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Abstract

An 81-year-old woman with a history of hypertension and Alzheimer’s disease pre-

sented to the emergency department because of impaired consciousness. Physical

examination revealed acute progressive generalized flaccid paralysis, hypertension,

respiratory failure, and pupillary dilation. Although the patient did not complain

of headache, head magnetic resonance angiography and magnetic resonance imag-

ing showed multifocal segmental cerebral vasospasm and cerebral infarction in the

left occipital lobe. Her family reported that although she did not have a license to

cook pufferfish, she was in the habit of eating pufferfish. We subsequently detected

tetrodotoxin in the patient’s urine, and she was diagnosed with tetrodotoxin poi-

soning. As the symptoms of tetrodotoxin intoxication improved, head magnetic res-

onance angiography showed the disappearance of the multifocal segmental cerebral

vasospasm. The patient’s clinical course and imaging findings were consistent with

reversible cerebral vasoconstriction syndrome (RCVS). Sympathetic overactivity after

tetrodotoxin intoxication possibly caused the development of RCVS, and RCVS could

not be ruled out even in the absence of the typical thunderclap headache. Magnetic

resonance angiography is a useful modality when performing repeated examinations.
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1 INTRODUCTION

Reversible cerebral vasoconstriction syndrome (RCVS) typically mani-

fests as an acute-onset, recursive, severe headache that continues for

about 1 month.1 The pathophysiology involves reversible segmental

vasoconstriction of cerebral arteries that is frequently associated with
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focal cerebral ischemia.Angiographic studies (eg, cerebral angiography,

computed tomography angiography, or magnetic resonance angiogra-

phy [MRA]) typically show segmental or diffuse spasms in the cerebral

artery that resolve within 12weeks.1

Although the onset of RCVSmay occur spontaneously, clinical asso-

ciations with pregnancy (postpartum vasculopathy) and ingestion of

vasoactive medications, recreational drugs, and substances have been

noted.2 Furthermore, RCVS is typically accompanied by a thunderclap
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headache, but cases without headache have also been reported.3 We

herein describe a patient with RCVSwho did not have the typical thun-

derclap headache after the onset of tetrodotoxin (TTX) intoxication

and for whom repeatedMRA examinationwas useful for the diagnosis.

2 CASE PRESENTATION

The patient was an 81-year-old Japanese woman with hypertension

and Alzheimer’s dementia. However, she was receiving no medical

treatment. She lived alone in a rural fishing village.

One day after dinner, she became sick and called her son in the

neighborhood for help. When her son visited her house, she com-

plained of numbness around her mouth and paresis of her extremities.

She was transferred to our hospital with suspected cerebrovascular

disease.

On arrival at our hospital, she was conscious but complained of

dysarthria and weakness in her extremities. Her Glasgow Coma Scale

score was 13 points (E4V3M6). Her vital signs were a blood pressure

of 205/104 mmHg, pulse rate of 88 beats per minute, body tempera-

ture of 36.0◦C, respiratory rate of 22 breaths per minute, and oxygen

saturation of 97% on room air. Blood analysis showed no clinically rel-

evant abnormalities. Both ECG and chest roentgenography revealed

no specific findings. The results of a substance abuse test (phency-

clidines, benzodiazepines, cocainenarcotics, stimulants, cannabis,mor-

phine narcotics, barbiturates, and tricyclic antidepressants) were neg-

ative.

The patient was suspected to have cerebrovascular disease, but

the initial brain computed tomography was unremarkable. She subse-

quently underwentbrainmagnetic resonance imaging (MRI)withMRA.

BrainMRA revealedmultifocal segmental irregularities in theM2 base

of the rightmiddle cerebral artery and the left posterior cerebral artery

with no evidence of aneurysmal subarachnoid hemorrhage (Figure 1A,

B). On theway back to the emergency department from the laboratory

room, the patient developed respiratory arrest and required intuba-

tionandventilationmanagement.Her left and right pupilsweredilated,

and the light reflex had disappeared. She rapidly developed complete

quadriplegia. The tendon reflexes in her extremities disappeared, and

her Babinski reflexes were negative. Her circulatory dynamics were

maintained with hypertension. She was admitted to the ICU and con-

tinued ventilationmanagement.

A careful review of the patient’s life history, provided by her family,

revealed that she was an unqualified but routine consumer of puffer-

fish. She lived in a fishing village in rural Japan, where she was able

to easily obtain pufferfish. We subsequently performed a urinary TTX

test, which was positive (29 µg/dL). The urine sample was extracted

using a C18 column and a small solid phase column and then ana-

lyzed by liquid chromatography with tandemmass spectrometry.4 The

patient was diagnosed with TTX poisoning. Later, a remnant of a Tak-

ifugu pufferfish was found in the kitchen of her house.

On day 2 of hospitalization, the patient exhibited movement of her

extremities and spontaneous breathing, and on day 3, extubation was

possible. At the 2-day follow-up, MRA and MRI showed partial disap-

pearance of the vasoconstriction and ischemic stroke in the left pos-

terior artery lesion (Figure 1C–F). Her consciousness could not be

assessed while on mechanical ventilator management with sedation

for respiratory paralysis, but she started breathing spontaneously and

remained conscious when the sedative dose was reduced. We also

did not use antihypertensive drugs because the use of sedatives low-

ered her blood pressure. Typically, visual field defects are neurologi-

cal deficits at the site of infarction affected by vasoconstriction, but

she had no such deficits. Although the patient did not develop a thun-

derclap headache and a cerebrospinal fluid examination was not per-

formed, her imaging findings were consistent with RCVS.1 She was

therefore diagnosed with RCVS. After 14 days in the ICU without

complaint, she was discharged, and drug treatment for her chronic

hypertension was begun. The patient provided informed consent, and

both the patient and our hospital approved using the patient’s clinical

data.

3 DISCUSSION

We have herein reported a case of RCVS that developed after TTX

intoxication. This case indicates that patients with chronic hyperten-

sionmaydevelop transient furtherbloodpressureelevationdue toTTX

intoxication, which may be associated with cerebral vasoconstriction.

MRA is a useful modality for repeat examinations.

TTX is a potent neurotoxin originating from a wide array of taxo-

nomic animal groups from almost all regions of the world.5 This toxin

has been detected in pufferfishes of the family Tetraodontidae, which

is the origin of the name “tetrodotoxin.” Pufferfish is a prevalent dish

worldwide, particularly in coastal regions. In Japan, pufferfish (called

fugu) is considered a delicacy and occasionally causes severe intoxica-

tion and even death if not correctly prepared for consumption. TTX

blocks the pore region of fast voltage-gated sodium channels, thereby

blocking stimulus conduction and acting on the central and peripheral

nervous systems and the autonomic motor and sensory nerves.6 Typ-

ical autonomic symptoms are hypotension and bradycardia. TTX poi-

soning is treated by relieving the ventilatory failure andhypoxia caused

by respiratorymuscle paralysis.

The exact pathogenesis of RCVS remains unclear; however, sympa-

thetic overactivity may play a role.2 Vasoconstrictive substances that

might serve as triggers for RCVS reportedly include vasoactive med-

ications and vasoactive recreational drugs, among others.2 Although

the typical autonomic nervous system findings of TTX poisoning are

hypotension and bradycardia,7 TTX may result in hypertension sec-

ondary to sympathetic dysfunction.8 Deng et al.8 postulated that indi-

viduals with preexisting hypertension responded to relatively small

doses of TTX with a dramatic rise in blood pressure. The hyperten-

sion in patients with TTX intoxication might be explained by either an

exaggerated response to sympathetic stimuli or by various responses

of the vasomotor center to a small dose of TTX.9 In patients with

chronic hypertension, TTX can cause transient further elevation of

blood pressure and induce vasoconstriction due to sympathetic over-

activity, whichmay lead to RCVS.
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F IGURE 1 Initial and follow-upmagnetic resonance angiography of an 81-year-old womanwith reversible cerebral vasoconstriction
syndrome following tetrodotoxin poisoning. (A, B)Magnetic resonance angiography revealedmultifocal segmental irregularities in theM2 base of
the right middle cerebral artery and the left posterior cerebral artery (arrows). (C, D) These irregularities had diminished 2 days later. (E) Initial
magnetic resonance imaging revealed an indistinct subcortex lesion in the left occipital lobe (arrow). (F) However, an acute ischemic stroke was
observed 2 days later (arrow)

The reversible vasoconstriction in our patient differed from clas-

sic RCVS in that a thunderclap headache was absent. Some patients

with severe RCVS have seizures, focal neurological deficits, confu-

sion, and coma-like stroke or posterior reversible encephalopathy syn-

drome without headache.3 Wolff et al.10 reported that RCVS without

a thunderclap headache is a variant of RCVS. The patient in this case

developed generalized flaccid paralysis due to TTX poisoning and was

unable to explain her medical history. Furthermore, she had dementia

and might have forgotten whether she had experienced a headache.

Although thunderclap headache is a clinical feature of RCVS, we con-

sider that its absence should not preclude the diagnosis.

Stroke, amajor complicationofRCVS, can result in persistent neuro-

logical disability. Ducros11 found that cerebral infarction was present

in 6% to 39% of patients with RCVS. In our patient, cerebral infarc-

tionwas associatedwith vasoconstriction of the left posterior cerebral

artery. Although headachewas not evident in our patient, RCVS should

be considered if cryptogenic ischemic cerebral infarction is accompa-

nied by headache.With appropriate early treatment of RCVS, stroke is

likely to be a preventable complication.12

Imaging plays a critical role in the diagnosis and management

of RCVS. Digital subtraction angiography is the gold standard

investigation.1 However, it is invasive and impractical for frequent

imaging examinations, which may be required to assess the reversibil-

ity of the vasospasm.13 Non-invasive techniques such as MRA are

being increasingly used in clinical practice, although cerebral angiog-

raphy remains the standard criterion for the detection of cerebral
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vasoconstriction.14 WhenRCVS is suspected,MRA is a useful modality

in actual clinical practice because repeated imaging follow-up over

time is necessary.

The clinical and imaging features of RCVS can considerably over-

lap with those of other central nervous system disorders, mainly pri-

mary angiitis of the central nervous system.15 Patients with primary

angiitis of the central nervous system present with a history of dull

headaches and usually have an insidious course of progressive neuro-

logical deterioration; these characteristics differ from those of RCVS,

which manifests as acute headaches and is typically a self-limiting dis-

ease. Other potential differential diagnoses for RCVS include aneurys-

mal subarachnoid hemorrhage, migraine, cortical vein thrombosis,

pituitary apoplexy, amyloid angiopathy, hypertensive hemorrhage, pos-

terior reversible encephalopathy syndrome, giant cell arteritis, arterial

dissection, spontaneous intracranial hypotension, andmeningitis.1,16

Current treatment recommendations for RCVS include withdrawal

of any suspected exogenous triggers, including vasoactivemedications,

ICU-level care, symptom relief with analgesics, blood pressure control,

and seizure prophylaxis. In our patient, the respiratory muscle paral-

ysis and elevated blood pressure due to TTX intoxication improved

only with sedation for ventilatory control, and the RCVS findings

subsequently improved. Early use of nimodipine, a calcium-channel

antagonist, has been proposed for the management of RCVS.17 Other

vasodilators, suchasphosphodiesterase inhibitors, havealsobeenused

with anecdotal success as described in case reports.18 Glucocorti-

coid steroids have been administered to patients with RCVS, without

improvement in either the symptoms or sequelae of the disease.16

4 CONCLUSION

The present case suggests that RCVS can be caused by transient sym-

pathetic overactivity after TTX intoxication in patients with chronic

hypertension. MRA is a useful modality when performing repeated

tests.
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