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REVIEW
Pharmacological management of tetanus: an
evidence-based review
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Abstract

Tetanus is becoming rarer in both industrialized and
developing nations due to an effective vaccination
program. In 2010, the World Health Organization
estimated there was a 93% reduction in newborns
dying from tetanus worldwide, compared to the
situation in the late 1980s. Due to its rarity, many
diagnostic delays occur as physicians may not
consider the diagnosis until the manifestations
become overt. Without timely diagnosis and proper
treatment, severe tetanus is fatal (mortality is also
influenced by the comorbidities of the patient). The
principles of treating tetanus are: reducing muscle
spasms, rigidity and autonomic instability (with
ventilatory support when necessary); neutralization of
tetanus toxin with human antitetanus immunoglobulin
or equine antitetanus sera; wound debridement; and
administration of antibiotics to eradicate locally
proliferating bacteria at the wound site. It is difficult to
conduct trials on different treatment modalities in
tetanus due to both logistical and ethical reasons.
However, it is imperative that physicians are aware of
the best evidence-based treatment strategies currently
available to improve the outcome of patients. This
review concentrates on analyzing the current evidence
on the pharmacological management of tetanus.
spasms are also accompanied by autonomic distur-
Introduction
Tetanus is caused by the obligatory anaerobic Gram-
positive bacillus Clostridium tetani. Despite a global re-
duction in its incidence, the condition is still a threat in
many developing countries [1-4]. Though a rarity, it is
still reported in developed nations, especially in the
farming community [5]. The impact in low prevalence
areas is exaggerated by the fact that physicians may not
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recognize tetanus due to unfamiliarity [6]. Failure in
timely recognition and initiation of treatment can be
fatal. According to World Health Organization (WHO)
data, approximately 9,600 cases of tetanus were reported
globally in 2010 [7]. This is a sharp drop from the an-
nual incidence figures in 1980, which exceeded 110,000.
Tetanus was a major killer in neonates and children a
few decades ago, but the numbers have reduced mark-
edly with effective vaccination programs in many coun-
tries. In 2010, the World Health Organization estimated
a 93% reduction in newborns dying from tetanus world-
wide compared to the situation in the late 1980s [8].
Most countries now boast more than 90% coverage of
infants in immunization programs [7]. However, it is dif-
ficult to eradicate the disease due to the abundance of
tetanus bacterial spores in the environment. The goal is
to work towards elimination of tetanus through vaccin-
ation. In 1999, 57 countries had failed to eliminate ma-
ternal and neonatal tetanus but, by 2013, 31 of those
countries had managed to reach elimination status [9].
The classical presentation of tetanus seen in patients

begins with trismus or ‘locked jaw’ due to spasms of the
masseter. Rigidity then spreads down the arms and
trunks over the next 1 to 2 days, progressing to general-
ized muscle rigidity, stiffness, reflex spasms, opisthot-
onus and dysphagia. Even minute sensory stimulation
can precipitate prolonged spasms. The generalized

bances, such as swings in blood pressure, arrhythmias,
hyperpyrexia and sweating. Exhaustion, autonomic dis-
turbances, and complications from muscle spasms (for
example, asphyxiation, pneumonia, rhabdomyolysis, pul-
monary emboli) can contribute to the high fatality rates
observed in severe tetanus [10].
Probably the most successful intervention against tet-

anus in history is its prevention by means of an effective
vaccine; the success of vaccination has led to a dramatic
fall in the incidence of tetanus [7]. However, treatment
of this disease is less effective, with high rates of mortal-
ity reported from case series around the world. Still,
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improvements in ICU facilities, closer monitoring and
certain pharmacological interventions have increased
survival rates. Many new and experimental therapeutic
approaches for managing patients with tetanus have
been explored in recent decades. This review addresses
the timely need of summarizing the evidence base for
currently used and experimental pharmacological ther-
apy in treating tetanus.
Methods
This systematic narrative review was synthesized by
searching PUBMED with the keywords ‘tetanus’ in title
and ‘management’ in abstract, which resulted in 271 hits.
The search was repeated again with ‘tetanus’ in title and
‘treatment’ in abstract with 1,210 hits. The keywords
were selected to find core articles that would address the
management of tetanus. The time limit for the search
was from 1992 to 2012 to include more recent opinions
on the subject. The software Endnote X3 (Thomson
Reuters, Carlsbad, CA, USA) was used to filter articles.
Bibliographies of cited literature were also searched. All
abstracts were read independently by two authors, and
key articles were identified based on a consensus among
all authors.
Results/review
We selected 67 articles for the final synthesis based on
relevance to the topic. These included five retrospective
studies, 13 prospective studies/case series, nine random-
ized trials and five systematic reviews. In addition, narra-
tive reviews, opinion papers and relevant case reports
were also scrutinized.
Treatment in tetanus is based on several key princi-

ples: a) sedation and paralysis to control the progres-
sive spasms and autonomic dysfunction and to avoid
exhaustion; b) surgical debridement and antibiotic
treatment for the source of infection; c) neutralization
of the circulating toxin; and c) supportive care in an
ICU. Deep sedation and paralysis with artificial ventila-
tion in an ICU has its drawbacks. The patient may re-
quire prolonged periods of intubation and ventilation,
increasing vulnerability to ventilator-associated pneu-
monia, tracheal stenosis, difficulty in weaning and adult
respiratory distress syndrome. Similarly, facilities for
prolonged periods of ventilation are limited in many
developing countries where tetanus still poses a major
threat. Therefore, many clinicians have explored the
possibility of using pharmacological means to control
the spasms without the need for heavy sedation and
artificial ventilation. Several options that have been ex-
plored include intravenous magnesium sulfate, baclofen
and dantrolene.
Controlling muscle spasms and autonomic dysfunction
The ‘routine’ practice in treating patients with tetanus
includes heavy sedation and paralysis with neuromuscu-
lar blockade by muscle relaxants supported by artificial
ventilation. The rates of survival with this practice have
improved over the years with better ICU facilities and
ventilatory options, as demonstrated by a comparative
analysis of two case series in Australia [11]. Sedatives
used vary from benzodiazepines such as midazolam and
diazepam to anesthetic agents such as propofol [12-14].
Phenothiazines such as chlorpromazine are also used for
sedation in resource-limited settings. Neuromuscular
blockers used include pipecuronium, vecuronium and
pancuronium.

Benzodiazepines
Benzodiazepines are the standard therapy for controlling
muscle spasms in tetanus and have gained popularity
over other agents due to their combined muscle relax-
ant, anticonvulsant, sedative and anxiolytic effects, which
can be quite useful in managing a patient with tetanus.
The most popular option with regard to benzodiazepines
is diazepam, which is cheap and available in many
resource-limited settings where tetanus is a significant
public health problem. There are not many randomized
clinical trials on diazepam for an obvious reason; it is
established therapy in tetanus and depriving a patient of
treatment with benzodiazepines in severe tetanus is un-
ethical. Many early studies established the role of diaze-
pam as a useful agent in tetanus [15,16] and some of
these compared the role of diazepam against other seda-
tives available at that time, such as chlorpromazine and
phenobarbitone. Diazepam modulates GABA-A trans-
mission and increases presynaptic inhibition. In a
Cochrane review to assess the relative efficacy of diaze-
pam in the treatment of tetanus in adults and children,
Okoromah and Lesi [17] concluded that using diazepam
was associated with better survival rate in children when
compared to a combination of phenobarbitone and
chlorpromazine (relative risk for death 0.36, 95% confi-
dence interval 0.15 to 0.86; risk difference −0.22, 95%
confidence interval −0.38 to −0.06). However, despite
searching for all randomized and quasi randomized trials
in many databases, they only managed to find two trials
matching the inclusion criteria (n = 134) demonstrating
the paucity of evidence for pharmacological therapy in
tetanus.
The use of midazolam, a relatively short acting benzo-

diazepine, is a theoretically better option than diazepam.
However, there is limited evidence on the use of this
drug and in most occasions its use in the medical litera-
ture is described in case reports and case series in con-
junction with other muscle relaxants, anesthetic agents
and magnesium sulfate [18-21]. There is no head-to-
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head comparison of midazolam with diazepam and its
efficacy is difficult to differentiate from other concur-
rently used drugs [22,23]. The same limitations hold true
for lorazepam [24,25].
Despite the lack of evidence (which is partly due to

obvious ethical issues in designing trials), benzodiaze-
pines remain the backbone of treatment regimens for
tetanus. The dosing is adjusted according to the clinical
response of the patient, but large doses may be needed
in severe cases (there is a risk of precipitating metabolic
acidosis due to the preservative propylene glycol when
using large doses of diazepam). Long acting drugs such
as diazepam are lipid soluble and hence have a large vol-
ume of distribution and may lead to a prolonged recov-
ery when the doses are tailed off. Other treatment
options, described below, are mostly compared against
benzodiazepines and ironically have a larger evidence
base for their use in the literature.

Intravenous magnesium sulfate
Magnesium sulfate is a widely accepted therapy for con-
trolling eclampsia in obstetric practice. It functions as a
physiological antagonist of calcium at the cellular level
causing vasodilatation, presynaptic neuromuscular
blockade and prevention of catecholamine release [26].
It also has anticonvulsant properties [27]. A safe serum
therapeutic range of 2 to 4 mmol/l has been established
for patients with eclampsia [28].
Magnesium treatment to control tetanic spasms has

been recorded in the medical literature for a long time
but its use in more recent times has been established
since the 1980s with the emergence of case reports of
the successful control of tetanic spasms with continuous
infusions [29,30]. However, the first case series involving
a comparatively large number of patients (n = 40) was
reported by Attygalle and Rodrigo in 2002 [31]. Follow-
ing a pilot study in which eight patients were success-
fully managed with intravenous (IV) magnesium sulfate
over a period of 1 year with minimal need for ventilatory
support [32], they conducted a prospective observational
study to observe the effects of magnesium sulfate as
first-line therapy. Of the 40 patients assessed, 36 had
spasms. Magnesium sulfate therapy was initiated with a
loading dose of 75 to 80 mg/kg in 30 minutes and con-
tinued at a rate of 2 g/hour for patients aged under
60 years and 1 g/hour for patients aged over 60 years.
Increments of infusion rates were made at 6 hourly in-
tervals depending on patient comfort and degree of
spasms. The clinical evidence of magnesium toxicity was
gauged by loss of patellar reflex, hypocalcemia, excessive
sedation, and respiratory and cardiovascular depression.
The authors demonstrated that the spasms were effect-
ively controlled in many patients (to allow physiother-
apy, oral care and swallowing) at a serum magnesium
concentration of 2 to 4 mmol/l. The lowest calcium level
reported in this series was 1.6 mmol/l, but it reverted to
normal range within 48 hours of stopping magnesium.
They also demonstrated that 23 (57%) patients did not
require any ventilatory support throughout their illness,
while in those who required ventilation, older age, mag-
nesium toxicity itself and pre-existing respiratory dis-
ease, such as chronic obstructive airway disease, might
have played a contributory role rather than tetanus itself.
The overall mortality was 12% (five deaths, all in patients
aged over 60 years due to infective causes and gastric
hemorrhage) and the mean overall ICU stay was 23.1
(standard deviation (SD) ±7.6) days. The total mean dur-
ation of IV magnesium sulfate therapy in survivors was
18.2 (SD ±5.9) days. The authors concluded that the
mortality rates and duration of ICU stay in this series
was better compared to contemporary figures, and rec-
ommended IV magnesium sulfate as the first-line ther-
apy to control tetanic spasms.
Mathew and colleagues [27], in a case series in

Chandigarh, India (n = 33), also demonstrated a clinical
benefit of IV magnesium sulfate infusion for controlling
spasms at a loading dose and incremental doses similar
to those in the study above. However, they noted that
magnesium as sole therapy was adequate in only six pa-
tients who had a milder form of the illness (severity
grading of I or II according to the Ablett scoring sys-
tem). Those with a grade of III and IV developed further
spasms and autonomic instability while being on ad-
equate doses of magnesium and required additional
pharmacological and ventilatory support. The earlier
series did not report severity grading according to the
Ablett scoring system (which is based on clinical fea-
tures) and a comparison is not therefore possible. The
mean duration of ICU stay was comparable in the two
studies but the mortality rate was higher in the second
series (23%), reflecting a series with more severe disease.
Mathew and colleagues concluded that the beneficial ef-
fects of magnesium are obvious in tetanus, but it may be
inadequate as sole therapy in patients with severe
disease.
A randomized placebo-controlled trial with regard to

magnesium in tetanus was conducted by Thwaites and
colleagues in Vietnam [21]. In this trial, 97 and 98 pa-
tients with tetanus of comparable severity (independ-
ently verified with three different scoring systems) were
allocated to receive either magnesium sulfate or placebo
while receiving standard therapy (high dose diazepam
for sedation replaced with midazolam as required,
neuromuscular junction blockade and respiratory sup-
port when necessary). The loading dose used was less
than that used in the case series above but the hourly in-
fusion rates were comparable. However, dose titration to
control symptoms was not possible due to the blinding
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in the study. The primary outcome assessed was the
need for ventilatory support within the first 7 days of
magnesium therapy, which showed no difference be-
tween groups (there was no difference in this regard
even when the analysis was extended to cover the entire
hospital stay). There was also no effect on total duration
of ICU stay and survival. However, there was a signifi-
cant reduction in the need for midazolam (used for
spasms uncontrolled with high dose diazepam) and the
neuromuscular blocking drug pipecuronium in the mag-
nesium group. The need to use verapamil to terminate a
tachycardia was also less likely in the group receiving
magnesium. In a separate analysis, the same authors
demonstrated that urinary adrenaline excretion was less
and urinary noradrenaline secretion was higher in those
receiving magnesium compared to placebo [33]. Clinical
autonomic dysfunction was significantly associated with
higher urinary adrenaline excretion, which magnesium
seemed to protect against (noradrenaline excretion did
not show a similar correlation with clinical autonomic
dysfunction). Autonomic dysfunction in tetanus is
known to be associated with a higher rate of catechol-
amine release, especially that of adrenaline [34]. It is
plausible that magnesium exerts some of its beneficial
effects by blocking adrenaline release. Two other trials,
by Ali and colleagues [35] and Osalusi and colleagues
[36] compared magnesium with diazepam for spasm
control and showed conflicting results. A meta-analysis
of all three trials showed that magnesium did not reduce
mortality in tetanus [37].
Overall, from the available evidence it can be assumed

that magnesium does have a therapeutic benefit in con-
trolling muscle spasms and reducing autonomic instabil-
ity. The randomized controlled trial that compared
magnesium against placebo failed to demonstrate a
benefit in reducing the need for ventilatory support and
improving mortality rates [21]. Still, by nature of the
study design, they were not able to incrementally titrate
the magnesium dose according to patients’ clinical pic-
ture and hence the overall serum magnesium concentra-
tions achieved (2 to 2.5 mmol/l) were in the lower range
of the therapeutic range achieved by Attygalle and
Rodrigo [31] (2 to 4 mmol/l). Therefore, the conclusion
by Thwaites and colleagues [21] that magnesium infu-
sion was safe to be administered in facilities without
ventilatory support cannot be entertained, especially if a
model of administration of titrating to control symptoms
(as done by Attygalle and Rodrigo) is followed [31]. In
addition, the trial of Thwaites and colleagues gave mag-
nesium sulfate for only 7 days while the duration of
treatment was much longer in the uncontrolled case
series. The effect of longer duration magnesium sulfate
is therefore as yet unexplored in a randomized trial.
Magnesium sulfate remains a relatively inexpensive
treatment option to control muscle spasms and auto-
nomic dysfunction in tetanus [38]. However, it alone
may not be sufficient to control spasms in severe dis-
ease. It also needs frequent clinical and laboratory moni-
toring to avoid toxicity and has no effect on mortality.

Intrathecal baclofen
Baclofen is a GABA-B receptor agonist. Oral baclofen is
thought to have poor penetration across the blood–brain
barrier and hence is ineffective in tetanus [39]. However,
intrathecal administration is shown to abolish spasms
promptly. Muller and colleagues [40] demonstrated the
efficacy of intrathecal baclofen in controlling severe
spasms in tetanus, reducing the need for ventilation.
However, the technique employed required baclofen to
be delivered via a tunneled intrathecal catheter and a
subcutaneous reservoir, which is prohibitively expensive
in many resource-limited settings. Many reports on the
efficacy of baclofen are limited to case reports of either
one or a few patients, but so far there are more than 30
case reports in the published literature [41-50]. Boots
and colleagues [42] treated two patients using a similar
mechanism to deliver the drug and noted a reduction in
the need for sedation and paralysis. Brock and colleagues
[51] also note that baclofen alone was an effective meas-
ure in promptly abolishing prolonged muscle spasms at
a dose of 850 μg/day delivered via an intrathecal infusion
pump. In the largest case series of patients treated with
baclofen via an intrathecal infusion catheter, the drug
was effective in controlling spasms in all but one patient
(n = 22) [52]. However, only three patients maintained
spontaneous ventilation during the course of illness and
all others required ventilatory support. The survival rate
in this series was 95%. Saissy and colleagues [47]
assessed the efficacy of treating severe tetanus with
intermittent intrathecal injections of baclofen rather
than using a continuous infusion topped up with bo-
luses. The argument was to assess the efficacy of an in-
expensive measure of administration that can be utilized
in resource-limited settings. In nine patients out of ten,
the first injection itself resolved the spasms completely
though the recovery of muscle rigidity was incomplete.
However, five patients developed respiratory depression
later on, of whom three needed ventilatory support.
Overall, five patients had to be ventilated during the
course of illness. Four patients were treated with baclo-
fen exclusively. The survival rate in this series was 50%.
The evidence base for baclofen is far smaller than that

for magnesium sulfate. It is noted that the daily baclofen
dose infused ranged from 500 to 2,000 μg in many of
these case reports. At these doses, respiratory depression
as well as cardiovascular instability were observed.
Therefore, intrathecal administration of baclofen cannot
be recommended without ICU and ventilatory facilities.
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While in many patients the initial loading dose and in-
fusions were effective in relieving spasms, rigidity was
not completely abolished. Some authors report incom-
plete resolution of symptoms even with high doses of
baclofen, thus reflecting a patient-dependent variation
in response [50,53]. One advantage in those responding
to baclofen is the relatively longer duration of action
and the need for less sedative drugs. However, the
method of administration by an intrathecal pump is too
expensive a measure to be employed in resource-
limited settings, and has the added disadvantage of
being a potential route for secondary central nervous
system infection [52]. Therefore, intrathecal baclofen
infusion cannot be recommended as per current evi-
dence as a standard treatment practice in resource-
limited settings.

Other measures used for sedation and control of autonomic
dysfunction
Dantrolene is a muscle relaxant that is effectively used
in the treatment of malignant hyperthermia and neuro-
leptic malignant syndrome. Checketts and White [54]
report two patients with severe tetanus managed with
dantrolene infusions (for muscle relaxation) and concur-
rent diazepam/midazolam infusions (for sedation) during
the entire course of illness with subsequent recovery.
Neither patient required artificial ventilation. Other case
reports on the use of dantrolene are for milder grades of
tetanus and demonstrate a successful outcome [55-57].
The use of ketamine along with intravenous diazepam is
reported in one case report [58].
Successful use of botulinum toxin A for localized

muscle spasms has also been reported. García-García
and colleagues [59] used it to treat residual contractures
of a woman recovering from cephalic tetanus and Herr-
man and colleagues [60] used it to treat painful trismus
in a woman with localized tetanus. On both occasions,
successful outcomes were observed, avoiding the need
for systemic sedatives and muscle relaxants.
Bhagwanjee and colleagues [23] assessed the role of

epidural blockade with bupivacaine and sufentanil in
controlling the sympathetic hyperactivity in 11 patients
with severe tetanus. Midazolam was used as the major
sedative in all patients. Blood pressure fluctuations re-
duced significantly (P < 0.0001) from an average differ-
ence between the mean maximum and mean minimum
systolic blood pressure of 78 (SD ±28) mmHg to 38
(SD ±15) mmHg after epidural blockade. There was a
non-significant reduction in heart rate fluctuations as
well. The observations in this regard have not been
investigated by others.
In another interesting approach to tackle auto-

nomic instability, intravenous clonidine (an α2-
adrenoreceptor agonist) was administered to 17
patients with severe tetanus and compared with 10 pa-
tients who did not receive clonidine [61]. Both groups
received the same treatment otherwise. Blood pressure
fluctuations were minimized with 3 days of clonidine
administration and this group had a significantly lower
mortality rate than the group not receiving clonidine.
Dolar in 1992 [62] reported four patients managed
with continuous atropine infusions in addition to
standard therapy. The authors argue that although
autonomic disturbance is widely accepted to be due to
sympathetic overdrive, it may also be due to acetylcho-
line toxicity. There was one death in the series due to
an unrelated cause and the other three patients sur-
vived. Though blood pressure fluctuations did stabilize
in two patients after atropine use, it is difficult to
gauge a direct therapeutic benefit as this was not
a controlled trial. Dexmedetomidine, another α2-
adrenoreceptor agonist with sedative effects (and minimal
respiratory depression), was used to treat six patients
with tetanus over 7 days as an infusion. Though it did
not completely abolish muscle spasms and rigidity, it
managed to reduce the need for other sedatives and
muscle relaxants [63].
One of the earliest drugs used to try to tackle the sym-

pathetic overdrive in tetanus was labetolol [64]. There
are several case reports of labetolol being successfully
used to treat adrenergic crises in tetanus characterized
by tachycardia and hypertension [65,66]. In one case
series of 15 patients, labetolol reduced tachycardia and
blood pressure, but heart rate and blood pressure vari-
ability did not improve [67]. In some instances labetolol
had to be co-administered with other drugs such as clo-
nidine for a complete response [68]. Successful use of
other beta blockers such as esmolol has also been de-
scribed in the literature as case reports [69].
Intravenous morphine is another option to counter

autonomic hyperactivity in tetanus. In a series of ten pa-
tients, intravenous infusion of morphine successfully
controlled signs of autonomic dysfunction without the
need for adrenergic blockers [70]. Part of this effect may
be due to the analgesic effect of morphine reducing anx-
iety. Other authors have also observed the efficacy of
morphine in this regard and some have attempted differ-
ent routes of administration, such as intrathecal admin-
istration [71,72].
Vitamin C has been shown to reduce mortality from

tetanus in animal studies. A single unblinded controlled
trial (presumably non-randomized) conducted in 1980
by Jahan and colleagues [73] showed a significant reduc-
tion in mortality in adults and children receiving a daily
dose of 1 g intravenous vitamin C as adjunctive therapy.
The methodological flaws in this trial and lack of con-
firmation of the results in other studies make it difficult
to comment on this observation [74].
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Neutralization of toxin: route of administration of
immunoglobulins
Administration of human antitetanus immunoglobulin
(HTIg) or equine antitetanus serum is an established
practice in the treatment of tetanus. Since the damage
caused by tetanospasmin that has entered the nervous
system is irreversible, much emphasis is placed on neu-
tralizing the circulating toxin before it enters the ner-
vous system. Many authors have explored whether
administering these immunoglobulins intrathecally (ra-
ther than the traditional intramuscular injections) would
have an additional benefit.
Sun and colleagues [75] report a non-randomized con-

trolled unblinded trial where 9 patients out of 17 with
tetanus of varying severity received 250 IU of intrathecal
HTIg as adjunctive therapy. Both groups were compar-
able in severity of disease, age group and other treat-
ments received, including HTIg via the standard route
(to all patients). The observed mortality rate was signifi-
cantly less for the group receiving intrathecal therapy
and the total duration of ICU stay and the hospital stay
was also less though did not differ significantly from the
control group.
One of the largest trials in this regard was conducted

by Miranda-Filho and colleagues [76], who randomly
assigned patients to two groups to receive either intra-
muscular HTIg (3,000 IU) plus intrathecal HTIg
(1,000 IU) or intramuscular HTIg alone. The rest of the
treatment protocols were similar for both groups. While
there was no significant difference in mortality rates,
need for mechanical ventilation or occurrence of com-
plications, a statistically significant improvement was ob-
served in the treatment group with regard to
improvement of spasms and reduction in hospital stay.
A similar observation of a shorter hospital stay (plus a
significant mortality benefit) was made by Ahmad and
colleagues [77], who conducted a non-blinded controlled
trial administering intrathecal HTIg (study group) versus
standard therapy (control group) for neonatal tetanus. In
a retrospective analysis of 66 patients who were adminis-
tered HTIg intrathecally, Geeta and colleagues [78]
concluded that complications were less compared to
other centers where immunoglobulin was administered
intramuscularly.
While many of the studies mentioned above favor

intrathecal administration of human immunoglobulin,
the evidence for its benefit is not concrete. Many con-
founding factors might have led to a better outcome
rather than the intrathecal administration of immuno-
globulins itself. Two Cochrane reviews on the subject
have found conflicting results in this regard. The analysis
by Abrutyn and Berlin [79] does not recommend the
intrathecal use of either human immunoglobulin or
equine antitetanus serum unless in the context of a
randomized clinical trial. A later metanalysis by Kabura
and colleagues [80], however, concluded that intrathecal
immunoglobulin or antitetanus serum administration is
preferable to standard intramuscular administration.
When opting for intrathecal administration of immuno-
globulins, the clinician must also take into account the
rare but reported adverse event of reversible paraplegia
[81].
Tetanus infection does not induce immunity; there-

fore, active immunization is also recommended for a pa-
tient as part of treatment. The tetanus toxoid should be
given at a separate site from immunoglobulin adminis-
tration. Those who have not had active immunization
before will need another two booster doses within 1 year
of the first dose.

Antibiotics in tetanus
Antibiotics are administered to patients with tetanus on
the presumption that it prevents local proliferation of C.
tetani at the wound site. The antibiotics that can be used
include penicillin G, metronidazole and doxycycline.
However, although resistance is rare, the bacteria may
not be universally sensitive to the first-line antibiotics in
tetanus. An analysis of microbiological susceptibility of
C. tetani isolated from wounds of patients diagnosed
with tetanus showed that initially all were susceptible to
penicillin and metronidazole. After treating with high
dose penicillin, however, two isolates were found to be
penicillin-resistant 16 days later [82]. While these
findings cannot be applied universally due to various
local resistance patterns of bacteria, it nevertheless
stresses the need for repeated sensitivity testing during
treatment.
While penicillin and metronidazole are both recom-

mended in treating tetanus, some argue that metronida-
zole may be a better option. This is based on the fact
that penicillin produces a non-competitive voltage-
dependent inhibition of GABA-A receptors obtunding
post-synaptic inhibitory potentials. In this regard, peni-
cillin in large doses is known to cause seizures and many
have proposed a theoretical possibility of potentiating
the action of tetanospasmin. If such an effect exists, it
becomes a serious issue as there is no solid evidence for
a benefit of antibiotic therapy itself in tetanus. The ques-
tion remains whether, in that case, penicillin administra-
tion may do more harm than good. A trial by
Ahmadsyah and Salim [83] demonstrated a mortality
benefit for patients treated with metronidazole com-
pared to penicillin as far back as 1985. Based on these
data, many experts recommended metronidazole over
penicillin [84,85]. Later, in a randomized controlled trial
in India, Ganesh Kumar and colleagues [86] assessed
outcome after three different antibiotic preparations
were given to 161 patients with tetanus. These were
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benzathine penicillin (1.2 million units as a single dose
intramuscularly; n = 56), intravenous benzyl penicillin (2
million units every 4 hours for 10 days; n = 50) and oral
metronidazole (600 mg every 6 hours for 10 days; n =
55). While the three arms were similar in age distribu-
tion, sex and severity of tetanus score according to
Ablett criteria, no significant difference in outcome was
observed in relation to the duration of hospital stay,
need for mechanical ventilation, need for neuromuscular
blockade and concurrent respiratory tract infections.
Table 1 Summary of evidence base for treatment modalities

Treatment
modality

Advantages and disadvantages Sum
lev

Relief of muscle
spasms

Benzodiazepines Advantages: combined sedative, anticonvulsant
and muscle relaxant effects

Use

Readily available A m
use
ben

Disadvantages: prolonged duration of action
with long-acting drugs

Eth
tria

Magnesium sulfate Advantages: readily available in resource-limited
settings

Me
ben

Has anticonvulsant, muscle relaxant properties Ina
pos

Disadvantages: needs close monitoring

Risk of hypocalcaemia

Less effective in severe disease

Intrathecal baclofen Advantages: abolishes spasms promptly Evid
(lev

Disadvantages: risk of central nervous system
infections High cost

Dantrolene,
ketamine, propofol,
botulinum toxin

Ben
onl

Reducing
autonomic
instability

Clonidine,
morphine,
bupivacaine with
sufentanil, labetolol

Advantages: reduces tachycardia and systolic
blood pressure fluctuations. The sedative effect
of morphine reduces anxiety and cardiovascular
instability

Evid
few

Disadvantages: beta blockers can worsen
hypotension, bradycardia

Administration of
immunoglobulins

Administration of immunoglobulins is beneficial.
The best route of administration (intramuscular
alone versus intrathecal plus intramuscular) is
debated

Evid
con

Use of antibiotics Metronidazole use has a theoretical advantage
over penicillin use as the latter can potentially
facilitate tetanospasmin activity

The
ant

Evid
tria
me
evid

Level of evidence: A, data derived from multiple randomized clinical trials or meta-a
C, only consensus opinion of experts, case studies or standard of care.
Limitations
Several ‘standard’ management strategies for tetanus,
such as using benzodiazepines and antibiotics, are not
evidence based. However, given their theoretical import-
ance of use, designing clinical trials to evaluate their effi-
cacy against placebo is unethical. Many treatment
options mentioned above have not been assessed with
randomized controlled trials and it is becoming increas-
ingly difficult to do so given the rarity of the illness. In
the few developing resource-limited settings where
used in tetanus

mary of findings and
el of evidence

Recommendation

d as standard therapy Expert opinion favors use;
standard of care

eta-analysis comparing against less
d options nowadays showed no
efit in using diazepam

ical issues may prevent designing of
ls to test efficacy

ta-analysis shows no mortality
efit (level of evidence A)

Use may be reasonable and
should be considered depending
on clinician judgment

dequate evidence to decide on a
itive impact on ICU/hospital stay

ence is limited to a few case series
el of evidence C)

May be harmful in settings where
sterility and proper monitoring
cannot be maintained

efit observed in some case reports
y (level of evidence C)

Cannot be recommended without
further evidence

ence limited to case reports and
case series (level of evidence C)

Use may be reasonable on a case
by case basis

ence from two meta-analyses are
flicting

Intrathecal administration of
immunoglobulins (in addition to
intramuscular administration) may
be beneficial

re are no trials to suggest that
ibiotic use is beneficial in tetanus

Either penicillin or metronidazole
may be used as the antibiotic of
choice in treating tetanus (expert
opinion)ence from a randomized controlled

l shows no benefit of choosing
tronidazole over penicillin (level of
ence B)

nalysis; B, data derived from a single randomized trial or non-randomized trials;
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tetanus still occurs at a high frequency, infrastructure
and technical expertise to carry out clinical trials are not
available. Some expensive treatment strategies, such as
intrathecal baclofen, are out of reach for researchers in
such settings and may even be harmful for patients if
sterility cannot be maintained in a controlled environ-
ment. The efficacy of different treatment modalities also
depends on the severity of disease in each patient. For a
comparison of patients between studies, there should be
a uniform scoring system to assess severity of disease.
Different studies have used various measures to assess
severity and others have not commented on it at all,
which makes it difficult to objectively assess the thera-
peutic efficacy for each option.
Conclusions
The traditional management strategy in tetanus involves
sedation, neuromuscular paralysis and elective ventila-
tion combined with wound debridement, antibiotic ther-
apy and administration of HTIg (or equine antitetanus
serum) to neutralize the toxin. Due to the associated
complications of prolonged ventilation, many have
searched for ways of reducing the need for paralysis and
elective ventilation. The evidence base for these prac-
tices is as follows (a detailed summary of these recom-
mendations is given in Table 1).
Despite benzodiazepines being popular as standard

therapy for sedation and reducing spasms, the evidence
for their superiority over other options is lacking. How-
ever, this may be due to the difficulty and ethical issues
in designing trials to evaluate their efficacy. Intravenous
magnesium sulfate reduces muscle spasms and auto-
nomic dysfunction but it may not be suitable as sole
therapy to relieve spasms in severe tetanus and has no
proven mortality benefit. Intrathecal baclofen is an ef-
fective option to relieve spasms till recovery but its use
is limited due to costs and the risks of introducing con-
current central nervous system infection. Benefits re-
ported with dantrolene, botulinum toxin (for local forms
of spasms) in reducing muscle spasms and that of epi-
dural blockade and clonidine to reduce autonomic dys-
function need to be further evaluated with controlled
trials before being recommended as standard therapy.
The beneficial role of intrathecal HTIg or equine

antitetanus sera is not well established. However, the
majority of studies are in favor of intrathecal administra-
tion. The use of this mode of administration should be
at the treating physician’s discretion. Recommendations
cannot be made for the exact dose for intrathecal
administration.
The evidence base for the efficacy of antibiotics in tet-

anus is limited. Metronidazole and penicillin can be used
as the bacterium is susceptible to both. There is a
theoretical advantage of using metronidazole but its clin-
ical correlations have not been well established by trials.
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