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Introduction: In recent years, radioactive iodine (RAI) therapy has become a main choice
for Graves’ disease. The rapid release of thyroid hormones following RAI may on occasion
trigger severe events, such as thyroid storm or heart block. This study presents two cases of
possible acute adrenocortical insufficiency precipitated by radioiodine therapy.

Case Presentation: Two females aged 65 and 19 years with long-standing Graves’ disease
underwent radioiodine treatment at our clinical center. Both patients suffered nausea, fatigue,
aggravated palpitation, and relative hypotension thereafter. Laboratory data showed severe
thyrotoxicosis with free thyroxine higher than three times the upper limit, while basal serum
cortisol (8 AM) was below the lower limit (5.08 pg/dL and 2.08 pg/dL respectively) under
stress, indicating a potential relative adrenocortical insufficiency. There was then full recov-
ery after adequate hydrocortisone therapy. As thyrotoxicosis resolved, the levels of basal
cortisol were subsequently raised to normal.

Conclusion: Post-RAI adrenocortical insufficiency might occur in patients with severe
Graves’ disease. Basal serum cortisol might be a cost-effective parameter for the identifica-
tion of potential patients.
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Introduction

China is a populous country with a high incidence of Graves’ hyperthyroidism
(1.1%—-1.4%)." Nowadays, an increasing number of Chinese patients come to accept
radioactive iodine (RAI) therapy,” which has been considered efficient and well
tolerated for decades.® As guidelines advised,® physicians should fully communi-
cate with patients about the benefits, expected speed of recovery, drawbacks, and
potential side effects. Therefore, any unusual emergency that occurs at any point in
time during medical practice deserve attention.

Previous studies have shown that thyroxine could enhance the clearance and
synthetic rate of cortisol, with a balanced net effect most of the time.*> When
people are in stress like rapidly worsened hyperthyroidism, or new onset thyrotox-
icosis in patients with primary adrenocortical insufficiency, a latent adrenal crisis
may emerge. Due to the low incidence and confusing manifestations, diagnosis
might be delayed.®™®

In this study, to highlight the masked threatening condition, we describe two cases of
Graves’ disease who developed relative adrenocortical insufficiency post-RAI therapy.
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Case Presentation

Case |

A 65-year-old woman with palpitation and weight loss
presented to our hospital for RAI therapy. She was diag-
nosed to have Graves’ disease one month previously. After
taking methimazole (MMI) 10 mg for three weeks, she was
found to have mild leukopenia (white-cell count 2940/

mm’,

1730 neutrophils/mm®). She reported no fever,
cough, diarrhea, stomachache, nausea, vomiting, or dizzi-
ness. The patient had received montelukast and cetirizine
hydrochloride for chronic bronchitis. Her heart rate was 98
bpm and blood pressure 136/79 mmHg. On physical exam-
ination, the goiter was enlarged with no tenderness. The
lung was clear and heart rate was regular, without
a murmur. She was found to have an undetectable thyroid
stimulating hormone (TSH) of 0.00 mIU/L (0.35-4.94
mlIU/L) and an elevated free thyroxine (FT4) level of
1.62 ng/dL (0.7-1.48 ng/dL). Other parameters are shown
in Table 1. An electrocardiogram (ECG) revealed sinus
rhythm, a ventricular rate of 96 bpm. Echocardiography
revealed normal left ventricular systolic function with an
ejection fraction of 66%. A technetium-99m thyroid scinti-
graphy revealed diffusely elevated uptake in the goiter and
a thyroid weight of 81.97 g. RAI uptake test demonstrated
62.8% uptake in 24 h. Due to her concern over the side
effects of anti-thyroid drugs (ATD), the patient chose RAI
treatment. After the correction of leucopenia, she received
311 administration of 10 mCi in March 2017, and was
discharged on metoprolol.

Two weeks later, the patient returned to the emergency
department presenting with appetite loss, nausea, vomiting,

fatigue, edema, and aggravated palpitation. Upon arrival, she
had sinus tachycardia (113 bpm), relative hypotension (92/
60 mmHg), with a normal temperature. Physical examina-
tion revealed emaciation, dysphoria, diaphoresis, diffuse
non-tender thyromegaly (Grade II), and mild pitting edema
of the eyelids and lower extremities. The lung was clear, her
abdomen was not tender, and murphy’s sign was negative.
Thyroid function showed exacerbated thyrotoxicosis: TSH
0.00 mIU/L, FT4 4.48 ng/dL, free triiodothyronine (FT3)
>30.00 pg/mL (1.71-3.71 pg/mL), thyrotrophin receptor
antibody (TR-Ab) 37.47 IU/L (0.00-1.22 IU/L). The white-
cell count was 4500/mm’, and neutrophils 2800/mm”. The
sodium level was 137 mmol/L, potassium level 4.0 mmol/L,
chloride level 104 mmol/L, and fasting blood glucose was
4.77 mmol/L. The levels of plasma troponin, NT-proBNP,
serum hepatic enzymes, bilirubin, and creatinine were all
within the reference range.

Given that the patient developed symptoms in a short
time after radioactive therapy, thyroid storm was the first
probable diagnosis. However, she had no fever, no signs of
central nervous system disturbance, infection, or heart
failure. According to the Burch-Wartofsky Point Scale or
Japanese Thyroid Association criteria,” neither early stage
or suspected thyroid storm were supported. Given her
weakness, appetite loss, gastrointestinal symptoms, hypo-
tension, and low-normal serum sodium, adrenocortical
insufficiency had to be excluded. Laboratory data revealed
decreased basal serum cortisol (5.08 pg/dL) and elevated
plasma adrenocorticotropic hormone (ACTH) (112 ng/L)
under such stress. Her sexual hormone profile revealed
a normal post-menopausal state. Abdominal and adrenal

Table | Thyroid Function Profile and Serum Cortisol Level in Case |

Time After RAI Day of RAI 2 Weeks 2 Months 3 Months 6 Months Reference
TSH (mlIU/L) 0 0 0 0 0 0.35-4.94

TT3 (ng/mL) 1.76 >8.00 2.42 2.04 1.48 0.58-1.59

TT4 (ng/dL) 9.9 21.05 12.87 6.79 5.05 4.87-11.72
FT3 (pg/mL) 5.95 >30.0 NA 6.76 4.31 1.71-3.71

FT4 (ng/dL) 1.62 4.48 NA 1.36 0.86 0.7-1.48

TR-Ab (IU/L) 6.33 37.47 >40.0 >40.0 >40.0 0.00-1.22

Basal Cortisol NA 5.08 9.95 8.08 10.5 6.70-22.6

(8AM, pg/dL)

Note: Thyroid function profiles were measured by chemiluminescence microparticle immuno assay and serum cortisol was measured by chemiluminescence immunoassay.
Abbreviations: TSH, thyroid stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; FT4, free thyronine; TR-Ab, thyrotrophin

receptor antibody; NA, not available.
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ultrasound findings were unremarkable. Since the patient
had no history or presentation of pituitary or adrenal dis-
orders, and she had no history of exposure to exogenous
glucocorticoid, a diagnosis of acute adrenocortical insuffi-
ciency following RAI therapy was highly suspected.

Subsequently, 100 mg hydrocortisone succinate was
given intravenously followed by appropriate fluid resuscita-
tion. Her symptoms diminished soon and her blood pressure
was normalized (130/74 mmHg). She was then placed on
tapered hydrocortisone and propylthiouracil (PTU). On
the day of discharge, she was prescribed 20 mg hydrocorti-
sone and 100 mg PTU daily. At two months follow-up, the
patient stated that she had no discomfort and discontinued
hydrocortisone by herself one week prior. Labs at that time
showed normalized levels of basal cortical (9.95 pg/dL) and
serum electrolytes (sodium level 142 mmol/L, potassium
level 4.1 mmol/L). PTU was then reduced to 50 mg daily
based on thyroid function. It remained stable during the
subsequent follow-up visits. The relation of her FT4, FT3,
and cortisol levels over time is demonstrated graphically in
Figure 1.

Case 2

A 19-year-old female was admitted to our department for
RAI therapy in July 2018 due to her 10-year recurrent
Graves’ hyperthyroidism. She had a parental family his-
tory of Graves’ disease. She was on 10 mg propranolol
three times a day and MMI 10 mg once daily. Her heart
rate was 113 bpm and blood pressure was 124/74 mmHg.
On physical examination, the goiter was visibly enlarged
with a murmur, no edema, pigmentation or hair loss. Her
heart rate was regular, and an ECG revealed sinus tachy-
cardia (110 bpm) and a prolonged corrected QT interval.
Blood tests indicated severe hyperthyroidism (TSH 0.00
mlU/L; FT4 4.41 ng/dL; FT3 >30.00 pg/mL; TR-Ab >40.0
IU/L). A technetium-99m thyroid scintigraphy revealed
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diffusely elevated uptake in the goiter and a thyroid weight
of 210.04 g. RAI uptake test showed a homogenous gland
with 69.4% uptake in 2 h and 65.5% in 24 h. MMI was
discontinued three days prior to '*'I administration.
A dose of 12 mCi radioiodine was administered orally
and propranolol was prescribed 10 mg every six hours.

Three days after '*'I administration, she developed
appetite loss, vomiting, fatigue, headache, and aggravated
palpitation. When she presented to our hospital the day
after symptom onset, her temperature was 36.9°C, heart
rate was 122 bpm and blood pressure was 105/65 mmHg.
On physical examination, the goiter was visibly enlarged
and non-tender. Abdominal and neurological examinations
were unremarkable. The levels of FT4 and FT3 were
higher than the upper limit (details in Table 2). The
sodium level was 133 mmol/L, potassium level 4.33
mmol/L, and chloride level 102 mmol/L. The high-
sensitivity C-reactive protein, erythrocyte sedimentation
rate, hepatic enzyme spectrum, and renal function were
all within normal range. Random serum cortisol was 2.08
pg/dL under such stress. Craniocerebral and abdominal CT
scan was unrevealing.

Similarly, combined with her history and testing
results, a probable diagnosis of acute adrenocortical insuf-
ficiency was considered. In the emergency room, 50 mg
hydrocortisone succinate was given intravenously, which
provided immediate relief. She was discharged later on
hydrocortisone orally for three days.

One month later, she returned to the clinic without
discomfort. Her basal serum cortisol level was raised to
normal (cortisol 11.14 pg/dL). The levels of FT4, TT4,
FT3, and TT3 were still higher than the upper limit. She
resumed taking MMI 20 mg daily and the dose varied
depending on thyroid function. One year later, the patient
received a second dose of '*'I administration (10 mCi)
under close observation. This time, she reported no fever,
no appetite loss, no nausea, or headache and had a normal
level of basal serum cortisol (8.79 pg/dL) after RAI
therapy.

Discussion

The cooperative effects of thyroxin and glucocorticoids
have been well documented. In clinical practice, adrenocor-
tical insufficiency, a potentially life-threatening syndrome
may occur when thyrotoxicosis is exacerbated. It has been

reported in situations such as misuse of thyroid hormone in
10,11

a background of latent adrenal insufficiency, new onset
Figure |1 Graphic demonstration of FT4, FT3, and cortisol levels over time in case |. thyrotoxicosis in a patient with congenital adrenal
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Table 2 Changes of Thyroid Function and Serum Cortisol in Case 2

Time After RAI Day of RAI 3 Days I Month 12 Months* 14 Months 28 Months Reference
TSH (mlIU/L) 0 0 0 0 0.59 0 0.35-4.94

TT3 (ng/mL) >8.00 >8.00 >8.00 >8.00 0.39 I.15 0.58-1.59

TT4 (pg/dL) 22.84 >24.0 >24.0 >24.0 2.06 7.52 4.87-11.72
FT3 (pg/mL) >30.0 >30.0 >30.0 >30.0 .17 3.66 1.71-3.71

FT4 (ng/dL) 441 >5.0 >5.0 47 0.47 1.22 0.7-1.48

TR-Ab (IU/L) >40.0 >40.0 >40.0 >40.0 >40.0 38.96 0.00-1.22
Basal Cortisol NA 2.08 11.14 8.79 NA NA 6.70-22.6
(8AM, ng/dL)

Note: *The day around the second 31| administration.

Abbreviations: TSH, thyroid stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; FT4, free thyronine; TR-Ab, thyrotrophin

receptor antibody; NA, not available.

hyperplasia,’ or secondary adrenal insufficiency,® and

simultaneous  presentation of Graves’ disease and
Addison’s disease.’

Previous research demonstrated the association
between long-standing thyrotoxicosis and deficient adre-
nocortical reserves,'”'® despite the lasting hyperactivity
of the hypothalamic-pituitary-adrenal axis.'” In drug-
induced hyperthyroid rat models, plasma corticosterone
could be effectively increased in response to ACTH
release.'” Similarly, in humans, due to the elevated meta-
bolic rates, severe thyrotoxicosis may lead to adrenocor-
tical insufficiency, which presents as significant
hypocortisolemia or inadequate cortisol response to
ACTH stimulation.'>' Although it often occurs in
a subclinical state and would resolve after the attainment
of euthyroidism, patients are at increased risks of adrenal
crisis'®'7'® when in stress of diarrhea, infection, surgery,
or experiencing a sharp release of thyroid hormones.
Conversely, evidence has shown that Graves’ disease
shares a similar process with other autoimmune endocrine
diseases like autoimmune thyroiditis, thyroid eye disease,
and Addison’s

cytokines.'”?® Hence, adrenal insufficiency might be

Type 1 diabetes disease through
a result of immune response to Graves’ thyrotoxicosis
under certain stimuli.

For Graves’ thyrotoxicosis, RAI treatment, ATD, and
thyroidectomy are main modality therapies. Despite the
regional preferences, RAI has become more popular given
its safety and efficiency.! According to the American thyr-

oid Association Guideline for Hyperthyroidism in 2006,

59.7% of respondent clinical endocrinologists from the
United States selected RAI as primary choice, compared to
32% among Chinese physicians.” During previous clinical
practice, much attention has been given to radiation thyroi-
ditis, which is caused by a transient exacerbation of
hyperthyroidism.?? Actually, factors like inaccurate dose
due to potential changes of pre- to intra-therapeutically
biokinetics of "*'I may induce side effects such as thyroid
swelling, sialadenitis, or immune response.>> > RAI therapy
may even trigger rare complications like thyroid storm and
heart block.?

Combined with the aforementioned points, one may
reasonably conceive that some patients would suffer
symptoms of cortisol deficiency in the post-RAI period
due to the short-term worsening of hyperthyroidism or the
possible immune interaction. As far as is known, there is
yet no such report of a clinical study or observation.

In the current study, we report two cases with
Graves’ thyrotoxicosis that manifested similarly with
loss of appetite, fatigue, and aggravated palpitation in
a short time after radioactive therapy, in whom the
diagnosis was presumed to be radiation thyroiditis or
the early stage of thyroid storm. However, further tests
revealed low AM serum cortisol in the face of stress,
indicating a likely underlying acute adrenocortical insuf-
ficiency, or even concomitant with thyroid storm. At the
initial presentation of case 1, given the test result of
high ACTH and hypocortisolemia, we were not sure
whether she had prior primary adrenal insufficiency or
not. Then through close follow-up, we discovered that
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the patient no longer needed glucocorticoid replacement
and achieved normalized cortisol and ACTH as FT3,
FT4 trended down, which confirmed our suspicion that
this was a transient adrenocortical insufficiency.”” On
this base, we started to evaluate adrenocortical function
with
31T administration. Most patients had normal basal cor-

for  patients severe  thyrotoxicosis  after
tisol except the second case. The girl had a 10-year
course of Graves’ disease, with an extremely high
level of FT3, FT4, and elevated uptake of technetium-
99m. Within a short time after RAI therapy, she soon
exhibited classic presentations of acute adrenocortical
insufficiency with hypocortisolism. After timely supple-
ment of hydrocortisone her symptoms diminished
rapidly and she finally attained normalized cortisol
level as FT3, FT4 went down. However, there were
several limitations to the present study that warrant
discussion. First, none of the patients accepted adrenal
stimulation testing during convalescence due to personal
reasons. An entire evaluation would provide results that
are more reliable. Second, cortisol-binding globin was
not available in our center, which was a possible con-
with

thyrotoxicosis.'® Third, the intra-therapeutic '*'I uptake

founder as it might be low in patients
and effective half-life (EHL) for patients were not eval-
uated, which may influence therapeutic outcome or trig-
ger potential side effects.”*"**

In summary, based on these two cases, we propose
that the adrenocortical function of patients with severe
thyrotoxicosis be evaluated around '*'I administration
for. Determination of the basal serum cortisol level is an
optional screening test in testing- limited institutions. For
hemodynamically stable patients, high-dosage (250 ug)
ACTH stimulation test is advised. Adrenocortical insuffi-
ciency is conclusive when serum cortisol concentration
cannot reach 18 pg/dL within 60 min.*® Moreover, pro-
phylactic glucocorticoid could be considered around
the day of '*'I administration in critical patients with
free thyroxine 2-3 times the upper limit of the
normal.?’ Methylprednisolone may be preferred to pre-
dnisolone to obtain a stable intra-therapeutic EHL of
131123 If suspected adrenal crisis does occur following
RAI, we suggest performing random serum cortisol and
plasma ACTH measurement immediately and giving
intravenous hydrocortisone succinate and fluid resuscita-
tion. The dose and course depend on individual varied

conditions.

Conclusion

Although RAI therapy has been widely used and well
tolerated for decades,3 it should be treated with caution
for those with prolonged severe Graves’ disease, as they
may face an increased risk of relative adrenal insuffi-
ciency. Basal or stimulated cortisol might be evaluated
around '*'T administration if available. Pretreatment with
adequate glucocorticoid in necessity might be beneficial.
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