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Abreviations 

ACS – Acute coronary syndrome 

AMI – Acute myocardial infarction 

CAG – Coronary angiography 

CS – Cardiogenic shock 

BP – Blood pressure 

BPM – Beats per minute 

ECG – Electrocardiogram 

ED – Emergency department 

EF – Ejection fraction 

HCM – Hypertrophic cardiomyopathy 

IABP – Intra-aortic balloon pump 

IV – Intravenous 

HR – Heart Rate 

HTN – Hypertension 

LAD – Left anterior descending 

LV – Left ventricle 

LVH – Left ventricular hypertrophy 

LVOT – Left ventricular outflow tract 

LVOTO – Left ventricular outflow tract obstruction 

MR – Mitral regurgitation 

MV – Mitral valve 

PG – Pressure gradient 

SAM – Systolic anterior motion 

STEMI – ST elevation myocardial infarction 

TC – Takotsubo cardiomyopathy 

TTE – Transthoracic Echocardiogram 
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Abstract: 

Left ventricular outflow tract obstruction (LVOTO) refers to the interference of the ejection of blood flow from the 

left ventricle to the aorta and is defined by a pressure gradient equal or greater than 30 mmHg. Its exact prevalence 

in the general population is unknown, however, it is considered a relevant and underdiagnosed cause of hypotension 

and hemodynamic deterioration in certain clinical scenarios. Traditionally, dynamic LVOTO is associated with 

hypertrophic cardiomyopathy (HCM), as this is its most common cause, present in approximately 2/3 of patients 

diagnosed with HCM. However, it has also been described in both anatomically predisposed individuals (with left 

ventricular hypertrophy, septal hypertrophy, and sigmoid septum), acute myocardial infarction and in structurally 

normal hearts, associated with various clinical situations, such as takotsubo cardiomyopathy, catecholaminergic 

overload, by exogenous administration, or in the presence of a pheochromocytoma, and as well as in the setting of 

change in volume status due to dehydration/ volume depletion. This literature review aims to integrate the most 

common clinical scenarios associated with LVOTO, other than HCM, to elucidate the pathophysiology behind this 

phenomenon and to describe the best approach to the diagnosis, management and treatment options for these 

specific subsets of patients. 

Key Words: Left Ventricular Outflow Tract Obstruction, Systolic Anterior Motion of the Mitral Valve, Hypertrophic 

Cardiomyopathy, Takotsubo Cardiomyopathy, Acute Myocardial Infarction, Catecholamines, Shock, Dehydration, 

Volume Depletion. 

Resumo: 

A obstrução do trato de saída do ventrículo esquerdo refere-se à limitação do fluxo sanguíneo do ventrículo esquerdo 

para a aorta e é geralmente definido como um gradiente de pressão igual ou superior a 30 mmHg. A sua prevalência 

na população geral é desconhecida, no entanto é considerado uma causa relevante de hipotensão e também de 

deterioração hemodinâmica em diferentes contextos clínicos. Tradicionalmente, a obstrução do trato de saída do 

ventrículo esquerdo tem sido estudada associadamente à miocardiopatia hipertrófica, sendo que cerca de 2/3 destes 

doentes apresentam este fenótipo. No entanto, esta entidade também tem vindo a ser descrita em doentes 

“anatomicamente predispostos” (com hipertrofia ventricular esquerda, hipertrofia do septo interventricular ou septo 

sigmóide), ou no enfarte agudo do miocárdio, mas também em doentes com corações estruturalmente normais, 

quando expostos a certas condições clínicas, nomeadamente miocardiopatia de Takotsubo, sobrecarga 

catecolaminérgica, por administração exógena ou feocromocitoma, e também na presença de desidratação/depleção 

de volume. O principal objetivo desta revisão da literatura prende-se com a integração e descrição dos cenários 

clínicos mais frequentemente associados com obstrução do trato de saída do ventrículo esquerdo, excluindo a 

miocardiopatia hipertrófica, elucidando a sua patofisiologia, melhores métodos de diagnóstico, gestão e tratamento 

desta população específica de doentes. 

Palavras chave: Obstrução do trato de saída do ventrículo esquerdo, Movimento sistólico anterior da válvula mitral, 

Cardiomiopatia hipertrófica, Cardiomiopatia Takotsubo, Enfarte agudo do miocárdio, Catecolaminas, Choque, 

Desidratação, Depleção de volume.  
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Introduction 

Left ventricular outflow tract obstruction (LVOTO) refers to the obstruction of the passage of blood flow from the left 

ventricle (LV) to the aorta. [1, 2] 

Historically, hypertrophic cardiomyopathy (HCM) has been described as the most common cause of dynamic LVOT, 

[3, 4] defined as a peak instantaneous gradient between the LV and the aorta that is equal to or greater than 30 mmHg.  

[1, 5-7] A gradient greater than or equal to 50 mmHg is generally considered the threshold for obstruction with 

hemodynamic impact. [6] 

The hypertrophy of the basal septum and systolic anterior motion of the mitral valve leaflet (SAM) cause a dynamic 

obstruction in the LVOT seen in 30-60% of patients with HCM,[8] evident at rest or after provocation maneuvers. [9, 10] 

Specifically in patients with HCM, LVOTO is a predictor of heart failure and cardiovascular death. [11-13] 

By contrast, the epidemiology, and the prevalence of dynamic LVOTO in other clinical scenarios or in the general 

population is largely unknown,[14] although it is considered the third most common cause of unexplained hypotension. 

[8, 15] It is also unknown whether the evidence at any time of a transient LVOTO should impact long-term therapies or 

prognosis.  

LVOTO has been reported in takotsubo cardiomyopathy (TC), acute myocardial infarction (AMI), diverse clinical 

conditions with volume depletion/dehydration, as well as patients under catecholaminergic overflow, in the case of 

exogenous administration or in the presence of a pheochromocytoma. [3, 4] 

LVOTO is a dynamic phenomenon, and its occurrence requires two conditions: predisposing anatomical factors (such 

as left ventricular hypertrophy (LVH), sigmoid septum, steep aortic root angle),[16] although it has also been reported 

to occur in structurally normal hearts [7] Additionally, it is usually necessary for certain physiologic conditions such as 

fluid status changes, due to volume depletion/hypovolemia, or hypercontractile states (associated with 

catecholamine administration, pheochromocytoma) to be present to induce this gradient. [5] 

In this review we aim to gather information regarding the occurrence of transient LVOTO in different clinical scenarios, 

excluding the traditional HCM, highlighting the pathophysiology hypotheses, diagnosis, and management. To our 

knowledge, this is the first literature review in recent years that accomplishes this purpose and therefore we believe 

in the importance and the clinical relevance of this report, especially for healthcare professionals working in the fields 

of cardiology, intensive medicine and internal medicine. 

 

Methods 

A search was conducted in MEDLINE and Web of Science for either English or Portuguese articles published until May 

2023 with the key search terms Left Ventricular Outflow Tract Obstruction OR Dynamic Left Ventricular Outflow Tract 

Obstruction AND Takotsubo Cardiomyopathy OR Catecholamine OR Pheochromocytoma OR Shock OR Dehydration 

OR Volume Depletion. Additional papers were identified and analyzed from these articles’ reference lists. We mostly 

considered literature reviews, case reports, case series and cross-sectional studies. 

 

 



5 
 

Obstructive Takotsubo  

Apical ballooning syndrome, also known as takotsubo cardiomyopathy (TC), is characterized by transient systolic 

dysfunction and abnormal electrocardiogram (ECG) findings that mimic acute coronary syndrome (ACS). [17-19] 

It is usually triggered by physical or emotional stress, predominantly in postmenopausal women. [20-22] However, in 

approximately 1/3 of cases, no trigger can be definitively identifiable. [21, 23] The real incidence of TC is uncertain 

regarding the general population. It is estimated to be present in about 1-2% of patients suspected of having ACS. [20] 

Its etiology is not completely understood, however, the most widely accepted hypothesis appears to be a 

catecholamine excess due to the fact that TC is frequently triggered by sudden, unexpected stress and the majority 

of patients present symptoms of sympathetic activation. [24] Several studies corroborated this hypothesis, showing 3 

times higher plasma catecholamines in TC than in patients with ACS. [25] 

Typically, individuals present with acute onset chest pain associated with electrocardiographic changes as well as an 

elevation of cardiac biomarkers, however, when a coronary angiography (CAG) is performed coronary artery disease 

does not explain the clinical picture, as the regional wall abnormality usually extends beyond a single epicardial 

vascular distribution.[21, 26] Additionally, cardiac magnetic resonance is gaining importance in the evaluation and 

management of these patients due to the possibility of detection of myocardial edema, which may be considered a 

hallmark of TC. [27, 28]  

TC appears to have a more favorable outcome than AMI with a self-limiting course and recovery of LV function within 

a few weeks.[29] However, approximately 18% of patients with TC can have serious acute complications, such as heart 

failure (HF), cardiogenic shock (CS) and ventricular arrhythmias. [30, 31] CS is frequently caused by dynamic LVOTO, [16] 

whose diagnosis is a determinant for successful treatment.[29] 

There are a few clinical reports of TC associated with LVOTO, however, its exact prevalence is unknown. Previous 

studies have identified a prevalence of 19-25%. [21, 32, 33] More recently, Kawaji et al (2015) described a slightly higher 

frequency of 33% (9 in 27 total patients). [17] On the other hand, a cross sectional study by Kobayashi et al (2018) 

reported that of a population with TTE reporting LVOT PG of ≥ 50 mmHg, TC was reported as being the cause of 

obstruction in only 2% of these patients. [13] 

Some studies report data regarding differences between TC patients with and without LVOTO. A cross sectional study 

by El Mahmoud R. et al (2008) stated that patients with TC and LVOTO were older (mean age of 81 ± 4 vs 68 ± 13 

years, P =0,01) with higher mean NYHA functional class (1.8 ± 0.9 vs 1.1 ± 0.1, P=0,002). [33] On the other hand, Kawaji 

T. et al (2015) found that there were no significant differences in most baseline characteristics, such as age, 

comorbidities, clinical presentation, or echocardiographic variables beyond the obstruction, between TC patients with 

or without LVOTO. [17] However, the prevalence of moderate to severe mitral regurgitation (MR) on presentation (67% 

vs. 11%, P=0.003) and the prevalence of hospitalization for chronic HF after a three-year follow-up period (78% vs. 

28%, P=0.01), were significantly higher in patients with LVOT obstruction than in those without. [17] 

It has been postulated that dynamic LVOTO in TC occurs due to hypercontractility of the basal segments together 

with an increment of septal thickness due to myocardial edema [27] that may lead to an acceleration of blood flow 

through a narrowed LVOT, producing a suction effect (Venturi effect) on valve apparatus with further SAM of the 

anterior mitral leaflet of the mitral valve (MV). [27, 34, 35] 
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Conradi P. et al (2021) described a case of a 73-year-old woman, with a prior medical history of stroke, who was 

admitted to the emergency department (ED) due to chest pain, syncope, and generalized malaise. Physical 

examination showed hypotension (82/53 mmHg) with normal heart rate (HR) and a holosystolic mumur on 

auscultation. ECG showed diffusely subtle elevated ST segments and cardiac enzymes were elevated. TTE showed LV 

dysfunction with an akinetic apex with hyperdynamic basal segments. It also denoted MR and SAM of the MV causing 

LVOTO with an estimated PG of 40 mmHg. CAG revealed stenosis at the left anterior descending artery (LAD) with 

fractional flow reserve 0,75. The most probable diagnosis was considered to be CS due to TC complicated with LVOTO, 

due to the acknowledgement of a stressful event, which is non-specified in the report, and extensive wall motion 

abnormalities that could not fully be explained by a lesion of LAD artery. The treatment implemented was fluid 

therapy to optimize LV filling conditions and beta-blocker (metoprolol) with significant improvement in hemodynamic 

parameters. Follow up TTE revealed resolution of the SAM as well as related MR with significant decrease of LVOT PG 

(at 8 mmHg). [20] 

Wu H. et al (2013) reported a case of a 51-year-old man, with no relevant prior medical history, who presents to the 

ED with sudden onset chest pain. He was hemodynamically stable on admission and the cardiovascular examination 

revealed a 3/6 systolic murmur at the left sternal border. The ECG revealed ST elevation in V2-V3, and initial cardiac 

biomarkers were slightly elevated. TTE revealed akinesia of the mid to apical portions of the LV, and hyperkinesis of 

basal segments of the LV with a PG of 40 mmHg. Severe MR duet to SAM of the anterior leaflet of the MV was also 

described. CAG revealed patent coronary arteries. The patient’s condition deteriorated with hypotension (79/45 

mmHg), so fluid therapy and IV dopamine infusion were started. The patient’s hemodynamic condition immediately 

stabilized and follow up TTE revealed resolution of the SAM and LVOTO with only mild MR. The patient was discharged 

with ambulatory beta-blocker therapy. [34] 

O’ Brien J. et al (2021) also described the case of a woman, 66 years of age, with diagnosis of long-standing 

hypertension (HTN) under optimized medical therapy, who presented to the ED with acute onset chest discomfort 

and dyspnea. Aditionally, a recent emotional trigger (death of family member) was reported. Initial ECG showed 

widespread ST depression, T-wave inversion (V2-V5) and cardiac biomarkers were elevated. The patient was 

hypotensive and tachycardiac, so IV dobutamine infusion was started. Furthermore, CAG showed patent epicardial 

coronary vessels and dynamic LVOTO was confirmed upon TTE with SAM of the MV and LVOT PG of 40 mmHg. 

Aditionally, LVH was also reported along with apical akinesis of the LV with compensatory hyperdynamic basal 

segments. Unlike the previous two cases, despite adequate beta blocker treatment and phenylephrine infusion, there 

was continuous clinical deteoration so an IABP (intra-aortic balloon pump) was implemented, which promptly 

stabilized the patient. This case shows that IABP support showed an immediate clear benefit and may represent the 

treatment option in patients with where fluids, beta-blockers, and phenylephrine have proven to be ineffective. [36] 

These cases illustrate the importance of rapid assessment and detection of LVOTO in unexplained hypotensive 

patients or with CS for acute treatment decisions. Standard treatment of shock in TC with LVOTO could even be fatal: 

inotropic agents (such as dobutamine or dopamine) may increase the LV PG due to increasing contractility, therefore 

worsening SAM and MR, with exacerbation of the obstruction. [20, 29] 

Vasopressors, such as norepinephrine or epinephrine, can further activate the catecholamine-related pathways. 

Pharmacological agents that are indicated in acute heart failure/pulmonary edema, such as vasodilators (e.g., 

nitroglycerine, diuretics) are counterproductive in TC as well, due to the reduction of preload and afterload that could 

contribute to the obstruction increase. [29] 
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LVOTO in TC should be managed similarly to HCM. Beta-blockers and volume therapy are indicated to reduce LV basal 

segment hypercontractility and to prolong diastole with greater end-diastolic volume. This results in the LVOTO 

gradient decreasing, arterial pressure elevation and MR downgrading. [20] The ultimate bail-out measure to stabilize 

the cardiac condition in LVOTO would have been LV mechanical support, such as resorting to Impella or IABP,[37] which 

but its use has been documented in some case reports. [38, 39] 

A recent nationwide cohort study by Rapouseiras-Roubín et al (2023), which tried to determine the impact of the use 

of beta-blockers in a study population of 970 patients with TC, reported no significant differences in the outcome of 

mortality or TC recurrence between patients treated and untreated with beta-blockers at 3-year follow-up (hazard 

ratio of 0,95, 95% CI 0,57-1,13 for the adjusted Cox analysis).[40] However, it must be noted that this study excluded 

from its analysis the patients diagnosed with TC and LVOTO (9 in total). Therefore, in terms of the management of 

this specific subset of patients with both TC and LVOTO, we can only rely on small data obtained from a few case 

reports.[16] In conclusion, we should consider beta-blockers as first-line therapy in patients diagnosed with TC and 

LVOTO.[35] 

 

LVOTO Catecholaminergic  

Related to TC pathophysiology, dynamic LVOTO can occur in patients with excessive catecholamines due to an 

underlying pheochromocytoma or exogenous administration, in both the presence of LVH, septal hypertrophy or 

otherwise a structurally normal heart.  

In a few case reports, [3, 4, 41, 42] LVOTO developed after treatment with catecholamines. We will briefly describe the 

clinical cases, including the diagnosis and management of each case. 

Auer J. et al (2005) describe a patient, male 31 years of age, who was admitted to the local hospital due to acute 

pancreatitis complicated with adult respiratory distress syndrome (ARDS). Physical examination at admission was 

unremarkable. However, the patient hemodyamic state soon deteorated with hypotension, tachycardia and 

therefore volume reposition and vasopressors (dopamine and norepinephrine) were initiated. Reexamination of the 

patient revealed a systolic murmur grade 3/6. TTE revealed SAM with severe LVOTO, with a PG of 58 mmHg. The 

treatment included cessation of catecholamine therapy and parenteral substitution of fluids, which improved the 

hemodynamic condition of the patient.[41] 

Mingo S. et al (2006) reported the case of two patients that in the presence of a structurally normal heart developed 

LVOTO associated with the administration of catecholamines. The first patient was a woman, 63 years old, diagnosed 

upon evaluation in the ED with ACS without persistent ST-segment elevation. Cardiac biomarkers were marginally 

elevated. CAG revealed no major artery stenosis. The patient developed hypotension and tachycardia. Fluid therapy 

and dopamine were administered. Hemoglobin was 5 g/dL, so a blood transfusion was administered. The patient 

remained hemodynamically unstable and new systolic murmur in the left sternal border was observed. TTE revealed 

SAM of the MV with dynamic LVOT obstruction with PG of 64 mm Hg at rest with normal LV function. The treatment 

of this patient involved blood transfusion and fluid reposition and cessation of amine therapy.[3] 

The third case, also reported by Mingo S. et al (2006) refers to a man, age 70, who was admitted to the hospital with 

suspicion of community-acquired pneumonia. On admission, cardiopulmonary examination was normal. Antibiotic 

therapy was started but he developed severe hypotension, therefore mechanical ventilation and catecholamine 
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treatment (dopamine and norepinephrine) were initiated. The patient remained hemodynamically unstable, after 

which it was decided to perform a TTE that showed SAM and severe LVOT obstruction with mild basal hypertrophy; 

the peak PG in LVOT at rest was 90 mm Hg with normal LV function. The catecholamine treatment was slowly reduced, 

and the patient improved and tolerated the increasing dosage of beta-blockers. The TTE was repeated before 

discharge and showed resolution of the LVOT gradient.[3] 

Additionally, Yang J. et al (2008) describe the case of a patient, male 62 years of age, who developed ARDS with shock 

following planned surgery, and was managed with mechanical ventilation, antibiotics, fluid therapy and dopamine 

administration. However, over the course of hospitalization, the patient maintained fever and developed hypotensive 

episodes, which were managed by tailored antibiotic therapy and catecholamines. Because a 3/6 grade systolic 

murmur was auscultated, it was decided to perform a TTE that revealed SAM with LVOTO with a PG of 73 mmHg. 

Following volume replacement as well as phasing out the catecholamine treatment the patient’s condition improved. 

Follow up TTE revealed complete resolution of the LVOT obstruction as well as SAM.[4] 

The use of inotropic drugs is a common life-saving practice in patients who experience shock and remains a common 

practice and mandatory mainstay in the field of medicine.[4] However, the administration of catecholamines may 

result in hemodynamic deterioration, such as in cases here described with dynamic LVOTO secondary to 

catecholamine therapy.[3] In these cases, the hyperdynamic state after the administration of catecholamines, 

associated with hypovolemia, resulted in the development of dynamic LVOTO. 

We should suspect this clinical scenario if, upon auscultation, we find a new systolic murmur in the left sternal border. 

However, in order to establish a definitive diagnosis, it is imperative to perform a TTE as soon as possible to quantify 

the PG of the LVOT. The treatment should contemplate the cessation of catecholamine therapy, the treatment of the 

basal illness, the maintenance of blood pressure (BP) and correction of hypovolemia and urine output with volume 

substitution. Additionally, treatment with a beta-blocker might be considered. In the reported clinical cases, the LVOT 

obstruction, the SAM and the elevated gradient improved with those measures and posterior TTE were normal. 

Additionally, there have also been reported cases of dynamic LVOTO in patients who have pheochromocytoma.  [43-48] 

Pheochromocytoma is a type of tumor that originates in the chromaffin cells, located within the adrenal medulla of 

the suprarenal gland that produces catecholamines.[49] The clinical presentation of a pheochromocytoma includes 

sustained paroxysmal HTN, palpitations and sweating as a result of adrenergic stimulation.. [50, 51] It represents an 

uncommon cause of secondary HTN, which occurs approximately in 0,1-1% of all hypertensive patients.[50] However, 

the clinical presentation is also extremely variable and therefore a high degree of clinical suspicion is necessary in 

order to establish a correct diagnosis. [52] Surgery is the only definitive treatment of pheochromocytoma. [53] 

There have been a few reported cases of pheochromocytoma that have been associated with dynamic LVOTO in both 

patients with structurally normal hearts as well as with abnormalities such as LVH and asymmetrical septal 

hypertrophy. In this next section, we describe these clinical cases, as well as try and elucidate the pathophysiology 

behind them, so that lessons could be taken in regard to the best approach and management of these patients. 

Shub C. et al (1981) describe the case of a man, 61 years old, who was referenced to the hospital for evaluation of 

severe paroxysmal HTN and dizziness. The patient does not have any relevant previous medical history. He was 

hypertensive and cardiopulmonary auscultation revealed a 2/6 systolic murmur best heard at the left sternal border. 

ECG performed showed LVH. TTE revealed symmetric LVH with suggestive SAM of the MV with an LVOT PG of 60 

mmHg. Both urinary metanephrines and vanillylmandelic acid as well as serum catecholamines were elevated. The 
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patient was started on propranolol and phenoxybenzamine, which stabilized the BP of the patient. Abdominal CT 

revealed a left adrenal mass, which was removed surgically, and confirmed as a pheochromocytoma. During the 

follow-up period, the patient remained normotensive and TTE revealed resolution of both SAM and LVOTO.[43] 

Golbasi Z. et al (1999) describes the case of a woman, 37 years old, with a previous medical history of HTN, who 

resorts to the ED due to prolonged headaches unresponsive to standard ambulatory medical therapy. On physical 

examination, the patient was hypertensive (180/120 mmHg), as well as tachycardic with (112 beats per minute, bpm). 

On cardiopulmonary auscultation, it was noted a systolic murmur best heard at the left sternal border. The ECG 

performed was described as normal. TTE revealed SAM as well as LVOTO with a systolic gradient of 68 mmHg. Urine 

vanillylmandelic acid was elevated and a right adrenal tumor was revealed using a CT scan, which was confirmed to 

be a pheochromocytoma. Tumor removal resulted in the improvement of patient’s symptoms, as well as 

normalization of BP levels and resolution of echocardiographic findings.[44] 

Gilman G. et al (2006) also reported the case of a woman, 66 years of age, who was referred to her local hospital due 

to a history of HTN of difficult control. On physical examination, she was hypertensive (180/110 mmHg) and 

normocardic (72 bpm). Cardiopulmonary auscultation revealed a 2/6 systolic murmur best heard at the left sternal 

border. Both urinary metanephrines and vanillylmandelic acid as well as serum catecholamines were elevated. TTE 

showed a hyperdynamic LV with increased LV wall thicknesses and asymmetrical septal hypertrophy. There was also 

SAM of the mitral valve. A dynamic LVOTO was present, with a PG of 64 mmHg. An adrenal mass was confirmed by 

abdominal TC and successfully removed by surgery, which normalized the BP. However, no information relative to a 

follow-up TTE was reported, therefore being difficult to assert whether or not there was resolution of cardiac 

findings.[45] 

 

More recently, Jóźwik-Plebanek K. et al (2014) describe the case of a woman, 49 years of age, who was referenced to 

the hospital with a clinical suspicion of pheochromocytoma. Her previous medical history revealed paroxysmal HTN, 

sweating and headaches. The patient was hypertensive (195/95 mmHg) with a HR of 90 bpm. On cardiopulmonary 

auscultation, a systolic murmur best heard in the left sternal border was present. TTE revealed an asymmetric 

hypertrophy of the septum as well as hyperdynamic LV with an EF (ejection fraction) of 80%, SAM of the MV and an 

LVOT gradient of 88 mmHg. The patient was immediately put on α-blockade with the resolution of clinical symptoms. 

The diagnosis of pheochromocytoma was based on biochemical and imaging evaluations and then confirmed after 

surgical removal. Repeat TTE revealed normal LV systolic function with no SAM of MV and resolution of LVOT PG, 

with no information given regarding the asymmetrical septal hypertrophy reported.[46] 

 

Studies have reported that patients with pheochromocytoma can develop structural abnormalities, such LVH and 

LVOTO, in response to severe HTN and catecholaminergic overload, that can be reversible following surgical removal 

of the tumor. [54, 55] The patients reported by these authors had either structural heart abnormalities such as LVH,  [43, 

45] asymmetrical septal hypertrophy [45, 46] or otherwise a structurally normal heart.[44] 

In patients with pheochromocytoma, the net cardiovascular effect of the physiologic variables (increased 

catecholamines, increased left ventricular afterload and tachycardia) on the dynamic of the LVOT would be complex, 

variable and unpredictable. [43, 44]  

 The anatomical predisposition reported in some of these patients, as well as the hyperdynamic state resulting from 

excessive secretion of catecholamines represents probably the most important mechanisms for the development of 
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severe, transient, dynamic LVOTO. [44, 46] Additionally, in all of these cases the removal of the tumor provided both 

symptomatic relief and normalization of BP. Furthermore, in almost all them, there was resolution of the SAM and 

the PG of the obstruction, as well as resolution of cardiac abnormalities. 

Finally, the main takeaway from these reports should be that, although rare, it is important to consider dynamic 

LVOTO as a clinical presentation/consequence of pheochromocytoma in patients with hemodynamic instability and 

with findings on physical examination such as systolic murmur. TTE is imperative in the diagnosis of this clinical entity. 

The treatment should address the cause of the problem, with the implementation of adrenergic -blockers to stabilize 

the BP of the patients, followed by surgical removal of the tumor. 

 

Acute Myocardial Infarction with LVOTO  

There have been reports of cases of patients diagnosed with AMI with dynamic LVOTO. [56-59] 

The mechanical complications of AMI are various. A recent cohort study by Elbadawi A. et al (2019), estimates the 

incidence of these mechanical complications following AMI as high as 0,9%.[60] 

The “classical” mechanical complications of AMI include LV free-wall rupture, ventricular septal rupture, acute MR 

due to rupture of chordae tendineae or papillary muscle and cardiac tamponade.[56] Some authors consider that 

LVOTO should also be considered a complication of AMI.[58] The actual incidence of dynamic LVOTO in AMI unclear, 

but it may be significantly underdiagnosed and can indeed mimic CS in this scenario.[58] 

Astute clinical recognition of these complications and emergent evaluation with TTE could be crucial in planning an 

appropriate therapeutic strategy.[56] In the following section, we will describe the cases reported in the literature and 

try and elucidate the pathophysiology and mechanisms behind this phenomenon as well as the best management 

approach for these patients. 

Ranjendran K. et al (2022) describe the case of a woman, 75 years of age, with HTN and type 2 diabetes mellitus, who 

presented to the local ED due to fatigue. On physical examination, BP was 140/80 mmHg and HR was 112 bpm. 

Cardiopulmonary examination denoted a grade 2/6 systolic murmur, best heard at the left sternal border. The ECG 

showed ST-segment elevation in V2-V6, which suggested anterior wall AMI. TTE revealed LVH and a small 

hypercontractile LV with an EF of 70%. It was visible a sigmoid-shaped septum with apical hypokinesia and 

compensatory hyperkinesia of septal basal segments. The TTE also reported SAM of the mitral valve and a LVOT PG 

of 43 mmHg. CAG showed a 90% stenosis of the LAD artery. The patient underwent fibrinolysis with streptokinase 

and 8 hours after was submitted to angioplasty of the LAD artery. After initiating beta-blocker regimen and 

revascularization of the LAD, the HR stabilized and cardiac auscultation revealed cessation of cardiac murmur. Follow-

up TTE revealed reduction of the gradient at the LVOT and resolution of SAM of the MV, which suggests a probable 

diagnosis of acquired dynamic LVOT obstruction in the setting of acute STEMI (ST elevation myocardial infarction) .[56] 

Fujiwara M. et al (2021) also report a case of a woman, 70 years of age, with no previous relevant medical history, 

who presented herself to the ED due to acute onset constricting chest pain. The patient was normotensive, but was 

tachycardic (106 bpm) and cardiopulmonary examination revealed a grade 2/6 systolic murmur. ECG revealed no 

changes within the ST segment. Cardiac biomarkers were elevated. TTE revealed basal hyperkinesis, SAM of the MV, 

moderate MR, and LVOTO, with a PG of 250 mmHg. The patient was diagnosed with ACS, and CAG revealed severe 

stenosis (99%) in the LAD artery, as well as stenosis (90%) of each of the two diagonal branches. PCI was successfully 



11 
 

performed, with three stents placed for significant stenosis of the three vases. After the intervention the patient’s 

symptoms improved and HR normalized. Furthermore, follow-up TTE revealed resolution of LVOTO, the 

disappearance of SAM of the MV.[57] 

Chockalingam A. et al (2007) report the case of a woman, 70 years of age, with no relevant previous medical history, 

who presents herself to the local ED due to acute onset dull chest pain. Physical examination showed stable vital signs 

and a grade 2/6 systolic murmur. ECG showed ST elevation up to 3 mm in V2 through V6.  Cardiac biomarkers were 

elevated (maximum troponin was 5 ng/mL). TTE revealed LV dysfunction, EF of 35% with SAM and moderate MR. 

LVOT gradient was not reported. CAG showed a stenosis (90%) of the LAD artery and anteroapical akinesia. During 

the procedure the patient developed hypotension and tachycardia. Dopamine infusion did not improve BP, and the 

murmur increased to grade 3/6 intensity. IV betablocker (metoprolol) and phenylephrine were initiated, which 

stabilized the BP, reduced the HR and the systolic murmur was no longer heard. Follow-up TTE showed no SAM or 

LVOT obstruction (LVOTO) and only mild MR. [58] 

Finally, Haley J. et al (1999) also report the case of a patient, woman, 69 years of age, with prior medical history of 

mitral valve prolapse who presented herself to the local ED due to acute onset chest pain. Initial physical examination 

was unremarkable. The ECG showed ST elevation in V1 through V5. Cardiac biomarkers were elevated. Heparin and 

nitroglycerin were initiated to which the patient responded with hypotension and therefore dopamine infusion was 

initiated. Reexamination of the patient revealed a 3/6 systolic murmur. Respiratory compromise developed after 

which mechanical ventilation was implemented. CAG showed a 90% stenosis of the left circumflex artery with 

otherwise no notable lesions. TTE showed decreased LV function with an estimated EF of 30%, hypokinesis of the mid 

ventricle, apical akinesis and hyperdynamic basal segments with SAM of mitral valve leaflet with a peak gradient of 

49 mmHg. There was also severe MR and concentric LVH. Phenylephrine infusion allowed for stabilization of BP and 

subsequently dopamine weaning and beta-blocker therapy were started, allowing extubation. Follow-up TTE showed 

normal LV function, no SAM of the mitral valve or LVOT obstruction. [59] 

Chokalingam A. et al (2007) propose that along with acute MR, ventricular septal defect, and free wall rupture, 

dynamic LVOTO be included in the differential diagnosis of AMI and CS. [58] In accordance with the cases here reported 

it appears that this phenomenon is more common in female patients after anterior AMIs.[61] The development of a 

dynamic LVOTO has important therapeutic implications. The occurrence of hypotension and a systolic murmur in the 

setting of an ACS suggests the development of the classical mechanical complications of acute MR or ventricular 

septal rupture, however, the presence of a dynamic LVOTO must also be included in the differential diagnosis when 

confronted with the above physical signs.[59] In the presence of this clinical suspicion, a  TTE should be considered the 

diagnostic modality of choice and should be performed at the earliest possible time. If the images are unclear a 

transesophageal echocardiogram could be considered. [57, 59] Furthermore, echocardiography allows the exclusion of 

other causes of hypotension in the setting of an acute MI, including ventricular septal rupture and acute MR.  [59] 

However, catheterization should be the initial study to avoid delays in diagnosis and relief of coronary occlusions.  

The proposed mechanism mechanisms of acquired LVOT obstruction in acute AMI are apical dysfunction and 

compensatory hypercontractility of the basal segments.[57] Akinesia at the apex may result in increased motion of the 

basal portions of the left ventricle as a compensatory mechanism, thus generating the dynamic LVOTO.[57, 59]  This 

compensatory hyperkinesis decreases the systolic LVOT cross-sectional area, resulting in acceleration of blood flow 

through the LVOT, which can create a Venturi effect, where the accelerated jet flow decreases pressure above the 

MV, pushing the anterior MV leaflet toward the septum, during systole, resulting in further LVOT obstruction.[59] 
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Furthermore, the failure of the MV leaflets to coapt during systole results in MR, which was observed in some of these 

patients.[14] It is also noteworthy that some of these patients were anatomically predisposed with factors such as 

sigmoid-shaped septum [56, 57], long standing HTN associated with LVH [56] and small left ventricular cavity [57] that 

combined with these mechanisms of apical dysfunction and compensatory basal hypercontractility, lead to the 

obstruction. The consequences of this obstruction include increased myocardial oxygen demand, which consequently 

expands the area of myocardium susceptible to ischemia[14] and increases systolic wall stress, which has been 

associated with reports of myocardial rupture.[62, 63] 

Therapeutic measures that may be beneficial in this setting include beta-blockers and -agonists. Beta-Blockers, by 

reducing basal segment hyperkinesia, increasing LV filling size and reducing HR, may act to decrease the size of the 

LVOT gradient. [58, 59] However, a beta-blocker alone may not be tolerated, if systolic function is markedly reduced. -

agonists increase systemic arteriolar resistance, leading to an increase in both the end-systolic and the end-diastolic 

LV volume. Phenylephrine may selectively improve vascular tone and reduce LVOTO. [64] The subsequent increase in 

the LV volume results in a larger functional outflow tract and subsequent reduction in the LVOT gradient. -agonists 

were used in some of the patients presented, and the initiation of this therapy promoted improvement in each case. 

[51] 

Additionally, measures such as IV fluids would be beneficial by increasing intravascular and LV volumes, thereby 

reducing the SAM. Coronary revascularization would improve the contractility of apical segments and reduce the 

basal hypercontractility. MR often improves with the reduction of SAM and LVOTO. An IABP could induce or worsen 

LVOTO by reducing afterload. [58, 61] 

These cases illustrate the importance of defining the mechanism of CS in AMI so treatment can be targeted. Most 

commonly, the cause will be pump failure that requires inotropes and revascularization, or a ventricular septal defect 

or acute MV rupture, requiring a surgery, but occasionally, the cause may be dynamic LVOTO. [65] In conclusion, 

treatment of dynamic LVOTO due to acute STEMI includes adequate IV, early beta-blockers to reduce the basal 

hypercontractility, urgent revascularization [58] and cautious use of inotropes [65, 66] that might perpetuate LVOTO. [56] 

LVOTO associated with volume depletion. 

As we have previously stated in this literature review, dynamic LVOTO resulting from SAM of the MV is a typical 

feature of HCM. However, this phenomenon can appear under certain clinical conditions associated with 

hyperdynamic LV contraction and intravascular volume depletion (due to dehydration, hemorrhage or even emesis). 

In these patients, the occurrence of dynamic LVOTO is serious, because it can significantly compromise cardiac output. 

In this section we will discuss four case reports that illustrate this phenomenon to understand the pathophysiology 

behind them and the best strategy for the diagnosis and management of these patients. [67] 

Kim S. et al (2015) report the case of a man, 72 years old, with history of chronic obstructive pulmonary disease, who 

presented himself to the local ED due to aggravating dyspnea and new onset cough with purulent sputum. Upon 

physical examination, the patient was tachycardic with peripheral bilateral edema of the legs. Cardiopulmonary 

examination denoted a grade 4/6 systolic murmur, best heard at the left sternal border. ECG was described as normal. 

Laboratory findings revealed leukocytosis, elevated C reactive protein and Pro-BNP levels. Chest CT revealed findings 

compatible with community-acquired pneumonia. TTE revealed a small hyperdynamic LV, EF of 80%, suggesting LV 

volume depletion. Additionally, SAM of the MV and flow acceleration across the LVOT was observed, with an 

estimated PG of 98 mmHg. A diagnosis of acute exacerbation of COPD due to pneumonia was considered and oxygen 



13 
 

and antibiotic therapy were started. Management of the coexisting AHF resulting from dynamic LVOTO was given to 

the patient, with a cardio-selective beta-blocker (bisoprolol) and IV fluid therapy to improve hyperdynamic LV and 

left-heart filling, respectively. This allowed for symptomatic relief as well as the disappearance of the cardiac murmur. 

Follow-up TTE showed resolution of SAM and the LVOT obstruction and normalization of Pro BNP levels. [67] 

The most likely mechanism for this patient’s clinical presentation was the acute exacerbation of COPD which might 

have caused an increase in pulmonary vascular resistance with impaired LV filling and LV volume reduction. 

Sequentially, SAM of the MV and concomitant dynamic LVOTO occurred in a volume-depleted but structurally normal 

LV, which caused transient acute heart failure as was evidenced by the elevated Pro-BNP levels.[67] 

Additionally, Kim D. et al (2012) report the case of a woman, 59 years old, who presented herself to the local ED due 

to dyspnea with several days of evolution. It should be noted that the patient had a previous medical history of stroke 

and epilepsy. During the previous week, the patient had a minimal intake of food and water due to the anorexia 

associated with her brain conditions. Upon physical examination the patient was hypotensive, tachycardic with dry 

mucous membranes. Cardiopulmonary auscultation revealed a systolic murmur, grade 3/6, best heard at the left 

sternal border. In terms of diagnostic workup, chest radiography revealed pulmonary congestion and ECG was normal. 

Additionally, laboratory findings revealed hypernatremia, increased uremia and increased creatinine levels, which 

were all suggestive of systemic dehydration. In order to study the new cardiac murmur, a TTE was performed that 

revealed a small LV cavity with hyperdynamic LV, EF of 78%, suggesting intracardiac volume depletion. Additionally, 

SAM of the MV with moderate MR was present with LVOT obstruction with a PG of 119 mm Hg. The management of 

this patient included nutritional support and fluid therapy with crystalloid to restore the patient’s systemic volume. 

This could be considered counterintuitive due to pulmonary congestion that was observed during chest radiography; 

however, it is important to note that the most likely cause of this was intracardiac volume maldistribution resulting 

from SAM of the MV in a volume-depleted heart. Following treatment, the patient’s condition stabilized, and 

laboratory findings normalized. Follow-up TTE revealed complete resolution of SAM of the MV and disappearance of 

the dynamic LVOT obstruction. [68] 

This patient developed acute heart failure with hemodynamic impairment precipitated by extreme dehydration with 

intraventricular obstruction and significant MR. The patient’s medical history of stroke might have affected thirst and 

satiety centers in the brain providing a plausible explanation for the patient’s symptoms. In the present case, 

pulmonary congestion was considered to be a consequence of increased left atrial pressure which resulted from 

LVOTO and MR. Therefore, the cause of the patient’s hypotension was cardiogenic rather than hypovolemic  and  

echocardiography was an invaluable tool to define the etiology of the shock.[68] 

Hioki H. et al (2010) also report the case of a patient, 71-year-old woman, with previous medical history of peptic 

ulcer, who presented to the ED due to new onset dyspnea. The patient vital signs were stable, with pale conjunctivae 

and cardiopulmonary examination revealed a grade 3/6 systolic murmur. Chest X ray showed moderate pulmonary 

congestion and laboratory findings showed microcytic anemia (hemoglobin 7,4 g/dL), which was assumed to be 

caused by the ulcer and posteriorly confirmed by endoscopy. ECG performed showed sinus rhythm and TTE revealed 

a hyperkinetic LV, with normal wall thickness and a marked bulging of sigmoid septum. There was also SAM of the 

MV with moderate MR and LVOT pressure gradient was estimated at 156 mmHg. The patient was treated with a beta 

blocker, blood transfusion and proton pump inhibitor, which improved her symptoms. Follow up TTE revealed 

resolution of LVOT obstruction and MR.[69] 
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Finally, Sobczyk D. (2014) also reports the case of a 76-year-old woman who presented to the ED due to transient loss 

of consciousness. Her previous medical hystory include HTN, under optimized medical therapy. The patient had also 

a 2 day history of vomiting, likely due to a dietary condition. On physical examination, the patient was tachycardic 

and hypotensive with dehydrated mucous membranes. Cardiopulmonary auscultation revealed a systolic murmur. 

ECG revealed sinus tachycardia with no morphological abnormalities. TTE showed a small LV end diastolic size, LVH 

and sigmoid shaped interventricular septum bulging into the LVOT, preserved LV function with EF of 60% and LVOTO 

with PG of 70 mm Hg. Dynamic LVOTO, subsequent to sigmoid septum and hypovolemia due to emesis was 

considered the most likely diagnosis. After IV fluid delivery, the hemodynamic parameters improved and a follow up 

TTE revealed diminished gradient of LVOT.[8] 

Sigmoid septum is used to describe a localized hypertrophy of the basal interventricular septum. [16] It is considered 

the result of aging and appears most times to have no clinical significance. [69] However when associated with LVH,[8, 

70] and/or hypercontractile state with decrease in intravascular blood volume it could be sufficient to induce a dynamic 

LVOTO.  

These cases illustrate once again the importance of a timely performed echocardiographic evaluation for the accurate 

diagnosis of the LVOTO, The management of these patients required and careful intravenous fluid therapy by 

increasing intravascular and LV volume, which results in a larger functional outflow tract and subsequent reduction 

in the LVOT gradient.[67] Beta blocker therapy was also beneficial in some of these patients. 
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Conclusion 

As we have previously stated, dynamic LVOTO is usually described within the context of patients with HCM. However, 

as we tried to describe within this review dynamic LVOTO can manifest in a variety of other clinical situations. Still, its 

prevalence in the general population is widely unknown, understudied, and a lot of authors consider it to be a severely 

underdiagnosed cause of hypotension.[71] The cardiovascular outcomes in patients diagnosed with HCM with LVOTO,  

are well studied, however the impact of an event of transient LVOTO, outside of these population of patients, is 

unknown in terms of prognosis for long term cardiovascular outcomes or death. The clinical presentation of the 

patients described in this literature review is wide and usually associated with the base pathology that is affecting the 

patient, however, it appears that chest discomfort, dyspnea and sweating are some of the most prevalent initial 

symptoms. Tachycardia and hypotension were also frequently observed, however the most important sign upon 

physical examination, is the presence of a systolic murmur, usually best heard at the left sternal border, which in most 

cases motivated additional investigation with a TTE. In particular, TTE is the ideal first-step imaging technique for the 

diagnosis and quantification of LVOTO gradient as well as determining the presence of SAM of MV apparatus. In terms 

of treatment, these patients respond well to beta-blocker therapy by reducing inotropy, cronotropy and, in particular 

in patients diagnosed with TC, are important in the shutting of catecholamine hyperactivity, a mechanism important 

in the pathogenesis of this clinical entity. Aditionally IV fluids appear to also be beneficial by increasing intravascular 

and LV volume. These measures appear to reduce LV hypercontractility and prolong diastole with greater end-

diastolic volume. The subsequent increase in the LV volume results in a larger functional outflow tract and subsequent 

reduction in the LVOT gradient. Inotropes, widely used in acute settings, should be discontinued as they are known 

to aggravate the gradient of obstruction and, as was the case of a lot of patients that presented with hypotension, 

selective -agonists, such as phenylephrine, allow for BP stabilization without increasing inotropy of the heart. 

Treatment was also specific to the base pathology of the patient, such as PCI/CABG for AMI or surgical tumor removal 

such as in pheochromocytoma. Other measures, reported by some authors,[72] such as control of cardiovascular risk 

factors, for example, HTN, to help maximize LVH regression, and regular exercise, to improve vagal tone, could also 

be considered as long-term therapies for these patients. 

The present report has a lot of limitations, concerned mainly with the fact that is based in case reports and small case 

series, therefore the evidence that could be extracted is of inferior quality. We believe that longitudinal long term 

studies that address this population of patients with LVOTO, independent of the cause, should be undertaken so as 

to determine if these are at greater risk of life time incidence of posterior cardiovascular events or death. 
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Figure 1 – Management algorithm for TC (Takotsubo cardiomyopathy). LVOTO (left ventricular outflow tract obstruction); IABP 

(intra-aortic balloon pump); PCPS (percutaneous cardiopulmonary support) 

Adapted from Conradi P. et al (2021). Permission asked to the authors.[20] 

 

 

 

 

 

 

 

 

Figure 2 – Management algorithm for LVOTO. ACS (acute coronary syndrome); Cath (catheterization); Echo (echocardiography); PCI 

(percutaneous coronary intervention); MR (mitral Regurgitation); STAT (start as soon as possible); VSD (ventricular septal defect) 

and CNS (central nervous system). 

Adapted from Chockalingam A. et al (2007). Permission asked to the authors.[58] 
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Fig. 2 SANRA—explanations and instructions document

Baethge et al. Research Integrity and Peer Review             (2019) 4:5 Page 4 of 7



Reporting Guidelines SANRA  

1. Justification of the article’s importance for the readership 
  

Page 4 «To our knowledge, this is the first literature review in recent years that accomplishes this purpose and 

therefore we believe in the importance and the clinical relevance of this report, especially for healthcare 

professionals working in the fields of cardiology, intensive medicine and internal medicine.» 

 

2. Statement of concrete aims or formulation of questions  

Page 4 «In this review we aim to gather information regarding the occurrence of transient LVOTO in different 

clinical scenarios, excluding the traditional HCM, highlighting the pathophysiology hypotheses, diagnosis, and 

management.»  

3. Description of the literature research  

Page 4 «A search was conducted in MEDLINE and Web of Science for either English or Portuguese articles 

published until May 2023 with the key search terms Left Ventricular Outflow Tract Obstruction OR Dynamic Left 

Ventricular Outflow Tract Obstruction AND Takotsubo Cardiomyopathy OR Catecholamine OR 

Pheochromocytoma OR Shock OR Dehydration OR Volume Depletion. Additional papers were identified and 

analyzed from these articles’ reference lists. We mostly considered literature reviews, case reports, case series 

and small cross-sectional studies.» 

4. Referencing  

Page 5 «There are a few clinical reports of TC associated with LVOTO, however, its exact prevalence is unknown. 

Previous studies have identified a prevalence of 19-25%. [21, 32, 33] More recently, Kawaji et al (2015) described a 

slightly higher frequency of 33% (9 in 27 total patients). [17] On the other hand, a cross sectional study by 

Kobayashi et al (2018) reported that of a population with TTE reporting LVOT PG of ≥ 50 mmHg, TC was reported 

as being the cause of obstruction in only 2% of these patients. [13]» 

5. Scientific reasoning  

Page 7 «A recent nation wide cohort study by Rapouseiras-Roubín et al (2023), which tried to determine the 

impact of the use of beta-blockers in a study population of 970 patients with TC, reported no significant 

differences in the outcome of mortality or TC recurrence between patients treated and untreated with beta-

blockers at 3-year follow-up (hazard ratio of 0,95, 95% CI 0,57-1,13 for the adjusted Cox analysis).[40]» 

 

6. Appropriate presentation of data  

Page 5 «A cross sectional study by El Mahmoud R. et al (2008) stated that patients with TC and LVOTO were 

older (mean age of 81 ± 4 vs 68 ± 13 years, P =0,01) with higher mean NYHA functional class (1.8 ± 0.9 vs 1.1 ± 

0.1, P=0,002). [33] On the other hand, Kawaji T. et al (2015) found that there were no significant differences in 

most baseline characteristics, such as age, comorbidities, clinical presentation, or echocardiographic variables 

beyond the obstruction, between TC patients with or without LVOTO. [17] However, the prevalence of moderate 

to severe mitral regurgitation (MR) on presentation (67% vs. 11%, P=0.003) and the prevalence of 



hospitalization for chronic HF after a three-year follow-up period (78% vs. 28%, P=0.01), were significantly 

higher in patients with LVOT obstruction than in those without. [17]» 
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Images in Cardiology

Images in Cardiology should have a maximum of 250 words, without Abstract, keywords, tables,
or division into sections and up to 5 references may be included.

http://www.prisma-statement.org/


Snapshots
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in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article
for  final  publication.  All  correspondence,  including  notification  of  the  Editor's  decision  and
requests  for  revision,  is  sent  by  e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/repc

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

PREPARATION

Peer review
This journal operates a rigorous single blind peer review process, in which manuscripts are sent
to external reviewers selected from an extensive database. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then typically
sent to a minimum of two independent expert reviewers to assess the scientific quality of the
paper.  The  Editor  is  responsible  for  the  final  decision  regarding  acceptance  or  rejection  of
articles.  The  Editor's  decision  is  final.  More  information  on  types  of  peer  review.

Peer reviewers will respond to the Editor within 30 days recommending acceptance, revision or
rejection. The Editor will  decide within 10 days whether to accept the manuscript without
modification,  to  send the reviewers’  comments  to  the authors  for  modification,  or  to  reject  it.
When  modifications  are  proposed,  the  authors  have  30  days  (which  can  be  extended  on
request) to submit a revised version of the manuscript, incorporating the comments of the
reviewers  and  the  Editor.  Any  amendments  should  be  highlighted  in  a  different  colour.  The
Editor will decide within 10 days whether to accept the new version, reject it, or send it for
further review by one or more reviewers.

Letters to the Editor and Editorials will be reviewed by the Editorial Board, but external peer
review may also be requested.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar
to that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that
source files of figures, tables and text graphics will be required whether or not you embed your
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figures in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-
check' functions of your word processor.

Article structure

Subdivision
Divide your article into clearly defined sections. Each subsection is given a brief heading. Each
heading should appear on its  own separate line.  Subsections should be used as much as
possible when cross-referencing text: refer to the subsection by heading as opposed to simply
'the  text'.  Use  generic  names  of  drugs  (first  letter:  lowercase)  whenever  possible.  Registered
trade names (first letter: uppercase) should be marked with the superscript registration symbol
® or ™ when they are first mentioned.

The  Journal  recommends  the  guidelines  for  publication  of  the  EQUATOR  network
(http://www.equator-network.org),  including the CONSORT statement  and its  extensions for
randomized trials (http://www.consort-statement.org/), STROBE for observational (cohort, case-
control and cross-sectional) studies (http://www.strobe-statement.org/), STARD for diagnostic
accuracy studies (http://www.stard-statement.org/), PRISMA for systematic reviews and meta-
analyses  (http://www.prisma-statement.org/),  SQUIRE  for  quality  improvement  studies
(http://www.squire-statement.org/) and CARE for case reports (http://www.care-statement.org/).
Reporting of the statistical  aspects of  studies should be in accordance with the Statistical
Ana lyses  and  Methods  in  the  Pub l i shed  L i te ra ture  (SAMPL)  gu ide l ines
(http://www.equator-network.org/reporting-guidelines/sampl/).

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods
Provide  sufficient  details  to  allow  the  work  to  be  reproduced  by  an  independent  researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the
source. Any modifications to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This  should  explore  the  significance  of  the  results  of  the  work,  not  repeat  them.  A  combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion of
published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.
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Cover letter and Essential title page information
Submission of an article must include a cover letter with the following information:

a brief description of the article’s significance and/or interest;1.
a  declaration of  originality,  specifying that  none of  the paper’s  contents  have been2.
published or are under consideration elsewhere;
a declaration that all authors have read and approved the manuscript;3.
a full disclosure of any potential conflict of interest for any of the authors;4.
and which manuscript type is being submitted for publication.5.

Title page must contain the following information:

• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible. Preferably not exceed 12 words. It may also include
a subtitle of up to 4 words. All nouns, adjectives and verbs in the title and subtitle must begin
with a capital letter.
•  Author  names  and  affiliations.  Please  clearly  indicate  the  given  name(s)  and  family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration.  Present the
authors'  affiliation addresses (where the actual  work was done)  below the names.  Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in front
of  the  appropriate  address.  Provide  the  full  postal  address  of  each  affiliation,  including  the
country  name  and,  if  available,  the  e-mail  address  of  each  author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.
• Word count of the manuscript text.

Structured abstract
A  structured  abstract,  by  means  of  appropriate  headings,  should  provide  the  context  or
background for the research and should state its purpose, basic procedures (selection of study
subjects  or  laboratory  animals,  observational  and  analytical  methods),  main  findings  (giving
specific  effect  sizes  and  their  statistical  significance,  if  possible),  and  principal  conclusions.  It
should emphasize new and important aspects of the study or observations.

Abstracts  for  all  article  types should  not  contain  any references.  Abbreviations  should  be
avoided or kept to a minimum.

The headings will consist of: Introduction and Objectives, Methods, Results and Conclusion(s))

Keywords
Immediately  after  the  abstract,  provide  the  keywords,  using  British  spelling  and  avoiding
general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with
abbreviations:  only  abbreviations  firmly  established  in  the  field  may  be  eligible.  Keywords



should ideally be selected from the list of MeSH terms available at www.nlm.nih.gov/mesh/.
These keywords will be used for indexing purposes.

Abbreviations, Product Names and Gene Names
Do not use abbreviations in the title or abstract and limit their use in the text. Expand all
abbreviations at first mention in the text.

Ensure consistency of abbreviations throughout the article.

Do not use abbreviations in the title or abstract and limit their use in the text. Expand all
abbreviations at first mention in the text.

Ensure consistency of abbreviations throughout the article.

Names of Drugs, Devices, and Other Products

Use nonproprietary names of  drugs,  devices,  and other products and services,  unless the
specific trade name of a drug is essential to the discussion. In such cases, use the trade name
once and the generic or descriptive name thereafter. Do not include trademark symbols.

Gene Names, Symbols, and Accession Numbers

Authors describing genes or related structures in a manuscript should include the names and
official symbols provided by the US National Center for Biotechnology Information (NCBI) or the
HUGO Gene Nomenclature Committee. Before submission of a research manuscript reporting on
large genomic data sets (eg, protein or DNA sequences), the data sets should be deposited in a
publicly available database, such as NCBI's GenBank, and a complete accession number (and
version number if appropriate) must be provided in the Methods section or Acknowledgment of
the manuscript.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.)

Units of Measure
Laboratory values are expressed using conventional units of measure, with relevant Système
International  (SI)  conversion  factors  expressed  secondarily  (in  parentheses)  only  at  first
mention.  Articles  that  contain  numerous  conversion  factors  may  list  them together  in  a
paragraph  at  the  end  of  the  Methods  section.  In  tables  and  figures,  a  conversion  factor  to  SI
should  be  presented  in  the  footnote  or  legend.  The  metric  system  is  preferred  for  the
expression of length, area, mass, and volume. For more details,  see the Units of Measure
conversion table on the website for the AMA Manual of Style.

Artwork

Tables and Figures. Image manipulation
Restrict tables and figures to those needed to explain and support the argument of the article
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and to report all outcomes identified in the Methods section. Number each table and figure and
provide a descriptive title for each. Every table and figure should have an in-text citation. Verify
that data are consistently reported across text, tables, figures, and supplementary material.

Whilst  it  is  accepted  that  authors  sometimes  need  to  manipulate  images  for  clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and will
be dealt with accordingly. For graphical images, this journal is applying the following policy: no
specific feature within an image may be enhanced, obscured, moved, removed, or introduced.
Adjustments of brightness, contrast, or color balance are acceptable if and as long as they do
not obscure or eliminate any information present in the original. Nonlinear adjustments (e.g.
changes to gamma settings) must be disclosed in the figure legend.

Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol,
or use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
• Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized,  please  'Save  as'  or  convert  the  images  to  one  of  the  following  formats  (note  the
resolution  requirements  for  line  drawings,  halftones,  and  line/halftone  combinations  given
below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000
dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum
of 500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have
a low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
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MS  Office  files)  and  with  the  correct  resolution.  If,  together  with  your  accepted  article,  you
submit  usable  color  figures  then,  at  no  additional  charge,  these  figures  will  appear  in  color
online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Figures
Number all figures (graphs, charts, photographs, and illustrations) in the order of their citation
in  the  text.  The  number  of  figures  should  be  limited.  Avoid  complex  composite  or  multipart
figures  unless  justified.
See Categories of Articles for limits on the number of figures and/or tables according to article
type.

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations  used  written  out  in  full  and  in  alphabetical  order.  Different  panels  in  a  figure
should be identified by capital letters (Figure 1A, Figure 2C, Figure 3A and B, etc. in the text and
(A), (B), (C-E), etc. in the captions).

Text graphics
Text graphics may be embedded in the text at the appropriate position. See further under
Electronic artwork.

Tables
Include a brief title for each table (a descriptive phrase, preferably no longer than 10 to 15
words) and number all tables in the order of their citation in the text. Refer to Categories of
Articles for limits on the number of tables. 

Do not embed tables as images in the manuscript file or upload tables in image formats, and do
not upload tables as separate files. Tables can be placed either next to the relevant text in the
article, or on separate page(s) at the end.

Place any table notes below the table body. Please avoid using vertical rules and shading in
table cells.

All abbreviations used in the table must be written out in full, in alphabetical order, in the table
legend  immediately  below  the  table.  Footnotes  may  be  used  if  necessary,  indicated  by
superscript lower-case letters (a, b, c etc.) in the table and in the legend. Asterisks (*, **, *** etc.)
may be used to indicate p values only. If a table contains a reference cited in the text, it should
be cited with the name of the first author and "et al." followed by the reference number without
space (e.g. Millard et al.9).

References

Citation in text. Reproduced material.
Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
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either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Personal Communications and Unpublished Data

A signed statement of permission should be included from each individual identified as a source
of information in a personal communication or as a source for unpublished data, and the date of
communication  and  whether  the  communication  was  written  or  oral  should  be  specified.
Personal communications should not be included in the list of references but added to the text
parenthetically.

Reproduced material

Please verify that all  information and materials in the manuscript are original.  The journal
generally  does  not  republish  text,  tables,  figures,  or  other  material  from  other  publishers,
except in rare circumstances. If you believe that you must include content that is owned by a
third  party,  please let  us  know and provide information about  all  material  that  has been
previously published and, when applicable, include author(s), title of article, title of journal or
book or other publication, and complete citation, doi, and/or URL.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such
as Scopus,  CrossRef and PubMed, please ensure that data provided in the references are
correct.  Please  note  that  incorrect  surnames,  journal/book  titles,  publication  year  and
pagination may prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: Ribeiro J. Left
ventricular  noncompaction  and  Fabry  disease:  An  unlikely  association.  Rev  Port  Cardiol.
2019.  https://doi.org/10.1016/j.repc.2019.12.001.  Please  note  the  format  of  such  citations
should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
etc.), should also be given. Web references can be listed separately (e.g., after the reference
list) under a different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference
so  we  can  properly  identify  it  as  a  data  reference.  This  identifier  will  not  appear  in  your
published  article.
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References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference style
Text: Indicate references by superscript numbers in the text. The actual authors can be referred
to, but the reference number(s) must always be given.
List: Number the references in the list in the order in which they appear in the text.
Examples:
Reference to a journal publication:
17. Reis L, Paiva L, Costa M, Silva J, Teixeira R, Botelho A, et al. Registry of left atrial appendage
closure  and  initial  experience  with  intracardiac  echocardiography.  Rev  Port  Cardiol.
2018;37:763-72.  https://doi.org/10.1016/j.repc.2018.03.009.

Reference to a journal publication with an article number:
2.  Van  der  Geer  J,  Hanraads  JAJ,  Lupton  RA.  The  art  of  writing  a  scientific  article.  Heliyon.
2018;19:e00205.  https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
30. Cohn PF. Silent myocardial ischemia and infarction. 3rd ed. New York: Mansel Dekker; 1993. 

Reference to a chapter in an edited book:
23. Nabel EG, Nabel GJ. Gene therapy for cardiovascular disease. In: Haber E, editor. Molecular
cardiovascular medicine. New York: Scientific American;1995.p.79-96.
Reference to a website:
12.  Portuguese  Registry  on  Acute  Coronary  Syndromes  (ProACS).  Available  at:
http://www.clinicaltrials.gov/identifier  NCT01642329  [accessed  26  October  2013].
Reference to a dataset:
[dataset] 5. Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
d isease  and  surrounding  forest  composi t ions,  Mendeley  Data,  v1;  2015.
https://doi.org/10.17632/xwj98nb39r.1.

Note shortened form for last page number. e.g., 51–9, and that for more than 3 authors the first
6  should  be  listed  followed  by  'et  al.'  For  further  details  you  are  referred  to  'Uniform
Requirements  for  Manuscripts  submitted  to  Biomedical  Journals'  (J  Am  Med  Assoc
1997;277:927–34)(see  also  Samples  of  Formatted  References).

Journal abbreviations source
Journal names should be abbreviated according to the PubMed list.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be
done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly labeled
so  that  they  directly  relate  to  the  video  file's  content.  In  order  to  ensure  that  your  video  or
animation  material  is  directly  usable,  please  provide  the  file  in  one  of  our  recommended  file
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation
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files  supplied  will  be  published online  in  the  electronic  version  of  your  article  in  Elsevier  Web
products,  including  ScienceDirect.  Please  supply  'stills'  with  your  files:  you  can  choose  any
frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print
version for the portions of the article that refer to this content.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received  (Excel  or  PowerPoint  files  will  appear  as  such  online).  Please  submit  your  material
together with the article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file.  Do not annotate any corrections on a previous version.
Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in the
published version.

RESEARCH DATA
This  journal  encourages  you to  share  data  that  supports  your  research  publication  in  an
appropriate data repository, and enables you to interlink the data with your published articles. If
you are sharing data, you are encouraged to cite the data in your manuscript and reference list.
Please refer to the "References" section for more information about data citation.

Research data refers to the results of observations or experimentation that validate research
findings. To facilitate reproducibility and data reuse, this journal also encourages you to share
your software, code, models, algorithms, protocols, methods and other useful materials related
to the project.

For  more  information  on  depositing,  sharing  and  using  research  data  and  other  relevant
research materials, visit the research data page.

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw
and processed data, video, code, software, algorithms, protocols, and methods) associated with
your manuscript in a free-to-use, open access repository. Before submitting your article, you
can deposit the relevant datasets to Mendeley Data. Please include the DOI of the deposited
dataset(s)  in  your  main  manuscript  file.  The  datasets  will  be  listed  and  directly  accessible  to
readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

AFTER ACCEPTANCE

Proofs
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or a link will be provided in
the  e-mail  so  that  authors  can  download  the  files  themselves.  To  ensure  a  fast  publication
process of the article, we kindly ask authors to provide us with their proof corrections within two
days. Elsevier now provides authors with PDF proofs which can be annotated; for this you will
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need to download the free Adobe Reader, version 9 (or higher). Instructions on how to annotate
PDF  files  will  accompany  the  proofs  (also  given  online).  The  exact  system  requirements  are
given  at  the  Adobe  site.
If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any
other comments (including replies to the Query Form) on a printout of your proof and scan the
pages and return via e-mail. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article
as accepted for publication will only be considered at this stage with permission from the Editor.
We will  do  everything possible  to  get  your  article  published quickly  and accurately.  It  is
important to ensure that all corrections are sent back to us in one communication: please check
carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility.

Offprints
The corresponding author will be notified and receive a link to the published version of the open
access article on ScienceDirect. This link is in the form of an article DOI link which can be
shared via email  and social  networks. For an extra charge, paper offprints can be ordered via
the  offprint  order  form  which  is  sent  once  the  article  is  accepted  for  publication.  Both
corresponding and co-authors may order offprints at any time via Elsevier's Author Services.

AFTER PUBLICATION
Corrections
Requests to publish corrections should be sent to the editorial office. Corrections are reviewed
by editors and authors, published promptly, and linked online to the original article.

Postpublication Correspondence
For accepted manuscripts, the corresponding author will be asked to respond to letters to the
editor.
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