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1  |  INTRODUCTION

Dual antiplatelet therapy (DAPT) and percutaneous cor-
onary intervention (PCI) are indicated for the treatment 
of acute ST- segment elevation myocardial infarction 
(STEMI),1 nevertheless STEMI can complicate with the 
development of shock.

In this context, the most frequent shocks are the car-
diogenic and the hypovolemic ones. The former may be a 
consequence of mechanical, allergic (Kounis syndrome), 
procedural and arrhythmic complications due to both the 
STEMI itself and/or its treatment and the administration 
of contrast medium while performing the coronary angi-
ography (CA).1– 6 By contrast, the latter is typically a con-
sequence of a major bleeding due to the administration 
of antiplatelet and anticoagulants agents. Nevertheless, 
rarer causes than those described above may sometimes 

occur leading to shock. These ones include infections 
and the development of adrenal insufficiency, resulting 
in septic shock and adrenal crisis (AC),7 respectively. The 
latter, in turn, may sometimes lead to the development of 
Takotsubo syndrome (TTS),8 resulting in AC- induced TTS.

Because all of these conditions are burdened with high 
early mortality and most of them may present with ST- 
segment elevation (STE) associated with left ventricle 
ejection fraction (LVEF) reduction and regional wall mo-
tion abnormalities (RWMA), it is critical to make the cor-
rect diagnosis to initiate appropriate treatment and reduce 
mortality.

Here we report the case of a woman with left ante-
rior descending (LAD) coronary artery occlusion- related 
STEMI treated with PCI and complicated by the develop-
ment of AC and, for the first time, AC- induced focal takot-
subo syndrome (fTTS).
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2  |  CASE PRESENTATION

A 74- year- old woman in good clinical condition, pre-
sented to the emergency department with acute anterior 
STEMI (Killip class I– II), normal blood pressure and 
LVEF of 35% with apical akinesia and mid- apical sep-
tal hypokinesia on transthoracic echocardiogram (TTE; 
Figure 1, Table 1, Video S1a). Except for the recent diag-
nosis of polymyalgia rheumatica and the ongoing STEMI, 
the patient had no other previous disease, cardiovascu-
lar risk factors, allergies, recent infections and was not 
taking any medications. Nevertheless, a short course of 
low- dose prednisone (7.5 mg/day) was discontinued 36 h 
before admission.

After the administration of acetylsalicylic acid, ticagre-
lor and unfractionated heparin, the right femoral artery 
was cannulated and CA was performed. Through PCI, a 12- 
mm-  length zotarolimus- eluting stent was placed over the 
proximal tract of the LAD, where a critical occlusion was 
found (Figure 2A,B; Video S2a,b). Thrombolysis in myo-
cardial infarction (TIMI)- III flow and regression of STE 
on electrocardiogram (ECG) were achieved (Figures  1B 
and 2C; Video S2c), then the patient was transferred to the 
intensive coronary care unit (ICCU; Table 1).

Seven hours later, the patient suddenly developed 
chest pain, arterial hypotension and shock (Table  1). 
Mental confusion, sweating, a mild systolic murmur and 
absence of fever, jugular venous distension, pulmonary 
congestion and femoral access- site complications were 
revealed by clinical evaluation. Sinus tachycardia associ-
ated with anterolateral STE and reciprocal depression on 
lead aVR were shown on ECG (Figure 1C). LVEF of 30%, 
mid- apical septal akinesia, small and collapsing inferior 
vena cava (Video S1b) and absence of acute valvular dys-
function, pericardial effusion and pleural B- lines were 
shown by TTE and pulmonary ultrasound, respectively. 
Accordingly, cardiogenic shock due to mechanical com-
plications and arrhythmias were ruled out. Then, a central 
venous catheter was placed, crystalloids, norepinephrine 
and dobutamine were started, lab exams were performed 
and other causes of anterior STE- associated shock were 
investigated.

Firstly, both iatrogenic aortic dissection (IAD) and 
major bleeding resulting in hypovolemic shock due to fem-
oral artery cannulation and administration of antiplatelet 
and anticoagulant agents were ruled out. Computed to-
mography (CT) scans of the head, chest and abdomen (ex-
tended to the proximal tract of the femoral arteries) as well 

F I G U R E  1  (A) ECG at Emergency Department. Negative and symmetrical T waves in leads DI, DII, aVL, aFV and from V2 to V6 and 
ST- segment elevation of 2 mm in V3 and of 1 mm in V4 and V4 (red arrows). (B) ECG normalization after PCI. (C) ECG during shock. Sinus 
tachycardia with ST- segment elevation of 1 mm in leads DI and DII and of 3 mm in leads V2 and V3. ST- segment depression of 1 mm in lead 
aVR (red arrows)
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as lab exams showed neither intimal tears along the aorta 
and any active source of bleeding nor significant drop in 
hemoglobin values, respectively (Table 1). Subsequently, 
intra- aortic balloon pump (IABP) was placed and cardio-
genic shock due to both acute stent thrombosis (AST) and 
to a hypersensitivity coronary artery reaction resulting in 
Kounis syndrome (KS), was ruled out by performing again 
CA, that showed normal flow over all coronary arteries 
(Figure 2D; Video S2d).

Then, because mild anemia, hyponatremia, increased 
creatinine values and a slight increase of inflammatory 
biomarkers associated with low systemic vascular resis-
tances were revealed by lab exams and hemodynamic 
monitoring (Table  1), septic shock (SS) was suspected. 
Accordingly, dobutamine was discontinued, norepineph-
rine was titrated up to 3.0  mcg/kg/min, microbiological 
exams were performed and broad- spectrum antibiotics 
were started. Despite these arrangements, a refractory 
shock associated with both LVEF reduction and a new re-
gional akinesia was still ongoing 3 hours after clinical de-
terioration. In addition, after reviewing the CT images, a 
likely infectious focus was not detected. Based on all these 
findings, SS became unlikely as well.

Subsequently, given the recent discontinuation of pred-
nisone as well as the occurrence of vasopressor- refractory 
shock during an acute illness, AC with AC- induced fTTS 
was suspected. Accordingly, plasma cortisol and adreno-
corticotropic hormone were sampled and intravenous 
hydrocortisone (100 mg bolus, followed by infusion at 
8.3  mg/h) was administered. Over the next 2 hours, he-
modynamic stabilization, regression of symptoms and a 
slight increase of LVEF to 35% were achieved. In addi-
tion, regression of anterior STE and improvement of mid- 
apical septal motion, which became hypokinetic, were 
also obtained (Table  1). Over the next days, the patient 
gradually recovered. Blood pressure remained within the 
normal range, LVEF increased up to 45% associated with 
overall improvement of the regional kinesis (Video S1c), 
cardiac biomarkers decreased, all microbiological exams 
and inflammatory biomarkers were not suggestive of in-
fection and cortisol values were typical of adrenal insuffi-
ciency9 (Table 1). IABP was removed, norepinephrine was 
tapered and then discontinued, antibiotics were stopped 
and hydrocortisone was tapered and switched to oral for-
mulation. On day seven, the patient was discharged with 
conventional therapy for myocardial infarction, pred-
nisone 25 mg/day and endocrinological evaluation was 
scheduled.

Our final diagnosis, strengthened by the exclusion of 
other causes of shock, was STEMI complicated by AC with 
AC- induced fTTS. Indeed, a few hours after hydrocorti-
sone administration, STE- associated shock and symptoms 
resolved and global and regional left ventricular kinesis 

improved. Moreover, no further myocardial complica-
tions were detected during recovery. Specifically, sudden 
shock, symptoms, low systemic vascular resistance, cor-
tisol values and other biochemical abnormalities were at-
tributable to AC, whereas anterior STE, normal flow over 
all coronary arteries, deterioration of global and regional 
kinesis characterized by prompt recovery, and absence of 
further myocardial complications, could be explained by 
fTTS.

The central figure summarizes the case described 
above.

3  |  DISCUSSION

After PCI- treated STEMI, both cardiologic and noncardio-
logic conditions may present with anterior STE- associated 
shock.

Cardiologic conditions are more likely and include car-
diogenic and hypovolemic shock. Cardiogenic shock may 
be a consequence of mechanical, procedural, arrhythmic 
and allergic complications, while hypovolemic shock is 
typically a consequence of a major bleeding related to the 
administration of antiplatelet and anticoagulant agents. In 
this context, while myocardial free wall rupture, IAD and 
AST are recognized among mechanical and procedural 
complications, KS, a hypersensitivity coronary artery re-
action sometimes triggered by the administration of con-
trast medium,6 is included among allergic complications, 
and major bleeding is defined by ISTH criteria10 and in-
cludes a drop of hemoglobin values of 20 g/L or more and/
or intracranial bleeding. All of these conditions can occur 
within a few hours or up to several days after STEMI and 
are burdened with high mortality and morbidity when not 
recognized and adequately treated.2,4– 6,11– 13

By contrast, noncardiologic conditions are less likely 
and include SS and AC- induced TTS. These ones, simi-
larly to the previous ones, may occur a few hours and up 
to several days after STEMI and are mainly due to oxygen 
supply and demand imbalance and to an absolute or rel-
ative cortisol deficiency associated with a toxic effect of 
catecholamines on the myocardium, respectively.8,12,14

The main features and differences of each condition 
described above are summarized in Table  2, while TTS, 
AC and AC- induced TTS after STEMI are discussed in 
more detail in the text below.

Takotsubo syndrome (or stress cardiomyopathy) is a 
STEMI- mimicking heart disease characterized by ECG 
changes, increased cardiac biomarkers, transient RWMA 
(showed by TTE or ventriculography) and sometimes 
shock.12,15 Stress cardiomyopathy mainly affects post-
menopausal women and is due to excessive sympathetic 
stimulation and/or catecholamine surges induced by 
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emotional or physical factors, including endocrinological 
conditions, such as AC.7,12,15 Because RWMA are often 
STE- associated and STE (or ECG changes) are seen on 
multiple leads (beyond a single coronary artery distribu-
tion), to date, despite several diagnostic scores have been 
proposed, CA remains the gold standard diagnostic test to 
differentiate TTS from STEMI.15 Specifically, CA shows 
neither significant obstructive coronary artery disease 
nor acute plaque rupture over the RWMA- related coro-
nary distribution areas. Based on the RWMAs, four main 
variants of TTS are recognized: apical (the most common 
and widely known), mid- ventricular, basal and focal.12,15 
The focal type has some peculiarities that differentiate it 
from the other forms: it shows a lower reduction of LVEF, 
RWMA and electrocardiographic changes are mainly lo-
calized to the midventricular septum and to anterolateral 
LV wall, and usually is characterized by a good progno-
sis.16 It should be noted that our patient showed all these 
features.

Adrenal crisis (or acute adrenal insufficiency) is a life- 
threatening condition arising from an absolute or rela-
tive deficiency of cortisol that requires prompt diagnosis 
and treatment. In adults, diagnosis of AC is clinical and 
requires the presence of an acute deterioration in health 
status associated with absolute or relative hypotension 
(systolic blood pressure < 100 mmHg or ≥ 20 mmHg lower 
than usual) that resolves within 1 to 2 h after parenteral 

glucocorticoid administration.17 Alongside these diag-
nostic features, the occurrence of one or more of the 
following is typical during AC: low systemic vascular re-
sistances, mental confusion, electrolyte and/or biochemi-
cal abnormalities on lab exams, cortisol values lower than 
10– 15 mcg/dl and, sometimes, development of TTS7,17. 
Treatment of AC requires fluids infusion and immediate 
administration of intravenous hydrocortisone, given as a 
100 mg bolus, followed by 200 mg every 24 h, administered 
as a continuous infusion or as frequent intravenous (or in-
tramuscular) boluses (50 mg) every 6 h, with subsequent 
doses tailored to the clinical response. If hydrocortisone 
is unavailable, another parenteral glucocorticoid may 
be used.17 AC may be triggered by several medical and/
or pathophysiological conditions, including myocardial 
infarction.7,8,17 In this particular case, diagnosis of acute 
adrenal insufficiency is a real challenge, as it shares some 
clinical, hemodynamic, and biochemical features com-
monly found when a cardiogenic shock occurs, which 
must therefore be ruled out.

In our case, low circulating cortisol levels would un-
derlie the development of AC with AC- induced fTTS. 
With regard to the development of AC, the recent 
short course of prednisone would have given a nega-
tive feedback on the hypothalamus- pituitary– adrenal 
axis resulting in insufficient cortisol production, while 
the acute STEMI would have led to the development of 

F I G U R E  2  (A) Coronary 
angiography: occlusion of the first tract of 
the LAD (red arrow) (caudal angulation). 
(B) Coronary angiography: occlusion 
of the first tract of the LAD (red arrow) 
(cranial angulation). (C) Coronary 
angiography after PCI: TIMI- III flows of 
the LAD (red arrow) (caudal angulation). 
(D) Coronary angiography during shock: 
no AST nor coronary vasospasm (caudal 
angulation)
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pro- inflammatory cytokines that, in turn, led to vasodi-
lation and hypotension due to insufficient levels of cir-
culating cortisol.17 Indeed, adequate levels of circulating 
cortisol are required to maintain normal vascular tone, 
as this hormone exerts both a synergistic action with 
catecholamines and a suppressive action on proinflam-
matory cytokines.17

The development of AC- induced fTTS, similarly to 
what has been reported by other Authors in the develop-
ment of the other forms,8 could be explained by the in-
sufficient circulating cortisol values as well. Specifically, 
both the synergistic action of cortisol with the myo-
cardium in maintaining contractility and cardiac inot-
ropism and its protective effect from catecholamines 
would be lacking, resulting in a reduction of regional 
kinesis.

Finally, although the development of AC- induced TTS 
is well known, to the best of our knowledge, this is the 
first case describing the development of the focal type of 
AC- induced TTS.

4  |  CONCLUSION

Cardiogenic shock is the most frequent complication after 
STEMI, however other rarer causes of shock may some-
times occur, including AC. The latter, in turn, may lead 
to the development of TTS. Although, to the best of our 
knowledge, cases of fTTS have never been reported yet, we 
describe a case of STEMI complicated by AC and, for the 
first time, AC- induced focal TTS.
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