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Randomised controlled trial of tetanus treatment with antitetanus
immunoglobulin by the intrathecal or intramuscular route
Demócrito de Barros Miranda-Filho, Ricardo Arraes de Alencar Ximenes, Antônio Alci Barone, Vicente Luiz Vaz,
Aderbal Gomes Vieira, Valéria Maria Gonçalves Albuquerque

Abstract
Objective To evaluate the effect of intrathecal therapy with
human antitetanus immunoglobulin on clinical progression of
and mortality from tetanus.
Design Randomised controlled trial.
Setting Intensive care unit of a university hospital, Pernambuco,
Brazil.
Participants 120 patients with tetanus allocated to antitetanus
immunoglobulin by either the intrathecal and intramuscular
route (n = 58) or the intramuscular route (n = 62; control
group).
Main outcome measures Clinical progression of disease,
duration of hospital stay, duration of occurrence of spasms,
complications, respiratory infection, respiratory failure or
mechanical ventilation, duration of respiratory assistance, and
mortality.
Results Patients in the treatment group showed a better clinical
progression than those in the control group (�2 for trend 7.752,
P = 0.005; difference in proportion of patients with
improvement 20%, 95% confidence interval 4% to 35%). The
duration of occurrence of spasms, hospital stay, and respiratory
assistance were all shorter in patients the treatment group:
respectively, 14.96, 0.0001 (difference in proportion of patients
with spasms lasting ≤ 10 days 36%, 18% to 55%); 4.56, 0.03; and
6.56, 0.01 (proportion of patients who needed assistance for
≤ 10 days 69.2% in the treatment group and 30.8% in the
control group (difference 38%, 12% to 65%)).
Conclusion Patients treated with antitetanus immunoglobulin
by the intrathecal route show better clinical progression than
those treated by the intramuscular route.

Introduction
Tetanus is a universal public health problem, with around one
million cases a year and a mortality between 6% and 60%.1 Over
the past 30 years only nine randomised controlled trials have
studied the prevention and treatment of tetanus.2 Recent
advances in treating tetanus are ascribed to the more frequent
and effective use of aggressive treatments that utilise trache-
otomy, artificial paralysis, and artificial respiration.2–4

Treating tetanus by neutralising the toxin is still controversial,
especially dosage and route of administration.5–15 A meta-analysis
of intrathecal therapy was inconclusive in adults.16 We evaluated
the effect of such therapy on clinical progression of and
mortality from tetanus.

Methods
Our study sample was patients with tetanus admitted to the
intensive care unit of the Oswaldo Cruz University Hospital,
Recife, Brazil. Potential participants were aged 12 or more and
had secondary sex characteristics. They were randomised to
receive antitetanus immunoglobulin by either the intrathecal
and intramuscular routes (treatment group) or the intramuscular
route (control group).

Sample size calculations
Our sample size was based on two outcomes: disease
progression and mortality.17 Clinical progression was based on
the study by Gupta and coworkers, where 6% of patients
worsened after treatment compared with 21% in the control
group.7 Assuming an � of 5% and a � of 20% (80% power), we
needed 112 patients, 56 in each group.

In the past 15 years, mortality from tetanus at our hospital
has been up to 35%.18 Taking previous studies as reference, we
estimated a reduction in mortality to 18%.5 7 8 Assuming an � of
5% and a � of 40% (60% power), we needed 132 patients, 66 in
each group.

Data collection
After obtaining written informed consent, we randomised
participants to either the treatment group or the control group.
Randomisation was based on blocks of 20, and treatment alloca-
tion was concealed in sealed envelopes. We classified tetanus as
grade 1, trismus, dysphagia, and generalised rigidity with no
spasms; grade 2, mild and occasional spasms; grade 3, severe and
recurrent spasms—usually triggered by minor or imperceptible
stimuli; and grade 4, features of grade 3 and overactivity of the
sympathetic nervous system.19 Meetings were held weekly to dis-
cuss and verify these criteria. The grade was recorded on admis-
sion.20 21 Using a standardised form we collected data on clinical
progression and outcome of each case, as well as re-evaluations
as outpatients. The occurrence of spasms was recorded daily on
another form.

Although blinding effectively minimises bias, placebo would
be unethical in our study. We therefore used several approaches
to minimise observation bias: the doctors who classified the dis-
ease were rotated on alternate days for 10 days after patients
were admitted; the clinical stage was recorded on a form devoid
of information on treatment or previous classifications;
treatment allocation was known only by certain members of the
research team; and regular meetings were held to discuss prob-
lems.

For intrathecal therapy, we used 1000 IU of a lyophilised
human immunoglobulin, free of preservatives to avoid irritating
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the meninges and the need for corticosteroids. The immu-
noglobulin was diluted in distilled water to a volume of 4 ml,
injected by lumbar, or preferably suboccipital, puncture after
removal of the corresponding volume of cerebrospinal fluid.
Both groups received 3000 IU of immunoglobulin with
preservative by the intramuscular route. All patients were treated
according to the standardised protocol.

Data processing and analysis
We used EPI INFO 6.0 for analyses and we made double entries.
The frequency of each outcome was compared by �2 test or rela-
tive risks with 95% confidence intervals. For ordered categories
we used the �2 test for linear trend. The t test was used for mean
comparisons. Participants who failed to undergo the therapeutic
procedure were analysed according to the group to which they
were allocated.

Results
From July 1997 to July 2001 we recruited 120 patients; 58 were
allocated to the treatment group and 62 to the control group
(figure). Potential confounders were similarly distributed
between the groups (table 1).

Three patients refused to participate. They were treated in
accordance with normal routine and were eventually discharged
from hospital. In two patients it proved technically difficult to
achieve suboccipital or lumbar puncture; they received treatment
by the intramuscular route only, but for analyses they were con-
sidered in the intrathecal group. We excluded one patient
randomised to each group owing to misclassification of diagno-
sis: one had herpes virus meningitis and the other muscular
rigidity due to metoclopramide.

The treatment group showed better clinical progression than
the control group (�2 for trend 7.82, P = 0.0052; table 2). Most of
the participants were classified with either grade I or II disease.
Up to 10 days after admission most patients in the treatment
group had grade I or II disease and most patients in the control
group had grade III or IV disease (table 3).

We excluded 23 patients on the basis of spasms: 17 had none
during hospital stay, five died during the period that spasms
occurred, and in one the record of daily spasms was mislaid. The
study group had shorter duration of occurrence of spasms (�2 for
trend 14.96, P = 0.0001; table 4). Among the 106 patients who
survived, duration of hospital stay varied from 2 to 80 days. The
treatment group had a shorter duration of hospital stay (4.56,

0.03; table 4); a smaller proportion had complications during
this time, although the difference was not significant (P = 0.071;
table 5).

Respiratory infection was the most common complication. It
occurred less frequently in the treatment group, although the
difference was not significant (P = 0.073; table 5). The relative
risk of patients developing respiratory failure that required arti-
ficial respiration was smaller in the treatment group than in the
control group, but the difference was not significant (P = 0.094;
table 5). However, the difference in the duration of respiratory
assistance among 50 patients in both groups (six died during
respiratory assistance) was significant (�2 for trend 6.56, P = 0.01;
see table 4).

The relative risk of death was smaller among patients in the
treatment group, although the difference was not significant
(P = 0.2). The wide confidence interval (0.78 to 7.05) suggests

Eligible patients (n=125)

Patients randomised (n=122)

Refused to participate (n=3)

Assigned to antitetanus
immunoglobulin

by intramuscular route (n=63)

Assigned to antitetanus
immunoglobulin

by intrathecal route (n=59)

Analysed (n=62)

Excluded owing to rigidity
after metoclopramide (n=1)

Analysed (n=58)

Excluded owing to herpes
virus meningitis (n=1)

Treatment by intramuscular
route only (n=2)

Trial profile

Table 1 Baseline characteristics of patients treated for tetanus by the
intramuscular route (control group) or intrathecal route

Characteristic
No (%) in control group

(n=62)
No (%) in study group

(n=58)

Male 52 (84) 53 (91)

Age (years):

12-30 21 (34) 14 (24)

31-50 18 (29) 24 (41)

51-70 18 (29) 13 (22)

>70 5 (8) 7 (12)

Incubation period (days)*:

≤10 32 (52) 38 (66)

>10 21 (34) 18 (31)

Unknown 9 (15) 2 (3)

Period of onset (hours)*:

≤48 30 (48) 30 (52)

>48 24 (39) 18 (31)

Unknown 1 (2) 2 (3)

With no progression to
spasms

7 (11) 8 (14)

Time between start of
symptoms and admission
(hours)*:

≤36 15 (24) 18 (32)

>36 47 (76) 39 (68)

Prognostic classification†:

1A 7 (11) 9 (12)

2A 23 (37) 20 (35)

3A 32 (52) 29 (50)

Clinical grade on admission:

I 24 (39) 21 (36)

II 23 (37) 23 (40)

III 15 (24) 13 (22)

IV — 1 (2)

*Cut-off points based on Miranda-Filho et al.21

†According to Armitage and Clifford.20 Prognostic classification based on time elapsed
between beginning of symptoms and admission and spasms at admission; improved
prognostic from 1A to 3A.

Table 2 Clinical progression of patients treated for tetanus by the
intramuscular route (control group) or intrathecal route

Clinical progression
No (%) in control group

(n=60)
No (%) in study

(n=58) P value*

Improvement 10 (17) 21 (36) �2=7.752;0.005

Stabilisation and
improvement

13 (22) 15 (26)

Deterioration† 37 (62) 22 (38)

*�2 for linear trend.
†Smaller risk of deterioration or death within first 10 days in study group (relative risk 0.6,
95% confidence interval 0.4 to 0.9).
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that the sample size was too small to detect a difference of this
magnitude (table 5).

In general, all results showed improvement among patients
in the treatment group. Differences were not significant for mor-
tality and complications only.

Five patients had mild headache during the intrathecal pro-
cedure. In only one did this continue after the flow rate of the
drug was reduced and the procedure finished; the headache
stopped after 500 mg dipirona was given intravenously. We
observed no meningeal irritation or meningitis among patients
given intrathecal therapy. Among the 106 patients who were dis-
charged, 64 returned to the outpatient clinic for a check up, in

accordance with the study protocol. Of these, 37 belonged to the
treatment group; they had no side effects.

Fourteen patients died during the study. The cause of death
was not determined in seven, four died from septicaemia or sep-
tic shock, one died in an anoxic coma after prolonged cardiores-
piratory arrest, one died from respiratory infection, and one died
from acute respiratory failure. Half of these patients died within
10 days of admission. The others died between days 16 and 89.
No particular pattern was observed for deaths.

Discussion
Patients treated for tetanus with human antitetanus immu-
noglobulin by the intrathecal route show better clinical progres-
sion than patients treated by the intramuscular route. They also
showed fewer complications, particularly respiratory ones, and
needed less intervention if they did and had a shorter duration of
occurrence of spasms.

The use of mortality as an indicator of treatment response is
common in evaluating therapeutic measures in tetanus.
Indicators of morbidity and disease progression have been used
in several studies.5–8 11 12 14 22 We monitored disease progression
by grade of tetanus.19 Grade I and II predominated in the treat-
ment group and grade III and IV predominated in the control
group. Such differences were perceptible in the early stages of
hospital stay and may be attributed to intrathecal therapy.

To our knowledge no studies have compared the duration of
occurrence of spasms.5–8 11–15 22 Spasm is easily identified and a
relatively reliable indicator. The duration of occurrence of
spasms was shorter among patients in the treatment group.
Duration of hospital stay was also shorter in the treatment group,
which agrees with previous studies.8 12 22

Table 3 Severity of tetanus within 10 days of admission. Values are numbers (percentages) of patients

Days after admission

Grade of tetanus

I II III IV

Day 2:

Control 15 (27) 13 (24) 19 (35) 8 (15)

Study 20 (36) 22 (39) 13 (23) 1 (2)

Day 4:

Control 10 (19) 13 (25) 20 (38) 10 (19)

Study 19 (36) 23 (43) 9 (17) 2 (4)

Day 6:

Control 11 (21) 12 (23) 17 (33) 12 (23)

Study 18 (39) 21 (46) 7 (15) —

Day 8:

Control 9 (18) 16 (31) 17 (33) 9 (18)

Study 23 (52) 16 (36) 05 (11) —

Day 10:

Control 9 (21) 11 (26) 17 (40) 6 (14)

Study 22 (56) 10 (26) 5 (13) 2 (5)

82 patients were evaluated on day 10, 20 had been discharged, seven had died, and 11 missed appointments.

Table 4 Duration of occurrence of spasms and hospital stay and need for
respiratory assistance in patients treated for tetanus by the intramuscular
route (control group) or intrathecal route

Duration (days) of
outcome Control group Study group P value*

Permanence of spasms: n=51 n=46

≤10 14 (32) 30 (68) 14.96;0.0001†

11-20 18 (62) 11 (38)

>20 19 (80) 5 (21)

Hospital stay: n=52 n=54

≤15 14 (27) 23 (43) 4.56;0.03‡

16-30 17 (33) 19 (35)

>30 21 (40) 12 (22)

Respiratory assistance: n=30 n=20

≤10 4 (31) 9 (70) 6.56;0.01§

11-20 12 (63) 7 (37)

>20 14 (78) 4 (22)

*�2 for linear trend.
†P=0.001 (t test).
‡P=0.13 (t test).
§P=0.01 (t test).

Table 5 Complications and mortality in patients treated for tetanus by the intramuscular route (control group) or intrathecal route

Outcome Control group (n=62) Study group (n=58) Relative risk (95% CI) P value

Complications 46 (74) 33 (57) 1.30 (1.00 to 1.70) 0.071

No complications 16 (26) 25 (43)

Respiratory infection 42 (68) 29 (50) 1.35 (0.99 to 1.85) 0.073

No respiratory infection 20 (32) 29 (50)

Respiratory failure or mechanical ventilation 34 (55) 22 (38) 1.45 (0.97 to 2.16) 0.094

No respiratory failure or mechanical ventilation 28 (45) 36 (62)

Died 10 (16) 4 (7) 2.34 (0.78 to 7.05) 0.197

Did not die 52 (84) 54 (93)
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Complications from tetanus, especially respiratory ones, are
often followed by death.21 23 Studies have shown benefits on res-
piratory complications from intrathecal therapy. In one study,
treated patients needed artificial respiration less and for shorter
duration than controls.14 In another, tracheotomy and mechani-
cal ventilation were less likely to be needed by patients with mild
tetanus.

Over half of the patients in our study had some type of com-
plication, such as respiratory infection or respiratory failure,
most often in the control group. Although the differences were
not statistically significant, in both cases the probability was close
to the cut-off point. Patients in the treatment group who did
require artificial respiration needed less assistance than those in
the control group. The difference was statistically significant.

Fourteen of our 120 patients died; 10 had undergone
conventional treatment and four intrathecal therapy. Although
the difference was not statistically significant, the result is in the
same direction as those for all other outcomes compared. It is
possible that the sample was too small to study mortality, as sug-
gested by the large confidence interval.

To calculate our sample size we chose the outcome of reduc-
tion in mortality. During the early stage of data collection the
intensive care unit was created and mortality from tetanus
decreased from 35% to almost 12%. This may have had made it
more difficult to show a statistically significant difference
between the groups.

An analysis of the causes of death, the circumstances in which
it occurred, and the time from admission to death did not
provide any important information with which to compare the
two groups. Seven of the 14 deaths occurred suddenly and the
cause was not determined; similar proportions have been
reported elsewhere.4 23 24
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What is already known on this topic

Neutralisation of tetanus toxin as part of tetanus therapy is
still controversial, especially the dosage and route of
administration

A meta-analysis of intrathecal therapy with antitetanus
immunoglobulin was inconclusive in adults

What this study adds

Giving antitetanus immunoglobulin by the intrathecal route
shows several clinical benefits

Patients treated by the intrathecal route had a better disease
progression than those treated by the intramuscular route
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