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Abstract
Cardiac magnetic resonance imaging (MRI) is an evolving technology, proving to 
be a highly accurate tool for quantitative assessment. Most recently, it has been 
increasingly used in the diagnostic and prognostic evaluation of conditions 
involving an elevation in troponin or troponinemia. Although an elevation in 
troponin is a nonspecific marker of myocardial tissue damage, it is a frequently 
ordered investigation leaving many patients without a specific diagnosis. 
Fortunately, the advent of newer cardiac MRI protocols can provide additional 
information. In this review, we discuss several conditions associated with an 
elevation in troponin such as myocardial infarction, myocarditis, Takotsubo 
cardiomyopathy, coronavirus disease 2019 related cardiac dysfunction and 
athlete’s heart syndrome.

Key Words: Cardiac magnetic resonance imaging; Troponin; Myocardial infarction; 
Myocarditis; Takotsubo cardiomyopathy; COVID-19; Athlete’s heart
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Core tip: Cardiac magnetic resonance has excellent spatial resolution to assess ventricular volumes and 
function. It is also continuing to evolve to provide key diagnostic and prognostic information particularly 
through the use of gadolinium contrast agent for the conditions presented in this review.
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URL: https://www.wjgnet.com/1949-8462/full/v14/i4/190.htm
DOI: https://dx.doi.org/10.4330/wjc.v14.i4.190

INTRODUCTION
Troponinemia describes an elevation in serum troponin levels that can result from a myriad of 
conditions such as acute myocardial infarction (AMI), takotsubo cardiomyopathy (TTS), myocarditis 
and athlete’s heart syndrome (AHS). More recently, severe acute respiratory syndrome coronavirus 2 
has been linked to cardiac disease and elevated troponin levels. Given that troponinemia is nonspecific, 
establishing a definitive diagnosis can be difficult. Fortunately, cardiac magnetic resonance imaging 
(CMRI) has the ability to characterise myocardial tissue and identify unique pathological features of 
cardiac disease. As a diagnostic tool for these conditions, CMRI imaging may be promising.

This narrative review gives an overview of the diagnostic features and potential role of CMRI in 
conditions associated with troponinemia such as myocardial infarction (MI), TTS, myocarditis, 
coronavirus disease 2019 (COVID-19) related cardiovascular disease and AHS (Table 1).

MI
AMI is one of the most common causes of elevated troponin levels. It is defined by the presence of acute 
myocardial injury in conjunction with dynamic changes in troponin levels, and evidence of myocardial 
ischaemia[1]. Electrocardiography (ECG), transthoracic echocardiography (TTE) and invasive coronary 
angiography are the standard of care in the evaluation of MI. Adjunctive use of CMRI can be useful to 
confirm the diagnosis, assess chronicity, guide management and aid prognosis. It can be utilised to 
distinguish the changes seen between an acute and an established, or also called chronic MI. CMRI is 
also highly accurate at assessing ventricular volumes and function with superior spatial resolution, 
contrast-to-noise ratio and tissue characterisation compared to TTE.

On CMRI, AMI can demonstrate ventricular regional wall motion abnormalities (RWMAs) corres-
ponding with the affected vascular territory on cine images. Intramyocardial haemorrhage may occur, 
and is represented by a hypointense zone in the infarcted area on T2-imaging or mapping[2]. Following 
ischaemic insult from coronary artery obstruction, myocardial cellular injury begins in the subendo-
cardial region, and continues to extend towards the subepicardium if there is ongoing oxygen 
deprivation. This process is known as the “wavefront phenomenon of myocardial death”, named by 
Reimer et al[3]. Late gadolinium enhancement images characteristically demonstrate a hypodense core 
surrounded by an area of hyperenhancement (Figure 1), and is found in a subendocardial or transmural 
distribution depending on the extent of the MI[4-6]. In chronic MI (CMI), cine images will typically 
show wall thinning, RWMA, and a lack of oedema on T2-weighted images[7]. In a study by Rehwald et 
al[8], the authors used rabbit models to demonstrate that gadolinium contrast agent uptake was greater 
in infarcted myocardial tissue. In another study, Kim et al[9] demonstrated that the extent of transmural 
hyperenhancement reflected the degree of irreversible injury. Native T1-sequences have also been 
explored by Kali et al[10], who demonstrated CMRI may be useful in diagnosing CMI, and determining 
likely irreversible injury. It is particularly useful in some situations, such as in renal failure patients, 
where gadolinium contrast is contraindicated.

Besides determining left ventricular ejection fraction (LVEF) on cine imaging, a detailed assessment of 
LV deformation measurements can also take place using CMRI[11]. Left ventricular global radial strain, 
circumferential strain and global longitudinal strain (GLS) have all shown association with increased 
major adverse cardiac events (MACEs)[12], and GLS has been demonstrated to be an independent 
predictor of post-MI clinical outcome. Impairment of left atrial strain on CMRI post-MI has also been 
demonstrated to be an independent predictor for increase in MACEs, as well as improving prognostic 
value when combined with LVEF[13,14].

It has been demonstrated that in patients with coronary artery disease, those treated with revascular-
isation have a significantly lower annual mortality rate compared to those treated with medical therapy
[15,16]. In these patients, CMRI can be used to assess the viability of a coronary artery territory. The 
most important parameters are LV end-diastolic wall thickness, quantitative LV systolic or diastolic 
performance during low-dose dobutamine stress testing, and late gadolinium enhancement (LGE)[17]. 

https://www.wjgnet.com/1949-8462/full/v14/i4/190.htm
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Table 1 Cardiac magnetic resonance imaging features

Condition Cardiac magnetic resonance imaging features
< 1 mo

Myocardial oedema present on T2-weighted images, T2 mapping and T1 mapping

Microvascular obstruction revealed as a hypointense core within hyperintense infarct zone in 
area of LGE

Infarct size can be calculated using pre and post-contrast T1-weighted mapping and ECV 
assessment 

Myocardial necrosis/scar by LGE in a subendocardial or full-thickness pattern within a 
coronary artery territory

Additionally at < 6 mo

Myocardial infarction

T2-weighted hyperintensity on double inversion recovery turbo spin echo 

Can help distinguish coexisting CAD or acute myocarditis LGE typically absent 

Myocardial oedema present on T2-weighted images, T2 mapping and T1 mapping

Accurate assessment of WMAs on cine imaging

Takotsubo syndrome

Can be useful to identify ventricular thrombus 

Inflammatory hyperaemia demonstrated on T1-weighted images

Myocardial oedema on T2-weighted images

Myocardial necrosis/scar by LGE in a subepicardial or mid-wall pattern 

Greater T1 and T2 increases with acute inflammation

Myocarditis

Pericardial effusion

Features similar to that of acute myocarditis

Myocardial oedema on T2-weighted images

Myocardial necrosis/scar by LGE in a subepicardial or mid-wall pattern 

Myocardial fibrosis using T1-weighted mapping and ECV assessment

COVID-19 related cardiac dysfunction

Can be useful to identify ventricular thrombus and pericardial effusion

LVH typically < 12 mm

Lower ECV with LVH compared to HCM

RV dilatation seen on cine imaging

Athlete’s heart

LGE focal and generally at the RV insertion points

LGE: Late gadolinium enhancement; ECV: Extra-cellular volume; CAD: Coronary artery disease; WMAs: Wall motion abnormalities; LVH: Left ventricular 
hypertrophy; HCM: Hypertrophic cardiomyopathy; RV: Right ventricular; COVID-19: Coronavirus disease 2019.

For example, in a LV segment with ≤ 50% transmural LGE, a normal dobutamine response is correlated 
with greater functional recovery after revascularisation[18,19]. In contrast, the presence of ≥ 50% 
transmural LGE indicates nonviable infarcted tissue[20,21]. This technique is comparable to 
fluorodeoxyglucose positron emission tomography, which is considered the gold standard in the 
assessment of myocardial viability[22]. Unfortunately, the role of CMRI can be limited in many 
healthcare settings, considering factors including machine access, availability of imaging experts, cost 
and time.

The use of CMRI in assessing prognosis following MI has shown promising results. Assessment for 
microvascular obstruction (MVO) through the use of first pass perfusion studies during and following 
gadolinium contrast administration is one of the prognostic features that has been studied. It is 
implicated in adverse ventricular remodelling, larger infarct size (IS) and poorer clinical outcome[23-
25]. van Kranenburg et al[26] have also demonstrated that MVO is an independent predictor for major 
adverse clinical outcomes at 2 years. Infarct size on CMRI has also been shown to be strongly associated 
with heart failure hospitalisation and all-cause mortality[27]. More recently, postcontrast T1 mapping 
has been shown to accurately quantify IS in a small study[28]. CMRI has also demonstrated some 
correlation between IS and peak troponin I[29], however this has not been a consistent or reliable 
finding. Intramyocardial haemorrhage has been linked to adverse LV remodelling and increased 
MACEs, but heterogeneity in imaging techniques mean further study is required[23]. The presence of 
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Figure 1 Cardiac magnetic resonance imaging of acute myocardial infarction. A: Short axis mid-ventricular image demonstrating almost full-thickness 
transmural late gadolinium enhancement (LGE) in posterolateral wall (yellow arrow); B: Four-chamber image demonstrating focal LGE in lateral wall (red arrow); C: 
Short axis image demonstrating > 75% transmural LGE in lateral wall (orange arrow).

LGE in patients with symptoms suggestive of MI conferred worse MACEs compared to those without 
LGE[30]. The prognostic importance of LVEF has been demonstrated in a number of studies[31,32]. 
Study delay for at least 1 wk following AMI should be considered, to allow for myocardial functional 
recovery as found by Mather et al[33], and further imaging at up to 6 mo may be required to assess 
stabilised LVEF[34]. LVEF ≤ 35% and LGE were independently associated with MACEs, with better 
predictive value than TTE[35]. The extent of LV scarring has also been clearly associated with risk of 
spontaneous ventricular arrhythmias[36-38]. Assessment of the peri-infarct, or “grey-zone”, 
surrounding the infarcted core may also play a role in risk stratifying post-MI patients, with increased 
size posing potential heightened ventricular arrhythmic risk[39]. Yan et al[40] used a semiautomatic 
software detection system to quantify percentage of abnormal myocardial delayed enhancement of 
tissue surrounding the infarct core, and noted that it was an independent predictor of post-MI all-cause 
and cardiovascular mortality.

Incorporation of artificial intelligence-based analyses will likely have a role to play in the future in 
cardiac outcome and prognosis prediction. It has already been demonstrated that fully automated 
volumetric and myocardial segmentation assessment are equally effective as manual efforts in 
predicting MACEs[41].

As it stands, without the availability of randomised controlled data or larger studies, the actions to be 
taken if high risk CMRI features are seen are not completely clear[42,43].

TTS
TTS, which is also known as Takotsubo cardiomyopathy, transient apical ballooning syndrome, broken 
heart syndrome and stress-induced cardiomyopathy, is a condition of transient LV dysfunction that is 
typically triggered by physical or emotional stress[44]. TTS mimics MI with often indistinguishable 
clinical presentation, ECG changes and cardiac enzyme elevation, but without angiographic evidence of 
acute obstructive coronary artery disease or plaque rupture[44,45]. Given the transient nature of TTS, 
traditionally it was thought of as a benign condition however more recent data suggests this is 
misguided, with complications comparable to those seen in patients with the acute coronary syndrome
[46,47]. CMRI is increasingly used to diagnose and evaluate complications of TTS in both the acute and 
subacute setting, particularly in those with atypical features, or bystander coronary artery disease[48].

In the acute setting, CMRI can define TTS by excluding other aetiologies such as MI and myocarditis 
and identifying RWMAs that extend beyond a single coronary artery distribution[49] (Figure 2). One of 
the hallmarks is reversible myocardial inflammation corresponding to RWMA[31,44]. CMRI can assess 
myocardial inflammation and oedema with T2-weighted images[44,50-52].

In the subacute phase, its strength in identifying subtle RWMA makes it the ideal modality to 
accurately assess for resolution of regional dysfunction, with full recovery being a criteria confirmation 
of diagnosis[44].

Late gadolinium-enhanced imaging is a valuable adjunct in confirming a diagnosis of TTS when there 
is coexisting coronary artery disease or suspicion for myocarditis. It is widely believed that in TTS, there 
is an absence of LGE on CMRI[31], however, there are studies challenging this notion, having 
demonstrated LGE in patients with TTS in the acute phase[52-54]. It should be noted that LGE in this 
setting is transient, resolving on serial imaging to confirm the diagnosis of TTS, and has been associated 
with increased incidence cardiogenic shock and a longer timeframe for resolution of wall motion 
abnormalities[55,56]. In contrast, patients with myocardial infarction will have focal subendocardial or 
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Figure 2 Cardiac magnetic resonance imaging of Takotsubo cardiomyopathy. Typical apical ballooning seen in takotsubo syndrome. A, B: Cine four-
chamber in late diastole and systole respectively; C, D: Two-chamber view in late diastole and systole respectively. Modified from Plácido et al[123] and licensed 
under the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).

transmural LGE evident, while those with myocarditis typically will have a mid-wall distribution of 
LGE[57].

In addition to confirming the diagnosis of TTS, CMRI is useful in identifying complications such as 
mitral regurgitation and LV outflow tract obstruction seen on blood flow imaging, pericardial effusion 
seen on black blood T1-weighted sequences, and ventricular (including apical) thrombi not visualised 
on TTE, during early gadolinium (EGE) sequences. Thrombi will appear as a low signal intensity 
without gadolinium uptake, in comparison to the high intensity signal from the blood pool[50,52].

It has been hypothesised that the elevated catecholamines observed in TTS have a role in the 
microvascular dysfunction noted in patients with TTS, correlating with improvement in myocardial 
function[58]. While not established in TTS, there is emerging evidence in the utility of quantitative 
perfusion CMRI to more objectively assess the role that microvascular dysfunction plays in this 
syndrome, and is subject to further research[59].

ACUTE MYOCARDITIS
Acute myocarditis is an inflammatory cardiomyopathy secondary to infectious and noninfectious 
conditions, sometimes associated with symptoms of heart failure developing over ≤ 3 mo. The clinical 
presentation can be nonspecific and may include chest pain, heart failure, cardiogenic shock, 
arrhythmias and/or sudden cardiac death. Early investigations may demonstrate elevated troponin 
levels, elevated acute phase reactants such as C-reactive protein, erythrocyte sedimentation rate and 
eosinophil count. An ECG may be normal, show nonspecific abnormalities or be similar to the pattern of 
acute pericarditis and AMI. Most importantly, it is important to exclude alternative causes such as MI. 
Due to the variable clinical presentation, the gold standard for diagnosis remains an endomyocardial 
biopsy (EMB), which is an invasive procedure that carries risk of life-threatening complications. CMRI 
may provide a noninvasive alternative for the assessment of myocarditis[60].

CMRI has become an important tool in the assessment of myocardial inflammation in patients with 
suspected myocarditis. Assessment of gross abnormalities includes changes in ventricular size and 
geometry, regional and global wall motion abnormalities and identification of pericardial effusion. In 
addition, there are techniques to assess microscopic markers of myocardial inflammation such as T1-
weighted sequences for detection of myocardial hyperaemia, LGE for myocardial necrosis, fibrosis or 
scars and T2-weighted imaging to identify oedema[61-63]. Following early CMRI data, consensus 

http://creativecommons.org/licenses/by/4.0/
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diagnostic criteria were released and incorporated into the Lake Louise criteria[60] (LLC) (Table 2). The 
use of newer mapping techniques such as for native T1 and T2, and quantification of extracellular 
volume (ECV), in comparison to the LLC, appear superior in the diagnosis of acute myocarditis, with 
positive predictive value of 90% versus 71%[64].

LGE has been shown to be highly accurate in the diagnosis of myocarditis with a high correlation 
with EMB[65]. Acute myocarditis is associated with subepicardial or mid-wall late gadolinium 
enhancement most commonly in the lateral, inferolateral or inferior wall[66-68] (Figure 3). In particular, 
small studies have suggested specific patterns for certain viruses: parvovirus B19 is associated with the 
lateral wall while human herpes virus 6 is linked to the septal wall[69]. The presence of LGE on follow-
up studies denotes areas of irreversible myocardial injury[62,65].

CMRI diagnostic accuracy in the workup for chronic myocarditis (> 14 d) is not as well established 
compared to acute myocarditis, with T2-mapping providing the only discernible additional diagnostic 
benefit together with the LLC[66,70].

Although CMRI has demonstrated prognostic guidance in acute myocarditis, cardiac enzyme 
markers do not reflect the degree of myocardial injury or permanent scarring as demonstrated on CMRI 
LGE[70]. There are insufficient data available to relate CMRI features to independent risk of ventricular 
arrhythmias, although this is clearly raised in the context of impaired LV function[67,71]. In a meta-
analysis, the presence of LGE, particularly anteroseptal location, has been found to be an independent 
risk factors for adverse cardiac outcomes, including all-cause mortality, cardiac mortality including 
sudden cardiac death, and MACEs[72].

COVID-19 RELATED CARDIAC DYSFUNCTION
COVID-19 infection has variable presentations, most commonly involving respiratory symptoms. 
However, since the declaration of the pandemic in March 2020, there have been increasing reports of 
cardiovascular disease. The incidence has been reported to be ≥ 40%, depending on the definition or 
population sampled[73-76]. Postmortem studies of confirmed COVID-19 cases have demonstrated the 
presence of the virus in the myocardium, but not necessarily with consistent expression of cardiac 
sequelae[77]. There are numerous mechanisms involved in myocardial injury, which include direct viral 
invasion and host innate immunity response, hypoxia, micro- and macrovascular thrombosis, inflam-
matory injury and stress-induced cardiomyopathy[78].

Considering the multifaceted components of COVID-19-induced myocardial injury, it should not be 
expected that the imaging findings of this infection would duplicate that of a viral myocarditis 
syndrome alone. Cardiac involvement in COVID-19 infection may not be present with clinically severe 
cardiac symptoms[75,79], and even though echocardiography is a sensitive tool to identify gross cardiac 
dysfunction, LVEF may be normal[77]. There have been reports of primary cardiac involvement in 
COVID-19[80], where CMRI can be useful in identifying acute viral myocarditis features, as well as 
evidence of thrombosis such as LV apical thrombus.

Studies using CMRI have demonstrated the severity of cardiovascular involvement following acute 
infection. In a report by Huang et al[81], the authors noted that 57% of patients had myocardial oedema 
or LGE on CMRI performed > 1 mo after development of infection (Figure 4). This suggests an ongoing 
pathological process affecting the myocardium. Historically, the LGE distribution in acute viral 
myocarditis involved the lateral and inferior walls. However with COVID-19, LGE patterns have been 
reported as subepicardial, mid-wall or subendocardial mimicking AMI[75]. Of note, there are no studies 
available where participants have baseline cardiac MRI data prior to COVID-19 infection. In addition, 
T2-signal hyperintensity tended to favour the interventricular septum, anterior and anterolateral walls, 
as well as basal inferior and mid-chamber. T1-mapping and ECV also demonstrated increased values, 
suggestive of myocardial fibrosis[75,81].

A developing use for CMRI is in the diagnosis suspected COVID-19-vaccine-associated myocarditis. 
These events tend to occur more frequently in young male patients after the second dose of mRNA 
vaccine[82,83]. Patients typically present with chest pain, troponin elevations, and abnormal CMRI 
findings[84]. CMRI abnormalities include myocardial oedema, hyperaemia and LGE, which are 
expected findings in acute myocarditis[85-89]. To date, there are no specific features for COVID-19-
vaccine-associated myocarditis.

Evidence for the outcome of COVID-19-induced myocardial injury continues to evolve. Studies have 
found that elevation in troponin T levels confer significantly increased risk of mortality[73,90,91]. 
However, whether this and other markers of myocardial injury are byproducts of disease severity, or 
directly contribute to morbidity and mortality, remains to be elucidated. Currently, there is no long-
term data on COVID-19 effects on the cardiovascular system, but considering its global impact, the 
identification, monitoring and study of outcomes is critical, with CMRI likely to play an essential role
[92,93].
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Table 2 Lake Louise consensus criteria for myocarditis on cardiac magnetic resonance imaging

Two out of three criteria must be met to be consistent with myocardial inflammation: 

Regional or global myocardial signal intensity increase in T2-weighted images

Increased global myocardial early gadolinium enhancement ratio between myocardium and skeletal muscle in gadolinium-enhanced T1-weighted 
images

At least one focal lesion with nonischaemic regional distribution in inversion recovery-prepared gadolinium enhanced T1-weighted images (late 
gadolinium enhancement)

Figure 3 Cardiac magnetic resonance imaging of acute myocarditis. A: Four-chamber image demonstrating LGE in septal wall in a mid-wall pattern 
(yellow arrow); B: Short axis mid-left ventricular image demonstrating LGE in anteroseptal wall in a mid-wall pattern (red arrow); C: Two-chamber image 
demonstrating LGE in the anterior wall in a mid-wall pattern (orange yellow).

HIGH-ENDURANCE ATHLETES AND AHS
Competitive sports level training can lead to a condition known as AHS, defined by complex cardiac 
chamber remodelling, ventricular systolic impairment and abnormalities involving the electrical 
conduction system. Electrocardiogram changes can include first-degree atrioventricular block, 
incomplete right bundle branch block, early repolarisation and isolated increased QRS voltages that 
may meet criteria for LV hypertrophy (LVH)[94]. Transient troponin elevation occurs with moderate-to-
high intensity exercise[95,96]. The role of CMRI is also continuing to evolve in helping distinguish AHS 
from conditions such as hypertrophic cardiomyopathy (HCM) and arrhythmogenic cardiomyopathy 
(ACM), which can have similar ECG and TTE features.

Although ventricular hypertrophy and dilatation can occur in both ventricles, impairment of systolic 
function following prolonged exercise tends to observed more frequently in the right ventricle 
(Figure 5A). In early forms of the disease, diastolic dysfunction is often observed, first defined by a 
reduction in mitral E:A ratio on echocardiographic Doppler imaging[97-100]. A hallmark of AHS is 
increased LV mass[101]. Unfortunately, this is not a discriminating feature and can overlap with other 
conditions such as HCM and ACM[102]. In particular, differentiating AHS from mild HCM, with LV 
wall thickness range 13–15 mm, is critical in preventing adverse outcomes for athletes. Despite early 
reports suggesting that different cardiac conditions can lead to particular patterns of LVH, this has not 
been demonstrated in subsequent studies[103,104]. Cessation of training usually leads to LVH 
regression and improvement in clinical outcomes.

The advancement of CMRI technology may help shed light on the potential long-term effects of 
competitive level exercise and help differentiate different cardiac conditions. LV cavity size (LV end-
diastolic and end-systolic diameter) in AHS is usually larger than HCM, particularly if the end-diastolic 
diameter exceeds 54 mm[100]. CMRI can also provide accurate morphology assessment for excessive 
trabeculation and noncompaction cardiomyopathy, if it cannot be clearly delineated on echocardio-
graphy[105]. The use of more advanced CMRI tissue characterisation techniques such as T1 mapping 
and ECV assessment is also helpful. Athletes have been demonstrated to have lower ECV, likely as a 
result of myocyte enlargement, compared to nonathletes. Conversely, in HCM, there is increased ECV
[106,107]. The role of LGE to distinguish AHS compared to HCM is not yet certain. Domenech-Ximenos 
et al[106] found that focal LGE was more prevalent in intensive endurance athletes compared to healthy 
subjects (37.6% vs 2.8%), with a typical pattern at the right ventricular (RV) insertion points. This may 
overlap with the LGE distribution in HCM[107].

Ventricular dilatation has been noted in athletes compared to healthy nonathletic individuals[108,
109]. LV dilatation is less severe as compared to the RV dilatation. Stress echocardiography observation 
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Figure 4 COVID-19 related cardiac dysfunction on cardiac magnetic resonance imaging. Cardiac magnetic resonance imaging of an adult woman 
with COVID-19-related perimyocarditis. A, B: Significantly raised native T1 and native T2 in myocardial mapping acquisitions; C, D: Pericardial effusion and 
enhancement (yellow arrowheads) and epicardial and intramyocardial enhancement (white arrowheads) using LGE acquisition. Modified from Puntmann et al[75] and 
licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

of improvement in LVEF by > 11%, and presence of mid-wall LGE may help to discriminate between 
AHS and pathological dilated cardiomyopathy[95,96,110,111] but this has not yet been investigated in 
large studies. In a meta-analysis performed by D’Ascenzi et al[102], in high-performance athletes, RV 
end-diastolic volume (EDV) and end-systolic volume (ESV) exhibited the greatest relative increase in 
ventricular remodelling, compared to baseline parameters. This may be in response to increased venous 
return and other hemodynamic changes. The increase in RV size in athletes has led to situations where 
the dimensions meet part of the ACM criteria[112]. CMRI can be useful to improve spatial resolution in 
cases with poor echocardiographic windows. It can quantify function, identify RWMAs, and determine 
the presence of myocardial fibrosis and fibrofatty infiltration, to evaluate ACM versus AHS. In one 
study, Zaidi et al[113] found that the presence of RV ejection fraction < 45%, the ratio of RV EDV to LV 
EDV > 1.1/1, RV RWMA and LGE found together in athletes was highly indicative of ACM.

Exercise CMRI may provide addition diagnostic information by comparing the difference between 
adaptive responses and ventricular pathology in AHS, as well as potential prognostic information. The 
development of in-scanner CMRI exercise protocols with excellent reproducibility has been important in 
facilitating studies on the difference in physiological and pathological responses of athletes[114,115]. 
During exercise, elite athletes with evidence of ventricular arrhythmias had an increase in RV EDV, 
decrease in RV ESV, and, as a result, had reduced RV ejection fraction compared to athletes with no 
evidence of ventricular arrhythmia and healthy controls[116]. Of note, stress TTE yielded similar 
sensitivity in identifying exercise induced RV dysfunction.

The use of CMRI has been explored in AHS adverse outcome prognostication. In the context of 
excellent spatial and temporal resolution of CMRI, there appears to be no difference in resting in cardiac 
volumes of elite athletes with and without evidence of ventricular arrhythmias[116]. LGE at the junction 
of the right ventricle and interventricular septum has previously been noted in athletes, but is not 
related to any clinical sequelae. A pattern of myocardial wall fibrosis in AHS has otherwise not 
consistently been demonstrated, or has been affected by confounding factors such as veteran athletes 
with coronary artery atherosclerotic plaques[112,117-119] (Figure 5B–5D). Zorzi et al[120] did note that 
in athletes who presented with a history of ventricular arrhythmias and subsequently found to have LV 
LGE, a striae subepicardial – midmyocardial lateral LV wall distribution pattern was more prevalent. 
There are no long-term data on outcome of incidental finding of myocardial LGE[114,121-123]. The 
definitive role of CMRI for prognostication in AHS remains to be defined outside of its roles in 
excluding other important diagnoses such as HCM and ARC.

https://creativecommons.org/licenses/by/4.0/
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Figure 5 Cardiac magnetic resonance imaging of athlete’s heart syndrome. A: Cardiac magnetic resonance imaging of an endurance athlete. 
Increased right and left ventricular volumes. Overall muscle mass may be increased although wall thickness remains within standard reference range[102]; B: A 51-
year-old athlete training 7 h/wk in the last 30 years. The short-axis view shows subepicardial late gadolinium enhancement (LGE) in the inferior apical wall; C: A 55-
year-old athlete training 8 h/wk in the last 30 years. Mild intramyocardial LGE is the lateral wall is shown in the four-chamber view; D: A 55-year-old athlete training 10 
h/wk in the last 28 years. Mesocardial LGE in the apical-septal wall shown in three-chamber view image. Reproduced from Pujadas et al[122] and licensed under CC 
BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

COMMENTS AND LIMITATIONS 
Traditionally, gross morphological cine scanning and determination of LGE location in the myocardial 
wall has formed key diagnostic features in the use of CMRI for many conditions. The advent of more 
advanced techniques such as T1 and T2 mapping has allowed a deeper understanding of the 
pathophysiological process involved.

The limitations for the use of CMRI include: (1) Access to CMR facilities with trained staff to perform 
the scan and process the  images; (2) Standardised protocols; (3) Duration of procedure; (4) High cost; 
and (5) Lack of superiority to cheaper, faster and more accessible imaging modalities.

Moving forward, improving access to CMRI, increasing the number of skilled personnel and 
developing clear scanning guidelines are needed. Further research including large randomised trials are 
necessary to further define the role of CMRI in the assessment of MI, TTS, myocarditis, AHS and 
COVID-19-related cardiac conditions.

CONCLUSION 
Troponinemia or an elevation in serum troponin levels can result from several different conditions 
making the diagnosis difficult. CMRI provides a powerful insight into the pathological mechanisms of 
disease, diagnostic features, as well as potential prognosis. With advancement in technology and 
research, this will only continue to improve.
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Abstract
Cardiac myxomas are common primary neoplasms of the heart. They are 
biologically benign but “functionally malignant” because of the potential for 
embolization. They arise most commonly from the left atrium, but no chambers of 
the heart are immune. They may be sporadic in the majority but also familial as a 
part of the Carney complex. Two morphological forms exist: polypoid and 
papillary. Polypoid myxomas often present with obstructive features, while the 
papillary forms are more prone to embolization. Histogenesis is still controversial; 
the current view centres around origin from the primitive pluripotent 
mesenchymal cells. They may be of giant proportion, be calcified or get infected. 
Clinical presentation typically involves the triad of intracardiac obstruction, 
embolic events and constitutional symptoms. Precordial examination findings 
may simulate those of mitral or tricuspid stenosis. The presence of tumour plop 
and change of the physical findings with changing position may help differen-
tiation between the two. Echocardiography is the investigation of choice. 
Echogenic polypoid or papillary mobile mass within the atrial cavity remaining 
attached to the interatrial septum through a stalk are the tell-tale echocardio-
graphic features. Cardiac magnetic resonance and computed tomographic 
scanning may have incremental diagnostic value. Histopathological examination 
reveals abundant loose myxoid stroma with scattered round, polygonal or stellate 
cells with dense irregular nuclei. Genetic testing may detect mutations in the 
PRKAR1A gene in the familial form of cardiac myxoma, i.e. the Carney complex. 
Surgical excision is the mainstay of treatment with low operative mortality, 
excellent postoperative survival and low recurrence rate. The current trend 
favours minimal-access surgery with or without robotic assistance. Physicians 
should have appropriate preparedness to make a timely diagnosis and 
enthusiastic treatment to avoid potentially fatal complications.

Key Words: Myxoma; Cardiac; Neoplasm; Carney Complex; Echocardiography; 
Embolism
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Core Tip: Cardiac myxomas are biologically benign but “functionally malignant”. They can cause life-
threatening embolic events. Associated constitutional symptoms may mimic those of inflammatory or 
connective tissue disorders. Timely diagnosis is of utmost importance because it offers a scope for 
definitive treatment, i.e. surgical excision. Cardiac myxoma is a relatively rare diagnosis, so physicians 
should have appropriate preparedness to deal with this entity. This review article has summarised the 
available information, offered practical tips and highlighted the recent advances.

Citation: Islam AKMM. Cardiac myxomas: A narrative review. World J Cardiol 2022; 14(4): 206-219
URL: https://www.wjgnet.com/1949-8462/full/v14/i4/206.htm
DOI: https://dx.doi.org/10.4330/wjc.v14.i4.206

INTRODUCTION
Cardiac myxomas are primary neoplasms of the heart. Despite a preference for the left atrium, it can 
involve any of the cardiac chambers. The unusual feature of cardiac myxoma is that it has the biological 
potential to embolise and grow at the site of embolization[1], causing organ infarction. Timely diagnosis 
and treatment are essential for the prevention of sometimes life-threatening complications. Though a 
well-known entity, some aspects of cardiac myxoma are still evolving.

Epidemiology
Cardiac myxoma is a rare disease; however, the exact prevalence is unknown. The reported prevalence 
is 0.03% in the general population[2]. Annual incidence of cardiac myxoma may be 0.5 to 1 case per 
million individuals[3,4]. A recently published Spanish study revealed a higher incidence; age-adjusted 
incidence was 1.6 per million population adjusting to the world population as a reference and 2.1 per 
million adjusting to the European population[5]. Myxomas are the commonest primary cardiac tumour 
constituting 50% to 85% of benign ones[6-8]. Middle-aged persons are commonly affected, but no age is 
immune. The tumour has a female preponderance with a female-to-male ratio of approximately 3:1[3,
4]. Two epidemiological forms of cardiac myxoma exist: sporadic and familial. The former is far more 
common than the latter, constituting about 95% of cases[6].

Anatomy
Cardiac myxomas can affect any chamber of the heart, but the left atrium is most commonly affected. 
Sites affected include the following: left atrium (75%); right atrium (15%-20%); left ventricle (3%-4%); 
and right ventricle (3%-4%)[9-12]. Regarding origin, myxoma has a predilection for limbus fossa ovalis 
of the interatrial septum. However, it can arise from the posterior atrial wall, anterior atrial wall and 
atrial appendage (Figure 1). The sporadic myxomas are usually single and bear these characteristics. On 
the other hand, familial myxomas may be multiple, multicentric and arising from atypical sites[13]. Less 
commonly, myxomas may be bi-atrial or multi-chamber; the latter may be part of the Carney complex
[14-18] (Figures 2 and 3). Only rarely, myxomas affect the heart valves[7,19-21].

Myxomas may be ‘more solid’ polypoid in approximately two-thirds of cases or ‘softer’ papillary in 
one-third of cases[22] (Figure 4). The polypoid myxomas are generally pedunculated, more compact and 
have less tendency to undergo fragmentation and consequent embolisation[6]. On the other hand, 
papillary or villous myxomas are gelatinous, less compact, fragile and have a high potential for 
spontaneous fragmentation and embolisation to the central nervous system, kidney, spleen, extremities 
and coronary vessels (Figure 5).

Myxomas are considered biologically benign but “functionally malignant” tumours. They usually 
remain localised to the site of origin. They have a well-documented potential for fragmentation and 
embolisation. Besides this, metastasis to different locations, including the brain, sternum, spine and 
pelvis, has been described[23-29].

Myxomas may be enormous, occupying significant parts of the concerned cavity, sometimes termed 
“giant myxoma” (Figure 6). Rarely, they undergo calcification or osseous metaplasia[30-32] (Figure 7). 
Occasionally, they get infected[33-35] (Figure 8).

Histology
Histologically cardiac myxomas are mainly composed of stellated fusiform and polygonal cells 
immersed in an amorphous myxoid stroma[36] (Figure 9). Multinucleated cells are also observed. The 
cells are shaped and structured in chained rings or nests around the capillaries[37]. The surface of the 
tumour is often layered by flattened endothelium, while the tumour mass is infused liberally by thin-
walled vessels lacking pericytes.

https://www.wjgnet.com/1949-8462/full/v14/i4/206.htm
https://dx.doi.org/10.4330/wjc.v14.i4.206
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Figure 1 Different locations of myxoma. A-C: Cardiac myxoma involving the left atrium (A and C) and the right atrium (B); A, B: The myxoma mass is attached 
to the atrial septum; C: The tumour is related to the lateral wall of left atrium.

Figure 2 Biatrial myxoma in a 22-yr-old Bangladeshi male. A: 2-D transthoracic echocardiography shows biatrial myxoma arising from the midinteratrial 
septum; B, C: Tumour mass during and after surgery.

Figure 3 Carney complex in a middle-aged Bangladeshi female. A: Multiple pigmented lentigines distributed symmetrically on the face of the patient; B: 
2-D transthoracic echocardiography shows multichamber myxoma involving the left atrium, left ventricle and the right atrium; C: 2-D transthoracic echocardiography 
of the son of the lady shows myxoma in the right atrium.

Immunohistochemically, a wide array of biological molecules has been found to be related to the 
cardiac myxomas, including CD31, CD34, CD56, FVIIIAg, S-100 protein, calretinin, vimentin, desmin, 
smooth muscle myosin, α1 antitrypsin and alpha 1-antichymotrypsin[38].

The histogenesis of myxoma is poorly understood; however, the current opinion favours origin from 
primitive pluripotent mesenchymal cells. Genes encoding heart precursor markers may get reactivated 
and expressed in cardiac myxoma cells leading to differentiation along endothelial/endocardial lines
[39]. Previously, myxomas were thought to arise from Prichard structures, the microscopic 
endocardial/endothelial structures lined by plump endothelial cells, located in the fossa ovalis[40,41]. 
Origin from neuroendocrine tissue was also proposed.
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Figure 4 Polypoid and papillary myxoma in 2D echocardiography. A: Parasternal long axis view shows a polypoid left atrial myxoma; B: Subcostal view 
shows a papillary right atrial myxoma with multiple projections.

Figure 5 Papillary myxoma presenting with ischemic stroke. Transesophageal echocardiography shows a fragile papillary myxoma. The young patient 
presented with acute ischemic stroke.

Figure 6 Giant myxoma in right atrium. A, B: 2D transthoracic echocardiography shows a giant myxoma occupying the major parts of the right atrial cavity. 
Note the multiple papillary projections evident in (B).

Clinical presentation
The clinical presentation of cardiac myxoma depends on their location, size and mobility and is typified 
by the triad of intracardiac obstruction, embolisation and constitutional symptoms[6]. In a French series 
of 112 cases of cardiac myxoma, intracardiac obstruction in the form of mitral valve obstruction was the 
commonest manifestation (67%), followed by embolisation (29%) and constitutional symptoms (34%)
[22].

Intracardiac obstruction: Intracardiac obstruction is common in polypoid myxoma. Because of prefer-
ential location, mitral valve pseudo-obstruction is the typical presentation[42-48]. Pulmonary 
hypertension may be present[43,47]. Valvular obstruction may even lead to syncope[46,49].

Right atrial myxomas may obstruct the tricuspid valve, the manifestation of which may be heart 
failure[50,51] or even collapse[52].
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Figure 7 Calcified myxoma in the left atrium. Transesophageal echocardiography shows a large calcified myxoma occupying the left atrial cavity.

Figure 8 Infected myxoma in the left atrium. Transthoracic echocardiography shows a large left atrial myxoma protruding into the left ventricular cavity across 
the mitral valve. A vegetation with independent mobility is attached to the tumour. The patient presented with prolonged fever with positive blood culture.

Figure 9 Histopathology of myxoma. Histopathological examination shows abundant loose myxoid stroma with scattered round, polygonal or stellate cells with 
dense irregular nuclei.

Embolisation: Embolisation is typically a feature of papillary-type myxomas because of their loose 
consistency and fragility. Overall, embolism occurs in 30% to 40% of patients with myxomas[6]. The site 
of embolisation depends on the location of the tumours. Left atrial myxomas commonly embolise to the 
brain, causing ischaemic stroke and occasionally visual loss. Coronary, renal and limb arteries may also 
be affected. In a retrospective study of 162 patients with cardiac myxomas surgically treated between 
1998 and 2014 in China, the embolic event was observed in 33 patients (20.4%), in the brain (15.43%), 
limb (3.70%), pulmonary (0.62%) and coronary (0.62%)[53]. Tumour location (atypical), macroscopic 
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appearance (irregular surface), mean platelet volume and high platelet count were strong risk factors for 
embolic events in patients with cardiac myxomas in this study. Cerebral embolisation is relatively 
common, leading to ischaemic stroke[54,55] and cerebral aneurysm formation[56]. Retinal artery 
occlusion and consequent visual loss have also been reported[57-60]. Coronary embolisation is a rare 
but well-documented and potentially fatal complication of cardiac myxomas[61-64]. Systemic 
embolisation may affect multiple sites, e.g., coronaries, viscera and limbs[65-67]. Right-sided myxomas 
are less prone to embolisation. However, right atrial myxoma, when present, may cause a pulmonary 
embolism[68-73].

Cardiac myxomas may even embolise peroperatively, leading to complications. Right atrial myxoma 
was reported to embolise during surgical excision, causing pulmonary embolism and cardiogenic shock 
and subsequent recovery after removal of the tumour embolus from the pulmonary artery[74].

Constitutional symptoms: Cardiac myxomas are commonly associated with constitutional symptoms 
mimicking inflammatory or connective tissue disorders[75-77]. These symptoms are more common in 
women than in men, in right-sided myxomas than in left-sided ones and in large and multicentric 
myxomas[78]. Malaise, anorexia, fever, arthralgia and weight loss are common. The underlying 
pathophysiology may be releasing cytokines from the tumour, especially interleukin-6 (IL-6)[79]. In fact, 
IL-6 may be a more sensitive biomarker than C-reactive protein in predicting the inflammatory status of 
patients with cardiac myxomas. Sessile, irregular and voluminous tumours tend to be associated with 
higher circulating IL-6 levels[80]. Myxomas occasionally present with pyrexia of unknown origin[79,
81]. They may mimic bronchial asthma[82] or pulmonary tuberculosis[14]. Rarely, myxomas are 
associated with pleural effusion[14,83,84].

Infected myxoma: Occasionally, myxomas get infected, presenting with high fever and multiple 
embolic events[85-88] (Figure 8).

Cardiac myxoma in pregnancy: Occasionally, cardiac myxomas are diagnosed for the first time in 
pregnancy, mostly by echocardiography. Favourable maternal and foeto-neonatal outcomes with 
surgical management of cardiac myxoma in the pregnant patients have been reported in a recent review 
of 44 articles with 51 patients[89].

PHYSICAL EXAMINATION
Cardiac myxomas are typified by the triad of intracardiac obstruction, embolic manifestations and 
constitutional symptoms. However, because of heterogeneity in location, size, morphology and 
histopathology, they may remain entirely asymptomatic, present with classical manifestations or 
produce life-threatening emergency of systemic embolisation or even sudden cardiac death[90]. As little 
as 10% to as high as 50% of the myxomas may be diagnosed incidentally during clinical evaluation[91,
92]. General examination may reveal cachexia, fever, cyanosis, clubbing or rash. Neck veins may be 
engorged, and there may be a prominent A wave in the jugular venous pulse. Precordial findings may 
mimic mitral stenosis. The first heart sound (S1) may be loud and widely split because of the delay in 
the closure of the mitral valve due to the prolapse of the tumour into the mitral valve orifice. The 
pulmonary component of the second heart sound (P2) may be normal or loud depending on the 
presence of pulmonary hypertension. The characteristic “tumour plop” is a low-pitched early diastolic 
sound just after the S2. It may be confused with the opening snap of rheumatic mitral stenosis; however, 
the latter is high-pitched. It may be followed by a low-pitched diastolic murmur. The tumour plop is 
produced by the impact of the myxoma against the endocardial wall or when its excursion is halted. 
Also, a third heart sound (S3), fourth heart sound (S4) or a diastolic murmur of functional mitral or 
tricuspid stenosis may be audible. Occasionally, a systolic murmur of mitral or tricuspid regurgitation 
may be present. The auscultatory findings of cardiac myxomas characteristically change with changes in 
the position of the patient.

INVESTIGATIONS
Echocardiography is the critical investigation for the diagnosis of cardiac myxomas. Other imaging 
modalities like computed tomography (CT) scanning and magnetic resonance imaging play an ancillary 
role. Chest X-ray and electrocardiography are of limited value. Haematological investigations are also 
routinely done. Histopathology confirms the diagnosis. Genetic testing plays a vital role in familial cases 
of myxomas.

Echocardiography
Transthoracic echocardiography is the most practical investigation and often yields adequate 
information necessary for surgical resection. It makes the diagnosis and determines the location, size 
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Figure 10  Echocardiographic features of myxoma. A, B: Transthoracic echocardiography 2D (A) and M-mode (B) shows a large polypoid mass in the left 
atrial cavity attached to the interatrial septum by means of a stalk (not visualized here) and protruding into the left ventricular cavity across the mitral valve in diastole.

and shape of the tumour and its connections. Transesophageal echocardiography has a higher 
sensitivity and specificity and can detect small tumours, tumours located at atypical locations and 
possible multichamber myxomas[93-97].

Three-dimensional transthoracic echocardiography and transoesophageal echocardiography have 
also been used[98]. In a European study, transoesophageal echocardiography was superior to 
transthoracic echocardiography for myxoma detection (100% vs 95%) and attachment point identi-
fication (95.2% vs 64.5%)[99].

The classical features of an atrial myxoma in echocardiography include polypoid or papillary mass 
attached to the interatrial septum through a stalk and moving to and fro into the cavity, sometimes 
protruding into the corresponding ventricular cavity across the atrioventricular valve (Figure 10). 
Occasionally, the tumour mass may get areas of liquefaction or calcification. Doppler echocardiography 
shows the hemodynamic consequences of atrial myxoma.

During echocardiography, differentiation between myxoma and thrombus is of crucial importance. 
Myxomas typically have a stalk, a preference for limbus fossa ovalis of the atrial septum for stalk 
attachment and characteristic mobility. On the other hand, the thrombus is usually situated in the 
posterior portion of the atrium, has a preference for the atrial appendage, has a layered appearance and 
is most commonly seen in the presence of valvular mitral stenosis, atrial fibrillation and spontaneous 
echo contrast.

Contrast echocardiography can aid in the differential diagnosis of intracardiac masses based on 
perfusion of the mass. Malignant tumours are frequently highly vascular and present greater contrast 
enhancement than the adjacent myocardium, whereas myxomas demonstrate partial perfusion with 
lesser contrast enhancement than the adjoining myocardium. Thrombi, being avascular, show a 
complete absence of perfusion[100-102].

Despite the invaluable role of echocardiography and other imaging modalities, histopathological 
examination is the gold standard test for confirmation of the diagnosis of cardiac myxomas. A recently 
published study from Korea shows that out of 265 cases with an echocardiographic diagnosis of cardiac 
myxomas, 174 (65.7%) were surgically confirmed as myxomas. Compared with cardiac myxomas, other 
tumours were smaller and more frequently found in non-atrial sites[103].

ECG
ECG findings are nonspecific. Atrial enlargement or ventricular hypertrophy may be present. In contrast 
to the findings in mitral valve disease, atrial fibrillation is uncommon[6].

Other imaging modalities
Chest skiagram has a limited role. Occasionally, it can present features of mitral stenosis, e.g., 
straightening of the left cardiac border and double contour of the right cardiac border and only rarely 
tumour calcification. Signs of pulmonary hypertension may be present.

Magnetic resonance imaging provides helpful information about the myxoma size, shape, surface 
characteristics and even its mobility on cine magnetic resonance gradient echo. The most frequent 
presentation is a mass isointense at T1-weighted and hyperintense at T2-weighted imaging with foci of 
hypointensity at one or two of these sequences[104]. Also, tissue characteristics can be used to differ-
entiate a tumour from a thrombus.

CT scanning, generally, is not useful for the diagnosis of cardiac myxomas because it cannot reliably 
differentiate between myxomas and thrombi[105]. Typically, myxomas appear homogenous and 
isodense or as a slightly hypodense mass on non-contrast CT scanning, which does not show 
enhancement after iodinated contrast injection[106]. However, CT is the preferred technique to detect 
calcification, which is encountered in 10%–30% of cases[106,107].
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Fluorodeoxyglucose positron emission tomography scanning is not typically indicated in the 
evaluation for myxoma[108].

Angiocardiography 
Angiocardiography is seldom used for diagnosis of cardiac myxomas because of availability of non-
invasive investigation modalities especially echocardiography. Also, manipulation of a catheter during 
angiocardiography carries a high risk of embolisation of tumour fragments[109,110]. In angiocardio-
graphy, cardiac myxomas typically appear as filling defects. In cases of left atrial myxoma, the 
levophase of a pulmonary angiogram may outline a radiolucent mass within the left atrium.

Genetic testing
Genetic testing for mutations in the PRKAR1A gene is increasingly used for diagnostic certainty of 
Carney complex.

Haematological tests
Erythrocyte sedimentation rate and C-reactive protein are generally elevated. Anaemia may be present. 
IL-6 rises especially when constitutional symptoms dominate.

TREATMENT
Cardiac myxoma needs surgical excision often on an emergency basis. This is to reduce the risk of 
embolisation of the tumour. Surgery is otherwise simple. The root of the stalk and the full thickness of 
the adjacent interatrial septum is excised, and the consequent atrial septal defect is closed accordingly. 
Data published over the past decades show excellent overall outcomes in operative mortality, short- and 
long-term survival and tumour recurrence[4,101-118]. Surgical excision of 23 myxomas in Turkey 
between 2010 and 2017 showed excellent outcomes with no early or late mortality[112]. A 16-year single 
centre study from China reported no need for secondary surgery in 97.4% ± 2.5% of cases after 10 years. 
Overall, the actuarial survival was 98.4% ± 1.6% at 5 years and 96.0% ± 2.8% at 10 years[113].

A similar encouraging outcome was observed in Italy; surgical excision of 98 cardiac myxomas 
between 1990 and 2007 showed 3% operative mortality. Actuarial survival was 98%, 98% and 89% at 5, 
10 and 15 years, respectively. There was only one recurrence 68 mo after the first surgery[115].

In a smaller series of 18 patients treated surgically over 5 years in the United Kingdom, no death 
occurred within 30 d post-procedure[116]. Follow-up of surgical treatment of cardiac myxomas in 
Germany showed no in-hospital deaths. Out of 57 patients, 52 were alive at a median follow-up of 7.5 
years[117]. Between 2002 and 2008, 34 cardiac myxomas were operated on in a single centre in Pakistan; 
32 patients survived the surgery, 2 patients died over a median follow-up of 34 mo, and 1 patient had 
recurrence after 27 mo[118]. Twenty-four years of experience in 49 patients from Austria revealed 
relatively low early mortality of 2.0% and late mortality of 6.1%. The long-term prognosis was excellent, 
with an actuarial survival rate of 0.74. The rate of reoperations was low, with 2.0% after 24 years[4]. In a 
recently published small study from Bangladesh, all 20 patients with cardiac myxoma survived the 
surgery, and 1 patient presented with recurrence 28 mo after the surgery[111]. In recent years, cardiac 
myxomas have been excised successfully by minimally invasive surgery with or without robotic 
assistance[119-122]. Robotic surgery has been associated with early restoration of normal quality of life 
and early return to employment[121].

Utmost caution is warranted during surgical excision of cardiac myxomas because of their potential 
for embolisation peroperatively[74].

FAMILIAL CARDIAC MYXOMAS
Familial cardiac myxoma is rare and tend to form a syndrome, e.g., Carney complex. They can usually 
be distinguished from the sporadic forms by the presentation at a younger age, the unusual location and 
multicentricity of the lesions and the presence of rare pathological conditions. In addition, a higher rate 
of recurrent lesions is usually associated with the familial forms of this disease. Carney complex is a rare 
multiple neoplasia syndrome, characterised by pigmented lesions of the skin and mucosa, cardiac and 
extra-cardiac myxomatous tumours and multiple endocrine and non-endocrine neoplasms (Figure 3)
[123,124]. It is inherited as an autosomal-dominant disorder in three-fourths of the cases. In the 
remaining one-fourth, it occurs sporadically as a result of a de novo genetic mutation[125]. The disease 
is caused by inactivating mutations or large deletions of the PRKAR1A gene located at 17q22–24 coding 
for the regulatory subunit type I alpha of protein kinase A (PKA) gene[126]. Myxomatous tumours also 
occur in the skin and breast. Lentigines, blue nevus and cutaneous myxoma are the common skin 
manifestations (Figure 3). Primary pigmented nodular adrenocortical disease and thyroid nodules are 
examples of endocrinopathies[127,128].
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Table 1 Diagnostic criteria for Carney complex

Diagnostic criteria

Spotty skin pigmentation with a typical distribution (lips, conjunctiva and inner or outer canthi, vaginal and penile mucosa)

Myxoma (cutaneous and mucosal)1

Cardiac myxoma1

Breast myxomatosis1 or fat-suppressed magnetic resonance imaging findings suggestive of this diagnosis

Primary pigmented nodular adrenocortical disease1 or paradoxical positive response of urinary glucocorticosteroids to dexamethasone administration 
during Liddle’s test

Acromegaly due to growth hormone-producing adenoma1

Large cell calcifying Sertoli cell tumour1 or characteristic calcification on testicular ultrasonography

Thyroid carcinoma1 or multiple, hypoechoic nodules on thyroid ultrasonography, in a young patient

Psammomatous melanotic schwannoma1

Blue nevus, epithelioid blue nevus (multiple)1

Breast ductal adenoma (multiple)1

Osteochondromyxoma1

Supplemental criteria:

Affected first-degree relative

Inactivating mutation of thePRKAR1A gene

1With histologic confirmation.

The Carney complex is diagnosed by the diagnostic criteria defined by Stratakis et al[124] (Table 1). 
Making the diagnosis, required either: (1) Two of the twelve manifestations of the disease listed; or (2) 
One of the twelve manifestations and one of the supplemental criteria. Genetic testing for mutations in 
the PRKAR1A gene confirms the diagnosis. For management, cardiac myxoma needs surgical excision. 
Primary pigmented nodular adrenocortical disease and pituitary adenomas are managed surgically, or 
the latter can be managed with somatostatin analogues[129,130]. Prognosis is good at present; however, 
lifelong follow-up is indicated[126].

CONCLUSION
Cardiac myxomas are the commonest neoplasm of the heart. They are primarily sporadic but may be 
familial as Carney complex. Though histologically benign, myxomas are prone to cause intracardiac 
obstruction and embolisation. Associated constitutional features may mimic inflammatory and 
connective tissue disorders creating diagnostic dilemmas. Echocardiography is a versatile tool for 
making the diagnosis and choosing the optimum management strategy. Surgery is the mainstay of 
treatment with an excellent prognosis. Long-term follow-up is often needed to look for recurrence. 
Physicians should have appropriate preparedness to diagnose this uncommon entity. Only timely 
diagnosis and prompt surgery can reduce the morbidity and mortality of cardiac myxoma patients.
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Abstract
BACKGROUND 
In the heart, aldosterone (Aldo) binds the mineralocorticoid receptor (MR) to exert 
damaging, adverse remodeling-promoting effects. We recently showed that G 
protein-coupled receptor-kinase (GRK)-5 blocks the cardiac MR by directly 
phosphorylating it, thereby repressing its transcriptional activity. MR antagonist 
(MRA) drugs block the cardiac MR reducing morbidity and mortality of advanced 
human heart failure. Non-steroidal MRAs, such as finerenone, may provide better 
cardio-protection against Aldo than classic, steroidal MRAs, like spironolactone 
and eplerenone.

AIM 
To investigate potential differences between finerenone and eplerenone at 
engaging GRK5-dependent cardiac MR phosphorylation and subsequent 
blockade.

METHODS 
We used H9c2 cardiomyocytes, which endogenously express the MR and GRK5.

RESULTS 
GRK5 phosphorylates the MR in H9c2 cardiomyocytes in response to finerenone 
but not to eplerenone. Unlike eplerenone, finerenone alone potently and 
efficiently suppresses cardiac MR transcriptional activity, thus displaying inverse 
agonism. GRK5 is necessary for finerenone’s inverse agonism, since GRK5 genetic 
deletion renders finerenone incapable of blocking cardiac MR transcriptional 
activity. Eplerenone alone does not fully suppress cardiac MR basal activity 
regardless of GRK5 expression levels. Finally, GRK5 is necessary for the anti-

https://www.f6publishing.com
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apoptotic, anti-oxidative, and anti-fibrotic effects of both finerenone and eplerenone against Aldo, 
as well as for the higher efficacy and potency of finerenone at blocking Aldo-induced apoptosis, 
oxidative stress, and fibrosis.

CONCLUSION 
Finerenone, but not eplerenone, induces GRK5-dependent cardiac MR inhibition, which underlies, 
at least in part, its higher potency and efficacy, compared to eplerenone, as an MRA in the heart. 
GRK5 acts as a co-repressor of the cardiac MR and is essential for efficient MR antagonism in the 
myocardium

Key Words: Aldosterone; Cardiac myocyte; Finerenone; G protein-coupled receptor kinase-5; Minera-
locorticoid receptor antagonist; Signal transduction

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: G protein-coupled receptor-kinase (GRK)-5 blocks the cardiac actions of aldosterone via 
phosphorylation of the mineralocorticoid receptor (MR). We show here that the non-steroidal MR 
antagonist (MRA) finerenone may provide better cardio-protection against aldosterone than classic, 
steroidal MRAs, like eplerenone, thanks to induction of GRK5’s phosphorylation and subsequent 
blockade of cardiac MR. GRK5 is necessary for the anti-apoptotic, anti-oxidative, and anti-fibrotic effects 
of both finerenone and eplerenone against aldosterone but also for the higher efficacy/potency of the 
former drug at producing all these effects in cardiomyocytes. Thus, GRK5 acts as a co-repressor of the 
cardiac MR and is essential for efficient MR antagonism in the myocardium.

Citation: Pollard CM, Suster MS, Cora N, Carbone AM, Lymperopoulos A. GRK5 is an essential co-repressor of 
the cardiac mineralocorticoid receptor and is selectively induced by finerenone. World J Cardiol 2022; 14(4): 220-
230
URL: https://www.wjgnet.com/1949-8462/full/v14/i4/220.htm
DOI: https://dx.doi.org/10.4330/wjc.v14.i4.220

INTRODUCTION
Aldosterone (Aldo) is one of several cardio-toxic hormones, whose elevated circulating levels 
significantly confound and aggravate heart disease, including hypertension and chronic heart failure 
(CHF)[1-4]. The mineralocorticoid receptor (MR), a cytosolic transcription factor that, upon activation, 
translocates to the nucleus to activate gene transcription, is the main receptor mediating Aldo’s adverse 
remodeling effects in the failing heart[1-5]. GRK2 and GRK5 are the most abundant cardiac G protein-
coupled receptor (GPCR)-kinase (GRK) isoforms. Both phosphorylate GPCRs but also non-GPCR 
substrates[6-10]. We recently showed that GRK5 blocks the cardio-toxic MR-dependent effects of 
aldosterone in the heart by directly phosphorylating the cardiac MR and inhibiting its transcriptional 
activity[11].

MR antagonist (MRA) drugs are beneficial in human advanced CHF thanks to their blockade of the 
MR in various cardiovascular tissues, including in cardiomyocytes and cardiac fibroblasts[3,12]. Novel, 
non-steroidal MRAs, such as finerenone, may provide better cardio-protection against aldosterone’s 
cardio-toxic actions than the classic steroidal MRAs, such as sprironolactone and eplerenone[13,14]. 
Indeed, finerenone was recently shown to be a more potent and efficacious inverse agonist at the MR, 
compared to eplerenone, in terms of cardiac fibrosis/adverse remodeling attenuation[15]. This 
prompted us to investigate the effects of these two MRAs on GRK5-dependent cardiac MR 
phosphorylation and subsequent suppression, in an effort to delineate potential molecular mechanisms 
underlying their differences in cardiac MR blocking efficacy. Indeed, we found that finerenone, but not 
eplerenone, promotes the inhibitory action of GRK5 on cardiac MR, which may underlie finerenone’s 
significantly greater efficacy/potency as an inverse agonist at this receptor. Moreover, GRK5 is 
necessary for both MRA drugs’ cardioprotective actions against Aldo in cardiac myocytes.

MATERIALS AND METHODS
All methods were carried out in accordance with the relevant guidelines and regulations.

https://www.wjgnet.com/1949-8462/full/v14/i4/220.htm
https://dx.doi.org/10.4330/wjc.v14.i4.220
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Materials
All drugs/chemicals were from Sigma-Aldrich (St. Louis, MO, United States), except for finerenone 
(BAY94-8862) which was purchased from MedKoo Biosciences, Inc. (Cat. #319698, Morrisville, NC, 
United States).

Cell culture, viruses, and transfections
The H9c2 rat cardiomyoblast cell line was purchased from American Type Culture Collection 
(Manassas, VA, United States) and cultured as previously described[11,16-18]. Recombinant lentiviruses 
encoding for wild-type full-length GRK5 or for empty vector (control) (OriGene Technologies, Rockville, 
MD, United States) were propagated and purified via CsCl density gradient ultracentrifugation, as 
described previously[11,19]. For CRISPR/Cas9-mediated GRK5 gene deletion, a gRNA sequence was 
custom-synthesized by Sigma-Aldrich (target ID: RN0000391809, target sequence: 5’-GTGGTT-
TGAATTTATGCGG-3’) and incorporated into a lentiviral vector (Sigma-Aldrich). Along with negative 
control CRISPR lentiviral particles (CNCV, Cat #CRISPR12V-1EA, Sigma-Aldrich), this lentivirus was 
also propagated and purified through cesium chloride density gradient ultracentrifugation.

Immunoprecipitation/western blotting
Cell extracts were prepared, as described previously[11,20], in a 20-mmol/L Tris pH 7.4 bu�er 
containing 137 mmol/L NaCl, 1% Nonidet P-40, 20% glycerol, 10 mmol/L phenylmethylsulfonyl-
fluoride (PMSF), 1 mmol/L Na3VO4, 10 mmol/L NaF, 2.5 µg/mL aprotinin, and 2.5 µg/mL leupeptin. 
Protein concentration was determined (Pierce BCA Protein Assay Kit, Thermo Scientific, Waltham, MA, 
United States), and equal amounts of protein per sample were used for Immunoprecipitation (IP) or 
western blotting. MR was immunoprecipitated by overnight incubation of extracts with an anti-MR 
antibody (#ab62532; Abcam, Cambridge, MA, United States), attached to Protein A/G-Sepharose beads 
(Sigma-Aldrich). The IPs were then subjected to immunoblotting for GRK5 (#sc-565; Santa Cruz 
Biotechnology, Santa Cruz, CA, United States) or for phosphoserine (#AB1603; Millipore-Sigma, 
Burlington, MA, United States) to measure the pSer content of the immunoprecipitated MR. Finally, an 
anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibody (#sc-25778; Santa Cruz Biotech-
nology) was used to control for protein loading. All immunoblots were revealed by enhanced chemilu-
minescence (ECL, Life Technologies, Grand Island, NY, United States) and visualized in the FluorChem 
E Digital Darkroom (Protein Simple, San Jose, CA, United States), as described previously[21].

Luciferase reporter activity assay
Luciferase reporter activity assay was performed, as described previously, by transfecting the cells with 
the LightSwitch™ luciferase reporter gene vector under the influence of the MR promoter (Active Motif, 
Inc., Carlsbad, CA, United States)[11]. The measurements were done the next day with the manu-
facturer’s assay kit and according to the manufacturer’s instructions.

TUNEL
Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) assay to measure 
apoptotic cell death was done as described[22]. Briefly, cells were fixed with 10% neutral bu�ered 
formalin, embedded in paraffin, and sectioned at 5-µm thickness. DNA fragmentation was detected in 
situ in deparaffinized sections using the ApopTag peroxidase in situ apoptosis detection Kit (Millipore-
Sigma) and according to the manufacturer’s instructions. The total number of nuclei was determined by 
manual counting of 4’,6’-diamidino-2-phenylindole (DAPI)-stained nuclei in six random fields per 
section. All terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL)-positive 
nuclei were counted in each section.

Real-time PCR
Real-time PCR for rat plasminogen activator inhibitor (PAI)-1 and rat fibronectin mRNA levels in total 
RNA isolated from cells was done as described previously[16]. Briefly, quantitative real-time PCR was 
performed using a MyIQ Single-Color Real-Time PCR detection system (Bio-Rad Laboratories, Hercules, 
CA, United States) using SYBR Green Supermix (Bio-Rad) and 100 nmol/L of gene-specific oligonuc-
leotides. Quantification of mRNA included normalization to 18s rRNA levels. No bands were seen in 
control reactions in the absence of reverse transcriptase. Primer pairs used were: 5’-TTCCTCCACAGC-
CATTCTAGTCT-3’ and 5’-GAAAGGATCGGTCTAAAACCATCTC-3’ for PAI-1; 5’-CGAGGTGACA-
GAGACCACAA-3’ and 5’-CTGGAGTCAAGCCAGACACA-3’ for fibronectin; and 5’-TCGATGCTCT-
TAGCTGAGTG-3’ and 5’-TGATCGTCTTCGAACCTCC-3’ for 18S rRNA.

Oxidative stress assay
To determine reactive oxygen species (ROS) production, the 2′,7′-dichlorofluorescein diacetate (DCFDA) 
dye-based assay kit from Molecular Probes (Cat. #C13293; Eugene, OR, United States) was used and the 
measurements were done according to manufacturer's instructions and as previously described[11]. 
Briefly, cell extracts were incubated with 2 µmol/L DCFDA for 20 min and ROS production was 
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monitored by determining the fluorescence intensity using a fluorescent plate reader in which excitation 
and emission wavelengths were set at 495 and 520 nm, respectively. The fluorescence OD values 
obtained were normalized with protein determination and expressed as % of the values obtained upon 
100 nmol/L Aldo treatment (1 mmol/L DMSO was used as vehicle treatment).

Statistical analysis
Student’s t test and one- or two-way ANOVA with Bonferroni test were used for statistical comparisons, 
unless otherwise indicated. For multiple group analyses, Dunnett’s test with SAS version 9 software 
(Cary, NC, United States) was also used. A P value of < 0.05 indicated statistical significance.

RESULTS
Finerenone, but not eplerenone, induces GRK5-dependent cardiac MR phosphorylation
We recently reported that GRK5 selectively phosphorylates and inhibits the cardiac MR[11]. Based also 
on recent evidence suggesting greater potency for finerenone, compared to eplerenone, at inhibiting the 
cardiac MR and its downstream fibrosis[15], we hypothesized, in the present study, that the higher 
efficacy/potency of finerenone over eplerenone might be due (at least in part) to differences in 
modulation of the GRK5 inhibitory action on the cardiac MR. Thus, in a first series of experiments, we 
overexpressed or knocked out (via CRISPR) GRK5 in H9c2 cardiac myocytes (Figure 1A), which 
endogenously express both GRK5 and MR[11,23], and checked for the effects of the two MRA drugs on 
MR serine phosphorylation. GRK5, being a Ser/Thr kinase, likely phosphorylates multiple Ser and Thr 
residues of the MR protein, with phosphorylations of Ser601 and Ser843 (in the human orthologue 
sequence), in particular, resulting in significant functional inhibition of the MR, courtesy of cytosolic 
retention and transcriptional activity suppression, respectively[24,25]. After preliminary concentration-
response experiments (not shown), and based on the associated literature, we chose a 10 mmol/L 
concentration for both drugs throughout the experiments of our study, as this concentration (10 
mmol/L) is quite close to both drugs’ effective IC50 values[12,15]. As shown in Figure 1B and C, 
finerenone led to much higher phosphorylation (pSer content) of the MR than eplerenone did in control 
H9c2 cardiomyocytes (mock virus-EV lanes). This finerenone-induced MR phosphorylation was 
significantly enhanced upon GRK5 overexpression but essentially abrogated in GRK5-depleted H9c2 
cardiomyocytes (Figure 1B and C). Notably, eplerenone essentially failed to elicit any appreciable MR 
Ser phosphorylation in H9c2 cardiomyocytes (Figure 1B and C), irrespective of GRK5 expression levels 
[eplerenone-induced phosphorylation: 1.2 ± 0.25-fold of vehicle in EV cells; 1.23 ± 0.27-fold of vehicle in 
GRK5-OE cells; 0.6 ± 0.55-fold of vehicle in GRK5-KO cells; i.e., non-significant vs vehicle, in all three 
clones at P = 0.05 (n = 3); Figure 1C]. Although we cannot account for the potential of some extent of Thr 
phosphorylation of the MR induced by the two drugs, these results strongly suggest that only 
finerenone (not eplerenone) induces GRK5-mediated phosphorylation of the MR in H9c2 cardiac 
myocytes.

GRK5 is essential for finerenone’s inverse agonism at the cardiac MR
Since GRK5-induced phosphorylation translates into transcriptional repression of the cardiac MR[11], 
we next examined the impact of the finerenone-induced, GRK5-mediated MR phosphorylation on the 
transcriptional activity of the receptor. In contrast with eplerenone, finerenone lacks agonist activity at 
the MR in control (CNCV) H9c2 cardiomyocytes, i.e., no increase in MR basal transcriptional activity (in 
the absence of Aldo) is observed with finerenone (Figure 2). In the absence of GRK5 however, 
finerenone loses the ability to keep the MR transcriptionally inactive, i.e., the MR displays significant 
basal activity in GRK5-KO H9c2 cardiomyocytes (Figure 2). Upon GRK5 overexpression, this picture is 
reversed, i.e., finerenone acts as potent inverse agonist at the MR, markedly suppressing MR basal 
transcriptional activity in GRK5-overexpressing (GRK5-OE) cardiomyocytes (Figure 2). In contrast, 
eplerenone allows for substantial MR basal transcriptional activity, regardless of GRK5 expression levels 
(Figure 2). Taken together, these results indicate that GRK5 is essential for finerenone’s inverse agonism 
at the cardiac MR, while eplerenone is essentially a partial agonist (mixed agonist/antagonist) at this 
receptor in the heart, a finding consistent with the literature[12,15]. GRK5 is unable to affect 
eplerenone’s actions on the cardiac MR, probably because this MRA agent cannot induce the inhibitory 
phosphorylation of this receptor by GRK5 in cardiac myocytes (see above, Figure 1).

GRK5 is essential for MRA-dependent antagonism of Aldo-induced cardiac apoptosis and oxidative 
stress and underlies finerenone’s advantage over eplerenone toward these effects
Next, we compared the cardio-protective efficacies of the two MRA drugs against the deleterious 
actions of Aldo. Finerenone was much more effective than eplerenone at suppressing Aldo-induced 
apoptosis (Figure 3A) and oxidative stress (Figure 3B), in control myocytes. However, upon GRK5 
genetic deletion, both MRAs failed completely to block these two cardiac adverse remodeling-
promoting Aldo effects (Figures 3A and B). This strongly suggests that GRK5 is essential for the anti-
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Figure 1 G protein-coupled receptor-kinase 5 phosphorylates the cardiac mineralocorticoid receptor in response to finerenone but not to 
eplerenone. A: Western blotting to confirm G protein-coupled receptor-kinase (GRK)-5 overexpression (OE) with a wild type GRK5-encoding lentivirus or deletion 
(KO) via a GRK5-targeting CRISPR lentivirus in H9c2 cardiomyocytes. GAPDH blotting is also shown as loading control; B, C: Western blotting for the phosphoserine 
content of the mineralocorticoid receptor in response to 10 mmol/L finerenone (Fin) or 10 mmol/L eplerenone (Epl) in GRK5-overexpressing (GRK5-OE) or in GRK5-
KO or in control, empty virus (EV)-infected H9c2 cells. Representative blots are shown in (B) and the densitometric quantitation of three independent experiments in 
(C). aP < 0.05, vs Epl; n = 3 independent experiments performed in duplicate per cell clone/treatment. EV: Empty vector mock virus-transfected (control) cells; IP: 
Immunoprecipitation; IB: Immunoblotting.

Figure 2 G protein-coupled receptor-kinase 5 inhibits the cardiac mineralocorticoid receptor in response to finerenone but not to 
eplerenone. Transcriptional activity of the mineralocorticoid receptor (MR) in response to either 10 mmol/L eplerenone or 10 mmol/L finerenone in H9c2 
cardiomyocytes overexpressing G protein-coupled receptor-kinase (GRK)-5 or having GRK5 genetically deleted via CRISPR (GRK5-KO). Neither agent was able to 
suppress MR basal transcriptional activity in GRK5-KO cells. aP < 0.05, vs eplerenone; n = 5 independent measurements per cell clone/treatment performed in 
triplicate. CNCV: CRISPR negative control virus-infected control cells; GRK5-OE: G protein-coupled receptor-kinase 5-overexpressing.

apoptotic and anti-oxidative effects of MRAs against Aldo in the heart, as well as for the better 
cardioprotective efficacy of finerenone vs eplerenone against Aldo.

GRK5 is essential for MRA-dependent anti-fibrotic effects in the heart and for finerenone’s advantage 
over eplerenone towards this effect
In addition to apoptosis and oxidative stress, we compared the two MRAs in terms of Aldo-induced 
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Figure 3 Comparison of anti-apoptotic and anti-oxidative efficacies of finerenone vs eplerenone in aldosterone-treated cardiomyocytes in 
the presence or absence of G protein-coupled receptor-kinase 5. A: Apoptotic cell death in control, empty vector (mock) virus-infected (EV) cells or in 
cells having G protein-coupled receptor-kinase (GRK)-5 genetically (CRISPR lentivirus-mediated) deleted (GRK5-KO) and treated with 100 nmol/L aldosterone (Aldo) 
alone or in the presence of 10 mmol/L eplerenone (Epl) or 10 mmol/L finerenone for 24 h. aP < 0.05, vs Epl; n = 4 independent experiments per 
transfection/treatment. Essentially no inhibition of Aldo-induced apoptosis could be detected with either drug in GRK5-KO cells; B: ROS generation in these cells, as 
measured via the DCF assay. aP < 0.05. Not significant at P = 0.05; n = 4 independent experiments per transfection/treatment. EV: Empty virus; Epl: Eplerenone; Fin: 
Finerenone; NS: Not significant.

fibrosis inhibition in cardiac myocytes. Assessment of Aldo-dependent mRNA induction of two major 
pro-fibrotic stimuli, PAI-1 and fibronectin, both of which are immediate/early MR-responsive genes[1,3,
16], revealed that finerenone was more effective than eplerenone at suppressing both PAI-1 (Figure 4A) 
and fibronectin (Figure 4B) mRNA inductions by Aldo in control cells. Again however, neither drug was 
effective at all when GRK5 was absent (Figure 4A and B, compare with GRK5-KO bars). Thus, GRK5 is 
essential also for the anti-fibrotic effects of MRAs in cardiac myocytes.

The MR has long been established as an important molecular culprit in heart disease progression[1-
5], including a recent study in transgenic mice showing that, unlike its closely related glucocorticoid 
receptor, the MR promotes cardiac dysfunction even in the absence of a cardiac insult or injury[26]. 
Indeed, the well-documented deleterious effects of the cardiac MR have provided the pharmacological 
basis for the use of MRA drugs in advanced stage human CHF and other heart diseases[1-5,27,28]. The 
MRA drug class, which began with the approval and marketing of spironolactone more than 60 years 
ago, now encompasses several agents, with some already in clinical use and some in clinical trials. The 
MRAs are broadly divided to traditional, steroidal MRAs, like spironolactone and eplerenone currently 
in clinical use, and later generation, non-steroidal agents. Among the latter is finerenone (formerly BAY 
94-8862), a third generation, non-steroidal, dihydropyridine-derived MRA currently in phase III clinical 
trials[3,12].

Despite being very potent and effective aldosterone antagonists with salutary effects in the heart and 
kidneys, the currently available steroidal MRAs are hampered by several limiting side effects, most 
prominent of which are hyperkalemia, renal function deterioration, and gynecomastia. These are 
generally thought to be due to their binding to other types of steroid receptors (e.g., estrogen receptor, 
glucocorticoid receptor, etc.) exactly because of their steroidal structure[3,12,29]. Thus, non-steroidal 
MRAs have been developed, currently headlined by finerenone. Finerenone has shown advantageous 
pharmacological and therapeutic profiles, compared to the steroidal MRAs. It has demonstrated 
improved therapeutic properties in heart failure animal models in head-to-head comparisons with 
eplerenone[12,15] and leads to bigger improvements in HFrEF (heart failure with reduced ejection 
fraction) confounded by diabetes or chronic kidney disease[12,14]. In addition to its much higher 
selectivity for the MR over other steroid receptors, finerenone is also at least one log scale more potent at 
MR antagonism than eplerenone and spironolactone, both of which are competitive MR antagonists[3]. 
Furthermore, finerenone displays inverse agonist activity at the MR, whereas the steroidal MRAs are 
only partial MR antagonists[3,12]. This means that, depending on the activity status of the MR, spirono-
lactone and eplerenone may actually promote the activity of the MR rather than inhibiting it[12,14,15]. 
In other words, eplerenone inhibits the MR when the receptor is activated by Aldo but it may actually 
promote the activity of the MR when bound alone to the receptor (in the absence of Aldo). Finerenone, 
thanks to the non-steroidal nature of its structure, appears to be devoid of any agonist activity at the MR 
and thus, has strong potential to provide better cardiovascular and renal outcomes, especially in 
diseases severely affected by hyperaldosteronism.

One of the most important parameters affecting the selectivity of a particular MRA for the MR vs 
other steroid receptors, as well as tissue specificity for MR antagonism (inhibition of the cardiac MR vs 
inhibition of the MR in other tissues), is the identity/identities of the receptor’s co-factors activated or 
repressed by the MRA agent, which ultimately affects the MRA drug’s potency and efficacy[1,3,15,25]. 
In other words, how good a particular MRA is at blocking the cardiac MR depends strongly on which 
co-activators of the MR the drug inhibits and/or which co-repressors of the MR it activates inside the 
cardiac myocyte[3]. Indeed, a recent study in mice reported much higher potency and inverse agonism 
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Figure 4 Comparison of the anti-fibrotic efficacies of finerenone vs eplerenone in aldosterone-treated cardiomyocytes in the presence or 
absence of G protein-coupled receptor-kinase 5. mRNA levels of PAI-1 (A) and fibronectin (B), in response to a 2-h-long treatment of 100 nmol/L 
aldosterone in the presence of either 10 mmol/L eplerenone (Epl) or 10 mmol/L finerenone in control (mock, empty vector CRISPR lentivirus-infected) or in G protein-
coupled receptor-kinase (GRK)-5-KO (rat GRK5-targeting CRISPR lentivirus-infected) cells. 18S rRNA levels were used for normalization of the results. aP < 0.05, vs 
Epl; n = 3 independent measurements per cell clone/treatment performed in triplicate. Epl: Eplerenone; Fin: Finerenone.

of finerenone, relative to eplerenone, in terms of cardiac fibrosis suppression and suggested that the 
pharmacological difference between these two MRAs was probably due to differential cardiac MR co-
factor regulation/engagement[15]. We recently uncovered that GRK5 is an important co-repressor of the 
cardiac MR, via its direct binding to, and phosphorylation of the MR that results in cytosolic retention of 
the phosphorylated receptor and thus, MR transcriptional repression[11]. Our present data strongly 
suggest that finerenone selectively activates this kinase in cardiac myocytes to potently inhibit/repress 
the cardiac MR. In contrast, eplerenone is incapable of this action (GRK5 activation) and thus, is a much 
weaker MR antagonist in the myocardium.

There are a few very important questions emanating from our present work that await delineation in 
future studies. First, does finerenone activate GRK5 to suppress MR activity only in the heart or in other 
tissues, as well (e.g., kidneys)? Another critical question is whether this property is shared by other non-
steroidal MRAs or it is specific to finerenone. Finally, there is also the obvious mechanistic question of 
how exactly finerenone, not known to be a GPCR agonist, induces GRK5, normally activated by a 
GPCR, such as the b2-adrenergic receptor (Figure 5)[8,11], to phosphorylate and inhibit the MR in the 
cytosol of a cardiac myocyte. Nevertheless, these salient questions will be the focus of our future invest-
igations, along with our already ongoing efforts to map the specific phosphorylation sites of GRK5 on 
the human MR protein and to characterize the functional impact for the receptor of each one of them.

In summary, our present study reinforces the emerging and therapeutically very intriguing notion 
that GRK5, acting as a cardiac MR co-repressor in this instance, may actually be beneficial in the 
myocardium[11,31-33], contrary to its counterpart GRK2 that is generally considered deleterious in the 
heart[7,10]. Importantly, we have identified GRK5 as a potential co-factor of the cardiac MR that is 
differentially regulated by finerenone and eplerenone, which may underlie the higher potency/efficacy 
(and inverse agonism) of finerenone at the MR. To our knowledge, cardiac GRK5 is the first such MR co-
factor to be shown as differentially modulated/stimulated among different individual MRA drugs. 
Finally, from the therapeutic standpoint, we provide evidence that GRK5 is indispensable for MRAs’ 
cardioprotective actions against Aldo (e.g., anti-apoptosis, anti-oxidant action, anti-fibrosis) and, 
importantly, this applies to both steroidal (eplerenone) and non-steroidal (finerenone) MRA agents 
alike.

DISCUSSION
In the present study, we report that finerenone is a more potent and efficacious cardiac MR blocker than 
eplerenone, thanks, at least in part, to stimulation of GRK5-dependent cardiac MR phosphorylation, 
which eplerenone is incapable of inducing (Figure 5). This non-canonical effect of GRK5 on the cardiac 
MR is essential for efficient blockade of Aldo’s deleterious actions in the heart, such as apoptosis, 
oxidative stress, fibrosis, and probably other adverse remodeling-associated effects (Figure 5). 
Therefore, GRK5-dependent inhibitory phosphorylation is a key molecular mechanism for cardiac MR 
inverse agonism and needs to be considered in the design and development of novel, more effective 
MRA drugs for heart disease (e.g., CHF, hypertension, renal insufficiency, etc.) treatment.



Pollard CM et al. GRK5 and finerenone in aldosterone antagonism

WJC https://www.wjgnet.com 227 April 26, 2022 Volume 14 Issue 4

Figure 5 Schematic illustration of the differential effects of finerenone vs eplerenone on G protein-coupled receptor-kinase 5-dependent 
repression of the cardiac mineralocorticoid receptor. Finerenone, unlike eplerenone, stimulates G protein-coupled receptor-kinase (GRK)-5 to 
phosphorylate the mineralocorticoid receptor (MR). The two main (putative) GRK5 phosphorylation sites on the human MR protein, Ser601 and Ser843, are 
highlighted, along with their functional impacts for the MR (pSer601 blocks nuclear translocation; pSer843 suppresses Aldo-induced transcriptional activity)[24,30]. 
GPCR: G protein-coupled receptor; NTD: N-terminal domain; DBD: DNA-binding domain; LBD: Ligand-binding domain; pSer: Phosphoserine. See text for more 
details and for all other molecular acronyms' descriptions.

CONCLUSION
Cardiac GRK5 is an essential mediator of the general cardio-protection afforded by MRA drugs against 
the cardio-toxic effects of excess Aldo, e.g., during CHF and other chronic cardiac diseases. This is due to 
the inhibitory phosphorylation GRK5 performs on the cardiac MR. This non-canonical (given the 
substrate is not a GPCR), co-repressor effect of GRK5 on cardiac MR is also (at least partly) responsible 
for the inverse agonism properties of finerenone at this receptor that bestow this non-steroidal MRA 
with superior potency and efficacy, compared to eplerenone, at protecting the heart against the 
damaging effects of Aldo. Finally, since GRK5 is a co-repressor of the MR, at least in the myocardium, 
its stimulation (or potentiation) should be a desired property of every novel MRA drug designed and 
developed for improved cardiovascular pharmacotherapy.

ARTICLE HIGHLIGHTS
Research background
Different mineralocorticoid receptor (MR) antagonists (MRAs) have different potencies at the cardiac 
MR blockade. G protein-coupled receptor kinase (GRK)-5 phosphorylates the MR in the heart and 
inhibits its transcriptional activity.

Research motivation
The authors wanted to compare two different MRAs, eplerenone and finerenone, in their ability to 
stimulate GRK5-dependent MR inhibition in cardiac myocytes.

Research objectives
The authors sought to identify a mechanism for the increased effectiveness of finerenone over 
eplerenone at blocking cardiac MR.
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Research methods
The authors studied MR phosphorylation and activity in cardiomyocytes in response to eplerenone or 
finerenone treatments.

Research results
GRK5 is necessary for the anti-apoptotic, anti-oxidative, and anti-fibrotic effects of both finerenone and 
eplerenone against Aldo, as well as for the higher efficacy and potency of finerenone at blocking Aldo-
induced apoptosis, oxidative stress, and fibrosis.

Research conclusions
Finerenone, but not eplerenone, induces GRK5-dependent cardiac MR inhibition, which underlies, at 
least in part, its higher potency and efficacy, compared to eplerenone, as an MRA in the heart.

Research perspectives
GRK5 is an essential mediator of finerenone’s effects on cardiac aldosterone antagonism.
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Abstract
BACKGROUND 
Acute type A aortic dissection (ATAAD) is a life-threatening disease associated 
with high morbidity and mortality.

AIM 
To evaluate the diameter of dissected ascending aorta in patients diagnosed with 
ATAAD and whether the aortic diameter is associated with preoperative adverse 
events.

METHODS 
A total of 108 patients diagnosed with ATAAD who underwent emergency 
operation under hypothermic circulatory arrest were enrolled in this study. 
Demographic characteristics and perioperative data were recorded. In all patients, 
preoperative chest and abdomen computed tomography (CT) scans were 
performed.

RESULTS 
Median age of the patients was 61.5 (52.5-70.5) years and median body mass index 
(BMI) was 28.2 (25.1-32.6) cm2. The number of female patients was 37 (25%). 
Median diameter of the ascending aorta was 5.0 (4.5-6) cm and 53.8% of the 
patients had an aortic diameter < 5.0 cm, while 32.3% of the patients had an aortic 
diameter of 4.5cm and 72.0% had an ascending aorta diameter < 5.5 cm. The 
diameter of the ascending aorta did not differ in patients with vs without 
preoperative adverse events: Preoperative neurological dysfunction (P = 0.53) and 
hemodynamic instability (P = 0.43). Median age of patients with preoperative 
hemodynamic instability was 65 (57.5-74) years, while it was 60 (51-68) years in 
patients without (P = 0.04)
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CONCLUSION 
Although current guidelines suggest replacing the ascending aorta with a diameter > 5.5 cm, most 
of the patients with ATAAD had an aortic diameter of less than 5.5 cm. The diameter of the 
ascending aorta in patients diagnose with ATAAD is not associated with preoperative adverse 
events.

Key Words: Acute; Aortic dissection; Type A; Ascending aorta; Diameter

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Do patients with an ascending aorta diameter < 5.5 cm undergo more aggressive surgery for 
prevention of acute type A aortic dissection (ATAAD)? Most of the patients (72.0%) with ATAAD had an 
ascending aorta diameter < 5.5 cm. An international taskforce should adapt the new data extracted from 
the most recent scientific evidence in the surgical treatment of the ascending aortic aneurysm.

Citation: Samanidis G, Kanakis M, Georgiou C, Perreas K. Association of dissected ascending aorta diameter with 
preoperative adverse events in patients with acute type A aortic dissection. World J Cardiol 2022; 14(4): 231-238
URL: https://www.wjgnet.com/1949-8462/full/v14/i4/231.htm
DOI: https://dx.doi.org/10.4330/wjc.v14.i4.231

INTRODUCTION
Acute type A aortic dissection (ATAAD) is a life-threatening condition with excessive mortality and 
morbidity if not operated, reaching approximately 50% during the first 24 h and 70%-90% days and 
weeks after diagnosis[1-3]. Emergency surgical correction with replacement of the ascending aorta with 
or without aortic arch, despite being the treatment of choice, also carries a significant mortality and 
morbidity burden. Nowadays, emergency surgical correction of ATAAD under hypothermic circulatory 
arrest remains the treatment of choice[4-6]. On the other hand, the mortality rate of patients who 
underwent ATAAD repair is high at approximately 15%-25%[7-9].

The most common clinical manifestation of thoracic aorta dissection is acute chest pain. Due to the 
much commoner incidence of acute coronary syndrome (ACS), pulmonary embolism (PE), and other 
thoracic pathology, accurate diagnosis is frequently hindered or delayed. The sudden and insidious 
onset of symptoms, the delay in diagnosis, and the time required to transport of patients to cardiac 
surgery centers for treatment negatively affect the outcomes of these patients[10-12]. Replacement of the 
ascending aorta in patients with an enlarged aortic diameter is considered as an option for preventing 
acute aortic dissection. Existing and current guidelines recommend replacing the ascending aorta if the 
size reaches 5.5 cm in patients without Marfan syndrome[6,13]. On the other hand, the exact threshold 
of aortic size (< 5.5 cm) for early (preventive) operation remains a grey zone in current indications and 
guidelines, because in most patients with acute aortic dissection, the maximum aortic diameter is 
approximately 5 cm or less[14-17].

The present study evaluated the diameter of dissected ascending aorta in patients diagnosed with 
ATAAD and whether the aortic diameter is associated with preoperative adverse events.

MATERIALS AND METHODS
Study population
The study period was 2010-2017. This retrospective study included 108 patients with ATAAD who 
underwent an emergency operation under hypothermic circulatory arrest with antegrade or retrograde 
cerebral perfusion. Patients with a known diagnosis of connective tissue disorder or Marfan syndrome 
or iatrogenic dissection were excluded. All demographic characteristics and perioperative data were 
recorded. In all patients, preoperative chest and abdomen computed tomography (CT) scans were 
performed. The ascending aorta diameter was calculated based on preoperative chest CT or CT 
angiography. The maximum diameter of the ascending aorta was defined as the diameter which 
included the true and false lumen of the ascending aorta. The method for measuring the maximum 
aortic diameter was double oblique short axis. All preoperative neurological dysfunctions (including 
temporary and permanent neurological dysfunctions) on admission were included in our database. 
Temporary neurological dysfunctions (TND) were defined if the patients had transient ischemic attack 
(TIA) or delirium or disorientation, while permanent neurological dysfunctions (PND) if the patients 
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were admitted to hospital with hemiplegia or paraplegia or coma. Preoperative hemodynamic 
instability was defined as preoperative cardiac arrest or systolic blood pressure (< 80 mmHg) despite 
inotropic support or preoperatively diagnosed cardiac tamponade with hemodynamic consequences. 
The study was approved by the hospital’s institutional review board (546/30-04-2015).

Statistical analysis
Continuous variables are presented as the median (interquartile range), while categorical variables are 
presented as n (%). Normality of continuous variables was examined by Shapiro-Wilk test and Q-Q plot. 
Continuous variables were compared by Student’s t-test for the normally distributed, while Mann-
Whitney and Kruskal-Wallis tests for the non-normally distributed variables. Chi-square or Fisher’s 
exact test was implemented for the rest variables (categorical variables). Correlation of ascending aorta 
diameter with continuous variables was evaluated by Spearman (rs) or Pearson (r) correlation 
coefficient. Univariable linear regression model was used to identify the association of demographics 
and other factors with diameter of the ascending aorta. The effect size was expressed by linear 
regression coefficient ‘’β’’. Binary univariable and multivariable logistic regression modeling was used 
to estimate the association of ascending aorta diameter with preoperative adverse events (neurological 
dysfunction and hemodynamic instability). Predictive ability is presented as odds ratio (OR). The 
Hosmer-Lemeshow goodness of fit test was performed for logistic regression analysis model. 
Confidence interval (CI) was set at 95% in all tests. Statistical significance was considered at P < 0.05. 
IBM SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, NY, United States) was used in 
analysis.

RESULTS
Median age of the patients was 61.5 (52.5-70.5) years and median body mass index (BMI) was 28.2 (25.1-
32.6) cm2. Thirty-seven (25%) were female patients. Median diameter of the ascending aorta was 5.0 (4.5-
6) cm and 53.8% of patients had an aortic diameter < 5.0 cm, while 32.3% of the patients had an aortic 
diameter of 4.5 cm. In addition, 72.0% of the patients had an ascending aorta diameter < 5.5 cm. 
Coexisting aortic regurgitation was recorded in 26.8% of the patients, while history of hypertension was 
observed in 86.1%. Other demographic characteristics and preoperative details are listed in Table 1.

We tested the correlation of aortic diameter with age, BMI, LVEF, D-dimer, and NT-proBNP. No 
correlation was detected between aortic diameter and age (r = 0.13, P = 0.20), BMI (r = 0.05, P = 0.67), 
LVEF (r = 0.08, P = 0.47), D-dimer (rs = -0.14, P = 0.31), or NT-proBNP (rs = 0.19, P = 0.14). No difference 
in ascending aorta diameters was observed between males vs females (P = 0.83), as well as between 
patients with vs without history of hypertension (P = 0.87) and smoking vs no smoking (P = 0.90). The 
BMI did not predict the diameter of the ascending aorta [β = 0.01, 95%CI: -0.05 to 0.08, P = 0.68]. 
Preoperative plasma creatinine was not associated with the diameter of the ascending aorta (β = 0.09, 
95%CI: -0.19-0.36, P = 0.53).

The diameter of the ascending aorta did not differ in patients with vs without preoperative adverse 
events: Preoperative neurological dysfunction (P = 0.53) and hemodynamic instability (P = 0.43). In 
addition, univariable logistic regression analysis showed that aortic diameter did not predict the 
preoperative hemodynamic instability (OR = 1.2, 95%CI: 0.87-1.60, P = 0.29) or preoperative 
neurological dysfunction (OR = 1.0, 95%CI: 0.72-1.51, P = 0.81). Multivariable logistic regression analysis 
(adjusted for age, gender, and BMI) showed that aortic diameter did not predict preoperative 
neurological dysfunction (OR = 1.1, 95%CI: 0.68-1.74, P = 0.70) (Table 2). Furthermore, multivariable 
logistic regression analysis (adjusted for age, gender, BMI, and aortic diameter) revealed that only age 
predicted the preoperative hemodynamic instability (OR = 1.05, 95%CI: 1.01-1.11, P = 0.02), while 
diameter of the aorta did not (OR=1.1, 95%CI: 0.68-1.57, P = 0.86) (Table 3). Median age of the patients 
with preoperative hemodynamic instability was 65 (57.5-74) years, while it was 60 (51-68) years in those 
without (P = 0.04) (Figure 1). In conclusion, our analysis showed that no difference in dissected 
ascending aorta diameter was observed between patients who died in hospital vs who did not (P = 0.75). 
In addition, the diameter of dissected ascending aorta was not correlated with postoperative ICU or 
hospital stay (rs = -0.08, P = 0.45 and rs = -0.02, P = 0.85, respectively).

DISCUSSION
Currently, American and European guidelines are in agreement regarding the main criterion for elective 
surgical aneurysm resection in the thoracic aorta: The size of the aortic diameter[6,13]. For non-
syndromic, asymptomatic aortic aneurysmal disease, the indicative diameter threshold for elective 
replacement of the ascending aorta is 5.5 cm. However, these guidelines are relying on post-dissection 
diameter measurements, which are much larger than diameter size prior to dissection[6,13].
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Table 1 Demographic characteristics and preoperative details of patients

Variable Total number of patients (N = 108)

Age, yr, median (IQR) 61.5 (52.5-70.5)

Body mass index, cm2, median (IQR) 28.2 (25.1-32.6)

Female, n (%) 37 (25)

History of hypertension, n (%) 93 (86.1)

History of smoking, n (%) 65 (60.2)

Aortic regurgitation, n (%) 29 (26.8)

Left ventricle ejection fraction, %, median (IQR) 45 (40-50)

Diabetes mellitus, n (%) 11 (10.2)

Preoperative neurological dysfunction, n (%) 22 (16.1)

Temporary neurological dysfunction 14 (13.0)

Permanent neurological dysfunction 3 (2.7)

Preoperative hemodynamic instability, n (%) 35 (32.4)

Maximum diameter of ascending aorta, cm, median (IQR) 5.0 (4.5-6)

NT-proBNP, pg/mL, median (IQR) 377.5 (180-928)

D-Dimers, µg/L, median (IQR) 5256.5 (2477-10000)

NT-proBNP: N-terminal pro-brain natriuretic peptide; IQR: Interquartile range.

Table 2 Multivariable logistic regression analysis of risk factors for preoperative neurological dysfunction

Variable P value OR 95%CI

Age 0.28 1.1 0.97-1.09

Gender 0.46 1.7 0.38-8.12

Body mass index 0.42 1.1 0.92-1.19

Diameter of ascending aorta 0.70 1.1 0.68-1.74

OR: Odds ratio; CI: Confidence interval.

Table 3 Multivariable logistic regression analysis of risk factors for preoperative hemodynamic instability

Variable P value OR 95%CI

Age 0.021 1.05 1.01-1.11

Gender 0.76 0.81 0.21-3.11

Body mass index 0.56 0.97 0.86-1.08

Diameter of ascending aorta 0.86 1.1 0.68-1.57

1Statistical significance (P < 0.05).
OR: Odds ratio; CI: Confidence interval.

There is evidence to suggest that the size of the aorta significantly increases post-dissection[18]. 
Mansour et al[18] from the Aortic Institute at Yale-New Haven Hospital demonstrated that the mean 
aortic diameter at ATAAD was 54.2 mm, whereas the mean aortic diameter prior to dissection was only 
45.1 mm[18]. Wu et al[19] described an 18% increase in aortic diameter after an ATAAD. Therefore, the 
pre-dissection aortic diameter falls in several studies well below the current threshold for elective 
surgical replacement of the ascending aorta. Saade et al[20] introduced the term aortic size index in 
order to stratify patients into risk groups. It was calculated by dividing the aortic diameter by the body 
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Figure 1 Boxplot graph for the age of patients with and without preoperative hemodynamic instability (P = 0.04).

surface area. However, 10 years later, researchers from the same institution argued against that theory 
and concluded that body surface area should not be taken into consideration[21]. The same researchers 
focused on the importance of aortic height index, which is calculated by dividing the aortic diameter by 
the patient’s height. An increased index is associated with an increased annual risk of aortic aneurysm 
complications[21]. Eliathamby et al[22] concluded that the aortic length (distance between the aortic 
valve and the innominate artery) was strongly correlated with the diameter of the ascending aorta. Wu 
et al[19] suggested the length-height index, which is calculated by dividing the aortic length by the 
patient’s height. An index > 7.5 cm/m was found to have an annual fivefold increased risk of aortic 
adverse events compared with patients with an index < 5.5 cm/m. However, genetic susceptibility 
should always be taken into account as it plays an important role in identifying high risk patients[19,23].

ATAAD continues to carry a high peri-operative mortality risk with rates reaching as high as 25%[23,
24]. Many authors highlight the safety of preventive surgical replacement of the ascending aorta as 
published data on elective replacement of the ascending aorta is associated with mortality rates less 
than 3%[23,24]. For elective operations, postoperative stroke rates are also low with no more than 1.0% 
strokes noted when the operation takes place in a large volume aortic centre[25]. Moreover, emergency 
surgical operations show a 5-year survival rate of 37%, rather poorer than the rate (> 85%) related to 
elective surgical repair of the ascending aorta[25].

CONCLUSION
Although current guidelines suggest replacing the ascending aorta with a diameter ≥ 5.5 cm, many of 
the patients with ATAAD have an aortic diameter of less than 5.5 cm. The diameter of the ascending 
aorta in patients diagnosed with ATAAD is not associated with preoperative adverse events. An 
international taskforce should adapt the new data extracted from the most recent scientific evidence for 
the surgical treatment of the ascending aortic aneurysm.

ARTICLE HIGHLIGHTS
Research background
Acute type A aortic dissection (ATAAD) is a life-threatening cardiovascular disease. Current guidelines 
recommend that ascending aortic replacement be performed when the ascending aorta is 5.5 cm in non-
syndromic patients, while in syndormic patients, it should be replaced if the diameter reaches 4.5 cm in 
the sinus of Valsalva and 5.0 cm in the ascending aorta.

Research motivation
New approach for ascending aorta aneurysm management should be considered for prevention of 
ATAAD.

Research objectives
The objective of our study was to evaluate the correlation of the diameter of dissected ascending aorta in 
patients with ATAAD with preoperative adverse events, such as neurological dysfunctions and 
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hemodynamic instability.

Research methods
A retrospective analysis was performed on patients who were admitted to our hospital for ATAAD 
treatment. In all patients, the diameter of dissected ascending aorta was measured and its association 
with adverse events was analyzed.

Research results
The diameter of dissected ascending aorta was not associated with adverse events. Also, the diameter of 
the ascending aorta was not associated with 30-d mortality and ICU and hospital stay postoperatively.

Research conclusions
Maybe the threshold of ascending aorta aneurysm should be revised for lower limits regarding the risk 
for late acute dissection

Research perspectives
Randomized controlled studies including more patients should be performed to confirm our results and 
preventive ascending aorta replacement may be considered for prevention of ATAAD.
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Abstract
BACKGROUND 
The estimation of left ventricular ejection fraction (LVEF) by 2D echocardiography 
(2D-ECHO) is the most used tool to assess LV systolic function (LVSF). Global 
longitudinal strain (GLS) has recently been suggested as a superior method for 
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several evaluations. This study explored the association and prevalence of LV systolic dysfunction 
(LVSD) by using these methods in patients with end-stage renal disease (ESRD) and severe 
hyperparathyroidism (SHPTH); both associated with cardiovascular events (CEs).

AIM 
To evaluate the myocardial function in patients with ESRD and SHPTH by using the GLS and 
LVEF measured through conventional 2D-ECHO.

METHODS 
In 62 patients with ESRD and SHPTH, asymptomatic, and without a history of CEs, LVSF was 
evaluated by 2D-ECHO, obtaining the EF, by the Simpson biplane method, and GLS by speckle 
tracking.

RESULTS 
The total patients with ESRD had a preserved LVEF (> 50%) but abnormal GLS (< 13.55%). 
Additionally, multivariate analysis showed an independent association of GLS and serum 
parathyroid hormone (PTH), LV mass index, and hemoglobin. Also, PTH was independently 
associated with lateral e' wave and tricuspid regurgitation velocity.

CONCLUSION 
In patients with SHPTH linked to ESRD, the use of GLS by 2D-ECHO is a more sensitive tool than 
LVEF for detecting LVSD.

Key Words: Left ventricular hypertrophy; Systolic dysfunction; Global longitudinal strain; End-stage renal 
disease; Parathormone

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study compared global longitudinal strain (GLS) with the often-used left ventricular 
ejection fraction to estimate ventricular dysfunction in patients with end-stage renal disease. GLS had an 
advantage to detect dysfunction, but also, it was found that the parathyroid hormone levels were attractive 
as a complementary tool to predict patient status.
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INTRODUCTION
Cardiovascular disease (CVD) is the most common cause of morbidity and mortality in patients with 
end-stage renal disease (ESRD). Heart failure (HF) is a cardiovascular event (CE) that may occur 
simultaneously in these patients[1-3]. Chronic elevated pressure, volume overload and nonhemo-
dynamic factors including inappropriate activation of the renin–angiotensin–aldosterone system 
(RAAS) and alterations in calcium–phosphorus mineral metabolism by an excess of parathyroid 
hormone[4,5] are involved in left ventricular hypertrophy (LVH)[6,7], then, in the myocardial 
dysfunction in ESRD[3,8].

LV ejection fraction (LVEF) calculated by 2D echocardiography (2D-ECHO) is the most widely used 
echocardiographic parameter that provides objective information on LV systolic function (LVSF), and it 
has been used as a prognostic and treatment indicator for CVD[9-11]. However, in some studies 
involving patients with ESRD, LVEF fails as a sensitive parameter for detecting subclinical data of LV 
systolic dysfunction (LVSD). In this sense, research groups have explored new variables and methods to 
increase the early and efficient diagnosis and prognosis of patients with LVSD[12]. Thus, for example, 
determination of left atrial volume[13], natriuretic peptides (NPs)[14] and catecholamines metabolites in 
serum (related to sympathetic overactivity)[15] have been proposed as advantageous tools.

Special attraction is on alternative 2D-ECHO methods, specifically, predialysis and peritoneal dialysis 
patients with preserved LVEF (> 50%) showed reduced GLS (15%), which was associated with an 
increased risk of HF hospitalization and increased mortality[3]. Thus, GLS may be a better tool to assess 

https://www.wjgnet.com/1949-8462/full/v14/i4/239.htm
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subclinical changes in LVSD in particular cases, for example, where the LVEF is preserved as in those 
patients subject to volume or pressure overload, or both[3,16]. Additionally, studies have mentioned 
that the variables used to define a preserved LVEF and a reduced GLS are associated with differences 
between the characteristics of the population studied (race, stage of ESRD, risk factors, and 
comorbidities). However, despite this variability, GLS is an important echocardiographic tool that might 
be used in patients with ESRD to identify those with a high-risk prognosis for developing HF or other 
CEs.

In the present study, a comparison was made from echocardiographic changes in patients with ESRD 
and hyperparathyroidism, the degree of LV remodeling, LVSF using 2D-ECHO, EF (by Simpson’s 
method), and GLS (by Speckle tracking). Additionally, plasma parathyroid hormone (PTH) concen-
tration was considered to increase ability to detect LVSD in patients with ESRD and hyperpara-
thyroidism (a common hormone elevated in ESRD, but poorly explored or linked to CEs in these 
patients).

MATERIALS AND METHODS
This study was done in patients with asymptomatic ESRD with renal replacement therapy (RRT; 
dialysis and hemodialysis) and with no history of CEs. The degree of LVDD (I, II or III) was assigned by 
applying the Nagueh SF, 2020 recommendations[17], and the measurement of plasma PTH in relation to 
the LVSF and LV diastolic function (LVDF) was explored.

This retrospective and observational study included a total of 77 individuals divided into three 
groups: healthy individuals with no known disease (Control; n = 15), age > 18 years, both genders; 
patients with ESRD on hemodialysis (ESRD-HD; n = 31) and patients with ESRD on peritoneal dialysis 
(ESRD-PD; n = 31). The ESRD groups came from the Nephrology service of Centro Médico SXXI, IMSS. 
This study was carried out from February 2019 to October 2020.

All patients with ESRD maintained their RRT and were supplemented with calcium and calcitriol 
following clinical practice guidelines[18]. Those individuals with hemodynamic alterations increasing 
risk on their physical integrity were excluded. A complete medical history was taken. Demographic, 
clinical and comorbid characteristics were collected. A blood sample was collected in the morning 
before the RRT, and 4 h later, echocardiography was performed.

Echocardiography 
Transthoracic echocardiography images were obtained using a commercially available ultrasound 
system (Ecocardiograph iE33; Philips). Standard 2D Doppler, color, pulsed and continuous wave 
echocardiographic acquisitions were made. LV dimensions were obtained from images in a long axis 
parasternal view, and LV mass and body surface area-corrected indexed LV mass were calculated. In 
addition, the relative wall thickness was obtained as a ratio of (2 × RWTd) / LVIDd, where RWTd is the 
back-wall thickness, and LVIDd is the internal diameter of the LV at the end of diastole. The LV end-
diastolic and systolic volumes were then measured from the apical views (two and four chambers) 
using the Simpson biplane method[19]. Mitral annulus early diastolic velocity (E') was identified by 
tissue Doppler imaging in a four-chamber view. Mitral inflow velocities, such as transmitral peak early 
passive filling velocity (E), late diastolic filling velocity caused by atrial contraction (A), and deceleration 
time, were determined using Pw-Doppler over the mitral valve in four-chamber views. The degree of 
diastolic dysfunction of each patient was assessed[17].

GLS was evaluated by obtaining LV grayscale scatter images from all three apical views. From the 2D 
images, the endocardial border was manually drawn during the end of the systole, and the thickness of 
the myocardial region of interest was adjusted to include the entire thickness of the myocardial wall. In 
each echocardiographic view, the myocardium was automatically divided into six segments. Therefore, 
the overall maximum systolic longitudinal pressure was calculated by averaging the maximum systolic 
values of all 18 segments, derived from the three apical views (six segments in each apical view) 
adjusted to the heart rate.

Biostatistics 
Continuous variables are expressed as the mean ± SD. Continuous variables were compared between 
groups using ANOVA and then a χ2 test. A multivariate logistic regression analysis was used, which 
included the clinical and echocardiographic parameters associated with the univariate analysis as 
independent variables. P < 0.05 was considered statistically significant. The statistical analysis was 
performed with SPSS version 20.

RESULTS
The characteristics were as follows from the total population: 48 participants were female (62%) and 29 
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Table 1 Demographic and clinical variables in the study groups

Demographic variables Control, n = 15 ESRD-HD, n = 15 ESRD-PD, n = 15 Total, n = 15

Age (yr) 34 ± 13 36 ± 2 34 ± 10 34.6 ±

Gender, n (%) F = 10 (67), M = 5 (33) F = 26 (84), M = 5 (16) F = 12 (39), M = 19 (61) F = 48 (62), M = 29 (38)

BMI (kg/m2 ) 23.4 23.3 22.4 23 ±

Hypertension, n (%) N/A 28 (90) 31 (100) 59 (77)

DMT2, n (%) N/A 2 (6.45) 5 (16) 7 (9.09)

ESRD: End-stage renal disease; ESRD-HD: ESRD on hemodialysis; ESRD-PD: ESRD on peritoneal dialysis; F: Female; M: Male; BMI: Body mass index; 
N/A: Not available.

Figure 1 Illustrative 2D echocardiography. Top: control patient; Bottom: patient with end-stage renal disease (ESRD) and severe hyperparathyroidism 
(SHPTH). The ejection fraction (EF) by the Simpson method was calculated as a function of the endocardial borders at end-diastole and end-systole in the apical 
projection of two cavities. A and C (left): in the control patient, left ventricular EF (LVEF) was 56% (A), and 61% in the patient with ESRD and SHPTH (C). 2D ECHO 
ST real-time showed longitudinal deformation (B and D, right). The deformation pattern in the control patient (B) was normal, with global longitudinal strain (GLS) = 
19%, and GLS was abnormal (14%) in the patient with ESRD and SHPTH (D).

(38%) male. According to the division, in the control group, the age was 34 ± 13 years, body mass index 
(BMI) 23.4 kg/m2, 67% female and 33% male, without relevant comorbidities. The ESRD-HD group age 
was 36 ± 2 years, BMI 23.3 kg/m2, 84% female and 16% male, 90% presented with hypertension and 
6.45% with type 2 diabetes mellitus (T2DM). In the ESRD-PD group, age was 34 ± 10 years, BMI 22.4 
kg/m2, 39% female and 61% male, all presented with hypertension, and 16% with T2DM (Table 1).

Patients with ESRD had severe refractory hyperparathyroidism (PTH > 650 pg/mL), but calcium 
(Ca2+), phosphorus (P), and calcium/phosphorus (Ca2+/P) ratio levels were within normal ranges. There 
was no significant difference from the control group, suggesting an average plasma calcitriol level. All 
of our population with ESRD showed LVH. LV mass and LV mass index (LVMI) were substantially 
increased; LVH concentric type was predominant (ESRD-HD = 80.65% and ESRD-PD = 93.35%) 
(Table 2).

The 2D-ECHO variables of the population studied are shown (illustrative case in Figure 1), 
demonstrating that by Simpson’s method, LVEF was preserved, while the GLS was substantially 
reduced compared to the control group (21% ± 0.58% vs 13.93% and 13.18%; P < 0.0001; control vs ESRD-
HD and ESRD-PD). The average GLS was 13.55% in all populations with ESRD. This shows that LVEF 
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Table 2 Biochemical and left ventricular remodeling variables in the study groups: Control, end-stage renal disease on hemodialysis 
and end-stage renal disease on peritoneal dialysis

Variables Control ESRD-HD ESRD-PD P value

Biochemical

PTH (pg/mL) 50 ± 4.55a,c 1188 ± 203.9 1188 ± 203.9 < 0.0001

Ca2+ (mg/dL) 8.55 ± 2.34 8.47 ± 0.14 8.38 ± 0.09 NS

P (mg/dL) 4.56 ± 2.28 4.75 ± 0.24 4.75 ± 0.28 NS

Ca2+/P (mg2/dL2) 45.32 ± 1.05 42.31 ± 2.35 39.87 ± 2.5 NS

Albumin (mg/dL) 4.47 ± 0.10a,c 4.13 ± 0.12 3.94 ± 0.06 < 0.0284

Hemoglobin (g/dL) 15.3 ± 0.12a,c 8.73 ± 0.24 8.91 ± 0.22 < 0.0001

LV remodeling

LV mass (g) 133.8 ± 3a,c 182.7 ± 12.2 186.6 ± 15 < 0.0001

LVMI (g/m2) 70.65 ± 2.11a,c 130.2 ± 6.24 127.5 ± 6.55 < 0.0001

RWT 0.39 ± 0.016a,c 0.51 ± 0.01 0.51 ± 0.02 < 0.0001

aP < 0.05, control vs ESRD-HD.
cP < 0.05, control vs ESRD-PD.
The data represent the mean  SD. ANOVA followed by a Tukey test was performed and was considered significant. ESRD: End-stage renal disease; ESRD-
HD: ESRD on hemodialysis; ESRD-PD: ESRD on peritoneal dialysis; PTH: Plasma parathyroid hormone; LV: Left ventricular; LVMI: LV mass index; NS: 
Not significant.

Table 3 Echocardiographic population variables control, end-stage renal disease on hemodialysis and end-stage renal disease on 
peritoneal dialysis

Variables Control ESRD-HD ESRD-PD P value

LVEF 60.75 ± 1.30 63.5 ± 10.36 61.8 ± 11.19 NS

GLS (%) 21 ± 0.58a,c 13 ± 0.72 12 ± 1.83 < 0.0001

LAV (mL/m2) 33.07 ± 0.22a,c 26.49 ± 1.4 25.73 ± 1.57 < 0.0001

E/A ratio 1.25 ± 0.03a,c 1.05 ± 0.06 0.91 ± 0.05 < 0.0001

E/é ratio 5.38 ± 0.18a,c 11.62 ± 0.96 12.22 ± 1.13 < 0.0001

E (cm/s) 60.39 ± 1.71a,c 80.19 ± 6.26 81.29 ± 6.97 < 0.0001

Lateral e’ (cm/s) 13.44 ± 0.36a,c 8.33 ± 0.43 7.49 ± 0.16 < 0.0001

Septal é (cm/s) 10.85 ± 0.35a,c 6.18 ± 0.24 6.49 ± 0.23 < 0.0001

TRV (m/s) 2.21 ± 0.02a,c 2.94 ± 0.08 2.80 ± 0.07 < 0.0001

LVMI (g /m2) 70.65 ± 2.11a,c 130.2 ± 6.24 127.5 ± 6.55 < 0.0001

RWT 0.39 ± 0.016a,c 0.51 ± 0.01 0.51 ± 0.02 < 0.0001

aP < 0.05, control vs ESRD-HD.
cP < 0.05, control vs ESRD-PD.
The data represents mean  SD. ANOVA followed by Tukey test was performed and was considered significant. ESRD: End-stage renal disease; ESRD-HD: 
ESRD on hemodialysis; ESRD-PD: ESRD on peritoneal dialysis; LVEF: Left ventricular ejection fraction; GLS: Global longitudinal strain; LAV: Left atrial 
volume; TRV: Tricuspid regurgitation velocity; LVMI: LV mass index; NS: Not significant; RWT: Relative wall thickness.

does not establish systolic dysfunction in patients diagnosed with ESRD, even though they have systolic 
dysfunction by GLS evaluation (Table 3).

In the bivariate analysis, an association of GLS with hemoglobin, hypertension, PTH, LVH and LVMI 
was shown. In comparison, the multivariate analysis showed an independent association of GLS and 
hemoglobin, PTH and LVMI (Table 4).

This study analyzed the LVDF by obtaining the pattern of transmitral flow rates and their 
relationship with the tissue velocities at the mitral ring level. The above is related to the fact that the 
increase in LV filling pressures is the primary physiological consequence of LVDD. These variables 
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Table 4 Global longitudinal strain and variables association

Univariate Multivariate using significant variables Multivariate by step method

95%CI for B 95%CI for B 95%CI for BVariables
B β

Lower limit Upper limit
P value B β

Lower limit Upper limit
P value B β

Lower limit Upperlimit
P value

Association with GLS (%)

Hemoglobin -1.09 -0.61 -1.42 -0.77 0.00 -0.58 -0.32 -1.12 -0.05 0.03 -0.62 -0.35 -0.99 -0.26 0.00

Hypertension 5.60 0.54 3.58 7.61 0.00 1.52 0.15 -1.44 4.49 0.31

PTH 0.00 0.50 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.01 0.00 0.29 0.00 0.00 0.00

LVEF -0.04 -0.08 -0.15 0.07 0.50

LVH 6.40 0.57 4.27 8.53 0.00 -1.82 -0.16 -7.75 4.12 0.54

LVMI 0.06 0.51 0.04 0.08 0.00 0.03 0.28 0.01 0.05 0.01 0.03 0.29 0.01 0.05 0.00

RWT 11.36 0.25 1.27 21.46 0.03 -1.21 -0.03 -10.14 7.73 0.79

95%CI: 95% confidence interval; GLS: Global longitudinal strain; PTH: Plasma parathormone; LVEF: Left ventricular ejection fraction; LVH: Left ventricular hypertrophy; LVMI: Left ventricular mass index; RWT: Relative wall thickness.

Table 5 Association between parathyroidism levels and left ventricular diastolic dysfunction variables

Univariate Multivariate using significant variables Multivariate by step method

95%CI for B 95%CI for B 95%CI for BVariables
B β

Lower limit Upper limit
P value B β

Lower limit Upper limit
P value B β

Lower limit Upper limit
P value

Association with PTH

E/é ratio 54.22 0.33 18.34 90.09 0.00 28.19 0.17 -11.55 67.93 0.16

é lateral -124.,51 -0.36 -199.34 -49.69 0.00 -81.10 -0.23 -177.06 14.87 0.10 -89.72 -0.26 -169.01 -10.44 0.03

é septal -121.78 -0.28 -215.64 -27.91 0.01 -0.63 0.00 -121.22 119.97 0.99

TRV 698.98 0.35 276.86 1121.10 0.00 360.73 0.18 -141.53 862.99 0.16 500.88 0.25 53.87 947.89 0.03

95%CI: 95% confidence interval; PTH: Plasma parathormone; TRV: Tricuspid regurgitation velocity.

were significantly altered in the ESRD population compared to the controls (Table 3).
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The tricuspid regurgitation velocity (TRV) and E/e' ratio associated with the decrease in the E/A 
ratio and the e' septal lateral waves reflect the pattern of altered relaxation and myocardial distensibility 
during the diastolic phase. Previously reported recommendations were applied[17], and it was found 
that among individuals with ESRD-HD, 67.74% (n = 21) had grade I, 22.58% (n = 7) grade II, and 9.67% (
n = 3) grade III LVDD. Among individuals with ESRD-PD, 84.37% (n = 27) had grade I and 15.63% (n = 
4) had grade II LVDD. The univariate and multivariate analyses (Table 5) showed the associations 
between the variables studied and PTH. An independent association of serum PTH and lateral e' wave 
and TRV was shown.

DISCUSSION
Despite the extended use of EF to evaluate myocardial dysfunction, recent proposals promise to 
improve detection of cardiovascular dysfunction. As an example, 2D-ECHO for measuring left atrial 
volume is useful to predict diastolic dysfunction in ESRD patients[13]. Measuring plasma biomarkers 
has been suggested to extend diagnostic advantages. Thus, plasma NP levels are reported to be linked 
to cardiac remodeling[18], survival[19] and volume expansion-related LV disorders[20] in patients with 
ESRD[14].

Currently, 2D-ECHO methods remain core in diagnosis and evaluation of patients with CEs. The 
identification of LV strain changes is crucial for early cardiac damage detection in ESRD[21-24]. This 
study showed that increased LVMI, low hemoglobin levels but high PTH are independent factors 
associated with GLS alterations. The overall average GLS was 13.55%, with LVEF > 50% in the patient 
population, which according to the literature, is related to poor prognosis[25-29]. In this case, it was 
suggested that in the population with ESRD, the determination of GLS by 2D-ECHO is highly 
recommended for the assessment of LVSF; being a more powerful tool than LVEF, which can identify 
systolic myocardial damage[3,18,19] during follow-up of patients[29].

In patients with ESRD, bone mineral disorder is correlated with adverse outcomes from 
cardiovascular causes[25,30,31]. Recently, the mineral disorders in the early stages of ESRD have been 
associated with myocardial remodeling, which is a crucial point for LVH development[31-33]. In our 
study population, the presence of LVH was 100%, with a predominance of the concentric type. In this 
regard, some studies have directly implicated hyperphosphatemia and hypercalcemia in developing 
LVH[7,30] by regulating several factors[31,34-36]. However, it must be considered that the kidney is an 
essential target organ for PTH, and the interaction with its receptor activates multiple signaling 
pathways[37-39], triggering numerous changes in the kidney and some other systems[40]. As strong 
evidence of the PTH role in cardioremodeling, studies have shown that patients undergoing 
parathyroidectomy (PTX) have a substantial reduction in LV mass[41]; in contrast, patients with severe 
hyperparathyroidism and PTX showed a significant decrease in the risk of death from all causes[42]. 
Patients in the current study were supplemented with calcium or analogs; plasma values of Ca, P and 
Ca/P ratio were within normal ranges, while PTH levels were higher than reference values (PTH > 650 
pg/mL). Multivariate analysis showed an independent association of GLS and PTH, suggesting a 
putative role of PTH in LVSF by diverse mechanisms, including those related to remodeling of subendo-
cardial fibers[43].

Additional research is required to elucidate the mechanisms involved in the PTH modulation of the 
structure and function of the cardiomyocytes, as the pleiotropic effects are attributed to the interaction 
of PTH with its receptor [33,40].

PTH serum levels showed an independent association with some diastolic function parameters 
(Table 5): Particularly e' lateral wave and TRV. The alterations in diastolic function primarily involve the 
mechanisms of myocardial relaxation and compliance. The signaling pathways involving remodeling 
and cardiac fibrosis in patients with ESRD are complex and multifactorial, involving alterations in the 
extracellular matrix proteins, type I collagen, elastin, fibroblasts, and myofibroblasts[9,44-46], which 
reduce myocardial compliance. These effector pathways involve PTH and 25-hydroxy vitamin D3 and 
several other factors[34-39,46-51]. Elevated levels of catecholamine by sympathetic overactivity are 
reported to be linked to LV disorders and volume excess in ESRD patients[15].

Finally, our results are in line with recent reports supporting that conventional speckle-tracking 
echocardiography[52-54] might help identify LVSD in patients with ESRD and preserved LVEF. Early 
detection of myocardial morphological and functional changes in the routine evaluation of patients with 
ESRD can tackle the early stages of disease-independent modifiable risk factors that are associated with 
adverse CEs.

CONCLUSION
An accurate diagnosis is increasingly important in this type of patient with ESRD with systolic and 
diastolic myocardial function evaluation, offering integrated, lower cost, and noninvasive information. 
The use of new diagnostic tools is essential to provide the population with new targeted therapies for 
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defined subsets of patients who may be at risk of developing potential complications. The use of GLS by 
2D-ECHO is a more sensitive tool than LVEF to detect of LVSD. For individuals with ESRD and severe 
hyperparathyroidism refractory to hormone replacement but with normal Ca/P levels, it is essential to 
recommend the use of GLS as a diagnostic and prognostic tool for systolic myocardial dysfunction; 
albeit if patients have preserved LVEF.

ARTICLE HIGHLIGHTS
Research background
Echocardiography is the most-used tool for diagnosis of myocardial dysfunction. Among 2D-ecocardio-
graphy (2D-ECHO) methods, ejection fraction (EF) is the most used. In patients with myocardial 
dysfunction and end-stage renal disease (ESRD) parathyroid hormone (PTH) is often altered.

Research motivation
Recent echocardiography methods are being compared with ejection fraction. Global longitudinal strain 
(GLS) is among the most explored. Additional serum biomarkers could help to increase sensibility of 
tests.

Research objectives
To compare the EF and global strain methods for detecting myocardial dysfunction. To measure the 
potential role of some biomarkers as complementary tools in patient evaluation.

Research methods
Left ventricular systolic function (LVSF) was evaluated in 62 patients with ESRD with altered levels of 
PTH. LVSF was evaluated by performing 2D-ECHO, obtaining the EF, by the Simpson biplane method, 
and GLS by speckle tracking.

Research results
All patients with ESRD had preserved LVEF (> 50%) but abnormal GLS (< 13.55%). PTH was 
independently associated with lateral e' wave and tricuspid regurgitation velocity.

Research conclusions
In patients with elevated PTH and ESRD, the use of GLS by 2D-ECHO is a more-sensitive tool than 
LVEF for detecting myocardial dysfunction.

Research perspectives
GLS and serum PTH should be widely explored as potential sensitive tools to detect myocardial 
dysfunction in patients with ESRD. The mechanisms linked to this disrupted condition should be 
analyzed. Alternative echocardiography methods and biomarkers should be compared to select the 
most-sensitive and accurate tools.
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Abstract
BACKGROUND 
Vasoplegia is a common complication of cardiac surgery but its causal 
relationship with preoperative use of renin angiotensin system (RAS) blockers 
[angiotensin converting enzyme inhibitors (ACEIs) and angiotensin receptor 
blockers (ARB)] is still debated.

AIM 
To update and summarize data on the effect of preoperative use of RAS blockers 
on incident vasoplegia.

METHODS 
All published studies from MEDLINE, EMBASE, and Web of Science providing 
relevant data through January 13, 2021 were identified. A random-effects meta-
analysis method was used to pool estimates, and post-cardiac surgery shock was 
differentiated from vasoplegia.

RESULTS 
Ten studies reporting on a pooled population of 15672 patients (none looking at 
ARBs exclusively) were included in the meta-analysis. All were case-control 
studies. Use of ACEIs was associated with an increased risk of vasoplegia [pooled 
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adjusted odds ratio (Aor) of 2.06, 95%CI: 1.45-2.93] and increased inotropic/vasopressor support 
requirement (pooled aOR 1.19, 95%CI: 1.10-1.29). Post-cardiac surgery shock was increased in the 
presence of left ventricular dysfunction (pooled aOR 2.32, 95%CI: 1.60-3.36; I2 49%) but not 
increased by the use of beta blockers (pooled aOR 0.78, 95%CI: 0.36-1.69; I2 77%). Two randomized 
control trials (RCTs), not eligible for the meta-analysis, did not show an association between 
continuation of RAS blockers and vasoplegia.

CONCLUSION 
Preoperative continuation of ACEIs is associated with an increased need for inotropic support 
postoperatively and with an increased risk of vasoplegia in observational studies but not in RCTs. 
The absence of a consensus definition of vasoplegia should lead to the use of perioperative 
cardiovascular monitoring when designing RCTs to better understand this discrepancy.

Key Words: Vasoplegia; Cardiac surgery; Coronary artery bypass graft; Angiotensin converting enzyme 
inhibitors

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Vasoplegia is a common complication of cardiac surgery but its causal relationship with 
preoperative use of renin angiotensin system blockers, mainly angiotensin converting enzyme inhibitors 
(ACEIs), is still debated. The meta-analysis of observational studies suggests that preoperative 
continuation of ACEIs is associated with an increased risk of vasoplegia and of the use of inotropic 
support postoperatively. However, these associations were not observed in two included randomized 
controlled trials with limited power. These findings support the potential benefit of holding ACEIs prior to 
cardiac surgery to reduce the risk of vasoplegia and associated adverse outcomes. However, well-powered 
randomized controlled trials using a consensus definition of vasoplegia are still needed to properly assess 
management strategies of RAS blockers in the perioperative setting.

Citation: Noubiap JJ, Nouthe B, Sia YT, Spaziano M. Effect of preoperative renin-angiotensin system blockade on 
vasoplegia after cardiac surgery: A systematic review with meta-analysis. World J Cardiol 2022; 14(4): 250-259
URL: https://www.wjgnet.com/1949-8462/full/v14/i4/250.htm
DOI: https://dx.doi.org/10.4330/wjc.v14.i4.250

INTRODUCTION
Shock is a frequent complication of major cardiac surgery, occurring in approximately a quarter of 
procedures, especially those with cardiopulmonary bypass (CPB)[1-3]. Vasoplegia is a form of 
distributive shock characterized by persistent hypotension, reduced systemic vascular resistance (SVR) 
with normal or elevated cardiac output[1]. It is due to reduced vascular smooth cell contraction 
resulting from several mechanisms including the alteration of the endothelial glycocalyx, impaired 
receptor signaling, changes in endothelial cell metabolism, and depletion and decreased response to 
endogenous vasopressors[1,4]. This impairment of vascular reactivity is worsened by a systemic inflam-
matory response to surgical trauma, ischemia-reperfusion syndrome, and exposure of blood to the 
foreign surfaces during extracorporeal circulation[1,4]. The use of some medications prior to surgery is 
also thought to contribute to inappropriate vasodilatation in vasoplegia[1,4].

The association of continuation of renin angiotensin system (RAS) blockers and vasoplegia following 
cardiac surgery is still a matter of debate[2,5-7]. Preoperative administration of ACEIs has been 
associated with poor outcomes including acute kidney injury and increased mortality[8]. This 
systematic review and meta-analysis aimed to comprehensively summarize data on the effect of 
preoperative use of RAS blockers on vasoplegia in patients undergoing cardiac surgery.

MATERIALS AND METHODS
This review is reported in accordance with the Meta-analyses Of Observational Studies in Epidemiology 
guidelines[9]. It was registered with PROSPERO (CRD42017072923).

https://www.wjgnet.com/1949-8462/full/v14/i4/250.htm
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Literature search
PubMed/MEDLINE, Excerpta Medica Database (EMBASE), and Web of Science were searched to 
identify all cohort studies, case-control studies or randomized controlled trials (RCTs) reporting 
primary data on the association between ACEIs or ARBs and the incidence of vasoplegia after cardiac 
surgery, published by January 13, 2021 (date of the last search), without language restriction. The search 
strategy used a combination of terms or their synonyms related to vasoplegia, a detailed list of cardiac 
surgical procedures, and names of ACEIs or ARBs (Supplementary Table 1). The reference lists of 
relevant research and review articles were also screened to identify potential additional data sources.

Study selection
We included: (1) Cohort studies, case-control studies or RCTs; (2) With 30 participants or more; and (3) 
Reporting on risk of vasoplegia associated with ACEIs or ARBs, or studies with enough data to compute 
these estimates. We excluded studies: (1) Which included patients undergoing non-cardiac surgery; (2) 
Lacking explicit description of the perioperative follow-up of patients; and (3) Not reporting primary 
data (reviews, commentaries, editorials). For duplicate publication of the same group/cohort of 
patients, we included the single most comprehensive report with the largest sample size. Two invest-
igators (JJN and BN) independently selected records from bibliographic searches based on titles and 
abstracts screening. Full texts of articles deemed potentially eligible were retrieved and screened 
independently by the same investigators for final inclusion. Disagreements were resolved via discussion 
and consensus.

Data extraction and management
Data were extracted using a standard data abstraction form by one investigator (JJN) and cross-checked 
by a second investigator (BN). We collected data on study characteristics, type of cardiac surgery, 
definition of vasoplegia, sample size, mean or median age, sex proportion, proportion of patients with 
co-morbidities such as hypertension, diabetes, heart failure, or previous cardiac surgery, proportion of 
patients taking relevant medications (ACEIs, ARBs, beta blockers, calcium channel blockers, nitrates, 
number of participants with vasoplegia, and risk estimate [odds ratio (OR) or relative risk (RR)] with the 
95% confidence interval (95%CI) for the association between vasoplegia and ACEIs or ARBs. We also 
extracted adjusted risk estimates (from multivariable regression analysis) for other risk factors for 
vasoplegia as complementary information. We assessed the risk of bias using the tools for case-control 
studies and randomized controlled trial developed by the CLARITY group at McMaster University[10,
11]. We separated studies with or without perioperative cardiac index monitoring in an attempt to 
further differentiate post-cardiac surgery shock from vasoplegia.

Statistical analysis
Analyses were conducted with R statistical software (version 3.6.2, The R Foundation for statistical 
computing, Vienna, Austria). The generic inverse variance method was used to pool adjusted risk 
estimates (OR or RR) and their standard errors with the random-effects meta-analysis model using the 
metagen function. Heterogeneity was assessed by the χ² test on Cochrane's Q statistic, which was 
quantified by I² values, assuming I² values of 25%, 50% and 75% respectively representing low, 
moderate and high heterogeneity[12]. We assessed the presence of publication bias related to small 
study effect by funnel plot inspection and by linear regression test of funnel plot asymmetry (Egger’s 
test)[13]. All statistical tests were two-tailed and statistical significance defined as P value ≤ 0.05.

RESULTS
Study selection and characteristics
Bibliographic searches retrieved 8076 records and 12 articles were finally included[2,5-7,14-21]. Ten 
studies were included in the meta-analysis[2,5-7,14-19] and 2 were summarized narratively[20,21]. The 
study selection is summarized in Figure 1. The observational studies included in the meta-analysis 
reported data from a pooled sample of 15672 patients undergoing a cardiac surgery. Half of them 
focused on patients undergoing coronary artery bypass (CABG)[6,7,15,18,19], while the other studies 
included patients undergoing various procedures including CABG or valvular surgery[2,5,14,16,17]. All 
observational studies were case-control studies, with data collection done prospectively in most of them
[5-7,14-17,19]. The two studies summarized narratively were RCTs[20,21]. The characteristics of the 
included studies are presented in the appendix (Supplementary Table 2). Most of the studies had a low 
risk of bias in the majority of assessment items (Supplementary Tables 3 and 4).

The definition of vasoplegia varied across studies (Table 1). Nine studies were considered having 
acceptable definitions of vasoplegia[2,5-7,14-17,20]. In the remaining three studies, the need for 
inotropic support was the outcome variable and the definition of vasoplegia seemed to encompass other 
causes of shock[18,19,21]. We therefore separated studies reporting on vasoplegia and those reporting 
on post-cardiac surgery shock. The proportions of patients who developed post-cardiac surgery shock 

https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
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Table 1 General characteristics of included studies

Ref. Design Procedure Definition of vasoplegia Total 
sample

Vasoplegia 
(%)

ACEI 
(%)

Tuman et al[14] Case-
control

Coronary artery 
and/or valve surgery 
requiring CPB

Post-CPB ≥ 2 vasoconstrictors with adequate cardiac output 4301 4.5 12.1

Bruce et al[16] Case-
control

Cardiac surgery 
requiring CPB

MAP ≤ 50 mmHg, indexed SVR ≤ 1400 dynes s/cm5/m2, cardiac 
index ≥ 2.2 L/min/m2, requiring norepinephrine infusion

188 34.0 42.0

Carrel et al[17] Case-
control

CABG or AVR SVR < 600 dynes s/cm5 with adequate cardiac output 800 7.5 43.1

Mekontso-
Dessap et al[7]

Case-
control

CABG MAP < 70 mmHg, indexed SVR ≤ 1400 dynes s/cm5/m2, normal 
cardiac output, requiring vasoconstrictor

108 33.3 31.5

Sun et al[15] Case-
control

CABG MAP ≤ 70 mmHg, indexed SVR ≤ 1400 dynes s/cm5/m2, cardiac 
index ≥ 2.5 L/min/m2, and central venous pressure ≥ 10 mmHg

696 4.7 38.5

Levin et al[2] Case-
control

Cardiac surgery Epinephrine/norepinephrine (≥ 150 ng/kg/min), dopamine (≥ 
10 μg/kg/min) or vasopressin (≥ 4 U/h)

2823 20.4 19.7

Shahzamani et 
al[6]

Case-
control

CABG MAP < 65 mmHg, normal cardiac output, requiring vasocon-
strictor

300 17.0 64.0

Radaelli et al
[19]

Case-
control

Cardiac surgery 3 of these 4: MAP < 65 mmHg, indexed SVR ≤ 1600 dynes s/cm5

/m2, cardiac index ≥ 2.5/min/m2, and requirement of 
norepinephrine (> 0.03 μg/kg/min) or vasopressin

3139 32.5 52.1

Suga et al[5] Case-
control

CABG Inotropic support post-CABG 562 11.7 9.1

Miceli et al[18] Case-
control

CABG Inotropic support post-CABG 2655 43.5 51.0

Pigot et al[21] RCT CABG Inotropic support post-CABG 40 15.0 100

van Diepen et 
al[20]

RCT CABG or valve 
surgery

MAP < 60 mmHg requiring vasopressor administration for at 
least 4 h and a central venous pressure ≥ 8 mmHg

121 29.8 76.9

ACEI: Angiotensin; AVR: Aortic valve replacement; CABG: Coronary artery bypass graft; CPB: Cardiopulmonary bypass; MAP: Mean arterial blood 
pressure; RCT: Randomized controlled trial; SVR: Systematic vascular resistance.

varied from 4.5% to 34.0% (Table 1). The proportion of patients who used ACEIs preoperatively varied 
from 9.1% to 64.0% in observational studies. Data on the use of other medications such as ARBs, beta 
blockers, calcium channel blockers, and nitrates are reported in the appendix (Supplementary Table 2), 
along with the distribution of co-morbidities across study populations. One of the 2 RCTs reported on 
an aggregated use of ACEIs and ARBs[20].

Association between angiotensin converting enzyme inhibitors and vasoplegia 
From the 10 observational studies selected, 1076 out of 9778 patients had post-cardiac surgery shock 
(Figure 2A). In the 6 studies with perioperative cardiac monitoring, 755 patients (12.0%) developed 
vasoplegia and the risk was increased by preoperative continuation of ACEIs [pooled adjusted odds 
ratio (aOR) 2.06, 95%CI: 1.45-2.93] (Figure 2B). Considering the high heterogeneity (I2 = 80%), we 
performed influencer analysis using a leave-one-out approach. Omission of the study by Carrel et al[17] 
resulted in a pooled aOR that changed to 1.61 (95%CI: 1.41-1.85) (Supplementary Figure 1). There was 
no evidence of small study effect on funnel plot inspection (Supplementary Figure 2), and according to 
the Egger’s test (P = 0.906).

Association between angiotensin converting enzyme inhibitors and inotropic support
Three studies reported data on the association of omitting ACEIs with the need of inotropic support 
(use of at least one inotropic drug). A total of 4226 (31.1%) patients required inotropic support from a 
pooled population of 13595 patients undergoing cardiac surgery. Preoperative continuation of ACEI 
was associated with an increased risk of inotropic support requirement (pooled aOR 1.19, 95%CI: 1.10-
1.29) (Figure 3). There was no heterogeneity (I2 = 0), and no evidence of publication bias both on funnel 
plot inspection (Supplementary Figure 3) and based on the Egger’s test (P = 0.2).

Risk factors for post-cardiac surgery shock
There was no association between beta-blockers and post-cardiac surgery shock (pooled aOR 0.78, 
95%CI: 0.36-1.69; I2 77%) (Figure 4A). The presence of left ventricular dysfunction (ejection fraction < 

https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
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Figure 1 PRISMA flow chart of study selection.

Figure 2 Association between angiotensin converting enzyme inhibitors adverse vascular outcomes. A: Post cardiac surgery shock; B: 
Vasoplegia.

40%) increased the risk of post-cardiac surgery shock (pooled aOR 2.32, 95%CI: 1.60-3.36; I2 49%) 
(Figure 4B). The risk of post-cardiac surgery shock increased with CPB time (pooled aOR 1.012 per 1 
min increase, 95%CI: 1.003-1.021, P = 0.008; I2 0%) (Figure 4C). There was no significant association 
between age and post-cardiac surgery shock (pooled aOR 1.02 per 1 year increase, 95%CI: 1.00-1.04, P = 
0.052; I2 0%) (Supplementary Figure 4). There was no evidence of publication bias on funnel plot 
inspection (Supplementary Figures 5 and 6), and according to the Egger’s test for studies reporting on 
the association between beta blockers and vasoplegia (P = 0.906), and between left ventricular 
dysfunction and vasoplegia (P = 0.193).

https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5bd8bcb7-d681-49e6-a434-1fbafb8062a6/WJC-14-250-supplementary-material.pdf
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Figure 3 Association between angiotensin converting enzyme inhibitors and need for inotropic support.

Figure 4 Association between other variables and post cardiac surgery shock. A: Beta blockers; B: Left ventricular dysfunction (EF < 40%); C: 
Cardiopulmonary bypass time (in minute).

Clinical trials on continuation of ACEIs and vasoplegia
Two RCTs reported on the risk of refractory hypotension with preoperative use of ACEIs[20,21]. The 
study by van Diepen et al[20] included perioperative cardiac monitoring in their definition of vasoplegia 
and had a larger sample size (61 patients taking RAS blockers)[21]. Incidence of post-cardiac surgery 
shock was 5%-15% in the study by Pigott et al[21] and in the RCT by van Diepen et al[20], vasoplegia 
was found in 29.8% of patients. Preoperative continuation of ACEIs (RAS blockers) was not associated 
with an increased risk of vasoplegia.

DISCUSSION
This study aimed to summarize data on the effect of preoperative use of ACEIs on incident vasoplegia 
in patients undergoing cardiac surgery using all relevant studies. Higher odds of vasoplegia (even when 
defined using perioperative cardiac monitoring) and more frequent use of inotropic support postoper-
atively were observed in patients who did not discontinue ACEIs. Other factors associated with the risk 
of post-cardiac surgery hypotension included left ventricular dysfunction and longer duration of CPB, 
whereas beta blockers use preoperatively was not. Interestingly, the 2 RCTs which evaluated the risk of 
vasoplegia and continuation of ACEIs (RAS blockers) before cardiac surgery did not show any 
association.
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Hypotension is very common in cardiac surgery, especially with CPB. In response to reduced 
systemic blood pressure, the kidneys release renin that cleaves angiotensinogen to yield angiotensin I, 
further converted into angiotensin II by the angiotensin–converting enzyme which causes systemic 
vasoconstriction. It also increases the secretion of arginine vasopressin and aldosterone, and potentiates 
the release of norepinephrine by direct action on postganglionic sympathetic fibers. The increased risk 
of vasoplegia attributable to preoperative ACEI use reported in our study is also consistent with the 
evidence supporting a hemodynamic benefit of treatment with angiotensin II in patients undergoing 
cardiac surgery. For instance, a post-hoc analysis of the Angiotensin II for the Treatment of High-Output 
Shock (ATHOS-3) multinational, randomized, double-blind trial showed that patients with vasoplegia 
after cardiac surgery with CPB rapidly responded to angiotensin II, reducing significantly vasopressor 
use[22].

Whether RAS blockers and specifically ACEIs should be held or not before cardiac surgery has been a 
matter of debate for more than two decades. The benefits of ACEIs and ARBs in patients with 
cardiovascular disease are well-established[23]. These positive effects are particularly prominent in the 
long-term management of patients with ischemic heart disease, especially those undergoing CABG, as 
evidenced in the QUinapril On Vascular Ace and Determinants of Ischemia (QUO VADIS) RCT[24]. A 
meta-analysis of 29 studies, mostly retrospective, showed that preoperative use of RAS blockers was 
associated with increased odds of postoperative acute kidney injury and mortality in patients 
undergoing cardiovascular surgery[25]. Despite the theoretical favorable mechanisms for RAS blockers 
in reducing post-operative atrial fibrillation, an increased incidence of post-operative atrial fibrillation 
has been shown in patients on preoperative RAS blockers, with an adverse effect on survival[26]. These 
data have motivated the recommendation to omit ACEIs or ARBs before cardiac surgery as a rational 
strategy to reduce the risk of postoperative vasoplegia and other adverse outcomes[27]. The two RCTs 
included in this review did not confirm an increased risk of vasoplegia, increased inotropic use or acute 
kidney injury when ACEIs (RAS blockers) were not discontinued before cardiac surgery[20,21]. 
However, these trials were not well-powered to be conclusive. They highlight the importance of 
conducting large multicenter randomized trials to examine the impact of preoperative RAS blockers 
discontinuation and of its timing on postoperative hemodynamic and clinical outcomes. A previous 
review already mentioned the weakness of the association between ACEIs and post-cardiac surgery 
vasoplegia, but a causal relationship has been widely accepted in some cardiovascular anesthesiology 
communities[28].

This study has some limitations. The definition of vasoplegia was not exactly the same across studies, 
thereby introducing a potential bias. This is probably due to the fact that there is still no consensus 
definition of vasoplegia. To address this issue, we pooled together data from studies that used similar 
definitions and as a result, the level of heterogeneity was low in most analyses. Next, it is possible that 
the effect of RAS blockers on vasoplegia and inotrope use were confounded by LVEF. Patients receiving 
RAS blockers are more likely to have low LVEF as these drugs are guideline-recommended in this 
population. As patients with low LVEF are more likely to have a more complicated post-operative 
course, it is possible that it is the low LVEF that drove the results, rather than the use of RAS blockers. 
Unfortunately, stratified analyses by LVEF were not available in the included studies. Moreover, there 
was no standardized perioperative medication management across studies. It is unclear whether 
patients reportedly not on ACEI ever took one, or whether some of them were chronically on ACEI but 
stopped few days before surgery. Another limitation is the relatively low number of eligible studies, 
which makes some of our estimates less robust. Furthermore, the association between vasoplegia and 
other factors such as age, CPB time, left ventricular dysfunction or preoperative beta blockers were not 
preplanned. These variables were not specifically included in the search strategy. Therefore, it is 
possible that some studies reporting on their attributable risk of vasoplegia were missed. Our findings 
related to these variables should therefore be interpreted with caution. Despite these limitations, our 
study is the first to systematically present the discrepancy between observational studies and RCT’s on 
the effect of preoperative RAS blockage and the risk of vasoplegia.

CONCLUSION
Our meta-analysis shows that preoperative continuation of ACEIs is associated with an increased risk of 
vasoplegia and of the use of inotropic support postoperatively. These findings support the potential 
benefit of holding ACEIs prior to cardiac surgery to reduce the risk of vasoplegia and associated adverse 
outcomes. A consensus definition of vasoplegia may help future RCTs properly assess management 
strategies of RAS blockers in the perioperative setting.
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ARTICLE HIGHLIGHTS
Research background
Vasoplegia is a common complication of cardiac surgery. The use of some medications prior to surgery 
is thought to contribute to inappropriate vasodilatation in vasoplegia. The causal relationship between 
preoperative use of renin angiotensin system (RAS) blockers [angiotensin converting enzyme inhibitors 
(ACEIs) and angiotensin receptor blockers (ARB)] between vasoplegia is unclear.

Research motivation
If perioperative use of RAS blockers is associated with vasoplegia, withholding these medications in 
patients undergoing cardiac surgery might help preventing vasoplegia after cardiac surgery.

Research objectives
To update and summarize data on the effect of preoperative use of RAS blockers on incident vasoplegia.

Research methods
The authors performed a systematic review of the literature, and summarized available data using a 
random-effects meta-analysis.

Research results
Ten studies reported on a pooled population of 15672 patients were included in the meta-analysis. Use 
of ACEIs was associated with an increased risk of vasoplegia and increased inotropic/vasopressor 
support requirement. Left ventricular dysfunuction increased the risk of post-cardiac surgery shock. 
There was no association between continuation of RAS blockers and vasoplegia in the two included 
randomized control trials (RCTs) .

Research conclusions
Preoperative continuation of ACEIs is associated with an increased risk of the use of inotropic support 
postoperatively and vasoplegia in observational studies but not in RCTs.

Research perspectives
Further studies are needed to clarify the relationship between perioperative use of RAS blockers and 
vasoplegia after cardiac surgery. Such studies should use a consensus definition of vasoplegia and 
conduct appropriate perioperative cardiovascular monitoring.
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Abstract
BACKGROUND 
Mechanical complications are a rare presentation in chronic coronary syndromes, 
which have significantly decreased in the primary coronary intervention era. 
Incomplete rupture may occur, resulting in pseudoaneurysms (PANs). Early 
reperfusion decreases the risk of this complication. Echocardiography is the 
method of choice for diagnosis.

CASE SUMMARY 
A 54-year-old female hypertensive patient, with a history of non-revascularized 
inferior and anterior ST-segment elevation myocardial infarction (MI) 4 years 
prior, was admitted to the cardiac unit of the hospital with complaints of 
abdominal pain and dyspnea lasting 2 mo. The patient was hemodynamically 
stable, and 12-lead electrocardiogram showed persistent ST elevation and Q wave 
in the inferior and apical regions. Transthoracic echocardiogram in the two-
chamber view showed a narrow neck of a wide PAN in the distal apical left 
ventricular inferior wall. In addition, the apical four-chamber and subcostal views 
revealed a second bulky PAN of the apical wall separated from the first by a 
common organizing thrombus. Cardiac magnetic resonance imaging confirmed 
the coexistence of more than one PAN. The patient received conservative medical 
treatment, and surgery was scheduled for outside the country. The patient had 
worsening multiple organ failure and died 4 wk after presentation.

CONCLUSION 
Multifocal PANs rarely occur in chronic MI. Attention should be paid to patients 
with pain and cardiovascular risk factors.

Key Words: Cardiac rupture; Myocardial infarction; Pseudoaneurysm; Echocardiogram; 
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Core Tip: Multiple left ventricular pseudoaneurysms are a rare complication following myocardial 
infarction (MI), which can be diagnosed years after the infarction. This case highlights the ultimate 
importance of appropriate early reperfusion of MI and the role of echocardiography and multimodal 
imaging for the diagnostic assessment of this lethal condition.

Citation: Jallal H, Belabes S, Khatouri A. Uncommon post-infarction pseudoaneurysms: A case report. World J 
Cardiol 2022; 14(4): 260-265
URL: https://www.wjgnet.com/1949-8462/full/v14/i4/260.htm
DOI: https://dx.doi.org/10.4330/wjc.v14.i4.260

INTRODUCTION
Left ventricular (LV) pseudoaneurysms (PANs) are rare mechanical complications of acute myocardial 
infarction (MI). They are caused by rupture of the free wall, are composed of organizing thrombus due 
to hemorrhage into the pericardial space after cardiac rupture (CR), and involve various amounts of 
epicardium and parietal pericardium. As stated by Hung et al[1], “PAN following transmural infarction 
has a high mortality rate of up to 20%”. There have been few reports of LV PAN during the chronic 
phase of MI, and among them all have had a single localization. Although surgical repair is the 
treatment of choice, transcatheter intervention for PAN repair is feasible in selected cases.

Herein, we present the first case of uncommon CR manifested as multiple adjacent LV PANs, which 
occurred in a female patient with a history of MI.

CASE PRESENTATION
Chief complaints
A 54-year-old female patient presented to the emergency department with complaints of abdominal 
pain and dyspnea.

History of present illness
The patient presented with recurrent episodes of epigastric pain and dyspnea, which began 2 mo prior 
and worsened 48 h before hospital admission.

History of past illness
The patient had a long history of untreated and advanced hypertension, as well as a history of inferior 
and anterior ST-segment elevation MI without revascularization, which had occurred 4 years prior.

Personal and family history
The patient had no relevant family history.

Physical examination
The patient presented with hemodynamic stability, a heart rate of 96 beats/min, respiratory rate of 16 
breaths/min, blood pressure of 130/80 mmHg, and oxygen saturation in room air of 98%. Symptoms of 
acute heart failure were excluded by clinical cardiological examination. A painful and hard epigastric 
mass was detected upon abdominal examination.

Laboratory examinations
Blood analysis revealed mild leukocytosis (12 × 109/L), with neutrophil predominance (80%) and 
normal hematocrit and platelet levels. Prothrombin and partial thromboplastin times were normal, and 
troponin T was slightly increased at 1.2 ng/mL. Blood creatinine was increased at 435 mmol/L. The 12-
lead electrocardiogram showed persistent ST elevation and Q wave in the inferior and apical territory. 
Chest X-ray revealed increased cardiothoracic ratio with rounded opacity along the left cardiac 
silhouette.

https://www.wjgnet.com/1949-8462/full/v14/i4/260.htm
https://dx.doi.org/10.4330/wjc.v14.i4.260
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Imaging examinations
Echocardiography is the first test performed after admission because of its availability. In the four-
chamber view, initial imaging evaluation with transthoracic echocardiogram (TTE) showed the narrow 
neck of a large PAN in the LV apical wall (arrow) (Figure 1A), in the apical two-chamber view 
(Figure 1B) and modified short axis view (Figure 2A). TTE revealed a second PAN of the distal apical 
inferior wall, separated from the first PAN by a common organizing fibrous tissue, as detected in the 
subcostal view (Figure 3A) and apex view (Figure 3B), without pericardial effusion. Color Doppler 
imaging in the four-chamber view (Figure 2B) demonstrated flow in and out of the pericardial cavity at 
the site of the tear, as well as abnormal flow into the PAN without any shunt through the organizing 
thrombus. The LV communicated with the PAN via a narrow neck formed by the ruptured apical and 
inferior myocardium. The dimensions of the cavity (68/15 mm; Figure 2A) and imaging findings were 
indicative of a PAN; however, it is of great clinical importance to differentiate PANs, which have a high 
likelihood of spontaneous rupture, from a true aneurysm, which seldom ruptures.

Further diagnostic work-up
The patient was further evaluated with transesophageal echocardiogram, despite the difficulty in 
assessing the apical wall by this approach; however, the left ventricle communicated with the PANs via 
a narrow neck formed by the ruptured apical and inferior myocardium (Figure 4). To better characterize 
this finding, a cardiac magnetic resonance (CMR) scan was performed since the severe chronic renal 
failure precluded evaluation by thoracic computed tomography angiography and to take advantage of 
the good non-invasive tissue characterization offered by CMR; the cine sequence images confirmed 
severe LV dysfunction and showed an apical PAN without an intracavitary thrombus in the two-
chamber view (Figure 5A). Curiously, a larger and a small outpouching, separated by fibrous tissue, 
was revealed in the inferior apical wall (Figure 5B); the outpouchings were seen to be associated with 
disrupted myocardial wall, and they were surrounded only by pericardium.

FINAL DIAGNOSIS
Multiple adjacent LV PANs following chronic MI.

TREATMENT
The patient was immediately started on conservative medical treatment, including a curative antico-
agulant (acenocoumarolum at 4 mg/d), diuretic (furosemide at 40 mg/d), heart failure therapeutics 
(bisoprolol at 5 mg and ramipril 5 mg, both one pill per day) and coronary heart disease therapeutics 
(aspirin at 75 mg/d and atorvastatin at 20 mg/d). After collegial discussion among the care team, the 
decision was made to proceed with surgical repairs outside the country due to the lack of a cardiac 
surgery center.

OUTCOME AND FOLLOW-UP
The patient had an uneventful clinical course with medical treatment; surgery was delayed considering 
the suspension of air travel due to the coronavirus disease 2019 pandemic. The patient had multiple 
organ failure caused by acute free intrapericardial rupture, which usually causes cardiac tamponade 
and death, and died 4 wk after presentation.

DISCUSSION
PAN is a contained progressive rupture of the LV free wall. It is commonly caused by MI but may also 
occur after cardiac surgery, chest trauma or infection, and endocardial electrophysiologic procedures; 
“although in some cases the etiology may be unknown[2]”. Typically, LV PANs can also be identified 
by echocardiography and are typified by a PAN cavity that communicates with the LV chamber via a 
very narrow neck and frequently contains a thrombus. The characteristic to-and-fro blood flow through 
the site of rupture can be detected with Doppler and color flow imaging; however, “magnetic resonance 
imaging is necessary to establish the diagnosis if echocardiography findings are atypical[3]”. While 
most PANs are located in the inferoposterior or inferolateral region, “some studies have concluded that 
the most typical location is the anterior or lateral wall[4].
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Figure 1 Apical chamber view on transthoracic echocardiogram. A: Apical four-chamber view demonstrating the narrow neck of a pseudoaneurysm 
(PAN) in the apical wall (arrow indicates the site of free wall rupture); B: Apical two-chamber view demonstrating a second PAN of the infero-apical wall. LA: Left 
atrium; LV: Left ventricular; RA: Right atrium; RV: Right ventricular.

Figure 2 Transthoracic echocardiogram. A: Modified short axis view with the pseudoaneurysm dimensions (width of the neck was 15 mm and the maximal 
internal diameter of the aneurysmal sac was 68 mm with a neck to sac ratio of less than 0.5); B: Apical modified 4/5 chamber view showing bidirectional shunt 
through the left ventricular wall.

Figure 3 Subcostal and apical views on transthoracic echocardiogram. A: Subcostal view illustrating two wide pseudoaneurysms isolated by organizing 
fibrous tissue; B: Apical view with inclination of the probe at a right angle to the skin showing two non-communicant adjacent cavities separated by fibrous tissue.

In the last several years, the incidence of CR has decreased with the development of “primary 
percutaneous coronary intervention (PPCI), which has been an important protective factor[5]”. Risk 
factors include advanced age, female sex, first infarction, large infarction, and delivery of fibrinolytic 
therapy more than 14 h after the onset of symptoms. Our patient was in the 5th decade of life, female 
sex, and hypertensive, with an untreated large anterior MI. Hence, our patient was at high risk of 
developing CR. “Early reperfusion and the presence of collateral circulation, which limit the extent of 
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Figure 4 Two-chamber view on transesophageal echocardiogram. Two-chamber view confirming the pseudoaneurysm and flow through the left 
ventricle.

Figure 5 Cardiac magnetic resonance imaging. A: Two-chamber view showing the connection between the left ventricular (LV) cavity and the LV 
pseudoaneurysm (PAN) (arrow); B: Short axis view showing multiple cavities corresponding to the PANs isolated by fibrous tissue. LA: Left atrium; RV: Right 
ventricular.

myocardial tissue damage, decrease the risk of free wall rupture[6]”.
To the best of our knowledge, the presented case is the first in the literature to show more than one 

PAN caused by MI with long-term evolution. In this case, the onset and progression were possibly 
influenced by the large extension of non-revascularized MI, and the severity of hypertension explained 
by the advanced stage of chronic kidney failure. The first evaluation by echocardiography in the early 
phase of acute MI did not show the development of dyskinesia or aneurysm. In acute LV PAN, once the 
diagnosis is confirmed, surgical repair is the preferred treatment, although conservative medical 
treatment for certain high-risk patients may be associated with a good outcome, “as has been described 
in some retrospective studies showing that patients with an incidental finding of chronic small LV PAN, 
less than 3 cm in size, and patients with increased surgical risk can be managed conservatively[7]”. 
However, the preferred approach remains surgical management. Our patient was primarily treated by 
medical treatment and was scheduled for surgery after discussion with the surgical team, but she died 
after 4 wk from acute free intrapericardial rupture, in accordance with the literature showing that 
“PANs have a high risk of rupture, occurring in 30% to 45% of cases[8]”. In patients treated conser-
vatively, some complications may occur, such as thromboembolism, compression of adjacent structures, 
and infection.

CONCLUSION
PANs are caused by rupture of the myocardial wall and are an infrequent complication of acute MI that 
rapidly leads to death. However, some cases may take a subacute or chronic course when a small 
rupture is temporarily sealed by fibrinous pericardial adhesions or thrombus. No cases of multiple 
PANs of LV have been reported. The best weapon against this lethal complication is timely pharma-
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cologic or mechanical reperfusion.
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Abstract
Diabetes mellitus (DM) is a health condition characterized by glucose dysregu-
lation and affects millions of people worldwide. The presentation of heart failure 
in diabetic cardiomyopathy extends over a wide phenotypic spectrum, comm-
encing from asymptomatic, subclinical structural abnormalities to severely 
symptomatic biventricular dysfunction with increased mortality risk. Similarly, 
the spectrum of systolic dysfunction in diabetic-induced heart failure is diverse. 
DM leads also to cardiac electrical remodeling reacting on various targets. 
Dipeptidyl peptidase-4 (DPP-4) inhibitors reduce glucagon and blood glucose 
levels by raising levels of the endogenous hormones glucagon-like-peptide 1 and 
glucose-dependent insulinotropic peptide and constitute a safe and effective 
glucose lowering treatment option in patients with type 2 DM. Despite DPP-4 
inhibitors’ efficacy regarding glycemic control, their effect on cardiovascular 
outcomes (myocardial infarction, stroke, hospitalization for heart failure, hospital-
ization for unstable angina, hospitalization for coronary revascularization, and 
cardiovascular death) in diabetic patients has been neutral. The potential 
correlation between atrial flutter and DPP-4 inhibitors administration needs 
further investigation.

Key Words: Dipeptidyl peptidase-4 inhibitors; Diabetes mellitus; Outcomes; Meta-
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Core Tip: Dipeptidyl peptidase-4 inhibitors are a safe and effective glucose lowering treatment option in 
patients with type 2 diabetes mellitus. However, their effect on cardiovascular outcomes in diabetic 
patients has been neutral. The potential correlation between atrial flutter and dipeptidyl peptidase-4 
inhibitors administration is an interesting finding, but since currently there is no sheer underlying 
pathophysiologic mechanism to justify it, more evidence is required.
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TO THE EDITOR
Diabetes mellitus (DM) is a health condition characterized by glucose dysregulation and affects 237.9 
million males and 222 million females worldwide[1]. It is an established risk factor of cardiovascular 
disease, atrial and ventricular arrhythmias, as well as sudden cardiac death[2,3]. Dipeptidyl peptidase-4 
(DPP-4) inhibitors are a safe and effective glucose lowering treatment option in patients with type 2 DM 
(T2DM). Nevertheless, pooled recent data on the effect of DPP-4 inhibitors on cardiovascular outcomes 
and major cardiac arrhythmias are lacking.

We read with great interest the paper by Patoulias et al[4], who attempted to close the abovemen-
tioned knowledge gap by performing a meta-analysis of six randomized controlled trials (52520 
patients) concerning the impact of dipeptidyl peptidase-4 (DPP-4) inhibitors on “hard” cardiovascular 
outcomes and major cardiac arrhythmias. The authors concluded that DPP-4 inhibitors, compared to 
placebo, had no effect on fatal or non-fatal myocardial infarction, fatal and non-fatal stroke, hospital-
ization for heart failure, hospitalization for unstable angina, hospitalization for coronary revascular-
ization, and cardiovascular death and did not seem to confer any significant risk for major cardiac 
arrhythmias, with the exception of atrial flutter, which was associated with an increased risk equal to 
52% (relative risk = 1.52, 95% confidence interval: 1.03-2.24, I2 = 0%).

We agree with the authors’ insight that the presence of DM per se increases the risk of adverse 
cardiovascular outcomes and arrhythmias and results in cellular destabilization of myocardial tissue 
altogether. For example, it has been demonstrated that diabetic patients present an increased propensity 
for developing heart failure[5]. Diabetic cardiomyopathy, defined as ventricular dysfunction in the 
absence of hypertension or coronary artery disease, has been attributed to the deregulated immune 
response in type-1 DM (T1DM) and to the background of obesity in the majority of T2DM patients. Τhe 
amplified immune response of T1DM patients to myocardial injury, leads to the expansion of proinflam-
matory CD4+ T cells specific to myosin and the development of autoantibodies to MYH6 and other 
cardiac antigens.  On the other hand, obesity that predominates over T2DM patients reduces the 
palliative actions of circulating natriuretic peptides on ventricular stress, pressure overload, and 
sympathetic activation. In the absence of natriuretic peptides’ favorable actions, left ventricle 
hypertrophy, fibrosis, and insulin desensitization in skeletal muscles are more frequently observed in 
obese patients[5]. The presentation of heart failure in diabetic cardiomyopathy extends over a wide 
phenotypic spectrum, commencing from asymptomatic, subclinical structural abnormalities, developing 
progressively to severely symptomatic biventricular dysfunction with advanced mortality risk. 
Similarly, the spectrum of systolic dysfunction in diabetic-induced heart failure is diverse, originating in 
the heterogeneous risk factors that diabetes comes along, such as hypertension, hyperlipidemia, 
cardiovascular disease, and chronic kidney disease[6].

Except for the morphological implications on ventricular myocardium that account for the wide 
spectrum of left ventricular dysfunction, DM leads to cardiac electrical remodeling reacting on various 
targets. Among the diabetes-induced electrical disturbances, reduced conduction velocity, prolonged 
repolarization, and increased QT dispersion have been recognized, all predisposing to ventricular 
arrhythmias[7,8]. T1DM and T2DM lead to action potential duration prolongation, which becomes 
prominent on electrocardiography with a QRS prolongation in some diabetic patients[9]. QT duration 
prolongation subsequently predisposes to early after depolarizations development and an enhanced 
risk of torsade de pointes[10]. The proposed mechanisms are diabetes-exerted alterations in the function 
of several proteins involved in ion handling. More specifically, DM modifies ion channels responsible 
for depolarization as well as repolarization and resting phase[11]. Therefore, DM affects essentially all 
phases of action potential and correlates strongly to ventricular arrhythmias emergence.

The culprit pathophysiological mechanisms for the occurrence of atrial arrhythmias in DM substrate 
are not yet in depth elucidated. In atrial myocardium, DM favors the phenotypic switch of fibroblasts to 
myofibroblasts[12]. Mighty it is that diabetes induced atrial neuropathy as well as diabetes generated 
advanced myofibroblast differentiation promote atrial remodeling and lead to atrial cardiomyopathy 
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Figure 1 Newer oral antidiabetic drugs, glucose levels, and cardiovascular risk. A: Dipeptidyl peptidase-4 (DPP-4) inhibitors, sodium-glucose 
cotransporter 2 inhibitors (SGLT-2i), and glucagon-like peptide-1 receptor agonists (GLP1-RA) are effective glucose lowering agents in patients with type 2 DM; B 
SGLT-2i and GLP1-RA have shown significant decreases in adverse cardiovascular events, whereas the effect of DPP-4 inhibitors on cardiovascular outcomes in 
diabetic patients has been neutral. DPP-4i: DPP-4 inhibitors; SGLT-2i: Sodium-glucose cotransporter 2 inhibitors; GLP1-RA: glucagon-like peptide-1 receptor 
agonists.

overall[13]. Nonetheless, on epidemiological basis, DM is a strong independent risk factor for atrial 
fibrillation (AF) and atrial flutter occurrence.

Several studies have demonstrated that antidiabetic drugs may have differing effects on the risk of 
new-onset AF[14]. Metformin has been associated with anti-atrial arrhythmic benefits[15]. A case 
control study revealed no association between sulfonylurea and incident AF, whereas the use of insulin 
was associated with increased risk of new-onset AF[16]. A recent meta-analysis showed that DPP-4 
inhibitor treatment resulted in a non-significant decrease in the risk for AF, whereas both glucagon-like 
peptide-1 receptor agonists (GLP1-RA) and sodium-glucose cotransporter 2 inhibitors (SGLT2-i) were 
associated with a significant decrease in the risk for AF, equal to 14% and 19%, respectively[17]. 
Liraglutide (a GLP1-RA) demonstrated favorable effects on electrophysiological changes regarding AF 
inducibility and conduction velocity decrease[18].

DPP-4 inhibitors reduce glucagon and blood glucose levels by raising levels of the endogenous 
hormones glucagon-like-peptide 1 and glucose-dependent insulinotropic peptide, which are called 
incretins. Subsequently incretins inhibit glucagon release and increase insulin secretion. Despite DPP-4 
inhibitors’ indisputable efficacy regarding glycemic control, their effect on cardiovascular outcomes in 
diabetic patients, as denoted in the aforementioned and previous studies, has been neutral[19,20]. 
Furthermore, the risk of hypoglycemia is admitted to be increased compared to SGLT2-i. SGLT2-i 
reduce hyperglycemia through inhibition of glucose reabsorption in the renal proximal tubules. Acting 
on glucose/Na co-transporter they promote natriuresis and display not solely hypoglycemic effects but 
also reduce major adverse cardiovascular events (cardiovascular and total mortality, fatal or nonfatal 
myocardial infarction, or stroke) and hospitalization for heart failure and improve outcome in chronic 
kidney disease in diabetic and non-diabetic patients[21]. GLP1-RA are oral hypoglycemic drugs that 
mimic the effects of the incretin hormone glucagon-like-peptide 1. GLP-RA stimulate insulin release, 
inhibit glucagon secretion, and slow gastric emptying. Liraglutide, albiglutide, and dualiglutide have all 
shown significant decreases in adverse cardiovascular events[22]. In line with this evidence, the 
European Society of Cardiology guidelines recommend the administration of SGLT-2i or GLP1-RA as a 
first option in the presence of high or remarkably high cardiovascular risk or of cardiovascular disease
[23].

The potential correlation between atrial flutter and DPP-4 inhibitors administration is an interesting 
finding, but since there is no sheer underlying pathophysiologic mechanism to justify it, more evidence 
is required to establish this thesis as a widely accepted knowledge admissible in clinical practice. The 
authors speculated that the abovementioned correlation may stem from the inherent higher risk of atrial 
flutter that patients with DM carry[24]. However, it is also well known that DM per se is a risk factor of 
AF[24], which in the current meta-analysis was not associated with DPP-4 inhibitor use.

In conclusion, the authors should be congratulated on their attempt to provide state of the art data on 
the association between DPP-4 inhibitors and cardiovascular outcomes as well as major cardiac 
arrhythmias. The reported increased risk of atrial flutter in patients receiving DPP-4 inhibitors needs 
further investigation (Figure 1).
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