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Abstract

Early identification of the causes of cholestasis is important for appropriate management
of patients with hyperthyroidism. We report a patient who had hyperthyroidism and severe
cholestasis after methimazole (MMI) treatment. The patient was diagnosed as having
MMl-induced cholestatic hepatitis. Treatment with MMI was stopped at admission to hospital.
However, his serum total bilirubin (TBil) level rose from 410.5 pmol/L to 519.9 pumol/L and
prothrombin time activity (PTA) dropped from 81.0% to 52.2% in 10 days. To prevent further
deterioration of his liver function, plasma exchange was performed three times, and dexameth-
asone (10 mg, intravenously) was used each time. His PTA rose to 101% and his TBil continued
to increase to 669.8 umol/L after plasma exchange. He was subsequently diagnosed as
having thyrotoxicosis-induced cholestasis and treated with radioactive iodine (380 MBq)
2 weeks after admission. His hyperthyroidism was significantly relieved, but the TBil level further
increased to 776.8 pmol/L. Three weeks after admission, oral prednisone (30 mg/day) was used
in this patient. Subsequently, his TBil levels gradually decreased and his liver function
almost normalized within 3 months. We discuss the literature on cholestasis in the context of
hyperthyroidism.
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Introduction

Hyperthyroidism is a common clinical
syndrome in which the thyroid produces
and releases excess thyroid hormones. The
most common cause of hyperthyroidism is
Graves’ disease. The treatment for hyper-
thyroidism includes surgery, antithyroid
drugs (ATDs), and radioiodine therapy.
Methimazole (MMI) and propylthiouracil
(PTU) as oral ATDs are widely used to
treat hyperthyroidism. Liver injury is a
common complication in patients with
hyperthyroidism."? Severe cholestasis—
either induced by thyrotoxicosis or as an
adverse effect of ATD—has been increas-
ingly reported in patients with hyperthy-
roidism.> ® Additionally, patients with
Graves’ disease may also have concomitant
complications in the form of other autoim-
mune diseases, such as autoimmune hepati-
tis’ and primary biliary cirrhosis,® which
can also present as cholestasis. Therefore,
identification of the causes of cholestasis is
important for appropriate management of
patients with hyperthyroidism. We report
here a patient with cholestasis and provide
a brief review on the diagnosis and treat-
ment of cholestasis in patients with
hyperthyroidism.

Case report

A 41-year-old man had taken MMI inter-
mittently since he was diagnosed with
Graves’ hyperthyroidism 6 years previous-
ly. Ten days before admission to hospital
on 16 December 2015, he had scleral icterus

and passed dark urine after taking MMI
(30 mg/day) intermittently for 2 months.
One week before admission, an ultrasound
scan of the neck showed defuse enlargement
of the thyroid gland with no nodules.
Thyroid-stimulating hormone  receptor
antibodies were positive with a titer of
5.18 U/L (positive >1.75 U/L).

On admission, he had nausea, fatigue,
vomiting, agitation, tremulousness, and
abdominal pain. A physical examination
showed that his temperature was 36.3°C
and blood pressure was 119/85 mmHg. He
had severe icterus of the sclerae and skin.
Additionally, his thyroid was diffusely
enlarged. However, his respiratory and
cardiovascular systems were normal, with
a heart rate of 100 beats/minute, and an
abdominal examination was unremarkable.
Results of the patient’s blood biochemical
indicators are shown in Table 1.

To exclude other causes of liver injury,
additional studies showed that the patient
was negative for immunoglobulin M anti-
bodies for Epstein—Barr virus and hepatitis
A and E viruses. Tests for hepatitis B virus
surface antigen and core antibody, and hep-
atitis C virus antibody were negative. Tests
for antinuclear antibody, double-stranded
DNA antibody, anti-liver-kidney microsom-
al antibody, anti-smooth muscle antibody,
and anti-mitochondrial antibody M, were
also negative. The patient’s serum cerulo-
plasmin level was normal. The patient also
had no history of liver disease. Abdominal
ultrasonography, which was performed on
admission, showed unremarkable changes
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of the liver, pancreas, and spleen, and no
evidence of lithiasis in the common bile
duct or gallbladder. Furthermore, magnetic
resonance cholangiopancreatography on
post-admission day 2 did not show any evi-
dence of lithiasis, strictures, or masses in the
bile duct. The patient refused to undergo
percutaneous liver biopsy. The patient had
no medical history, except for hyperthyroid-
ism, and had never consumed alcohol.
After admission, because the Roussel
Uclaf Causality Assessment Method
(RUCAM) scale score for MMI was 7 in
our patient, he was diagnosed as having
MMI-induced liver injury. The R-value
(alanine aminotransferase [ALT]/upper
limit of normal value (ULN)/alkaline phos-
phatase [ALP]J/ULN) in this patient was
0.667, which indicated cholestatic hepatitis.
Treatment with MMI was stopped at the
time of admission. The patient received
standard conservative therapy, including
bed rest, nutritional and energy supple-
ments, and intravenous infusion of water—
electrolyte and acid—base equilibrium main-
tenance. Propranolol therapy was used to

relieve his symptoms. His serum total bili-
rubin (TBil) level rose from 410.5 to
519.9 umol/L and prothrombin time activi-
ty (PTA) dropped from 81.0% to 52.2% in
10 days. To prevent further deterioration of
his liver function, plasma exchange was per-
formed three times, and dexamethasone
(10mg, intravenously) and 2000 to
2500mL of frozen plasma was used each
time. No hepatic encephalopathy was
found. After plasma exchange, his PTA
rose to 101%; however, his TBil level con-
tinued to increase to 669.8 umol/L.
Assuming that thyrotoxicosis could also
cause liver injury, we added radioactive
iodine treatment (380 MBq) to control his
hyperthyroidism 2 weeks after admission.
His hyperthyroidism was greatly relieved
after radioactive iodine therapy (Figure 1),
but the TBil level further increased to
776.8 umol/L (Figure 2). Three weeks after
admission, oral prednisone (30 mg/day)
was administered to this patient, and his
TBil level gradually decreased. The dosage
of prednisone was gradually tapered
(Figure 1). His liver function almost

Table |. Laboratory findings of the patient with hyperthyroidism at the time of

admission.

Laboratory variables On admission

On discharge Normal range

ALT (U/L) 87
AST (U/L) 71
ALP (U/L) 326
GGT (U/L) 32
TBil (umol/L) 410.5
PTA (%) 8l
INR .64
WBC (10°/L) 7.08
PLT (10°/L) 314
Cr (umol/L) 43
TSH (nlU/mL) 0.003
FT3 (pmol/L) 18.1

FT4 (pmol/L) 72.9

38 9-50

39 1540
128 45-125
94 10-60
44.5 5-21

126 70-150
0.8 0.85-1.5
4.35 3.5-95
218 100-300
48 41-109
0.009 0.5-4.38
37 3.5-6.5
19.4 11.5-22.7

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT,
gamma glutamyl transpeptidase; TBIL, total bilirubin; PTA, prothrombin time activity; INR, inter-
national normalized ratio; WBC, white blood cells; PLT, platelets; Cr, creatinine; TSH, thyroid-
stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine.
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Figure |. FT3, FT4, and TSH levels over time (days) after the patient’s admission. FT3, free triiodothy-
ronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; 1'?!, radioactive iodine therapy; MMI,
methimazole.
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Figure 2. TBil and ALP levels over time (days) after admission of the patient. TBil, total bilirubin; ALP,
alkaline phosphatase; I'3', radioactive iodine therapy; PE, plasma exchange.
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normalized after 3 months. During the
follow-up period 3 months after discharge,
the patient remained asymptomatic and
showed no evidence of ongoing hepatitis
or sequelae.

This case report did not require ethics
committee approval because it did not
involve animal or human studies. Written
informed consent for publication was
obtained from the patient.

Discussion

Cholestasis in patients with hyperthyroid-
ism is a rare, but complicated, severe dis-
ease. Severe cholestasis may progress to
liver dysfunction and require urgent and
accurate management. However, in clinical
practice, identifying the causes of cholesta-
sis in patients with hyperthyroidism is
difficult.

Previous studies have shown a wide
range in the incidence of abnormalities of
liver function in patients with untreated
hyperthyroidism. The most common abnor-
mality of liver function is an increase in
ALP levels."” However, bone isoenzyme
of ALP is responsible for an elevation in
ALP levels in patients with hyperthyroid-
ism.'? Elevation of gamma glutamyl trans-
peptidase (GGT) levels varies from 14% to
62% in patients with hyperthyroidism.'"'?
Therefore, the true prevalence of cholestasis
in patients with hyperthyroidism remains
unknown. Severe cholestasis and liver fail-
ure have been increasingly reported in
case reports of thyroid disorders®>!3 19
(Table 2). A recent study showed that
65% of patients with Graves’ hyperthyroid-
ism were associated with different degrees
of hepatic dysfunction. Among them,
32.4% were classified as the bile stasis
type, and severe liver injury (defined as
ALT or aspartate aminotransferase levels
>20 ULN, GGT levels >10 ULN, ALP
levels >5 ULN, and/or TBiL, direct biliru-
bin (DBIL) levels >5 ULN) found in 6.6%

of patients before ATD treatment.’
Although, initially, serum  thyroid-
stimulating hormone levels <0.02mIU/L
were found to be a risk factor for abnormal
liver biochemistry,! other studies showed
that the severity of hyperthyroidism was
not associated with the occurrence of liver
injury.?® Additionally, intrahepatic chole-
stasis has been found in patients with sub-
clinical hyperthyroidism.?' The mechanisms
involved in development of cholestasis in
patients with hyperthyroidism are not
fully understood.**** Cholestasis is related
to hyperthyroidism complicated by conges-
tive heart failure. However, cholestasis is
also found in patients with uncomplicated
hyperthyroidism."* Other studies have
suggested that increased hepatic oxygen
consumption without a parallel increase
in hepatic blood flow in the hypermetabolic
state of hyperthyroidism may result in
insufficient oxygen supply in the centrilob-
ular zones, which may interfere with bile
transport and result in cholestasis.**
Recent studies have shown that hyperthy-
roidism increases mitochondrial oxygen con-
sumption and production of free oxygen
radicals. Oxidative stress of hepatocytes
results in apoptosis of hepatocytes.?=°
PTU and MMI can induce liver injury in
0.1% to 0.2% of patients with hyperthy-
roidism.?” % Previous studies showed that
PTU mostly caused hepatocellular injury
and MMI often caused cholestasis.?’~°
However, the incidence of MMI-induced
cholestasis varies among reports.”®3%3! In
a study that included 37,370 patients with
hyperthyroidism treated with MMI, chole-
stasis occurred at a rate of 0.24/1000
person-years.”” A recent study showed
that in patients with ATD-induced severe
hepatotoxicity, the frequency of the chole-
static type in the MMI group (35.3%) was
higher than that in the PTU group
(17.9%).*? Severe liver injury or severe cho-
lestasis induced by MMI is also being
increasingly reported in case reports.*> >’
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Table 2. Previous case reports of thyrotoxicosis-induced severe cholestasis.

Patients
(M or
Authors Flyears) Laboratory data Treatment QOutcome
Yan LD, et al. 19 M/35 TBil, 15.4 mg/dL Dexamethasone, Recovered
ALT, 270 U/L cholestyramine, within 2 weeks
ALP, 379 U/L and potassium iodine
TSH, <0.01 plU/mL
Regelmann F/19 TBil, 418.9 umol/L Propranolol, Recovered
MO, et al’ ALT, 125 U/L prednisone, and within | month
GGT, 53 U/L methimazole
TSH,0.13 plU/mL
Ichikawa H, M/43 TBil, 292.4 pmol/L Methimazole, Recovered
etal.” ALT, 64 U/L potassium iodide, within | month
ALP, 488 U/L and ursodeoxycholic
TSH, <0.01 plU/mL acid
Viallard JF, M/65 TBil, 89.0 umol/L Carbimazole Recovered
etal"? ALT, normal within | month
ALP, 256 U/L
TSH, undetectable
Majeed M, M/28 TBil,40.4 mg/dL Became worse Recovered
et al.' ALT, 51 U/L with methimazole; within 2 months
ALP, 227 U/L recovered after
TSH, <0.03 plU/mL lithium and
radioactive iodine
Hull K, F/38 TBil, 18.3 mg/dL Propylthiouracil, Recovered
etal'” F/35 ALT, 115 U/L propranolol, within | month
ALP, normal dexamethasone, Recovered
TSH, <0.01 mIU/L and thyroidectomy within 3 months
TBil, 30.0 mg/dL Propylthiouracil,
ALT, mild elevation steroids,
ALP, 263 U/L potassium iodide,
TSH, <0.01 mIU/L and thyroidectomy
Soysal D, M/49 TBil, 19.7 mg/dL Methimazole, Recovered
et al.'® ALT, 100 U/L propranolol, within | month
ALP, 192 U/L and thyroidectomy
TSH, 0.001 1U/L
Kibirige D, TBil, 233.2 pmol/L Carbimazole, Recovered
et al.'® ALT, 179 U/L prednisolone, within 10 weeks
ALP, 212 U/L propranolol, and

TSH, <0.005 plU/mL

Lugol’s iodine

M, male; F, female; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma glutamyl transpeptidase; TBiL,
total bilirubin; TSH, thyroid-stimulating hormone.

Liver injury usually occurs within 2 days to
3 months after taking MMI.?"*® An older
age of patients and a higher dose of
MMI are associated with occurrence of

cholestasis.?” However, in a recent study,
cholestasis was found to be dose indepen-
dent of MMIL.? Therefore, MMI-induced
cholestasis is idiopathic and unpredictable,
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and autoimmune mechanisms may be
involved in its occurrence.?

Concomitant autoimmune liver diseases,
including autoimmune hepatitis and prima-
ry biliary cirrhosis, as causes of cholestasis
have only been reported in a few case
reports describing hyperthyroidism in
patients.”®3%4° This indicates that concom-
itant autoimmune liver diseases are not a
common cause of cholestasis in these
patients. However, other underlying liver
diseases should also be excluded in patients

especially in high epidemic countries of hep-
atitis B or C virus. Kang et al. reported
MMI-induced acute liver failure in a patient
who was a chronic hepatitis B virus
carrier.*!

As shown in Table 3, patients in most
previous case reports of MMI-associated
severe cholestasis also had hyperthyroid-
ism. Therefore, determining the causes of
cholestasis in patients with MMI-treated
hyperthyroidism is difficult, based solely
on the clinical and biochemical presenta-

with  hyperthyroidism

and cholestasis,

tion. A previous case report suggested that

Table 3. Previous case reports of methimazole-induced severe cholestasis.

Patients
(Mor
Authors Flyears) Laboratory data Methimazole Treatment Outcome
Woeber KA,  F/36 TBil,12.1 mg/dL 40 mg/day Methimazole was Recovered
etal?’ ALT, 127 U/L for 19 days discontinued and within
ALP, 265 U/L radioactive iodine several
TSH, <0.03 mIU/L was used weeks
Gallelli L, M/54 TBil, 4.4 mg/dL 30 mg/day Methimazole was Recovered
et al.>’ ALT, 55 U/L for 5 months discontinued and within
ALP, 374 U/L radioactive iodine 6 months
TSH, 0.01 pU/mL was used
Yang J, et al.3? M/5] TBil, 385 pmol/L 20 mg/day Methimazole was Recovered
ALT, 89 U/L for 4 weeks discontinued and within
TSH, 0.001 plU/mL radioactive iodine 5 weeks
was used
Hung YT, M/71 DBil, 680 pmol/L A 5-month Cholestyramine, Recovered
et al.3® ALT, 40 U/L course of ursodeoxycholic within
ALP, 600 U/L methimazole acid, and | year
TSH, normal chlorpheniramine
Ji H, et al.*? M/69 TBil, 370.3 umol/L 30 mg/day Methimazole was Recovered
ALT, 59.2 U/L for 4 weeks discontinued and within
ALP, 631 U/L radioactive iodine 2 weeks
TSH, 0.01 plU/mL was used
Zou H, F/51 TBil, 105.8 umol/L 30 mg/day Methimazole was Recovered
etal’ F/42  ALT, 120 U/L for 8 days discontinued and within
ALP, 200 U/L 30 mg/day propylthiouracil 4 weeks
TSH, <0.005 mIU/L for 2 weeks was used Methimazole Recovered
TBil, 268.8 umol/L was discontinued; within
ALT, 135 U/L radioactive iodine 16 weeks
ALP, 353 U/L and prednisolone

TSH, 0.008 mIU/L

were used

M, male; F, female; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TBiL, total bilirubin; DBIL, direct bilirubin;
TSH, thyroid-stimulating hormone.
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the RUCAM scale provided a more accu-
rate measurement in determining the cau-
sality of MMI-induced hepatotoxicity than
other methods.*? However, this scale needs
to be verified in larger number of patients.
Additionally, the RUCAM scale is based
on ALP from hepatic origin only.*’
As stated above, bone isoenzymes of ALP
are significantly increased in patients
with hyperthyroidism, indicating that the
RUCAM scale is also inaccurate in deter-
mining the causality of ATD-induced
cholestasis. The RUCAM scale score for
MMI was 7 in our patient, but his liver
function worsened after MMI was discon-
tinued. Therefore, we could not exclude
thyrotoxicosis-induced cholestasis. TBil
levels rapidly decreased after his hyperthy-
roidism resolved, which further supports
the causality between thyrotoxicosis and
cholestasis in our patient.

Treatment of cholestasis in patients with
hyperthyroidism remains a significant chal-
lenge in clinical practice. For patients with
suspected ATD-induced cholestasis, ATDs
should be discontinued. For patients with
thyrotoxicosis-induced cholestasis, rapid
restoration of euthyroidism is important
for the recovery of liver function.”

Previous studies have shown that control
of hyperthyroidism is important for recov-
ery of cholestasis, induced by MMI or
hyperthyroidism.>?® However, the choice
of treatment methods for hyperthyroidism
is complicated in clinical practice. Although
there has been a report of successful switch-
ing to PTU after MMI-induced liver
injury,® it was not recommended because
of cross-allergic reactions that might exist
between PTU and MMIL* ATDs may
aggravate liver injury and occasionally
induce liver failure. Therefore, use of
ATDs in patients with thyrotoxicosis-
induced severe cholestasis is risky. Urgent
thyroidectomy is also considered risky in
patients with thyrotoxicity and severe liver
dysfunction. Most previous studies have

shown that radioactive iodine therapy is a
safe and effective treatment strategy in
patients with MMI- or thyrotoxicosis-
induced cholestasis,*>* although radioac-
tive iodine therapy has also been reported
to cause hepatic injury on occasion.*®*’

Glucocorticoids have been successfully
used for treating cholestatic hepatitis
caused by MMI and thyrotoxicosis.*®
Glucocorticoids reduce conversion of thy-
roxine to triiodothyronine in peripheral tis-
sues and decrease serum thyroxine levels in
patients with hyperthyroidism by reducing
thyroxine secretion.*” Additionally, previ-
ous studies have shown that corticosteroids
are effective in reducing peripheral oxida-
tive stress present in infiltrative Graves’
ophthalmopathy.”®>" In animal studies,
other antioxidants, including vitamin E,
curcumin, and L-carnitine, have been
shown to alleviate L-thyroxine-induced oxi-
dative stress in rat liver;’>> however, their
clinical efficacy remains to be demonstrat-
ed. An artificial liver support system has
also been found to be effective in treating
patients with ATD-induced cholestasis by
decreasing thyroid hormone and bilirubin
levels and promoting recovery of liver
injury.>*

In conclusion, distinguishing between
thyrotoxicosis- and MMI-induced severe
cholestasis is difficult. Discontinuing MMI,
treatment with glucocorticoids, and control
of hyperthyroidism with radioactive iodine
may be effective treatment methods for
severe cholestasis induced by thyrotoxicosis
or MMI in patients with hyperthyroidism.
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