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Abstract

Background: Methimazole (MMI) is used to treat hyperthyroidism in Graves’ disease. It is rare
to encounter patients in whom hyperthyroidism cannot be controlled using high doses of MMI.
Case presentation: A 2|-year-old woman was referred to our hospital because of MMI-resistant
Graves’ disease. Although her MMI dose had been increased to 120 mg/day, her serum thyroid
hormone concentration was too high to be measured. Additional therapy with lithium carbonate,
and then with dexamethasone and inorganic iodine, was initiated. After 14 days, the patient’s
serum thyroid hormone concentration normalized, while she was taking 150 mg/day MMI, 800
mg/day lithium carbonate, 6 mg/day dexamethasone and 306 mg/day inorganic iodine, and total
thyroidectomy was then performed. The patient was discharged 8 days after the thyroidectomy
and experienced no major complications.

Conclusions: We have presented a rare case of Graves’ disease that was resistant to high-dose
MMI. Combination therapy of MMI with lithium carbonate, dexamethasone and inorganic iodine
may represent a therapeutic option for the preoperative preparation of patients with MMI-
resistant Graves’ disease.
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Background

Graves’ disease is the most common cause of
thyrotoxicosis, and the lifetime risk of devel-
oping this disease is approximately 3% and
0.5% for women and men, respectively.'
Graves’ disease is caused by autoimmunity
targeting  thyroid-stimulating ~ hormone
(TSH) receptors in the thyroid glands, which
induce thyrotoxicosis and a diffuse goitre.'
The principal means of managing Graves’ dis-
ease is the inhibition of excess thyroid hor-
mone production using anti-thyroid drugs,
radioiodine ablation or thyroidectomy.'-
Among these treatment modalities, an anti-
thyroid agent, methimazole (MMI), is the
most widely used option for the initial treat-
ment of Graves’ disease, because of its effica-
cy, convenience and low cost.’ However,
thyroidectomy should be considered for
patients with large thyroid glands, especially
when anti-thyroid agents are not effective or
tolerated. However, the patient’s hyperthy-
roidism should be adequately controlled
before they undergo thyroidectomy; other-
wise, the risk of thyroid storm during the peri-
operative period is higher.*> Furthermore, no
definitive guidelines exist regarding the preop-
erative management for patients with Graves’
disease with severe hyperthyroidism because
of resistance to MMI.

We recently encountered a rare case of
Graves’ disease with resistance to extremely
high doses of MMI. A previous clinical
study showed that a high dose of MMI
(120 mg/day) reduces thyroid hormone con-
centration more rapidly than standard
doses of MMI (30 to 40 mg/day) in patients

with hyperthyroidism. However, such a
high dose of MMI may increase the risks
of severe adverse effects, such as skin
rashes and agranulocytosis.® Nevertheless,
a case report suggested that 150 mg/day
MMI was effective at controlling hyperthy-
roidism in a patient with Graves’ disease
who was resistant to standard doses of
MMI.” Although we carefully increased
the doses of MMI (to 120 mg/day) admin-
istered to the patient we describe, her serum
thyroid hormone concentration remained
too high to be measured . However, she
became euthyroid when combination thera-
py of 150mg/day MMI with lithium car-
bonate, dexamethasone and inorganic
iodine was instituted, and total thyroidecto-
my was then performed. The patient
experienced no major complications and
was discharged from the hospital post-
operatively.

Case presentation

A 14-year-old girl initially presented with
symptoms of general fatigue, palpitations,
and excessive sweating. The patient did
not have any significant medical history
and had never consumed tobacco or alco-
hol. However, her grandmother had
Graves’ disease. The patient was diagnosed
as having Graves’ disease on the basis of
the following laboratory findings: positivity
for TSH receptor autoantibody (TRAD)
(first generation assay, 47.8% [normal
range, <10%]), high free triiodothyronine
(T3) (39.86pmol/L  [normal  range,



Mori et al.

3.54-6.62 pmol/L]) and free thyroxine (T4)
(57.14pmol/L  [normal range, 11.58—
21.88 pmol/L]) concentrations, and low TSH
concentration  (<0.005plU/mL  [normal
range, 0.50-5.00 uIU/mL]). Fifteen mg/day
of MMI was administered as the initial treat-
ment. The patient became euthyroid after 3
months and her thyroid hormone concentra-
tion remained stable thereafter, while she
administered 5 to 10mg/day MMI. The
patient wished to undergo definitive therapy
for Graves’ disease, using radioiodine abla-
tion or thyroidectomy, but she was not able
to do so at the time because of financial con-
straints. Therefore, MMI treatment was con-
tinued. When the patient was 19 years old,
her serum thyroid hormone concentration
began to increase, and her attending physi-
cian increased the MMI dose to 40 mg/day
and recommended the patient to undergo
radioiodine ablation or thyroidectomy to
control her hyperthyroidism. However, the
patient declined the attending physician’s rec-
ommendation because the financial con-
straints remained. When the patient was 21
years old, her hyperthyroidism became
uncontrollable, even at a dose of 90 mg/day
MMI, which is above the standard dose
range.’ She also required hospitalisation for
2 weeks because of severe insomnia. The hos-
pital staff confirmed that the patient took her
medication as prescribed during her hospital-
isation. However, the patient’s thyroid hor-
mone concentration did not improve. Her
TRAD titre had not been assessed since her
first measurement. The patient was referred
to our hospital for further treatment of her
hyperthyroidism.

Clinical course: The patient’s height,
body mass, and body mass index were 165
cm, 50kg, and 18.4kg/m? respectively.
Physical examination revealed that she had
characteristic signs of hyperthyroidism,
including diffuse large goitre with bruit,
tremors, sweating, and sinus tachycardia
(106 beats/minute); however, no ophthalm-
opathy was observed. Blood tests confirmed

hyperthyroidism (free T3, 24.78 pmol/L; free
T4, 4299 pmol/L, TSH <0.005uIU/mL)
and there was a moderate TRAD titre
(second generation assay, 5.6 IU/L [normal
range, <1.0I1U/L]).” Ultrasound and com-
puted tomography scans showed a large thy-
roid gland with high blood flow, but no
internal nodule was identified (Figure 1).
All these findings were compatible with
Graves’ disease. We did not consider chang-
ing the anti-thyroid therapy from MMI to
propylthiouracil (PTU), because MMI is
more effective than PTU for the control of
hyperthyroidism.**

First, we evaluated the patient’s drug
compliance. We asked the patient’s family
to monitor her drug compliance without
notifying the patient, and they confirmed
that the patient did take her medication
and that the number of empty tablet con-
tainers matched the prescription. Therefore,
we judged that she was resistant to high
doses of MMI and that thyroidectomy
would be necessary to treat her hyperthy-
roidism effectively. Next, we cooperated
with medical social workers to seek finan-
cial support for the patient, and we were
able to overcome her financial constraints
regarding surgery.

Hyperthyroidism should be adequately
controlled before thyroidectomy is per-
formed;*> therefore, we treated the patient’s
disease with 120mg/day MMI,’ which is a
much higher dose than the standard dose
range for MMI,? but her serum thyroid hor-
mone concentration remained too high to be
measured (Figure 2). Therefore, we initiated
additional therapy with 200 mg/day lithium
carbonate, followed by 800 mg/day lithium
carbonate,'' 4mg/day dexamethasone'” and
153 mg/day inorganic iodine.'> However, the
patient’s thyroid hormone concentration
remained high; therefore, the thyroidectomy
was postponed. After further intensifying the
drug therapy to 150 mg/day MMIL,’ 800 mg/
day lithium carbonate, 6 mg/day dexametha-
sone and 306mg/day inorganic iodine, the
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Figure |. Images of the ultrasound (A, B) and computed tomography (C, D) scans of the patient’s thyroid
glands. A and B: Colour-flow Doppler images of the right and left lobe, respectively. C and D: Coronal and
transverse sections, respectively, showing both thyroid lobes and the isthmus. Thyroid gland size was
determined on the ultrasonographic images (thickness x width): right lobe, 24.2 x 22.8 mm; left lobe,
23.3 x 22.1 mm; isthmus, 8-mm thickness. The length of each thyroid lobe could not be measured.

patient’s serum thyroid hormone concentra-
tion normalized. Therefore, total thyroidec-
tomy was performed 7 days after
hospitalisation. The patient’s thyroid gland
weighed 86 g, which is approximately six-
to-seven times heavier than a normal thyroid
gland."® Histopathological assessment of the
excised thyroid gland showed diffuse follicu-
lar hyperplasia without autonomous thyroid
nodules, which is compatible with Graves’
disease. Hormone replacement therapy with
levothyroxine was initiated after the surgery,

and the MMI, lithium carbonate, dexameth-
asone and inorganic iodine were tapered off.
No surgical complications developed, except
for moderate hypocalcaemia that lasted a
few days. The patient was discharged
8 days after thyroidectomy.

Discussion

Here, we report a rare case of Graves’ dis-
ease that was resistant to an extremely high
dose (150 mg/day) of MMI. Some cases of
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Figure 2. Clinical course of the patient in our hospital. The values shown are in mg/day for MMI, PRL, Li, |

and Dex; and pg/day for L-T4.

MMI, methimazole; PRL, propranolol; Li, lithium carbonate, |, inorganic iodine; Dex, dexamethasone; L-T4,

levothyroxine.

Graves’ disease occur in which high doses
of anti-thyroid agents, such as 150 mg/day
of MMI or 60 to 90 mg/day of carbimazole
(equivalent to 36 to 54mg/day MMI), are
needed to control the hyperthyroidism.”'>
19 However, to the best of our knowledge,
this is the first case of Graves’ disease to be
reported that showed no response to a very
high dose of MMI and in which the
patient’s uncontrolled hyperthyroidism
was corrected by the addition of lithium
carbonate, dexamethasone and inorganic
iodine to the therapeutic regimen. For the
present case, we had to increase the dose of
MMI beyond the standard range to control
the patient’s hyperthyroidism prior to thy-
roidectomy.’ However, a previous clinical
study showed that a very high dose of
MMI is associated with a higher risk of
severe adverse effects.® In this study,
patients with hyperthyroidism were treated

with 120 mg/day MMI, and eight of the 25

experienced severe adverse effects. Skin

rash was the most common adverse effect,

but two patients showed agranulocytosis.®
In addition, other clinical studies have
shown that high doses of MMI are associ-
ated with higher risks of adverse
effects.’®>* Therefore, very high doses of
MMI should not be considered to represent
a standard treatment option for Graves’
disease; instead, this treatment strategy
should only be reserved for the very few
patients for whom other treatment options
are not available.

MMI inhibits thyroid hormone synthesis
by preventing the iodination of tyrosine res-
idues in thyroglobulin by thyroid peroxi-
dase.’ Although some previous cases of
Graves’ disease have been reported that
involved resistance to standard doses of
MMI, the underlying mechanisms of this
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resistance remain unclear.”'> ' For several
years after the onset of the disease, the
patient’s hyperthyroidism was well con-
trolled using relatively low doses of MMI,
which excluded the possibility that the resis-
tance to MMI was caused by genetic fac-
tors. After rapid and efficient absorption
from the intestine,”> MMI is metabolized
in the liver?* and is principally excreted
through the bile and urine.”®> A previous
clinical study showed that the peak
plasma concentration and half-life of
MMI after oral administration are compa-
rable in healthy individuals and patients
with hyperthyroidism.?® In addition, the
patient reported herein did not show any
symptoms or signs of comorbid gastrointes-
tinal or liver disease, which may have
affected the pharmacokinetics of MMI.
Therefore, it is unlikely that the MMI resis-
tance documented herein was the result of
defects in the absorption, metabolism or
excretion of MMI. After its absorption,
MMI accumulates at high concentrations
in the thyroid gland, to levels approximate-
ly two-to-five times higher than those in the
plasma.?® Therefore, it is probable that the
concentration of MMI in the thyroid gland,
rather than in the circulation, has the larg-
est impact on its anti-thyroid effect.’
Indeed, in a patient who needed a high
dose (150mg/day) of MMI to control
their hyperthyroidism, the concentration
of MMI in their thyroid tissue was lower
than that in the thyroid of MMI-sensitive
patients.’

Given that large thyroids are associated
with resistance to MMI in patients with
Graves’ disease,”’ the substantial thyroid
gland hypertrophy may have caused
impaired uptake or greater metabolism
and excretion of MMI in the present case.
Another possibility is atypical iodine
intake, which affects the absorption and
oxidation of MMI in the thyroid gland.*®
Because the Japanese diet has been reported
to contain many iodine-rich foods, such as

seaweed and seafood,?” high dietary intake
of iodine may have affected the sensitivity
of the patient to MMI. However, because
the plasma and intra-thyroidal MMI con-
centrations and urinary iodine excretion
were not evaluated in the patient, we
cannot comment on these possible causes
of the MMI resistance in the present case.
However, the evaluation of these factors
should be considered in future cases of
MMI resistance to elucidate the underlying
mechanisms. Finally, poor drug compliance
should be suspected initially in patients with
Graves’ disease whose disease is resistant to
MMI. We confirmed that the patient’s drug
compliance was high, on the basis of a
report from her family. In addition, the
hospital staff confirmed that the patient
took her medication as prescribed during
her hospitalisation for severe insomnia,
although the evaluation of drug compliance
was not the principal aim of this period of
hospitalisation. Furthermore, the patient’s
circulating thyroid hormone concentration
rapidly decreased after the initiation of
lithium carbonate, inorganic iodine and
corticosteroid therapy, which suggests that
the patient did take these medications.
Therefore, low drug compliance was unlike-
ly to be the explanation for the MMI resis-
tance in the present case.

The present patient responded to treat-
ment with lithium carbonate, inorganic
iodine and corticosteroid, in addition to
MMI. Lithium carbonate and inorganic
iodine ameliorate hyperthyroidism by
inhibiting the release of thyroid hormone
from the thyroid gland,*>*! and corticoste-
roids principally work by suppressing the
conversion of T4 to T3 in peripheral tis-
sues,”? whereas MMI blocks thyroid hor-
mone synthesis within the thyroid gland.?
Therefore, we speculate that these drugs
were effective at controlling the hyperthy-
roidism in the present patient because their
mechanisms of action differ to that of
MMI. Although lithium carbonate is not
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recommended as a first-line therapy for
Graves’ disease because of a relatively
high risk of adverse effects, several clinical
studies have shown that lithium carbonate
represents an alternative therapy for
patients who do not tolerate MMI or
PTU.'"'**33 We found that the addition of
lithium carbonate (200 mg/day) to basal
MMI treatment reduced the thyroid hor-
mone concentration of the present patient.
Because anti-thyroid effects of lithium car-
bonate have been reported at doses of 600
to 900 mg/day,''**3* we increased her lith-
ium carbonate dose to 800mg/day.
However, inorganic iodine and corticoste-
roid were simultancously administered;
therefore, we do not know whether the
escalation of the dose of lithium carbonate
was the key change in therapy in the present
case. Combination therapy of MMI with
corticosteroid and inorganic iodine is a
strategy that is commonly used for the man-
agement of thyroid storm; 8 mg/day dexa-
methasone and up to 200 mg/day inorganic
iodine are recommended in the guidelines
for the management of thyroid storm pub-
lished by the Japan Thyroid Association
and the Japan Endocrine Society.'?
However, the optimal doses of these drugs
for use in MMlI-resistant Graves’ disease
remain unclear. We found that the combi-
nation of inorganic iodine, which was initi-
ated at 153mg/day and increased to
306 mg/day, and dexamethasone, which
was initiated at 4 mg/day and increased to
6 mg/day, normalized the very high thyroid
hormone concentration of the patient
within 14 days.

In conclusion, we encountered a rare
case of Graves’ disease with resistance to
an extremely high dose of MMI. We
found that combination therapy with lithi-
um carbonate, inorganic iodine and cortico-
steroid is an effective alternative means of
preparing MMI-resistant patients with
Graves’ disease for surgery.
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