Magnesium sulfate for control of muscle rigidity and spasms and
avoidance of mechanical ventilation in pediatric tetanus
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Objective: To describe the use of intravenous magnesium
sulfate for the control of muscle spasms and severe generalized
rigidity in a child with moderate to severe tetanus without the
need for prolonged deep sedation, mechanical ventilation, or
neuromuscular blockade.
Design: Case report.
Setting: Pediatric intensive care unit in a tertiary care, university-based children’s hospital.
Interventions: A continuous infusion of magnesium sulfate.
Measurements and Main Results: We describe a 12-yr-old
child with moderate to severe tetanus who was treated with a
continuous infusion of magnesium sulfate to control painful muscle spasms and severe generalized rigidity initially refractory to
moderate sedation. Muscle spasms and severe generalized rigidity were improved with magnesium sulfate. No adverse effects

S

ince the implementation of a
widespread tetanus immunization program for children and
routine boosters every 10 yrs,
the reported incidence of tetanus morbidity and mortality in the United States has
declined substantially since the mid1940s (1). However, despite the availability of a safe and effective vaccine against
tetanus, 124 cases of the disease were
reported to the Centers for Disease Control’s National Notifiable Disease Surveillance System between 1995 and 1997 (2).
Five of the cases (4%) occurred in children ⬍14 yrs of age, including one neonate. During the past decade, the case
fatality rate from tetanus reported to the
Centers for Disease Control has ranged
between 11% and 25% (1, 2). In children
requiring artificial ventilation, the reported case fatality rate is substantially
higher (3). Frequently, the cause of mor-
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associated with the use of magnesium sulfate were noted during
the monitoring of cardiovascular and respiratory function, reflexes, and serum magnesium concentrations.
Conclusions: An infusion of magnesium sulfate can be utilized
to treat muscle spasms and severe generalized rigidity without
the need for deep sedation, mechanical ventilation, or neuromuscular blockade. We recommend that magnesium sulfate be considered in the armamentarium of therapeutics utilized to treat
muscle spasms and rigidity associated with tetanus, provided the
patient’s neurologic, cardiovascular, and respiratory status can
be closely monitored in the pediatric intensive care unit. (Pediatr
Crit Care Med 2003; 4:480 –484)
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tality in both adults and children with
severe tetanus requiring mechanical ventilation tends to be attributed to complications of intensive care treatment rather
than to the disease process itself (3– 6).
These complications include pneumonia,
septicemia, pneumothoraces, gastrointestinal hemorrhage, and pulmonary embolism.
The principles of tetanus management
include neutralization of unbound toxin,
eradication of the source of toxin, control
of muscle rigidity and spasm, treatment
of autonomic dysfunction, and supportive
intensive care (5, 7, 8). Supportive intensive care therapy includes airway stabilization via tracheostomy or intubation,
deep sedation to control autonomic dysfunction and muscle spasms, and artificial ventilation with or without neuromuscular blockade (5–10). Although
lifesaving, supportive intensive care can
result in a number of complications.
Thus, there remains a continuing search
for therapies that can control muscle
spasms and rigidity without the need for
prolonged deep sedation or artificial ventilation. Opioids (4, 9, 11, 12), benzodiazepines (3– 6, 9, 10), baclofen (13–17),
dantrolene (18 –21), and propofol (22)
have all been utilized in cases of severe

tetanus to control muscle spasms and
rigidity. However, adverse effects associated with these therapies often limit their
use.
The use of magnesium has been described for the control of autonomic dysfunction (23–26) and muscle spasms and
rigidity (27–29) associated with severe
tetanus in adults. To date, the descriptive
use of magnesium sulfate to control muscle spasms and severe muscle rigidity associated with tetanus in children is lacking. Therefore, we will describe a 12-yrold child with moderate to severe tetanus
who was treated with a continuous infusion of magnesium sulfate to control
painful muscle spasms and severe generalized rigidity initially refractory to moderate sedation without the need for prolonged deep sedation, mechanical
ventilation, or neuromuscular blockade.

CASE REPORT
A 12-yr-old unimmunized Amish boy
weighing 32 kg was admitted to the pediatric intensive care unit at a regional
tertiary care center with a history of progressive generalized, painful muscle rigidity, trismus, dysphagia, difficulty
chewing, nuchal rigidity, and intermitPediatr Crit Care Med 2003 Vol. 4, No. 4

tent muscle spasms. Ten days before admission, he lacerated his left elbow with a
cement block that had been sitting in
manure. There was no history of fever,
intravenous drug use, ingestion, or animal bites. The initial vital signs were remarkable for a blood pressure of 118/67
mm Hg, a pulse of 90 beats/min, a respiratory rate of 27 breaths/min, and a temperature of 37.8°C. The physical exam
demonstrated generalized and painful
muscle rigidity with intermittent muscle
spasms, trismus, risus sardonicus, nuchal
rigidity, mild opisthotonus, abdominal rigidity, and an inability to walk or sit up
without assistance. The patient’s sensorium was clear. Admission laboratory
evaluation revealed a normal white blood
cell count and electrolytes, including an
ionized calcium and renal function. An
elevated serum creatine phosphokinase of
298 IU/L (normal, 20 –180 IU/L) was
noted. A thorough evaluation for infectious or toxicologic causes of his symptoms was negative. Under public health
surveillance guidelines, the Centers for
Disease Control defines a clinical diagnosis of tetanus as the acute onset of hypertonia or painful muscular contractions
and generalized muscle spasms without
other apparent medical causes (30). By
utilizing this definition, a diagnosis of
tetanus was made on clinical grounds.
Clinically, tetanus has been divided into
three grades: benign, moderate, and severe (31). Our patient displayed characteristics of both moderate and severe tetanus. The characteristics of moderate
severity included a low-grade fever and
dysphagia, and the characteristics of severe tetanus included an incubation period of ⬍10 days, severe spasms, and intense generalized muscle rigidity.
According to this grading classification,
patients with moderate to severe tetanus
normally require sedation and potentially
neuromuscular blockade.
Utilizing standard therapy for muscle
spasms and severe rigidity due to tetanus,
the patient’s spasticity was initially
treated with lorazepam and morphine. A
physical, occupational, and speech therapy evaluation and program were also
initiated and continued throughout the
hospitalization. However, the severe pain
associated with the muscle rigidity and
intermittent spasms continued, despite
high enough doses of sedatives and analgesics that respiratory depression became
a serious concern. Therefore, a continuous magnesium sulfate infusion at 125
mg/hr (100 mg·kg⫺1·day⫺1) was added
Pediatr Crit Care Med 2003 Vol. 4, No. 4

approximately 6 hrs after admission to
avoid further progression of the disease
requiring endotracheal intubation and
mechanical ventilation. To ensure that
the patient did not have untoward effects
of the magnesium infusion, hourly vital
signs and neurologic exams were performed. Neurologic exams included an
evaluation of the degree of muscular
spasticity, rigidity, and patellar reflexes.
The attenuation of patellar reflexes was
utilized as a clinical measure of magnesium toxicity. To follow the degree of
respiratory insufficiency, serial vital capacities were performed. To obtain an
objective measure of the degree of muscle
spasticity, serum creatine phosphokinase
was followed every 8 hrs. Within 24 hrs of
the addition of continuous magnesium
infusion, both the severity of spasms and
degree of muscular rigidity decreased.
Concurrently, the serum creatine phosphokinases, which were initially elevated,
normalized (Fig. 1). The tachypnea subsequently improved, and serial vital capacities also showed noticeable improve-

ment after the institution of magnesium
sulfate (Fig. 2).
By hospital day 4, morphine sulfate,
which was initially administered for painful spasms, was discontinued without any
further complaints of pain. On hospital
days 6 –10, the lorazepam infusion was
gradually weaned and subsequently discontinued. On day 11, an attempt to wean
the magnesium sulfate infusion was
made, but the patient developed increased painful muscle rigidity within 24
hrs of this weaning attempt, and the
magnesium infusion was increased back
to 125 mg/hr with ablation of spasms.
Subsequently, the magnesium was
gradually discontinued during the following 5 days. The total duration of
magnesium therapy was 15 days. After
17 days, the patient was successfully
discharged to home with no untoward
effects of his disease noted. Of note, the
patient never required prolonged deep
sedation, intubation, tracheostomy,
mechanical ventilation, or neuromuscular blockade.

Figure 1. Vital capacity levels over time after admission to the pediatric intensive care unit (PICU).

Figure 2. Serum creatine phosphokinase (CPK) levels over time after admission to the pediatric
intensive care unit (PICU).
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During the magnesium infusion,
there was no evidence of autonomic dysfunction. There was no evidence of hypertension or hypotension. Continuous electrocardiographic monitoring revealed no
arrhythmias or heart block. Throughout
the hospitalization, no adverse respiratory effects of magnesium, including laryngospasm, stridor, respiratory muscle
paralysis, or apnea, were observed. Serum
magnesium concentrations were maintained between 2.1 and 2.7 mEq/L without any evidence of adverse effects, including hypocalcemia.

DISCUSSION
The causative organism of tetanus is
Clostridium tetani, a Gram-positive anaerobic bacillus. The spores of C. tetani
are found in both the soil and feces of
animals and humans (32). Although
highly resistant to temperature extremes
and disinfectants, the organism is sensitive to many common antibiotics (33). C.
tetani produces two toxins: tetanospasmin and tetanolysin. Tetanospasmin is
the toxin primarily responsible for the
central nervous system and autonomic
manifestations of the disease. In the central nervous system, tetanospasmin prevents the release of ␥-aminobutyric acid
and glycine (34, 35). The resultant lack of
this inhibitory input leads to the muscle
rigidity seen in tetanus.
Generalized tetanus is the most common presentation of the disease, and it is
frequently associated with muscle rigidity, generalized spasms, and autonomic
instability (8). The time from initial inoculation to the onset of symptoms is
known as the incubation period. Most
patients develop symptoms within 2 wks
of inoculation (8). Muscle rigidity is usually first observed in the facial muscles,
with progression to the neck, trunk, and
limbs. Initially, patients often present
with trismus (36). Subsequently, risus
sardonicus, dysphagia, nuchal rigidity,
pain or stiffness in the shoulders and
back muscles, abdominal rigidity, stiffness and extension of the limbs, and opisthotonos can occur. As generalized tetanus progresses, reflex muscle spasms
begin to develop. The time from the onset
of symptoms to the development of muscle spasms is called the onset time, which
varies between 1 and 7 days. Shorter incubation periods and onset times are associated with more severe disease (7, 8,
33) Clinically, the first week of illness is
characterized by muscle rigidity and
482

spasms, which increase in severity.
Spasms reduce after 2–3 wks, but stiffness can persist much longer (7). Muscle
rigidity and spasms can restrict ventilation, leading to hypoxia, atelectasis, reduced chest wall compliance, and apnea
(7, 8, 33).
Despite the widespread availability of
tetanus immunizations and vast improvements in critical care medicine, tetanus
remains a frustrating clinical problem.
Intensive care management continues to
be mainly supportive and includes airway
stabilization, deep sedation to control autonomic dysfunction and muscle spasms,
and artificial ventilation with or without
neuromuscular blockade when sedation
alone is inadequate (5–10). Children with
moderate to severe tetanus requiring mechanical ventilation tend to have a higher
rate of mortality than those children not
requiring long-term mechanical ventilation (3). Although lifesaving, supportive
intensive care can also result in a number
of complications, including pneumonia,
sepsis, pneumothoraces, pulmonary emboli, and gastric hemorrhage (3– 6).
Therefore, alternative therapies to control muscle rigidity and spasms without
the need for deep sedation, paralysis, and
artificial ventilation are needed.
Analgesics are often a necessity to
control the pain associated with severe
muscle rigidity and spasms. Opiates, especially morphine, are commonly used to
control sympathetic overactivity (37, 38)
and pain associated with severe muscle
spasms (4, 9, 11, 12). Morphine induces a
peripheral reflex reduction in sympathetic ␣-adrenergic tone and attenuation
of central sympathetic efferent discharge,
resulting in peripheral venous and arteriolar dilation (39). In addition to the
intravenous route, morphine has also
been utilized via intrathecal and epidural
administration to control painful spasms
and facilitate ventilation (11, 12). However the doses and frequency required to
control muscle spasms can result in respiratory depression (11). In addition to
respiratory depression, morphine is associated with a number of adverse effects,
including seizures, changes in mental
status, bradycardia, venodilation, nausea,
vomiting, decreased gastrointestinal motility, pruritus, physical dependence, and
withdrawal (40).
Benzodiazepines, ␥-aminobutyric acid
agonists, have been utilized to control
muscle rigidity and the severe spasms of
tetanus, and they may indirectly antagonize the toxic effects of tetanospasmin

(33). Thus, the use of benzodiazepines for
sedation, amnesia, and muscle relaxation
is often considered a standard of care in
the management of tetanus (5, 7, 8, 33).
However, the doses required to achieve
adequate control of muscle rigidity and
spasms can result in respiratory depression and coma, requiring mechanical
ventilation (41, 42). In addition, parenteral diazepam and lorazepam contain
propylene glycol, which may increase the
risk of lactic acidosis (8, 43). Abrupt discontinuation of prolonged benzodiazepine therapy may precipitate withdrawal
(44).
Intrathecal baclofen, a specific ␥-aminobutyric acid–B agonist, has been utilized to treat muscle rigidity and spasms
in tetanus (13–17). Saissy et al. (15) prospectively evaluated repeated intrathecal
injections of baclofen in the treatment of
ten patients with severe tetanus. Five of
the ten patients treated developed coma
and respiratory depression, which was attributed to the intrathecal baclofen.
Other adverse effects of intrathecal baclofen include coma, hypotension, bradycardia, and meningitis (15–17, 45).
Intravenous dantrolene, which interferes with the release of calcium from the
sarcoplasmic reticulum, resulting in
muscle relaxation (46), has been reported
to be effective in relieving muscle spasticity and rigidity associated with tetanus
(18 –21). In children, dantrolene-treated
patients with tetanus had a significantly
reduced rate of mortality when compared
with a historical control group (21).
However, dantrolene therapy may be associated with hepatotoxicity (18 –20), and
therefore, its use is also limited.
Propofol has been utilized in adults to
control muscle spasms and rigidity without neuromuscular blockade (22). However, the drug levels utilized were closer
to anesthetic than sedative concentrations, necessitating mechanical ventilation. In children, continuous infusions of
propofol have resulted in progressive
metabolic acidosis bradyarrhythmia, incremental myocardial failure, and death
(47, 48). As a result, the Food and Drug
Administration has issued a warning
against the use of continuous infusions of
propofol for sedation in the pediatric population.
The use of magnesium has been described for the control of autonomic dysfunction (23–26), muscle spasms, and rigidity (27–29) associated with severe
tetanus in adults. Magnesium has effects
on both the presynaptic and postsynaptic
Pediatr Crit Care Med 2003 Vol. 4, No. 4

terminals (49). Magnesium competitively
blocks calcium entry into the presynaptic
terminal, which impairs neuromuscular
transmission by reducing acetylcholine
release. Magnesium also decreases the
postsynaptic sensitivity of the motor endplate to acetylcholine. In 1906, the treatment of severe tetanus with intrathecal
magnesium sulfate was first described
(27). Subsequently, intravenous magnesium has been utilized in both adults and
children as an adjunctive therapy for the
management of autonomic dysfunction
in severe tetanus (23–26). In a pilot
study, Attygalle and Rodrigo (28) performed a prospective study investigating
the ability of magnesium sulfate to control the spasms and rigidity of severe tetanus without the need for sedation and
artificial ventilation. In all eight adult
patients studied, serum magnesium concentrations maintained within a therapeutic range safely and effectively controlled muscle spasms and rigidity
without the need for additional sedation
or ventilatory support, except when indicated for lung pathology. Subsequently,
these same authors conducted a prospective, observational study examining the
efficacy and safety of magnesium sulfate
for control of spasms and rigidity and the
need for ventilatory support in 40 adult
patients with tetanus (29). Muscle spasms
and rigidity were controlled in 38 of the
40 patients without the need for neuromuscular blockade. However, tracheostomy and frequent suctioning were necessary in all patients due to increased
respiratory secretions and an ineffective
cough. In addition, unlike the pilot study,
17 of 40 patients (43%) required ventilatory support.
In this report, we described the use of
intravenous magnesium sulfate to control muscle spasms and severe rigidity in
a child with moderate to severe tetanus
without the need for prolonged deep sedation, invasive airway interventions, mechanical ventilation, or neuromuscular
blockade. In our patient, standard therapy, which included escalating doses of
opioids and benzodiazepines, were unsuccessful in controlling the patient’s
muscle spasms and severe rigidity. In tetanus, the focus on supportive intensive
care is often directed at managing respiratory complications. Spasms of the laryngeal muscles can precipitate acute airway obstruction and subsequent
asphyxia. Muscle spasms and rigidity of
the chest wall and respiratory muscles
may interfere with ventilation either priPediatr Crit Care Med 2003 Vol. 4, No. 4

marily or secondarily as a result of retained secretions, atelectasis, or pneumonia. Potentially, the use of sedation to
control muscle spasms and rigidity can
lead to obtundation and central respiratory depression. Most children diagnosed
with moderate to severe tetanus require
sedation, airway control, and artificial
ventilation with or without neuromuscular blockade. By utilizing the grading system of severity presented by Veronesi and
Focaccia (31), our patient was determined to have moderate to severe tetanus. Most likely, our patient would have
required control of the airway and artificial ventilation with or without neuromuscular blockade to manage potential
respiratory complications caused by a
combination of severe muscle rigidity,
spasms, and escalating doses of sedatives.
However, with the addition of intravenous magnesium to the therapeutic armamentarium, we were able to avoid intubation, tracheostomy, and mechanical
ventilation. The adverse effects of mechanical ventilation can include ventilator-associated pneumonia, volutrauma or
lung overdistension, barotrauma, pneumothoraces, increased extravascular lung
water, alterations in cardiovascular hemodynamics, decreased organ perfusion,
and injury to the glottis, larynx, or trachea (50). Chronic administration of analgesics or sedatives is frequently associated with tachyphylaxis, and escalating
dosage requirements can lead to dependency, necessitating a slow withdrawal
(40). Currently, no single drug or group
of drugs has been consistently effective in
controlling spasms in severe tetanus
while avoiding such complications.
To determine whether any adverse effects associated with magnesium occurred in our patient, several variables
were measured in the pediatric intensive
care unit. Continuous electrocardiography, serial blood pressures, respiratory
frequency, vital capacities, neurologic examinations including patellar reflexes,
and serum magnesium and calcium levels were frequently monitored. Often, the
severity of adverse cardiovascular
changes seems to be associated or correlated directly with the plasma magnesium concentration (51) Moderate elevations in the plasma magnesium
concentration above 4 –5 mEq/L may result in bradycardia or hypotension. Magnesium concentrations between 5 and 10
mEq/L may result in prolongation of the
P-R, QRS, and QT intervals. Complete
heart block and asystole may occur at

A

n infusion of magnesium sulfate can
be utilized to treat

muscle spasms and severe
generalized rigidity without
the need for deep sedation,
mechanical ventilation, or
neuromuscular blockade.

plasma magnesium concentrations of 15
mEq/L. Hypermagnesemia may also result in neuromuscular abnormalities.
Clinically, one of the earliest effects of
magnesium toxicity is a decrease or disappearance of the deep tendon reflexes,
which can occur at plasma magnesium
levels of 4 mEq/L. Somnolence can occur
at levels of 4 –7 mEq/L. Muscle paralysis
and apnea may occur at magnesium concentrations of ⱖ10 mEq/L. The patellar
reflex was closely monitored throughout
the study for any attenuation. Because
areflexia occurs only at serum magnesium concentrations of ⬎4, the patellar
reflex proved a valid clinical end point in
our patient to ensure that the therapeutic
range was not exceeded. In our patient,
the mean magnesium level was maintained between 2.1 and 2.7 mEq/L. Our
patient demonstrated no evidence of any
adverse cardiovascular effects as measured by continuous electrocardiographic
monitoring and serial blood pressures.
Parenteral magnesium has also been associated with hypocalcemia, which did
not occur in our patient.
In summary, tetanus is a serious, lifethreatening, but uncommon problem encountered in the pediatric intensive care
unit. Although the mainstay of intensive
care therapy remains supportive, we report the use of intravenous magnesium
sulfate in a pediatric patient to control
muscle spasms and severe rigidity without the need for prolonged deep sedation,
paralysis, artificial ventilation, or the
complications associated with these therapies. Because tetanus is an infrequent
diagnosis, it is unlikely that a prospective,
randomized trial utilizing magnesium
sulfate as a sole agent for the control of
spasms without the need for deep sedation or artificial ventilation will be per483

formed in the pediatric population. However, we recommend that magnesium
sulfate be considered in the armamentarium of therapeutics utilized to treat muscle spasms and rigidity associated with
tetanus, provided the patient’s neurologic, cardiovascular, and respiratory status can be closely monitored in the pediatric intensive care unit.
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