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Abstract

BACKGROUND

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has been
found to be responsible for the recent global pandemic known as coronavirus
disease 2019 (COVID-19). SARS-CoV-2 infections not only result in significant
respiratory symptoms but also cause several extrapulmonary manifestations, such
as thrombotic complications, myocardial dysfunction and arrhythmia, thyroid
dysfunction, acute kidney injury, gastrointestinal symptoms, neurological
symptoms, ocular symptoms, and dermatological complications. We present the

first documented case of thyroid storm in a pregnant woman precipitated by
SARS-CoV-2.

CASE SUMMARY

A 42-year-old multiparous woman at 35 + 2 wk of gestation visited the emergency
room (ER) with altered mentation, seizures, tachycardia, and high fever. The
patient showed no remarkable events in the prenatal examination, and the
nasopharyngeal COVID-19 polymerase chain reaction (PCR) test was positive two
days before the ER visit. The results of laboratory tests, such as liver function test,
serum electrolytes, blood glucose, blood urea nitrogen, and creatinine, were all
within the normal ranges. However, the thyroid function test showed hyper-
thyroidism, and the nasopharyngeal COVID-19 PCR test was positive, as
expected. No specific findings were observed on the brain computed tomography,
and there were no signs of lateralization on neurological examination. Fetal
heartbeat and movement were good, and there were no significant uterine
contractions. The initial impression was atypical eclampsia. However, the
patient's condition worsened, and a cesarean section was performed under
general anesthesia; a healthy boy was delivered, and 12 h after delivery, the
patient's seizures disappeared and consciousness was restored. The patient was
referred to an endocrinologist for hyperthyroidism, and a thyroid storm with
Graves' disease was diagnosed. Here, SARS-CoV-2 was believed to be the trigger
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for the thyroid storm, considering that the patient tested positive for COVID-19 two days before
the seizures.

CONCLUSION

In pregnant women presenting with seizures or changes in consciousness, the possibility of a
thyroid storm should be considered. There are various causes for a thyroid storm, but given the
recent pandemic, it is necessary to bear in mind that the thyroid storm may be precipitated by
COVID-19.

Key Words: COVID-19; Hyperthyroidism; Pregnancy; Thyroid storm; Thyrotoxicosis; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) is a pandemic disease. For pregnant women presenting
with emergency symptoms, clinicians should consider the possibility of a thyroid storm caused by
COVID-19.
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INTRODUCTION

The incidence of hyperthyroidism in pregnancy is about 0.2% and is mostly subclinical[1]. A thyroid
storm (TS) is a rare but serious complication in patients with hyperthyroidism (1%-2% of cases of
hyperthyroidism)[2-4]. The symptoms of a TS are similar to those of hyperthyroidism, but they are more
sudden, severe, and extreme. We report a case in which a pregnant woman who visited the emergency
room (ER) with altered mentation, seizures, and high fever was initially misdiagnosed as eclampsia and
eventually diagnosed to have a TS because of coronavirus disease 2019 (COVID-19) infection.

CASE PRESENTATION

Chief complaints
A 42-year-old multiparous woman with a gestational age of 35 + 2 wk presented to the ER with altered
mentation, seizures, and a high fever of 38.3 °C.

History of present illness

The patient tested positive for the nasopharyngeal COVID-19 polymerase chain reaction (PCR) test with
symptoms of throat pain two days before her ER visit. Upon arrival at the ER, endotracheal intubation
was performed immediately, and an emergency call was made to the obstetrics and gynecology
department. According to the widely accepted severity scale of COVID-19 (Table 1), illness of severity
was critical requiring mechanical ventilation[5].

History of past illness

The patient had previously delivered a healthy baby by cesarean section two years ago. According to
the statements of the guardians obtained in the ER, the patient did not have any specific underlying
diseases, and there were no remarkable events during the prenatal examinations in the current

pregnancy.

Personal and family history
The patient had no history of drug abuse, smoking, or drinking. Further, there was no family history of
genetic, autoimmune, or thyroid diseases.

Physical examination
The seizure was a generalized tonic-clonic type, and the patient presented with drooling and continuous
upper eyeball deviation. The pupillary reflex was prompt, symmetric, and consensual. Vital signs
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Table 1 lliness severity for coronavirus disease 2019

Severity

Signs and symptoms

Asymptomatic/presymptomatic ~ Positive for SARS-CoV-2 using a test but no symptoms that are consistent with COVID-19

Mild illness

Moderate illness

Severe illness

Critical illness

Signs and symptoms of COVID-19 but no shortness of breath, dyspnea, or abnormal chest imaging
Signs and symptoms of lower respiratory disease or abnormal imaging and SpO, > 94% on room air at sea level

SpO, < 94% on room air at sea level, PaO,/FiO, < 300 mmHg, respiratory frequency > 30 breaths/min, or lung
infiltrates > 50%

Respiratory failure, septic shock, and/or multiple organ dysfunction

From the American college of emergency physicians field guide. COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory syndrome

coronavirus-2.

Jaishideng®

revealed a blood pressure of 121/71 mmHg and heart rate of 115 beats per minute.

Laboratory examinations

The nasopharyngeal COVID-19 test performed in the ER was positive. Laboratory results at the
emergency unit showed increased C-reactive protein of 15.7 mg/L [reference range (RR): 0-5 mg/L],
erythrocyte sedimentation rate of 37 mm/h (RR: 0-20 mm/h), and D-dimer of 2.7 pg/mL (RR: 0.0-0.5
pg/mL). There was no proteinuria or other abnormality in the urine protein-to-creatinine ratio, which
could be considered a sign of eclampsia. The results of the laboratory tests, such as liver function test,
serum electrolytes, blood glucose, blood urea nitrogen, and creatinine, were all normal. The thyroid
function test showed a thyroid stimulating hormone (TSH) level of < 0.01 mIU/L [3" trimester-specific
reference range (3TRR): 0.38-4.04 mIU/L[6]], free T4 level of 1.95 ng/dL (3TRR: 0.5-0.8 ng/dL[6]), and
total T3 level of 183.9 ng/dL (3TRR: 123-162 ng/dL[6]), which reflect overt hyperthyroidism. According
to the Burch-Wartofsky Point Scale (BWPS)[2], the score was 65, which was highly suggestive of a TS.

Imaging examinations

Brain computed tomography revealed no acute intracranial hemorrhage, focal parenchymal lesions, or
visible causes of seizure. In addition, there were no focal neurological signs, and the neurologist
underestimated the likelihood of seizures owing to the central nervous system lesions.

Further diagnostic work-up

No noteworthy findings were obtained from the chest X-ray and electrocardiogram. On ultrasono-
graphy, the fetal growth was noted to be appropriate for the gestational age, and the fetal heartbeat and
movements were normal. No significant uterine contractions were observed in the tocomonitor.

Initial diagnosis

The initial impression was eclampsia because of the seizures and altered consciousness. However, there
were several points that were not suitable for a diagnosis of eclampsia. For example, the maternal blood
pressure was normal, and there was no proteinuria, fetal growth restriction, thrombocytopenia, kidney
failure, or hepatic dysfunction. Thus, we arrived at a diagnosis of atypical eclampsia.

FINAL DIAGNOSIS

The final diagnosis was status epilepticus (SE) due to a TS from a preexisting Graves’ disease. Given
that the patient tested positive for COVID-19 two days before admission to the ER, the trigger for the TS
is believed to be SARS-CoV-2.

TREATMENT

For the primary treatment of eclampsia, labetalol, magnesium sulfate, and midazolam were used to
control the seizures. However, the seizures persisted, and consciousness was not restored. Thus, a
cesarean section was performed under general anesthesia because it was judged that both the mother
and fetus could be at risk if the seizures continued.
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Figure 1 Thyroid ultrasonography. Diffusely enlarged thyroid gland with rounded lobes showing the diffusely heterogeneous and coarse echotexture of the
thyroid gland. The isthmus nodule was suspected to be malignant owing to its ill-defined margin. The red dots indicate the isthmus nodule; this nodule was identified
as a papillary carcinoma by fine-needle aspiration cytology. The yellow dots indicate the trachea.
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OUTCOME AND FOLLOW-UP

The seizures continued until general anesthesia was administered, and the cesarean section was
performed without any special events. The newborn infant weighed 2680 g, with 1 min and 5 min
Apgar scores of 8 and 8, respectively. After delivery by cesarean section, the intensity of the seizures
decreased but persisted. Therefore, low-level sedation was maintained with midazolam for about 12 h
in the intensive care unit. Over time, the intensity of the seizures decreased, and consciousness was
restored. The newborn's nasopharyngeal COVID-19 PCR test was negative and thyroid function tests
were within the normal ranges. Magnetic resonance imaging and electroencephalogram were
performed on the infant in consultation with the neurologist, and no specific findings were observed.

The patient was then referred to an endocrinologist for evaluation and treatment of hyperthyroidism.
In the serological test, TSH (< 0.01 mIU/L) was suppressed, but the free T4 (1.86 ng/dL), total T3 (175.3
ng/dL), and TSH receptor antibody (2.44 IU/L; RR: 0.0-1.750 IU/L[6]) were all elevated with respect to
the reference values. Thyroid ultrasonography showed a diffusely enlarged thyroid gland with round-
shaped lobes as well as diffusely heterogeneous and coarse echotexture (Figure 1). The isthmus nodule
was suspected to be malignant, and fine-needle aspiration was performed (Figure 1). The cytology result
showed a papillary carcinoma, and a thyroidectomy was scheduled. The endocrinologist thus
concluded that a TS may have been a complication of preexisting Graves' disease and prescribed
methimazole, methylprednisolone, and propranolol. The patient was discharged in a healthy condition
ten days after the cesarean section. After approximately one month of using methimazole, the thyroid
function test results were close to normal values.

DISCUSSION

Hyperthyroidism can develop in about 0.2% of pregnant women, and Graves' disease is responsible for
almost 95% of the cases of hyperthyroidism during pregnancy. A TS is a rare condition that affects
about 1% of pregnant women with hyperthyroidism. A TS is a severe exacerbation of thyrotoxicosis,
which is an emergency disease that causes tachycardia, hyperthermia, agitation, and altered mental
status[2]. It is known that TS has a variety of causes. For example, a TS may occur with an acute disease,
such as acute myocardial infarction, stroke, congestive heart failure, or traumal7]. It is also known that
infection or pregnancy itself can trigger a TS[2]. There are several case reports of TS caused by SARS-
CoV-2 infection[2,3,8,9]. However, this is the first report of a TS in a pregnant woman with a SARS-CoV-
2 infection.

Etiology

How does SARS-CoV-2 trigger a TS? Recent studies have answered this question in two ways. First,
angiotensin-converting enzyme 2 receptor and transmembrane protease serine 2, which are known to
play important roles in SARS-CoV-2 invasion of the human host cells, are more highly expressed in
thyroid cells than in the lungs, oral cavity, pharynx, and larynx, which may cause a TS[10-12]. Second,
Lania et al[8] suggested that SARS-CoV-2 could affect the thyroid cells indirectly through a cytokine
storm. This cytokine storm is characterized by hyperactivity of the Th1/Th17 immune response, with
increased production of several proinflammatory cytokines, including interleukin-6 and tumor necrosis
factor a[13,14]. Several proinflammatory cytokines can cause excessive and uncontrolled immune
responses, eventually leading to a TS.
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Pregnancy itself can cause hyperthyroidism, which can eventually lead to a TS. As the circulating
estrogen increases during pregnancy, the thyroxine-binding globulin (TBG) increases. TBG binds to the
circulating T4, reducing the free T4 levels. To compensate for this, the size of the thyroid gland
increases, and the production of T4 and T3 increases by 50%[15-17]. Owing to the homogeneity of
human chorionic gonadotropin (hCG) and TSH, elevated hCG levels can stimulate the thyroid gland,
resulting in further elevation of free T4[17,18]. Millar et al[19] reported that patients with hyper-
thyroidism during pregnancy were 10 times more likely to develop a TS than during non-pregnancy.

Symptoms
A TS typically manifests clinically as a combination of the following signs and symptoms: Fever,
tachycardia, cardiac dysrhythmia, and central nervous system dysfunction[20]. Our patient had a
generalized tonic-clonic type of seizure, SE. Specifically, recurrent seizures occurred despite the use of
appropriate doses of midazolam, and these were classified as refractory SE (RSE)[21]. According to
reports, about 9%-43% of SE cases show a clinical course of RSE[21,22], and the in-hospital mortality of
RSE has been reported to be about 15%-33%[23-25]. In the present case, the RSE was classified as new-
onset RSE (NORSE) because there were no previous neurological diseases and no preexisting toxic and
metabolic causes[26]. In the case of our patient, the fever may have been caused by not only COVID-19
but also by the TS induced by COVID-19. Thus, if SE is caused by the fever of COVID-19, it can also be
classified as febrile infection-related epilepsy syndrome, which is a subset of NORSE[26].

SARS-CoV-2 can also cause a wide variety of extrapulmonary symptoms owing to its inflammatory
effects. For example, cardiac (myocarditis, pericardial effusion, shock), renal (glomerulonephritis),
hematological (thrombocytopenic purpura, anemia), neurological (Guillain-Barré syndrome, meningo-

encephalitis, optic neuritis), and musculoskeletal (myositis, arthritis) complications have been reported
[10,27-31].

Diagnosis

There are studies recommending routine thyroid function tests in patients with SARS-CoV-2 infection[3,
8,32]. In our opinion, if the abovementioned symptoms, namely fever, tachycardia, cardiac dysrhythmia,
and central nervous system dysfunction, are observed in pregnant women, it is necessary to conduct
routine thyroid function tests.

Additionally, the BWPS is the most widely used criterion for diagnosing a TS. The BWPS is a score
that helps to assess the probability of a TS independent of the level of thyroid hormones; it is based
solely on clinical and physical criteria[2,4]. The BWPS considers body temperature, central nervous
effects, hepatogastrointestinal symptoms, and cardiovascular dysfunction, along with the patient's prior
history[33].

There are several neurological diseases that must be differentiated from the perspective of
accompanying SE with the help of neurologists. In consideration of the patient's condition, neurological
examinations and brain imaging studies should be performed to differentiate intracranial diseases.
Among these, the differential diagnoses for cerebral venous sinus thrombosis, meningoencephalitis, and
posterior reversible encephalopathy syndrome should be included.

Because the pregnant woman had seizures, eclampsia was suspected initially. Therefore, it is
necessary to identify the symptoms and signs of eclampsia accurately. For example, it is important to
identify pretibial pitting edema, visual disturbances, and epigastric pain. In our case, the patient showed
no such signs. In addition, the patient was normotensive, and there was no proteinuria, fetal growth
restriction, thrombocytopenia, kidney failure, hepatic dysfunction, or liver failure. In conclusion, the
possibility of eclampsia was judged to be low.

Paraneoplastic neurologic syndrome (PNS) also needs to be differentially diagnosed as an additional
disease. PNS is an autoimmune disease and may present with several clinical manifestations, such as
encephalitis, autonomic dysfunction, peripheral neuropathy, cerebellar ataxia, and visual disturbances
[34]. Clinicians should be hence alert to the possibility of PNS if the patient has a past or family history
of cancer or an autoimmune disease[34].

Treatment

An appropriate treatment plan should be developed by evaluating the symptoms of thyrotoxicosis,
gestational age, and fetal condition. Treatment of mild thyrotoxicosis in COVID-19 patients without an
underlying thyroid disease does not necessitate thionamides, and most of these patients will recover
spontaneously[6]. However, patients with a TS should receive prompt treatment with fluids, antithyroid
drugs (ATD), steroids, and beta blockers in conjunction with consultation with an endocrinologist.

ATD is the most crucial treatment for TS; it inhibits the synthesis of thyroid hormone by blocking the
organification of iodine within the thyroid gland and eventually reducing the amount of thyroid
hormone released into circulation. Pregnant women with hyperthyroidism should also be treated with
ATD. Either propylthiouracil or methimazole, which are both thionamides, can be used to treat
pregnant women with hyperthyroidism. However, methimazole is typically avoided in the first
trimester because it has been associated with rare embryopathy, such as esophageal or choanal atresia
and aplasia cutis, a congenital skin defect[1]. After the first trimester, either methimazole or propyl-
thiouracil can be used to treat hyperthyroidism. In rare cases, propylthiouracil has been reported to
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result in clinically significant hepatotoxicity[16]. Therefore, patients should be given information about
the risks and benefits of ATD. Fortunately, several published articles suggest that antithyroid treatment
carries minimal risk to the fetus during early pregnancy. This risk is lower than is commonly perceived
and less than that of untreated thyrotoxicosis[17,18].

However, in our case, it was practically challenging to wait for the effects of ATD to manifest in a
state where the change of consciousness was accompanied by continued seizures and the fetal well-
being could not be guaranteed. In such cases, if the gestational age is close to term, a cesarean section to
terminate the pregnancy may be a good solution. Beta blockers can be used as adjunctive therapy for
symptomatic palpitations. Corticosteroids inhibit the peripheral conversion of T4 to T3 and have been
shown to improve outcomes in patients with TS[1].

CONCLUSION

Clinicians should always bear in mind that SARS-CoV-2 infections can cause a TS and must routinely
perform thyroid function tests in the infected patients. When a TS occurs in a pregnant woman infected
with SARS-CoV-2, a treatment plan should be established in consideration of the symptoms of thyrotox-
icosis, gestational age, and fetal condition. In the case of a TS occurring at an early gestational age, ATD
can be used, and the progression can be monitored. However, if the woman is near the term of
gestational age and has multi-organ failure or neurological symptoms, termination of pregnancy by
cesarean section may be a good choice.

A TS in a pregnant woman is a very serious and life-threatening emergency. Thus, an urgent
multidisciplinary approach involving collaboration among the emergency physician, endocrinologist,
obstetrician, neurologist, neonatologist, and anesthesiologist is essential for successful management of
the patient.
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