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A B S T R A C T

Acute myocardial infarction (AMI) is a scarce but fatal complication in Graves’ disease (GD). Silent myocardial
infarction (MI) associated with GD has never been reported. A 37-year-old male patient was admitted due to
poorly controlled hyperthyroidism and persistent fever. But the patient did not complain of chest pain on
admission. The electrocardiogram (ECG) showed Q waves and ST-segment elevations. Cardiac troponin I
(cTnI) was sharply increased. He was qualified to an emergency coronary angiography which showed normal
coronary arteries without any stenosis. The potential mechanisms for AMI with angiographically normal cor-
onary arteries in the setting of hyperthyroidism may be attributed to the hyper-metabolic state due to thyro-
toxicosis, severe vasospasm in coronary artery, coagulation abnormalities, and the inflammatory/
autoimmune milieu. In conclusion, patients with GD-associated silent MI are unusual. Early recognition and
diagnosis by clinicians provide a better prognosis. This case demonstrates the importance of ECG and cTnI
screening among GD patients.

© 2018 Elsevier Inc. All rights reserved.
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Introduction

Graves’ disease (GD) is the most common cause of hyperthyroid-
ism in adults. The clinical manifestations of GD are diversified and it
may involve multiple organ systems, including neuromuscular, car-
diovascular, gastrointestinal, reproductive, and ocular systems.1

Amongst, systolic hypertension and arhythmia are two common car-
diovascular complications.1 Acute myocardial infarction (AMI)
induced by hyperthyroidism is unusual.2�4

AMI with few or no symptoms is called silent myocardial infarc-
tion (MI). To our knowledge, silent MI associated with GD has never
been reported. The purpose of this report is to describe the case of a
37-year-old man who presented GD-associated silent MI with normal
coronary angiography.
Case report

A 37-year-old Chinese man was admitted to our hospital with
chief complaint of palpitation, poor appetite and persistent fever.
Notably, he did not show symptoms of chest tightness, chest pain or
dyspnea. He was diagnosed as GD for 6 years, but refused the treat-
ment with anti-thyroid medications. He suffered from palpitation for
the past year. Twenty days ago, he developed symptoms of poor
appetite and nausea, followed by a persistent fever a week prior
to admission. The temperature ranged from 37.5 °C to 38 °C,
without noticeable infective triggers (e.g., cold, respiratory tract
infection, etc).

The patients did not exposed to emotional stress, extreme cold, or
intense physical exercise recently. And he did not have diabetes, con-
nective tissue disorders, migraine headache, or numbness/cold in the
extremities based on medical history. The patient had smoked for
18 years (approximately 10 cigarettes per day) but did not addicted
to alcohol or cocaine. The subject’s family history was unremarkable.

On physical examination, he appeared acutely ill, but his con-
sciousness was fairly clear. The patient’s heart rate was 124 beats per
minutes, respiration rate was 20/min, blood pressure was 110/
73mmHg, and body temperature was 37.4 °C. There was no discolor-
ation in the extremities. His thyroid could be touched, grade-II
enlargement without palpable thyroid nodule. His neurologic and
muscular examinations were unremarkable.

The electrocardiogram (ECG) (Fig. 1A) on admission revealed Q
waves in leads II, III, aVF and 1.5�4mm of ST-segment elevations in
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Fig. 1. (A) ECG of the presented patient with an acute myocardial infarction on admission day. (B) ECG of the presented patient at discharge.
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leads II, III, aVF as well as V2�V4. The cardiac troponin I (cTnI) was
5995 pg/mL (normal value� 34.2 pg/mL) (Fig. 2). There was no elec-
trolyte or acid-base disturbances in this patient. The levels of fasting
glucose and lipids, blood coagulation tests and D-dimer were within
normal range. In addition, no abnormalities of lactate dehydrogenase
(LDH), antibodies/antigens of adenovirus, influenza virus, and respi-
ratory syncytial virus were observed in the current case. Echocardio-
graphic evaluation revealed anterior mitral leaflet prolapse with
moderate cardiac insufficiency. No pericardial effusion was observed.
We diagnosed silent MI based on typical ECG findings and elevated
troponin levels without chest pain. The emergency coronary angiog-
raphy was performed within 1 h after his arrival at our hospital. The
result revealed normal coronary arteries with no sign of any suspi-
cious stenosis, spontaneous coronary artery dissection (SCAD), or
atherosclerosis (Fig. 3). Thereafter, the concentration of troponin
(Fig. 2) and the ST-segment elevation in ECG (Fig. 1B) decreased grad-
ually.

The patient was still hyperthyroid with markedly elevated
serum-free thyroxine (T4), triiodothyronine (T3), thyroid-stimulat-
ing hormone receptor antibodies (TRAb), and suppressed thyroid-
stimulating hormone (TSH) (Table 1). The thyroid ultrasound scan
revealed a diffusely enlarged thyroid gland with small nodules in
the parenchyma of right gland. The clinical score of Burch-Wartof-
sky was 30, meaning a little possibility of thyrotoxic crisis. He was
treated with methimazole and propanolol during hospitalization.
The thyroid function of the patient was significantly improved with
free T3 3.08 pg/mL and free T4 20.44 ng/L on the day of hospital dis-
charge (Table 1).



Fig. 2. The troponin concentration changes of presented patient during the period of
hospitalization.
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The temperature of the patient was 37.5�38 °C one week prior to
admission. Full blood count showed slightly increased monocytes
(1.44£ 109/L) and neutrophils (10.23£ 109/L). C reactive protein
(CRP), interleukin-6 (IL-6), and ferritin concentration presented an
obvious increase as well. The titers of anti-dsDNA antibodies, antinu-
clear antibodies, anticardiolipin antibodies and lupus anticoagulant
were within normal range. There were no other clinical or biological
clues of bacterial/virus infections according to physical examination
and imaging tests including chest X ray and pulmonary computed
tomography (CT). The patient was diagnostic treated with Moxifloxa-
cin (0.6 g /day), cefoperazone sodium and tazobactam (2.25 g /day).
However, his temperature fluctuated between 36.3 and 38 °C. Thus, it
was assumed that the fever may be attributed to inflammation and
autoimmune status according to the elevation of CRP, interleukin-6
and ferritin. Then, we treated the patient with methylprednisolone
(40mg/day) and the temperature could immediately return to nor-
mal range.
Fig. 3. Coronary angiography for left circumflex artery (A), left a

Table 1
Results of thyroid function and thyroid auto-antibodies

TSH FT3 FT4

Normal range 0.27�4.2 (uIU/mL) 2�4.4 (pg/mL) 9.32�17.09 (ng/L)
1st Admission 0.011 11.44 71.76
1st Discharge 0.006 3.08 20.44
2nd Admission 0.005 23.13 77.69

TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TG, thyr
ies; TRAb, thyroid-stimulating hormone receptor antibodies
Twomonths later, the patient was admitted to our hospital for I131

treatment. The follow-up observation revealed that neither AMI
attack nor persistent fever occurred up to now.

Discussion

We present the case of silent MI with normal coronary arteries
associated with GD in a youngman according to the clinical evidences
of cTnI and ECG. Notably, there are some diseases that should be con-
sidered for the differential diagnosis. Although myocarditis may
result in the similar changes in cTnI and ECG, no typical clinic symp-
toms were observed. In addition, there was no significant history of
viral infections and the screen for myocardial enzyme spectrum and
respirovirus was negative, indicating that it is not likely for the
patient to have myocarditis. Moreover, there were no clinical signs
suggestive of coronary vasculitis caused by autoimmune disorders,
such as Behçet's disease, systemic lupus erythematosus, antiphospho-
lipid syndrome, and Takayasu disease, according to the negative auto-
immune antibodies and the normal coronary angiography.

Kim et al. had reviewed all cases of AMI induced by thyrotoxicosis
and found 10 cases have been described in the English literature since
1990.3 Of note, silent MI as the initial presentation in the setting of
hyperthyroidism has never been reported. Interestingly, the coronary
angiography of these patients indicated either coronary spasm or
normal coronary arteries.3 Howbeit, the specific mechanism in hyper-
thyroidism-associated MI without coronary artery stenosis is still not
thoroughly understood. To date, there are several hypothetical patho-
genic mechanisms for this issue. First, it is assumed that the hyper-
metabolic state in the condition of hyperthyroidism augments cardiac
oxygen consumption, resulting in the relative inadequacy of oxygen
supply in the myocardium.3

Second, severe spasm in coronary artery, which may be partly
attributed to hyper-reactivity of vascular smooth muscle to norepi-
nephrine,5 could trigger the onset of AMI as well. It is known that
there are various causes which could induce the attack of coronary
nterior descending artery (B), and right coronary artery (C).

TG A-TG A-TPO TRAb

3.5�77 (ug/L) 0�155 (IU/mL) 0�34 (IU/mL) 0�1.58 (IU/L)
48.16 855.7 193.5 21.05

35.99 855.4 194.4 16.8

oglobulin; A-TG, thyroglobulin autoantibodies; A-TPO, antithyroid peroxidase antibod-
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spasm including hyperventilation, raynaud phenomenon, migraine
headache, catecholamine surge, low level of serum magnesium,
smoking, alcohol-cocaine abuse, etc.6 All these triggers, except smok-
ing, were not identified in this patient. Interestingly, Lewandowski et
al. also reported that a young female smoker had AMI with coronary
artery spasm as the first presentation of thyrotoxicosis.7 In addition,
vasospasm in coronary artery was identified to be more prominent in
smokers.8 We assumed that hyperthyroidism combined with ciga-
rette smoking may be adequate to drive the balance towards devel-
opment of coronary artery spasm. Accordingly, it is worthwhile to
identify whether smoking and thyrotoxicosis state act synergistically
that contribute to the vasospasm and the subsequent onset of AMI.

Third, hyperthyroidism is often accompanied by coagulation
abnormalities. The increased prothrombotic substances (e.g., von
Willebrandt factor) and reduction of anticoagulative factors such as
protein C and plasmin-antiplasmin complexes add the likelihood of
thrombus formation.3,8 Such abnormality might be another factor
that result in the hyperthyroidism associated AMI.

Fourth, GD related autoimmune milieu may also be involved in
the onset of AMI. An elevation of IL-6 has been found in the condition
of acute coronary syndrome (ACS).9 Meanwhile, IL-6 is an important
pathogenic cytokine for GD development.10 One could postulate the
potential role of IL-6 in the development of AMI in the setting of GD.
It would be significant to investigate the correlation between the AMI
risk in GD and the titer of IL-6. Interestingly, titers of IL-6, ferritin, and
CRP were markedly increased in this young man who had no typical
cardiovascular risk factors except the smoking habit. Moreover, per-
sistent fever could be efficiently controlled by methylprednisolone.
Collectively, these evidences indicated inflammatory and immune
responses in the subject, which may be one of the main pathogenic
mechanisms of GD-associated AMI.

Furthermore, silent MI presenting in the current case has parallel
lethality and recurrence rate compared with recognized MI.11 So far
as we know, this is the first case report of silent MI in a patient with
GD and no previous study has investigated the relationship between
these two clinic conditions. It would be significant to identify the
underlying molecular mechanisms. More importantly, due to the
occult characteristics of silent MI, awareness of the possibility of such
serious complication in GD patients would provide a better prognosis.
This case demonstrates the potential clinical value of ECG and cTnI as
routine screening among GD patients, especially in subjects with
smoking habit and high levels of inflammatory mediators.

Howbeit, the current case has some limitations. Firstly, cardiac
magnetic resonance imaging (CMRI) has been considered as a sensi-
tive and specific tool in assessing myocardial viability.12 We lacked
the data of CMRI due to the financial pressures the patient faced. Sec-
ondly, SCAD could be provoked by various pathological situations or
emotional/physical stress, such as severe hypertension, atherosclero-
sis, collagen diseases, cocaine abuse, intense emotional trauma, peri-
partum episode, etc.13 Although we did not recognize any possible
triggers in the current case and the angiography failed to identify any
clues for SCAD, optical coherence tomography (OCT) should be per-
formed to rule out the possibility of this disease. Thirdly, we did not
monitor the dynamic changes of inflammatory mediators (such as
IL-6, CRP, ferritin, etc.), which would be significant to uncover the
pathogenic mechanism of inflammation and autoimmunity in GD
associated silent MI.
Acknowledgements

This study was supported by the grants from the Bethune�Merck
Diabetes Research Fund [grant number 2018 to S Shao, 2018], and
Cardiac Rehabilitation and Metabolic Therapy Research Fund [grant
number 2018 to S Shao, 2018].

S Shao and S Hu conceived paper and approved final version. S
Shao and C Li wrote the manuscript. C Li and F Chen collected the
patient information. X Yu revised manuscript and data interpretation.
References

1. De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet. 2016;388:906–918.
2. Patane S, Marte F. Atrial fibrillation and acute myocardial infarction without signif-

icant coronary stenoses associated with subclinical hyperthyroidism and erythro-
cytosis. Int J Cardiol. 2010;145:e36–e39.

3. Kim HJ, Jung TS, Hahm JR, Hwang SJ, Lee SM, Jung JH, Kim SK, Chung SI. Thyrotoxi-
cosis-induced acute myocardial infarction due to painless thyroiditis. Thyroid Off J
Am Thyroid Assoc. 2011;21:1149–1151.

4. Gowda RM, Khan IA, Soodini G, Vasavada BC, Sacchi TJ. Acute myocardial infarction
with normal coronary arteries associated with iatrogenic hyperthyroidism. Int J
Cardiol. 2003;90:327–329.

5. Chang KH, Chang WC, Su CS, Liu TJ, Lee WL, Lai CH. Vasospastic myocardial infarc-
tion complicated with ventricular tachycardia in a patient with hyperthyroidism.
Int J Cardiol. 2017;234:143–145.

6. Pride YB, Piccirillo BJ, Gibson CM. Prevalence, consequences, and implications for
clinical trials of unrecognized myocardial infarction. Am J Cardiol. 2013;111:
914–918.

7. Lewandowski KC, Rechcinski T, Krzeminska-Pakula M, Lewinski A. Acute myocar-
dial infarction as the first presentation of thyrotoxicosis in a 31-year old woman �
case report. Thyroid Res. 2010;3:1.

8. Ashikaga T, Nishizaki M, Fujii H, Niki S, Maeda S, Yamawake N, Kishi Y, Isobe M.
Examination of the microcirculation damage in smokers versus nonsmokers with
vasospastic angina pectoris. Am J Cardiol. 2007;100:962–964.

9. Alevizos M, Karagkouni A, Panagiotidou S, Vasiadi M, Theoharides TC. Stress trig-
gers coronary mast cells leading to cardiac events. Ann Allergy Asthma Immunol Off
Publ Am Coll Allergy Asthma Immunol. 2014;112:309–316.

10. Lee HJ, Lombardi A, Stefan M, Li CW, Inabnet 3rd WB, Owen RP, Concepcion E,
Tomer Y. Cd40 signaling in graves disease is mediated through canonical and non-
canonical thyroidal nuclear factor kappab activation. Endocrinology. 2017;158:
410–418.

11. Dehghan A, Leening MJ, Solouki AM, Boersma E, Deckers JW, van Herpen G, Heer-
inga J, Hofman A, Kors JA, Franco OH, Ikram MA, Witteman JC. Comparison of prog-
nosis in unrecognized versus recognized myocardial infarction in men versus
women >55 years of age (from the rotterdam study). Am J Cardiol. 2014;113:1–6.

12. Kwong RY, Korlakunta H. Diagnostic and prognostic value of cardiac magnetic res-
onance imaging in assessing myocardial viability. Top Magn Reson Imaging.
2008;19:15–24.

13. Nishiguchi T, Tanaka A, Ozaki Y, Taruya A, Fukuda S, Taguchi H, Iwaguro T, Ueno S,
Okumoto Y, Akasaka T. Prevalence of spontaneous coronary artery dissection in
patients with acute coronary syndrome. Eur Heart J Acute Cardiovasc Care.
2016;5:263–270.

http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0001
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0002
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0002
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0002
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0003
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0003
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0003
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0004
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0004
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0004
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0005
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0005
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0005
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0006
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0006
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0006
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0007
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0007
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0007
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0008
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0008
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0008
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0009
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0009
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0009
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0010
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0010
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0010
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0010
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0011
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0011
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0011
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0011
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0011
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0012
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0012
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0012
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0013
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0013
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0013
http://refhub.elsevier.com/S0147-9563(18)30270-X/sbref0013

	A silent myocardial infarction with normal coronary arteries associated with Graves´ disease
	Introduction
	Case report
	Discussion
	Acknowledgements

	References


