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Abstract:

A 70-year-old woman was admitted to our hospital due to difficulty in moving her limbs. She had trismus
and a necrotic and contaminated wound in her left lower leg. A diagnosis of tetanus was confirmed and in-
tensive care was started. On the second day, her blood pressure fell and a ST segment elevation on electro-
cardiography (ECG) was detected. She was diagnosed with takotsubo cardiomyopathy by echocardiogram

and improved undergoing conservative therapy.
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Introduction

Tetanus is a nervous system disorder often accompanied
by autonomic dysfunction in severe cases. Takotsubo cardio-
myopathy (TTC) is characterized by the transient systolic
dysfunction of the apical and mid segments of the left ven-
tricle in the absence of obstructive coronary artery lesions.
Although the etiology of TTC is unknown, catecholamines
probably play a role in its development. Comorbidities of
tetanus and TTC have rarely been reported in the literature.
TTC is an important complication resulting from autonomic
dysfunction in case of severe tetanus. Therefore, careful
monitoring and adequate evaluations of the heart condition
is essential during the clinical course of TTC.

Case Report

A 70-year-old woman was brought to our hospital by am-
bulance due to difficulty in moving her limbs. The patient
reported malaise for two days and the inability to move her
limbs on the day prior to admission. She was an agricultur-
ist and had an unremarkable medical history except for hy-
pertension. On admission, she was tachycardic (114 beats
per minute), blood pressure was 166/91 mmHg, while all
other vital signs were normal. Her cervical lymph nodes
were not palpable, but she had a blank expression and could

not open her mouth on instruction (Fig. 1). Furthermore, a
wound that was partly necrotic and contaminated with mud
was observed in her left lower leg (Fig. 2). This wound had
been caused by an injury resulting from a fall that had oc-
curred a week before admission and the patient had not
sought medical treatment for it. Given the clinical presenta-
tion, and the fact that the patient had never taken a tetanus
vaccine, we suspected that she had tetanus. Electrocardiogra-
phy (ECG) showed sinus tachycardia (113 beat per minute)
(Fig. 3A). Laboratory tests showed increased levels of in-
flammatory markers, namely C-reactive protein (CRP) (3.51
mg/dL) and fibrinogen (556.2 mg/dL), and slight renal dys-
function, as indicated by elevated urea nitrogen (UN) (25.5
mg/dL) and creatinine (0.94 mg/dL) levels.

The patient was transferred to the intensive care unit
(ICU). Nasotracheal intubation was performed using a bron-
chofiberscope, and mechanical ventilation was started. A
dose of 3,000 units of intravenous human tetanus immune
globulin (HTIG) was immediately administered and wound
debridement was performed.

As an infection with Clostridium tetani was suspected, the
patient was treated with Penicillin G, and the continuous ad-
ministration of propofol was started with an aim to increase
the patient’s sedation (Richmond agitation-sedation scale
(RASS) score was 4 to 5).

On the second day, systemic muscle spasms were ob-
served, which were difficult to control by increasing the pro-
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Figure 1.
open her mouth. Trismus was considered.

Facial appearance on admission: she could not

pofol dosage alone. Thus, the continuous administration of
midazolam (1.5 mg/kg/hour) and the intermittent administra-
tion of diazepam (10 mg per time) were initiated. Moreover,
her blood pressure fell to 80 mmHg and paroxysmal tachy-
cardia worsened (130 to 150 beat per minutes). ECG
showed a ST segment elevation on the V2 to V6 leads
(Fig. 3B), and the troponin I levels rose to 6.810 ng/mL. At
transthoracic echocardiogram was then performed, revealing
severe diffuse hypokinesis on the apical and mid portions,
and the basal segment contraction was well preserved
(Fig. 4). Therefore, acute coronary syndrome was suspected.
The ejection fraction (EF) was 23%. As the muscle spasms
were uncontrollable, coronary angiography was difficult to
perform. She was diagnosed with TTC, based on the charac-
teristic motion abnormality observed in the left ventricular
wall. In laboratory tests, the serum catecholamine levels
were elevated: adrenaline (268 pg/mL), noradrenaline (1,078
pg/mL) and dopamine (137 pg/mL) levels (reference values:
<100 pg/mL, 100-450 pg/mL and <20 pg/mL, respectively).
Conservative treatment initiated, with continuous
catecholamine administration, to support cardiac contraction
and increase blood pressure. Due to excessive sweating, she
developed pre-renal failure and tachycardia persisted. There-
fore, a high amount of infusion (3,000 to 4,000 mL per day
in total) was administered for seven days. Due to renal dys-
function, Penicillin G was replaced with metronidazole, with
the concomitant use of B-lactam antibiotics to treat aspira-
tion pneumonia complications. On the 10th day, the echo-
cardiogram showed an improvement in the motion abnor-

was

mality in the LV wall and catecholamine was discontinued
after three days. Since the frequency of muscle spasms de-
creased on the 14th day, midazolam treatment was discon-
tinued on the 19th day. Nevertheless, sweating and tachycar-
dia persisted and were attributed to the sympathetic nerve
hyperactivity caused by the C. tetani infection. Dexmede-
tomidine was then introduced to control these symptoms. On
the 26th day, gram-positive bacilli, with a drumstick-like
form, were detected in the wound microbiological culture.
Molecular identification, performed by sequencing of the 16
S ribosomal RNA intergenic spacer region, confirmed the

Figure 2. Image of the left lower leg wound observed on ad-

mission.

presence of a C. tetani infection and the patient was diag-
nosed with tetanus (Fig. 5). After obtaining an improvement
in the autonomic disorder and trismus, mechanical ventila-
tion was discontinued on the 31st day. ECG at the 33th day
showed T wave inversion on the I, aVL, V3 to V6 leads,
and prolonged QTc (Fig. 3C). She had no neurological se-
quelae and was transferred to a general ward to participate
in a rehabilitation program.

Discussion

Tetanus is a nervous system disorder, caused by infection
with the gram-positive bacillus C. tefani and characterized
by rigidity, muscle spasms and autonomic dysfunction. C.
tetani is a ubiquitous bacterium, normally found in soil, and
opportunistically infects the human body through wounded
tissue. The secretion of tetanus toxin leads to tetanus, which
is the clinical syndrome (1).

In Japan, due to the widespread vaccination with tetanus
toxoid among children, the incidence of tetanus has declined
remarkably in the last years. According to the National Insti-
tute of Infectious Diseases, in 2016, 129 cases of tetanus
were reported, among which 101 were patients aged 65
years or older born at a time when tetanus vaccination was
not widespread (2). Tetanus toxin is transferred from the pe-
ripheral nerves to the central nerve system, predominantly
affecting inhibitory neurons and inhibiting the release of
glycine and gamma-aminobutyric acid (GABA) (3-6). In-
terneurons in the alpha motor neurons are affected first, im-
pairing the inhibitory control of the motor neurons. Later,
preganglionic sympathetic neurons in the lateral horns and
in the parasympathetic centers are also affected (7), leading
to the clinical symptoms, such as muscle stiffness, spasm,
and autonomic dysfunction, manifested as sweating, tachy-
cardia and hypertension. In addition, autonomic dysfunction
is a common symptom associated with severe tetanus.

In the past, respiratory failure due to spasm and respira-
tory muscle disorder accounted for most causes of death.
With the advent of mechanical ventilation, a dramatic de-
crease was observed in the mortality rate due to respiratory
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Figure 3. A: Electrocardiogram on admission; almost normal except for sinus tachycardia. B: Elec-
trocardiogram at the onset of TTC; ST segment elevation was seen on V2 to V6 leads. C: ECG at the
33rd day: T wave inversion on the I, aVL, V3 to V6 leads, and prolonged QTc (479ms) was seen.

failure, while sudden cardiac death, caused by autonomic
dysfunction, has become more common. Trujillo et al. re-
ported that 40% of deaths in tetanus, after the introduction
of ICU care, were due to sudden cardiac death, and 15%
were due to respiratory complications (8). Therefore, it is
important to stabilize the patient’s autonomic state and keep
track of the patient’s vital signs.

TTC is a disease exhibiting an acute left ventricular apical
ballooning of unknown cause. The contraction abnormality
occurs mainly in the left ventricle, and dynamic obstruction
of the left ventricular outflow tract (pressure gradient differ-
ence, acceleration of blood flow, or systolic cardiac mur-

murs) is also observed. TTC often mimics acute coronary
syndrome, because of the abnormalities on ECG (ST seg-
ment elevations, negative T-wave in multiple leads) or clini-
cal symptoms such as sudden chest pain or dyspnea. How-
ever, an obstruction of coronary artery is not involved and a
wall motion abnormality tend to completely improve in the
majority of the patients within a month (9). Its name derives
from the visual appearance of the heart on left ventricu-
lography, which is similar to an octopus pod, or ‘“takot-
subo”, in Japanese (10). TTC commonly affects older
women. In a review of 10 small prospective series, women
with a mean age of 61 to 76 years accounted for 80 to
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100% of all affected subjects (11). Another important fea-
ture of TTC is its association with emotional or physical
stress factors (12, 13). According to previous reports, several
factors,
spasm (13), direct catecholamine-associated myocardial tox-
icity (14), and coronary artery dysfunction (15) are thought
to be related with the onset of TTC. However, the definite
mechanism of TTC pathogenesis has not yet been clearly
elucidated.

The patient described in the present report developed TTC
during the course of severe tetanus. Sudden cardiac death is
a feature of severe tetanus and, although the cause is un-
clear, a sudden loss of the sympathetic drive, catecholamine-
induced cardiac damage, and increased parasympathetic tone

such as catecholamine-induced microvascular

Figure 4. Echocardiogram on the second day (A: systolic, B:
diastolic.). Apical ballooning of LV and diffuse severe hypoki-
nesis on the apical and mid potions was seen, but the basal con-
traction was spared, characteristic of TTC.

may play a role (1). It appears that all these factors have
catecholamine as a common factor with respect to the patho-
genesis of TTC. Our patient had increased serum catechola-
mine levels, and was diagnosed with TTC on the second
day. Thus, these catecholamines probably played a role in
the developmentof TTC. TTC has been reported after a
wasp bites (16) a jellyfish sting (17), as well as following a
snake bites (18). It is uncertain, in these previous reports,
whether the toxin given by these creatures directly injured
the myocardium (19). Tonomura et al. reported a case of
TTC in a patient with botulism (20). In this report, it was
considered that the Botulinum toxin had induced autonomic
dysfunction, and the hypercontraction of the left ventricle
increases mechanical wall stress in the apex through f-
receptor activation, resulting in Takotsubo syndrome (10).
This mechanism is seems to be similar to the pathogenesis
of TTC induced by the tetanus toxin.

Tetanus complicated with TTC is uncommon and it has
only been reported in severe tetanus cases to date. We found
only six cases in the literature (including ours) reporting this
complication (Table 1) (21-25). All cases were female pa-
tients and the mean age was 70.83 years old (range: 44-80).
The period from tetanus diagnosis to TTC onset ranged
from zero to four days. Autonomic dysfunction usually
starts several days after the spasms and then persists for one
to two weeks (1). Thus, TTC onset coincides with auto-
nomic dysfunction in the reported cases. As tetanus compli-
cated with TTC is a very rare condition, the prognosis is un-

Figure 5. C. tetani detected in wound culture. Drumstick-like
gram-negative bacilli are seen.

Table 1. Reported Cases of Tetanus Complicated with TTC.

References sex age days* TSS*** outcome
[15] F 80 3 N/A** recovery

[16] F 76 0 12 recovery

[17] F 44 3 0 recovery

[18] F 76 4 -1 recovery

[19] F 79 3 11 recovery

our case F 70 2 15 recovery

* The period from tetanus to TTC onset.

** N/A: not available.

##% TSS: tetanus severity score.
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Table 2. TSS: Tetanus Severity Score[20].

Score

Age(year)
<70 0
71-80 5
>80 10
Time from first symptom to admission (days)
<2 0
3-5 -5
>5 -6
Difficulty breathing on admission
No 0
Yes 4
Co-existing medical conditions

Fit and well 0

Minor illness or injury 3

Moderately severe illness 5

Severe illness not immediately life threatening 5

Immediately life-threatening illness 9
Entry site

Internal or injection 7

Other (including unknown) 0
Highest systolic blood pressure recorded during first day in hospital (mmHg)

2130 0

131-140 2

>140 4
Highest heart rate recorded during first day in hospital (bpm)

<100 0

101-110 1

111-120 2

>120 4
Lowest heart rate recorded during first day in hospital (bpm)

<110 0

>110 -2
Highest temperature recorded during first day in hospital (°C)

<38.5 0

38.6-39 4

39.1-40 6

>40 8

certain. The patients in all reported cases (including ours)
recovered well, but fatal cases of tetanus that had not been
diagnosed as TTC might be present. The tetanus severity
score (TSS), which predicts the outcome of tetanus, was
proposed in 2006 (Table 2). Using a cut-off value of 8
points, the sensitivity and specificity values for the tetanus
death were 77% and 85%, respectively (26). TSS can be
evaluated in 5 cases, which is higher than 8 points in 3
cases. Although the number of cases is limited, the compli-
cation of tetanus and TTC may be associated with high risk
for mortality. Therefore, for appropriate care and manage-
ment of tetanus, electrocardiograms and echocardiography,
as well as a careful monitoring of the blood pressure and
heart rate, are crucial for the early diagnosis of TTC.

In conclusion, tetanus complicated with TTC is a rare
condition. All cases reported so far were successfully
treated, but fatal cases may occur because cardiac sudden

death is common cause of death in tetanus patients. We em-
phasize that abnormal blood pressure and pulse rate, and an
elevation of the ST segments on ECG may be noticed not
only in acute coronary syndrome but also in TTC. There-
fore, careful monitoring is quite important in the treatment
of tetanus.
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