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Abstract
Thyroxine may induce seizures in patients of all ages, and has been reported in only few cases.  

Electroencephalogram, computerized tomography and other imaging techniques may be helpful in early diagnosis. 
The measurement of thyroid hormone levels might be justifiable if the cause of convulsion in a patient is not apparent. 
We report a case of hyperthyroidism presented with a generalized tonic clonic seizures in a 14-year-old female patient 
and also a review of diagnosis, management and outcomes of the reported series of seizures in thyrotoxicosis.
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Introduction
Thyrotoxicosis is commonly associated with neurological 

manifestations, and very rarely induces seizures reported. To our 
knowledge, only 19 cases, 14 adults (n=14) and 5 children were reported 
in the English literature [1-14].  The incidence remains however still not 
known. We report here in an additional patient with hyperthyroidism 
and goiter that developed generalized tonic clonic seizures.

Case Report
A 14-year-old girl was brought to our emergency department with 

a chief complaint of generalized tonic clonic seizures with upward 
gaze of eye balls. She had a bicycle accident about 9 months prior to 
the attack of seizures and underwent splenectomy because of splenic 
rupture and internal bleeding. There had been no history of head injury 
or of seizure disorder in the family. A goiter was found on admission 
and no other symptoms of thyrotoxicosis like proptosis, tremor, 
profuse sweating, and emotional liability, except palpitations or weight 
loss. 

Physical examination on admission revealed a blood pressure 
110/70, heart rate 82/minute, and respiratory rate 22/minute. There 
was a mild thyroid enlargement without exophthalmosis, tremor, 
tachycardia, diplopia or pretibial myxoedema. Thyroid function test 
results confirmed hyperthyroidism. T4- 24.7 (6-2 µg/dl), T3 525.4 
(100-200 mg/ml), TSH 0.01 (0.17-4.5 IU). Anti-microsomal antibody, 
anti-thyroglobulin and Ab-TSH receptor were increased to 528 IU/ml, 
1600 and 79%.and other laboratory examination results were given in 
(Table 1). 

The Computerized Tomography (CT) and magnetic resonance 
imaging had no significant organic lesions.  EEG revealed slow waves 
mainly at bifrontal and anterior temporal areas (Figure 1A). Thyroid 
scan showed hypoechoic areas and Graves’s disease was impressed.  
Anti-thyroid drug methimazole (Tapazole®) and antiepileptic agent 
(Carbamazepine) were started after investigations. No recurrence of 
seizures was observed on antithyroid drug alone and EEG showed 
normal on follow up (Figure 1B).

Discussion
Thyrotoxicosis (TT) is an extreme state of hyperthyroidism and 

although uncommon, it is an exceedingly serious complication usually 
occurring in association with Graves’s disease but rarely in conjunction 

with toxic multinodular goiter [15]. Though the seizures were reported 
as one of the common symptoms of acute hyperthyroidism [16], it is 
rather uncommon [17] incidence may vary from 1% to 9% [5].

Thyroxine can induce seizures. Sundram et al. [6] presented a case 
of petitmal status epileptics in a 17 year old mentally retarded female 
patient after treating with L-thyroxine for her hypothyroidism with 
the suggested possibility of thyroxine induced seizures in a structurally 
damaged brain, and also Obeid T et al. [18] reported an another case 
of juvenile myoclonic epilepsy exacerbated with absence seizures by 
thyroxine treatment for hypothyroidism [18]. A 54-year-old woman 
had also developed a first episode of convulsive seizure after taking 
a small amount of levothyroxine sodium over a short period of time 
[5]. The effect of thyroxine in these patients suggested that thyroid 

White cell count 8410/103

Neutrophils 50.9%, 
Lymphocytes 37.1%,
Monocytes 8.9%
Eosinophils 2.9%,

Platelets 322/106 

Sodium 138mEq/L, 
Potassium 3.8 mEq/L, 
Chloride 104 mEq/L, 

GOT 34 U/L, 
Creatinine 0.5 mg/dl. 

T4 24.7 micro g/dl
T3 525.4 mg/ml 

TSH 0.01 IU 
Anti-microsomal antibody   528 IU/ml,

anti-thyroglobulin 1600
Ab-TSH receptor 79%.

Table 1: Laboratory Examination Results.
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hormones may directly act on cerebral tissue and induce seizures by 
lowering the seizure threshold [19]. All cases of Seizures in Superior 
Sagittal Sinus (SSS) thrombosis were known cases of Hyperthyroidism. 
TT may produce hypercoagulabilty, venous stasis and subsequent 
development of SSS thrombosis, hemorrhages and seizures. Hence 
SSS thrombosis should also be considered for differential diagnosis of 
seizures in thyrotoxicosis [12,14] 75% cases (n=15/20) had presented 
with Generalized Tonic Clonic Seizures (GTC) in both adult and 

pediatric age group (n=3/5). (Supplementary Table 2) shows type of 
seizures and EEG findings in reported cases of thyroid dysfunction.  
Seizures may vary from GTC 75% (n=15) including secondary 
generalization, and status 10% (n=2) or in combination (Figure 2). 

A characteristic EEG pattern in patients with TT had been 
reported. Increased alpha rate, paroxysmal slow activities and high 
amplitude beta waves (fast activity) [2,19-21]. The excess of slow 
activity in temporal regions, along with fast activity of high amplitude 
in the frontal region in EEG is characteristic of hyperthyroidism [22]. 
Though the typical patterns described in hyperthyroidism by many 
authors, EEG in reported series of seizures in hyperthyroidism showed 
various patterns and mainly manifested as bilateral or unilateral 
diffuse slowing. EEG of our case showed bilateral slow waves mainly in 
bifrontal and anterior temporal areas which was similar to the reported 
cases of hyperthyroidism with seizures. Condon et al have investigated 
the EEG records of 27 cases of TT without seizure and 63% (n=17) 
of his patients had abnormal EEG and 7 cases had definite spike 
discharges [20]. Our observation from those studies found that EEG 
may not be positive in all cases of hyperthyroidism with seizures, and 
also positive EEGs in all cases of hyperthyroidism may not manifest 
clinical seizures. There were no significant differences in EEG between 
adult and pediatric age group. The seizure occurrence in male (n=7) 
to female (n=13) was 1:1.4 and no differences in the pattern of clinical 
seizures or EEG were observed between male and female group. 

A correlation was found between the severity of hyperthyroidism 
and several EEG parameters. However, Zander et al. [22] study 
showed that after treatment the regression of EEG abnormalities were 
incomplete [22]. All the reported cases with seizures were showed  
abnormal (88%) and all positive EEGs were reverted to normal 
within 3-6 months of antithyroid treatment except one case, was not 
in euthyroid state and then follow up EEG was normal by increasing 
dose of antithyropid drug. Hence EEG may be taken as one of the 
guidelines for the thyroid treatment response in case of associated 
clinical seizures. If EEG is not reverted to normal, the risk of seizure 
recurrence may be high and thyroid function test should be repeated 
for to achieve euthyroid state. The reversibility of the phenomena 
suggests that neuronal changes are functional rather than organic in 
nature [3]. Hyperthyroidism was diagnosed by clinical examination 
of thyroid, laboratory data and thyroid scan. Among the reported 
cases, 55% (n=11) underwent CT scan examination and 27% (n=3) 
showed intracranial hemorrhages, proved as sagittal sinus thrombosis 
associated with TT. CT may be helpful to investigate the other causes 
of seizure disorders, especially cases presenting with focal signs and 

Figure 1A: showed bilateral slow waves in bifrontal areas with anterior temporal 
slowing at one day after admission.

Figure 1B: showed normal pattern of EEG after two months follow up.
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Figure 2: Bar diagram for various seizure patterns occurring in patients 
presented with thyroid dysfunction.
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also to rule out the possible uncommon association of superior sagittal 
sinus thrombosis in TT [12,14]. We also suggest that CT should be 
included in our routine investigation list especially in a comatose 
patient presenting with seizures where basic investigations proved to 
be hyperthyroidism. 

The regimen used for treating TT was Propylthiouracil (PTU), 
lugols iodine, propanolol and dexamethasone with additional vitamin 
B complex in few cases, was successful in regaining consciousness in all 
cases during the acute phase and no mortality was reported. Various 
AEDs, either carbamazepine, or phenytoin, or sodium valproate and 
additional diazepam or clonazepam were used to treat seizures in the 
acute phase. In a study of thyroid function in patients who were taking 
carbamazepine and oxcarbamazepine showed that carbamazepine can 
lower serum thyroid hormones [23]. Antiepileptic drugs may be useful 
and justified during the initial treatment of seizures till you reach the 
diagnostic confirmation and then antithyroid drug alone will be helpful 
to prevent seizure recurrences except in proved SSS thrombosis where 
AED may be continued in view of hemorrhagic and thrombotic lesions. 
The mechanism of seizure induction is still obscure. Increased thyroxin 
and triiodothyronine levels influence the activity of sodium potassium 
adenosine–triphosphatase, leading to severely altered concentrations 
of sodium in cerebral cells, which can induce a lower threshold for 
seizures at least in animals [24-26]. The administration of thyroxine 
in the rat decreases the animal’s threshold for pentylenetetrazol 
(Metrazol®) or electro shock-induced seizures; whereas thyroidectomy, 
or administration of propylthiouracil produces reverse effect [27]. 

Conclusion 
Hyper function of the thyroid may induce seizures, even without 

much clinical manifestations of thyrotoxicosis. From the review of 
literatures, we suggest that the measurement of thyroid hormone 
levels might be justifiable if the cause of convulsion in a patient 
is not apparent. Antithyroid drug alone will be helpful to prevent 
seizures once the diagnosis is established. And cases presenting with 
encephalopathy with focal neurological deficit, possible association of 
SSS thrombosis should be considered. 
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