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Abstract
Objective—To study cardiovascular
haemodynamics following scorpion en-
venomation.
Setting—Intensive care unit of a univer-
sity hospital.
Patients—Eight patients with Indian red
scorpion (Mesobuthus tamulus) stings.
Intervention—Captopril (6.25 to 12.5 mg
orally) every 30 minutes until pulmonary
oedema resolved.
Main outcomemeasures—Haemodynamic
data obtained by pulmonary artery cath-
eterisation.
Results—Two haemodynamic patterns
were seen. There was a predominant vas-
cular eVect in one patient, with severe
hypertension, tachycardia, increased sys-
temic vascular resistance index
(SVRI = 5893 dyn.s.cm-5), and normal
cardiac index (2.73 l/m2). A predominant
myocardial eVect with left ventricular
dysfunction and normal right ventricular
function was seen in the other seven
patients, with tachycardia, pulmonary
oedema,mild hypotension, reduced stroke
volume (mean (SD), 25.9 (8.3) ml/m2),
normal SVRI (1812 (831) dyn.s.cm−5), and
increased pulmonary artery wedge pres-
sure (PAWP = 25 (4.4) mm Hg). Follow-
ing mild dehydration pulmonary oedema
subsided (PAWP = 14 (8.5) mm Hg) in
three of these patients, but hypovolaemic
shock developed (right atrial pressure
(RAP) = 1.3 (2.1) mm Hg); pulmonary
oedema recurred with rehydration. One
patient developed fatal cardiogenic shock
with raised PAWP (27 mm Hg) and
RAP (11 mm Hg), and vasodilatation
(SVRI = 1129 dyn.s.cm−5). Stroke volume
(30.5 (8.7) ml/m2) and cardiac output (4.3
(1.5) l/m2) improved with resolution of
pulmonary oedema (PAWP = 14.4
(4.2) mm Hg) following afterload reduc-
tion with captopril.
Conclusions—Mild envenomation causes
severe vasoconstriction and hypertension.
Severe envenomation produces predomi-
nant left ventricular dysfunction with nor-
mal systemic vascular resistance
manifesting as pulmonary oedema or
severe hypotension depending on the fluid
balance. Shock due to biventricular dys-
function and vasodilatation occurs termi-
nally.
(Heart 1998;79:485–489)
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Scorpion stings are common in tropical and
subtropical regions of the world. In western
India most cases of envenomation are following
stings from Mesobuthus tamulus (red
scorpion),1 2 while Heterometrus bengalensis is
common in eastern India.3 The Androctonus
spp and Leirus spp are common in Northern
Africa, Middle East and Israel, Parabuthus spp
in South Africa, Tityus spp in South America,
and Centruroides spp in North and Central
America.4

Venoms of all species aVect the cardiovas-
cular system and may cause fatal pulmonary
oedema and cardiac arrhythmias.5 Experimen-
tal studies have shown that the venom causes
cholinergic as well as adrenergic neurone
hyperstimulation by its action on presynaptic
cell membranes.3 5 It also has a direct eVect on
the gating mechanisms of excitable
membranes.5 As a result, there is massive
release of catecholamines from sympathetic
nerve endings and from the adrenal medulla.6 7

The elevation of circulating catecholamines
and angiotensin results in intense vasoconstric-
tion and cardiac stimulation,8 increased myo-
cardial oxygen requirements,5 and alterations
in myocardial perfusion9 and metabolism, with
hyperglycaemia and an increase in circulating
free fatty acids.10 Several of these mechanisms,
together with a possible direct eVect of the
toxin on the myocardium, may be responsible
for the myocarditis and focal myocardial
necrosis seen patients dying from
envenomation.11 12

Scorpion envenomation in humans is mani-
fested as hypertension in mild cases and hypo-
tension or pulmonary oedema in severe cases.5

As there are very few published studies of
haemodynamic changes following scorpion
envenomation, treatment of these patients has
been essentially empirical or based on observa-
tions from animal studies. Methods of treat-
ment include vasodilators,13–15 specific an-
tivenom serum,16 17 glucose-insulin infusion,8

and inotropic drugs.18 The treatment of
patients with hypotension and pulmonary
oedema, in particular, is not clear.19 We
therefore studied the haemodynamic altera-
tions following scorpion envenomation and the
eVects of treatment.

Methods
We studied eight patients with systemic en-
venomation following scorpion sting admitted
to the medical intensive care unit of the King
Edward Memorial Hospital, a tertiary referral
centre and teaching hospital in Bombay, India.
All patients had haemodynamic monitoring
after informed consent had been obtained. An
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arterial line was inserted for measurement of
blood gases and arterial pressure. A pulmonary
artery catheter was inserted and pressures were
measured on admission and periodically there-
after. Cardiac output was measured by ther-
modilution, and cardiac index, systemic vascu-
lar resistance, left ventricular stroke work
index, and right ventricular stroke work index
were calculated.
No antivenom was given as this is not yet

available in India. Oral captopril was used to
treat hypertension, while patients with hypo-
tension and pulmonary oedema were given oral
captopril and intravenous fluids. The pulmo-
nary artery catheter was removed after 48–72
hours.

Results
The mean age of the eight patients (four male,
four female) was 25.9 years (range 13 to 50
years). They all had leucocytosis, severe
hypoxaemia, and mild metabolic acidosis
(table 1). Based on the clinical and haemody-
namic features seen on admission and the
course thereafter, two haemodynamic patterns
were observed.

PREDOMINANT VASCULAR EFFECT

This was observed in only one patient and was
characterised by tachycardia and severe sys-
temic vasoconstriction resulting in arterial
hypertension with a normal cardiac output
(table 2). The pulmonary wedge pressure was
normal and right atrial pressure was reduced.

Within one hour of administration of captopril,
systemic vascular resistance and arterial pres-
sure decreased and stroke volume and cardiac
output increased (table 3).

PREDOMINANT MYOCARDIAL EFFECT

The other seven patients presented with severe
tachycardia, mild hypotension, cold clammy
extremities, tachypnoea, gallop rhythm, and
pulmonary oedema with pink frothy or blood
tinged sputum and coarse rales. These patients
had left ventricular dysfunction with high pul-
monary artery wedge pressures and normal
systemic vascular resistance. Right ventricular
stroke work index and right atrial pressure were
normal and there was a large diVerence
between the pulmonary artery wedge pressure
and the right atrial pressure (table 2).
A slight variation of this haemodynamic pat-

tern was observed in three patients who had
pulmonary oedema on admission, but subse-
quently developed mild hypovolaemia after
four to eight hours—two as a result of profuse
sweating and vomiting and one following
intravenous injection of frusemide. Pulmonary
oedema improved in all three patients. The
pulmonary artery wedge pressure became nor-
mal but right atrial pressure fell to very low
levels and the diVerence between the two
persisted. Cardiac output and mean arterial
pressure fell further and circulatory shock
deteriorated (table 2). With infusion of fluids,
blood pressure improved but pulmonary
oedema worsened, so that the patients returned
to their original haemodynamic state.
One patient who had pulmonary oedema

and mild hypotension on admission developed
cardiogenic shock as a terminal event. After
initial improvement in haemodynamics with
captopril, this patient had progressive deterio-
ration of pulmonary oedema with severe hypo-
tension on day 3, characterised by left and right
ventricular failure—both right atrial and pul-
monary artery wedge pressures were very high
and the cardiac index was low. Systemic vascu-
lar resistance was also severely reduced (table
3). Intravenous dopamine was added but the
blood pressure and cardiac output did not
improve. This patient died 36 hours after
admission.

Table 1 Clinical and laboratory profile of patients with
scorpion envenomation

Variable Median Range

Age (years) 20 13 to 50
Sting–admission interval (h) 9 1 to 18
Hypertension n = 1 —
Hypotension n = 7 —
Packed cell volume (%) 40 32 to 46
Total WBC (1000/µl) 19.1 8.6 to 36.5
PaO2 (kPa) 5.3 3.2 to 7.1
PaCO2 (kPa) 4.1 2.7 to 6.2
Arterial pH 7.40 7.21 to 7.49
Arterial HCO3 (mmol/l) 18.3 13.1 to 22.3
Blood urea N (mmol/l) 8.2 4.6 to 18.2
Serum creatinine (mmol/l) 0.1 0.09 to 0.17
Serum sodium (mmol/l) 136 127 to 141
Serum potassium (mmol/l) 3.4 2.5 to 3.8
Blood glucose (mmol/l) 8.2 7.0 to 10.4

N, nitrogen; WBC, white blood count.

Table 2 Haemodynamic patterns observed in patients with scorpion envenomation (n = 8)

Variable Normal range
Pattern 1
(n=1)

Pattern 2
(n=8)

Pattern 3
(n=3)

Pattern 4
(n=1)

Pattern 5
(n=7)

Heart rate (beats/min) 60–100 120 141 (23) 141 (37) 171 134 (25)
MAP (mm Hg) 75–105 203 69 (230 57.5 (16.1) 47 76.1 (19.1)
RAP (mm Hg) 0–5 2 7.6 (3.6) 2.1 (2.1) 11 8.8 (2.6)
MPAP (mm Hg) 10–20 14 27.3 (6.0) 18.4 (10) 27 20.5 (4.9)
PAWP (mm Hg) 5–12 12 25.3 (4.4) 14 (8.5) 24 14.4 (1.5)
CI (l/min/m2) 2.8–3.5 2.73 3.52 (1.08) 3.23 (0.49) 2.5 4.3 (1.5)
SVI (ml/m2) 33–47 23 25.9 (8.3) 23.4 (3) 15 30.5 (8.7)
SVRI (dyn.s.cm−5.m−2) 1700–2400 5893 1812 (831) 1355 (239) 1129 1462 (850)
LVSWI (g.m.m2/beat) 45–60 59.8 18.4 (8.0) 13.6 (1.3) 4.6 24.6 (5.7)
PVRI (dyn.s.cm−5.m−2) 150–250 58.6 87.6 (50.2) 107.9 (54.1) 94.2 138 (89)
RVSWI (g.m.m2/beat) 7–12 3.7 7.6 (3.7) 5.0 (2.8) 3.2 4.8 (3.4)

Pattern 1, systemic hypertension; pattern 2, hypotension with pulmonary oedema; pattern 3, hypovolaemia with hypotension; pat-
tern 4, cardiogenic shock; pattern 5, eVect of vasodilators plus fluid infusion.
Values are means (SD), n, or range.
CI, cardiac index; LVSWI, left ventricular stroke work index;MAP,mean arterial pressure;MPAP,mean pulmonary artery pressure;
PAWP, pulmonary artery wedge pressure; PVRI, pulmonary vascular resistance index; RAP, right atrial pressure; RVSWI, right ven-
tricular stroke work index; SVI, stroke volume index; SVRI, systemic vascular resistance index.
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EFFECT OF CAPTOPRIL AND FLUID INFUSION

All seven patients with pulmonary oedema
were given oral captopril, 6.25 mg. If blood
pressure did not decrease below 80 mm Hg
and there was no improvement in the pulmo-
nary oedema and pulmonary artery wedge
pressure after 30 minutes, another dose of
6.25 mg was given. This was done repeatedly
until the pulmonary artery wedge pressure fell
below 20 mm Hg. Six patients required
12.5 mg while one required 25 mg. There was
a significant reduction in systemic vascular
resistance and the cardiac output and increase
in left ventricular stroke work index. All
patients required simultaneous infusion of
intravenous fluids to maintain the right atrial
pressure at 5–6 mm Hg. Captopril was contin-
ued in the same dose six hourly for four to five
days. All patients except one had a progressive
rise in blood pressure and cardiac output, while
pulmonary artery wedge pressure and heart
rate gradually returned to normal. One patient
developed progressive cardiogenic shock.
Two of the eight patients died. One died of

cardiogenic shock; the other was completely
relieved of pulmonary oedema after adminis-
tration of captopril and was haemodynamically
stable when he developed multiple episodes of
ventricular tachycardia and ultimately resistant
ventricular fibrillation on day 3.

Discussion
The haemodynamic eVects of scorpion en-
venomation could be broadly divided into two
patterns—a predominantly vascular eVect and
a predominantly myocardial eVect.

PREDOMINANT VASCULAR EFFECT

Canine studies have shown that the initial
eVect of scorpion venom is to cause tachycardia
and hypertension.20 One patient in our study
had severe hypertension as a result of tachycar-
dia and intense vasoconstriction, with an
increase in systemic vascular resistance to four
times normal levels. The cardiac output,
pulmonary artery pressure, pulmonary artery
wedge pressure, and right atrial pressures were
normal. However, left ventricular function, as
assessed by left ventricular stroke work index,
was supernormal. Hypertension and tachycar-
dia may represent the mildest form of cardio-
vascular involvement in scorpion envenoma-
tion, and in a series of 42 Indian patients with
Mesobuthus tamulus envenomation Bawaskar
and Bawaskar observed hypertension in 43%.1

This has also been described in 33% of Brazil-
ian patients21 and 15% of Saudi Arabian
patients.16 These patients respond well to treat-
ment and mortality is extremely low. The vari-
ous antihypertensive agents tried include
prazosin,14 nifedepine, and hydrallazine.13 We
found captopril to be equally eVective and the
haemodynamic improvement occurred within
one hour of oral administration.

PREDOMINANT MYOCARDIAL EFFECT

Predominant myocardial dysfunction resulting
in acute left ventricular failure was seen in
seven patients. While severe vasoconstriction
was observed in the predominantly vascular
eVect, the systemic vascular resistance in
patients with myocardial dysfunction was nor-
mal. The right ventricle was relatively less
aVected and there was a marked diVerence
between the left and right ventricular diastolic
pressures. These patients could manifest clini-
cally one of two syndromes, depending on the
state of hydration.

Table 3 Haemodynamic data before and after oral captopril (12.5 mg) in a patient with
severe hypertension following scorpion envenomation

Variable Normal values
On admission
(precaptopril)

1 h after
captopril

6 h after
captopril

Heart rate (beats/min) 60–100 120 105 100
MAP (mm Hg) 75–105 203 111 126
RAP (mm Hg) 0–5 2 3 5
MPAP (mm Hg) 10–20 14 12 14
PAWP (mm Hg) 5–12 12 10 10
CI (l/min/m2) 2.8–3.5 2.73 2.91 3.92
SVI (ml/m2) 33–47 23 28 39
SVRI (dyn.s.cm−5.m−2) 1700–2400 5893 2974 2483
LVSWI (g.m.m−2/beat) 45–60 59.8 38.2 83.9
PVRI (dyn.s.cm−5.m−2) 150–250 58.6 54.9 81.6
RVSWI (g.m.m−2/beat) 7–12 3.7 3.4 9.5

CI, cardiac index; LVSWI, left ventricular stroke work index;MAP,mean arterial pressure;MPAP,
mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVRI, pulmonary
vascular resistance index; RAP, right atrial pressure; RVSWI, right ventricular stroke work index;
SVI, stroke volume index; SVRI, systemic vascular resistance index.

Figure 1 Postulated sequence of events following scorpion envenomation.Haemodynamic changes may result from either
predominantly vascular or predominantly myocardial eVects of the venom.While a transition from the vascular to the
myocardial pattern has been reported in animals, this has not been demonstrated clearly in humans.
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Seven patients with good hydration had mild
hypotension but severe pulmonary oedema.
Haemodynamically, these patients had raised
pulmonary artery wedge pressure and reduced
left ventricular stroke work index. The right
atrial pressure and right ventricular stroke work
index, however, remained normal. Three pa-
tients with severe pulmonary oedema on
admission subsequently developed mild
hypovolaemia—two spontaneously and one as
a result of diuretic treatment. The pulmonary
artery wedge pressure decreased from previous
levels, with considerable improvement in the
pulmonary oedema, but all these patients
developed very low right atrial pressures.
Cardiac output and mean arterial pressure fell
further, producing severe hypovolaemic shock.
Attempts at volume repletion resulted in
improvement in cardiac output and circulatory
shock, but pulmonary artery wedge pressure
and pulmonary oedema worsened.
Two echocardiographic studies have also

shown severe systolic left ventricular dysfunc-
tion following envenomation.18 22 This has been
attributed to catecholamine induced metabolic
abnormalities in the myocardium,8 10 increased
myocardial oxygen requirements,20 myocardial
ischaemia,9 and a direct eVect of the toxin.5 11 12

In the absence of previous data on peripheral
vascular resistance, it was believed that, in
addition to myocardial dysfunction, increased
left ventricular afterload caused by systemic
vasoconstriction also contributed to the left
ventricular failure in patients with severe
envenomation.13 15 23 Our study clearly shows
that systemic vascular resistance was not
increased in these patients. Abroug et al also
found that Tunisian patients with hypotension
and pulmonary oedema had normal systemic
vascular resistance.18 The reason for this
reduction in systemic vascular resistance to
normal in patients with severe envenomation is
not clear. It may be the result of cholinergic
stimulation, release of histamine, serotonin,
and kinins,5 or a direct eVect of the toxin on
vascular smooth muscle3 5

Hypovolaemia may develop spontaneously
in patients with envenomation as a result of the
hot tropical environment, vomiting, excessive
sweating and hypersalivation,5 or it may follow
diuretic treatment.15 The rapid development of
hypovolaemic shock in three of our patients
with only mild dehydration suggests that these
patients are extremely sensitive to small
changes in blood volume.
A similar tendency to develop severe hypo-

tension with mild dehydration has been
described in phaeochromocytoma, as a result
of decreased ventricular compliance and failure
of vasoconstrictor reflexes.24–26 A previous study
has also shown diastolic left ventricular dys-
function with decreased ventricular compli-
ance in patients with scorpion envenomation.20

None of our patients had systemic vasocon-
striction, which is the normal response to
hypovolaemia.
Severe progressive cardiogenic shock was

observed in one of our patients. The shock was
refractory to inotropic drugs and probably rep-
resented the terminal phase of scorpionism,

when right ventricular failure and peripheral
vasodilatation combine with pre-existing left
ventricular failure to cause profound irrevers-
ible circulatory failure.

EFFECT OF VASODILATOR TREATMENT WITH

FLUID INFUSION

The use of inotropic drugs would seem an
attractive option in patients with left ventricu-
lar dysfunction and pulmonary oedema. How-
ever, our past experience, as well as that of oth-
ers, suggests that while inotropic drugs
transiently improved circulatory failure they do
not reduce mortality.1 15 This may be because
inotropic catecholamines like adrenaline,
dopamine, and dobutamine may aggravate
myocardial damage produced by the already
elevated circulating catecholamines.14 15 We
therefore treated patients with captopril to
reduce the left ventricular afterload, while giv-
ing fluid simultaneously to correct right
ventricular preload or hypovolaemia. This
resulted in a reduction in systemic vascular
resistance and pulmonary artery wedge pres-
sure, while cardiac output increased. The pul-
monary oedema improved with only a minimal
fall in mean arterial pressure. Over four to six
hours, mean arterial pressure returned to nor-
mal. The treatment was continued for five to
seven days in all patients.
Vasodilators have been used extensively in

the treatment of pulmonary oedema following
scorpion envenomation. Bawaskar and Ba-
waskar have shown that mortality from scor-
pion envenomation in rural western India has
been reduced to about 1% with the use of oral
prazosin and intravenous nitroprusside
infusion.1 2 14 Angiotensin converting enzyme
inhibitors have also been tried.15 However, as
these drugs also inhibit kininase II leading to
accumulation of bradykinin, their role in scor-
pion envenomation has been questioned.27 Our
study shows that afterload reduction with the
angiotensin converting enzyme inhibitor capto-
pril improves the haemodynamic derange-
ments and corrects pulmonary oedema.

CONCLUSIONS

Most investigators believe that pulmonary
oedema in scorpion envenomation is cardio-
genic, but others have suggested that it is
caused by adult respiratory distress syndrome.
Such observations have not been supported by
measurement of pulmonary artery wedge pres-
sure. All our patients with pulmonary oedema
had increased pulmonary wedge pressures.
Moreover, the course of pulmonary oedema
closely paralleled changes in the wedge pres-
sure, confirming its cardiogenic origin.
Although the numbers were small, our study

has for the first time shown a haemodynamic
basis for the various clinical syndromes seen in
patients with scorpion envenomation. On the
basis of the haemodynamic patterns observed,
the following sequence of events could be pos-
tulated (fig 1). Patients with mild envenoma-
tion develop severe vasoconstriction and
systemic hypertension. With severe envenoma-
tion, myocardial dysfunction with normal
systemic vascular resistance occurs, resulting in
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acute left ventricular failure with normal right
ventricular function.While initial hypertension
progressing to left ventricular failure has been
demonstrated in experimental animals injected
with scorpion venom, this sequence has not
been shown in humans. Depending on the cir-
culating blood volume, left ventricular dysfunc-
tion may be manifested clinically as mild hypo-
tension with severe pulmonary oedema in well
hydrated patients, or severe hypotension with
mild or no pulmonary oedema in the presence
of dehydration. If untreated, loss of vascular
tone and right ventricular failure may develop
in addition to left ventricular failure, resulting
in irreversible cardiogenic shock. Afterload
reduction along with fluid infusion may correct
many of the haemodynamic disturbances.
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