agents: epinephrine, 
ephedrine, phenylephrine+trimazoline, 
salbutamol

17

Local anestheti cs: lidocaine 1
Rural toxicants
Cholinesterase-inhibiti ng insecti cides 
(organophosphates)

9

Nitrites (well-water) 2
Household toxicants
Carbon monoxide 2
Unknown agent 1

FIGURE 3. Slowed intraventricular conducti on

FIGURE 4. Prolonged QTc interval 

Autonomic disturbances are mainly caused 
by toxicants interfering with adrenergic or cholin-
ergic nervous system. The α1- and β1-adrenoceptors 
oversti mulati on leads to arterial hypertension and 
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tricular tachycardia, ventricular fi brillati on, tor-
sades de pointes) or bradyarrhythmias (brady-
cardia, juncti onal rhythm, asystole). (19,20) We 
identi fi ed in our study the following cardiotropic 
agents with sodium channel-blocking properti -
es: propafenone, lidocaine, tryciclic anti depre-
ssants, carbamazepine and oxcarbazepine. Cal-
cium channel blockade results in negati ve 
chronotropy and dromotropy. The ECG record 
may demonstrate sinus bradycardia an/or pro-
longed PR interval. (10,21) We objecti fi ed this 
patt ern in one case of dilti azem poisoning. Re-
fl ex tachycardia was the only clinical sign noti -
ced in nifedipine poisoning in our study. Another 
mechanism of arrhythmogenesis in acute poi-
soning is abnormal initi ati on of cardiac impulses 
as an eff ect of aft erdepolarizati on. Early aft erde-
polarizati on results from potassium channel 
blockade, which can precipitate severe arryth-
mias like torsades de pointes. Delayed aft erde-
polarizati on appears in conditi ons of intracellu-
lar calcium overload, which may be a result of 
sodium-potassium ATPase blockade in digitalis 
poisoning. (10,22) 

The mechanisms of cardiac toxicity descri-
bed above overlap frequently, which explains 
the polymorphic manifestati ons of the pati ents 
admitt ed for acute poisoning with cardiotropic 
agents. (10) In digoxin poisoning we observed 
sinus bradycardia due to sodium-potassium AT-
Pase blockade, but we also noted sinus tachy-
cardia caused by increased sympatheti c acti vity 
and decreased parasympatheti c acti vity. (23) In 
acute poisoning with tryciclic anti depressants 
we noti ced various clinical and ECG manifestati -
ons, that have been listed in Table 4. This featu-
res are due to multi ple mechanisms of toxicity 
as anti cholinergic acti vity, catecholamines and 
serotonin reuptake inhibiti on, blockade of peri-
pheral α1-adrenoceptors and sodium channel-
blocking eff ect. (17,24) 

Besides the direct cardiovascular eff ects of 
cardiotropic agents, coexisti ng systemic factors 
such as hypoxia, hypovolemia, metabolic acido-
sis, hypothermia, hypo- and hyperkalemia, hy-
pomagnesemia, hypo- and hypercalcemia may 
infl uence and exacerbate cardiotoxicity. (1,10, 
25) In our study, we noti ced electrolyte and 

TABLE 4. Electrocardiographic and clinical features
ECG changes
Prolonged QTc interval propafenone, carbamazepine, imipramine, organophosphate insecti cide.
Prolonged PR interval (fi rst degree 
atrioventricular block)

propafenone, imipramine, baclofen, organophosphate insecti cide.

Right bundle-branch block β-receptor antagonists, carbamazepine, naphazoline + ephedrine.
Widened QRS complexes carbamazepine, oxcarbazepine, lidocaine, propafenone, organophosphate 

insecti cide.
Elevated ST segment organophosphate insecti cide.
Atrial premature beats carbamazepine.
Ventricular premature beats carbamazepine, organophosphate insecti cide.
Juncti onal rhythm propafenone.
Ventricular tachycardia organophosphate insecti cide.
Torsades de points organophosphate insecti cide.
Ventricular fi brillati on organophosphate insecti cide.
Other cardiac manifestati ons
Sinus tachycardia digoxin+nitrate, salbutamol, nifedipine,naphazoline, epinephrine, 

phenylephrine+trimazoline, carbamazepine, theophylline, trycliclic and 
serotonergic anti depressants, neurolepti cs, nitrites.

Sinus bradycardia dilti azem, β-receptor antagonists, digoxin, naphazoline +/-ephedrine, trycliclic 
anti depressants, carbamazepine, neurolepti cs, baclofen.

Systemic arterial hypotension β-receptor antagonists , propafenone, organophosphate insecti cide.
Systemic arterial hypertension organophosphate insecti cide

FIGURE 5. Serum electrolytes and acid-base balance abnormaliti es
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acid-base imbalances in 47% of cases. (Figure 5)
In acute poisoning with carbon monoxide, 

cardiac injuries are caused not only by myocar-
dial hypoxia due to carboxyhemoglobin formati -
on, but also by direct eff ect of carbon monoxide 
on the heart as a result of the mitochondrial 
dysfuncti on and oxidati ve stress. (26,27) In our 
study, two pati ents had evidence of subepicar-
dial ischemia on ECG. 

Well-water contaminati on with nitrites can 
produce severe, even fatal methemoglobinemia 
in infants. (28) Methemoglobin is not able to 
transport oxigen to ti ssues. In moderate cases of 
poisoning cardiac manifestati ons consists in sinus 
tachycardia and mild hypertension. A methemo-
globin fracti on over 40% may produce bradycar-
dia, ventricular dysrhythmias and hypotension, 
while a fracti on over 70% is lethal. (29) In our stu-
dy, sinus tachycardia was the only cardiac mani-
festati on caused by nitrite poisoning.

CONCLUSIONS
Numerous drugs and environmental toxi-

cants may produce cardiovascular manifesta-
ti ons, when they are involved in a case of acute 
poisoning. Cardiovascular toxicity may be ex-
plained by various mechanisms of acti on. In ev-
oluti on, life-threatening events like severe ar-
rhythmias and cardiogenic shock may occur. A 
thorough history, physical examinati on and ECG 
evaluati on are key steps to approach this cases. 
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