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INTRODUCTION
Scorpion sting is an acute, life-threatening medical emergency
and is a common problem, especially in villages of the Rayalaseema
area of the state of Andhra Pradesh in India.1 The cardiovascular
effects following a sting by the Indian red scorpion (Mesobuthus
tamulus) are particularly prominent and include tachycardia,
hypertension, pulmonary oedema, hypotension, myocarditis and
peripheral circulatory failure.2 Carnitine therapy has been shown
to reverse cardiac dysfunction in patients with diphteritic myo-
carditis.3 These observations prompted us to use oral L-carnitine
treatment as an adjunct to other supportive measures in the
management of patients with toxic myocarditis caused by the sting
of the Indian red scorpion.

METHODS
We retrospectively analysed the case records of patients with
scorpion sting envenomation who presented to the Emergency
Service of our tertiary care referral centre between January 1995
and July 2001. During this period, 36 patients with scorpion sting
envenomation were seen; 24 were diagnosed to have myocardial
toxicity and constituted the study group.

Myocarditis was diagnosed when criterion 1 and one or more
of criteria 2, 3 or 4 were present:

1. The presence of tachycardia, muffled hear sounds, gallop
rhythm, heart failure or low cardiac output state;

2. A significant increase in the cardiac size on a postero-anterior
view of a chest X-ray;

3. The presence of arrhythmias, conduction disturbances, QRS or
ST–T changes on the electrocardiogram (ECG);

4. An echocardiographic pattern simulating dilated, hypertrophic,
restrictive or ‘right’ ventricular cardiomyopathy.4

These patients were admitted to the intensive coronary care
unit (ICCU). A detailed history was obtained and a thorough
physical examination done. The heart rate, ECG, non-invasive
blood pressure and arterial oxygen saturation by pulse oximetry
were monitored round the clock. At admission, a complete
haemogram, serum biochemistry, urinalysis, creatinine phospho-
kinase (CPK) level, baseline ECG and chest X-ray were done.
Wherever possible, the serum CPK-isoenzyme-MB (CPK-MB)
was also estimated.

Echocardiography was done within 6 hours of admission to the
Emergency Service with emphasis on the left ventricular (LV)
end-diastolic and end-systolic volumes, stroke volume and ejec-
tion fraction. LV volumes were derived from M-mode dimensions
in the parasternal long-axis view. Echocardiography was repeated
daily by the same investigator (DR) till the time of discharge. The
patients were managed with inotropic support (dopamine,
dobutamine) and diuretics depending on the requirement. None of
them received digitalis, hydrocortisone, prazosine or antivenin.
Oral L-carnitine was administered in a dose of 1980 mg per day
in three divided doses till the LV function normalized on
echocardiography. The effect of L-carnitine treatment on the
echocardiographic parameters was studied using the paired t-test.

RESULTS
The mean (SD) age of the patients was 23.2 (11.7) years. There
were 19 males and 4 children <12 years of age. The mean time
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interval between the scorpion sting and clinical presentation was
8 hours (range 4–16 hours). The clinical, laboratory, ECG and
radiological parameters at presentation are shown in Table I.
Extreme anxiety, intense pain at the site of the sting and dyspnoea
were the common presenting symptoms. Eight patients also had
acute renal failure.

At admission, ECG revealed sinus tachycardia in all patients
and QRS widening was seen in 5 patients. The mean (SD) serum
CPK level at presentation was 649.6 (355.8) IU/L (range 180–
1609 IU/L). Serum CPK levels were elevated more than two times
the upper limit of normal (200 IU/L) in 22 of 24 patients. The
serum CPK-MB levels were available for 5 patients (mean 87.2
[53.2] IU/L) and were elevated more than two times the upper
limit of normal (25 IU/L) in all of them. Chest X-ray revealed
cardiomegaly in 8 patients and findings suggestive of pulmonary
oedema in 13 patients.

Echocardiography at admission revealed varying degrees of
LV dysfunction, which normalized by the time of discharge (Table
II). None of the patients had regional wall motion abnormalities.
Overall, the echocardiographic findings were suggestive of global
hypokinesia and dilated cardiomyopathy due to myocarditis. None
of the patients showed evidence of ischaemic heart disease. L-
carnitine treatment resulted in a significant reduction in the LV
diameter during diastole (p<0.01) and systole (p<0.001); LV end-
diastolic volume (p<0.01) and end-systolic volume (p<0.001);
and significant improvement in the stroke volume (p<0.001) and
ejection fraction (p<0.001; Table II). The mean duration of hospi-
talization was 5 days (range 3–11 days). L-carnitine was well
tolerated and there were no adverse drug reactions. All the patients
responded well to treatment and none died. The renal function
became normal in the 8 patients who had acute renal failure at
presentation.

DISCUSSION
Reliable epidemiological data from India on scorpion stings are
lacking as a number of envenomations go unreported.1 Scorpion
venom is species-specific and acts by opening the sodium chan-
nels at presynaptic nerve terminals and inhibiting calcium-depen-
dent potassium channels initiating an autonomic storm.1,5,6 Severe
but transient and reversible myocardial toxicity is often encoun-
tered and may be fatal, especially in children.1,6 Suppression of
insulin secretion, hyperglycaemia, hyperkalaemia, elevated levels
of serum free fatty acids, and accumulation of free radicals have

been reported in patients with scorpion envenomation.1,7,8 The
unopposed effects of alpha-receptor stimulation are thought to
result in autonomic disturbances, and this has been the rationale
for treatment with the alpha-blocker prazosin.2

Haemodynamic manifestations of scorpion sting envenoma-
tion have been described to occur in two phases.9–12 In the early
hyperdynamic phase, the blood pressure is elevated and LV
contraction enhanced. This is followed by a hypokinetic phase in
which hypotension and impaired LV function occur. Catechola-
mine oversecretion, myocardial ischaemia (whether or not related
to catecholamine release) have also been postulated to be the
pathogenetic mechanisms causing myocardial toxicity.9–12

In a study from Egypt13 of 41 children with myocarditis due to
scorpion sting and 15 age-matched controls, the serum levels of
interleukin-8 (IL-8), CPK, CPK-MB and lactate dehydrogenase
(LDH) were found to be significantly elevated at the time of initial
presentation in patients with severe envenomation compared to
controls. In moderate envenomation, IL-8 and CPK-MB levels
were significantly elevated compared to controls. We also ob-
served elevated CPK levels in 22 of 24 patients and CPK-MB
levels in the 5 patients in whom it was measured. In the study from
Egypt,13 the serum cardiac troponin I (cTnI) levels were not
detectable in controls as well as children with mild envenomation
at admission, and the mean values of cTnI were higher at admis-
sion in the non-survivors. These findings suggest that the scorpion
venom9,13 may have a direct toxic effect on the myocardium.

Tachycardia, hypertension, myocardial dysfunction, pulmo-
nary oedema and shock are important manifestations of the
‘autonomic storm’ in patients stung by a scorpion.1 None of our
patients presented with hypertension and most of our patients had
hypotension and tachycardia. Hypotension and tachycardia indi-
cate severe LV dysfunction1 and it is possible that our observations
reflect a ‘referral bias’ as only seriously ill patients may have been
referred to us.

Since most of our patients presented with severe LV dysfunc-
tion, hypotension and tachycardia, we used L-carnitine in addition
to invasive monitoring and other supportive measures because we
felt that the use of prazosin would be hazardous in these patients.
Also, in 5 patients who were normotensive, echocardiography
performed immediately after admission showed a very low LV
ejection fraction. In these patients, even though the blood pressure
was normal, we preferred not to use prazosin as we felt that it could
be deleterious.

There are few reports of the echocardiographic changes in
patients with scorpion sting. In one study,8 18 of 30 children
studied had normal echocardiographic findings. In the remaining
12, compromised LV function, increased LV end-systolic dimen-
sion and a significantly depressed interventricular septal thicken-
ing fraction were observed.8 Das et al.14 reported ECG changes in
20 of 32 children with scorpion sting envenomation and suggested

TABLE I. Clinical and radiological features at presentation

Feature n (%)

Symptoms
Extreme anxiety 24 (100)
Intense pain at the site of the bite 24 (100)
Breathlessness 15 (63)
Signs
Hypotension 19 (79)
Pulmonary oedema 15 (63)
Laboratory abnormalities
Elevated creatinine phosphokinase 22 (92)
Raised blood urea 8 (33)
Electrocardiogram
Sinus tachycardia 24 (100)
Widening of QRS complex 5 (21)
Chest X-ray
Cardiomegaly 8 (33)
Pulmonary oedema 13 (54)

TABLE II. Effect of oral L-carnitine treatment on left ventricular
echocardiographic parameters

Variable Before treatment After treatment p value

Diameter (mm) in diastole 47.6 (6.2) 42.0 (6.1) <0.01
Diameter (mm) in systole 42.0 (7.1) 28.2 (4.0) <0.001
End-diastolic volume (ml) 108.7 (31.9) 81.0 (26.7) <0.01
End-systolic volume (ml) 81.3 (30.9) 31.1 (10.7) <0.001
Stroke volume (ml) 27.8 (13.2) 61.7 (6.2) <0.001
Ejection fraction (%) 25.5 (12.8) 61.2 (6.5) <0.001

Values in parentheses are standard deviations
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that ECG is a sensitive indicator of myocarditis. They also re-
ported that 22 of 32 children with myocarditis had LV dysfunction
on echocardiography. In a study from Tunisia15 in 6 patients with
scorpion sting envenomation, myocardial perfusion was studied
by thallium-201 scintigraphy coupled with radionuclide ventricu-
lography. The radionuclide ventriculography was abnormal and
thallium-201 scintigraphy showed myocardial hypoperfusion in
all the patients. The hypoperfusion abnormalities were more
marked in the abnormal areas seen by echocardiography and
electrocardiography. In another report from Turkey of 17 pa-
tients,16 there was a significant decrease in the proportion of mitral
E velocity to mitral A velocity (p<0.05) diastolic filling period
(p<0.05) and LV ejection fraction (p<0.05), but a significant
increase in the pulmonary artery pressure (p<0.05). The
echocardiographic abnormalities were completely reversed with
treatment. Our experience has been similar.

L-carnitine is an essential co-factor in fatty acid oxidation
which is a source of energy for the heart and is important for the
transport of fatty acids to the interior of the mitochondria.3 In the
absence of L-carnitine, free fatty acids may accumulate in the
cytoplasm producing a direct toxic effect on the myocardial cells
leading to an energy-deficient state due to the non-availability of
fatty acids in the mitochondria. L-carnitine thus preserves fatty
acid metabolism, enhances oxidative utilization of glucose, in-
creases adenosine triphosphate availability and improves myocar-
dial function.3 Studies in guinea pigs suggest that administration
of diphtheria toxin depleted carnitine in the myocardial tissue.
When carnitine was given to these animals the mortality rates
were reduced.3 The accumulation of fatty acids in the cytoplasm of
human heart cells in patients with diphtheria suggest that car-
nitine might be depleted in the human myocardium as well, and L-
carnitine supplementation has been found to be beneficial in
patients with fulminant diphtheritic myocarditis.3 Since one of the
postulated mechanisms for the occurrence of myocarditis follow-
ing a scorpion sting is accumulation of free fatty acids, it is
possible that these patients may have L-carnitine deficiency.1

Therefore, we used L-carnitine to reverse myocardial dysfunction
following scorpion envenomation especially in patients with hy-

potension, tachycardia and severe LV dysfunction in whom prazosin
could be harmful. The potential benefit with L-carnitine treatment
merits measurement of the serum L-carnitine levels and further
study of the efficacy of the treatment in a randomized trial.
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An AIDS Helpline

The Centre for Community Medicine, All India Institute
of Medical Sciences, New Delhi through its AIDS
Education and Training Cell has started an interactive
AIDS helpline called Shubhchintak. This helpline aims
to create awareness about AIDS and answer queries
from the general public about AIDS and HIV infection.

This service works between 10 a.m. and 5 p.m. on all
working days from Monday to Friday. This telephonic
service is available on 011-26588333.


