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Abstract
The prevalence of coronary artery disease (CAD) increases in patients with end-
stage liver disease, with part of them receiving the percutaneous coronary 
intervention (PCI) as a treatment option. Dual antiplatelet therapy (DAPT), a 
standard of care after PCI, could result in catastrophic consequences in this 
population. Before PCI and the start of DAPT, it is recommended to assess patient 
bleeding risk. Based on novel findings, liver cirrhosis does not necessarily lead to 
a significant increase in bleeding complications. Furthermore, conventional 
methods, such as the international normalized ratio, might not be appropriate in 
assessing individual bleeding risk. The highest bleeding risk among cirrhotic 
patients has a subgroup with severe thrombocytopenia (< 50 × 109/L) and 
elevated portal pressure. Therefore, every effort should be made to maintain 
thrombocyte count above > 50 × 109/L and prevent variceal bleeding. There is no 
solid evidence for DAPT in patients with cirrhosis. However, randomized trials 
investigating short (one month) DAPT duration after PCI with new drug-eluting 
stents (DES) in a high bleeding risk patient population can be implemented in 
patients with cirrhosis. Based on retrospective studies (with older stents and 
protocols), PCI and DAPT appear to be safe but with a higher risk of bleeding 
complications with longer DAPT usage. Finally, novel methods in assessing CAD 
severity should be performed to avoid unnecessary PCI and potential risks 
associated with DAPT. When indicated, PCI should be performed over radial 
artery using contemporary DES. Complementary medical therapy, such as proton 
pump inhibitors and beta-blockers, should be prescribed for lower bleeding risk 
patients. Novel approaches, such as thromboelastography and “preventive” 
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upper endoscopies in PCI circumstances, warn clinical confirmation.
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Core Tip: Dual antiplatelet therapy (DAPT) is necessary after a percutaneous coronary 
intervention (PCI). However, it could result in severe consequences in patients with 
liver cirrhosis. Based on novel findings, liver cirrhosis does not necessarily lead to a 
significant increase in bleeding complications. Patients with cirrhosis who have the 
highest bleeding risk are those with severe thrombocytopenia and elevated portal 
pressure. Despite the lack of solid evidence for DAPT in patients with cirrhosis, trials 
investigating one month of DAPT duration after PCI can be implemented in cirrhotic 
patients. Before PCI, functional assessment of coronary artery disease severity should 
be performed to avoid unnecessary interventions.

Citation: Ostojic Z, Ostojic A, Bulum J, Mrzljak A. Safety and efficacy of dual antiplatelet 
therapy after percutaneous coronary interventions in patients with end-stage liver disease. 
World J Cardiol 2021; 13(11): 599-607
URL: https://www.wjgnet.com/1949-8462/full/v13/i11/599.htm
DOI: https://dx.doi.org/10.4330/wjc.v13.i11.599

INTRODUCTION
The prevalence of coronary artery disease (CAD) in patients with liver cirrhosis is 
estimated from 20% to 26%[1-3]. Furthermore, due to the growing incidence of 
cirrhosis caused by non-alcoholic fatty liver disease, which has overlapping risk 
factors with the CAD, an even higher prevalence of CAD in patients with cirrhosis can 
be expected[4,5]. The presence of both comorbidities can limit treatment options for 
each. For example, a patient can be rejected for surgical heart revascularization due to 
high operative risk or for the potential liver transplantation (LT) due to unresolved 
CAD. Percutaneous coronary intervention (PCI) with stent implantation represents a 
valid treatment option for CAD[6]. Data from the United States report that 1.2% of 
patients undergoing PCI have cirrhosis[7]. However, dual antiplatelet therapy (DAPT), 
a standard of care after stent implantation, can have severe consequences in cirrhotic 
patients with cirrhosis due to elevated bleeding risk.

This article aims to define; do all patients with liver cirrhosis have the same 
bleeding risk, the evidence behind DAPT in patients with cirrhosis, and what can be 
done to lower bleeding risk in such patients.

ARE ALL PATIENTS WITH CIRRHOSIS AT THE SAME RISK OF BLEE-
DING?
In the past, all patients with liver cirrhosis were classified as having high bleeding risk 
(HBR) due to coagulation abnormalities, thrombocytopenia, and elevated portal 
pressure-related complications. However, these presumptions are changing with 
growing evidence that, at least, part of patients with cirrhosis might have a high 
thrombotic risk[8,9]. Complex alterations in the hemostatic system cause so-called 
rebalanced hemostasis, meaning that impaired protein synthesis leads to a decreased 
level of procoagulant factors and anticoagulant factors[10,11]. The international 
normalized ratio (INR) is often used as a parameter for coagulation cascade 
competence in cirrhosis, although primarily invented for the warfarin dosing and not 
for the above mentioned[9]. The potential problem arises from the fact that it measures 
procoagulant factors but not anticoagulant factors such as protein C and S, which are 
also depleted in patients with liver cirrhosis[9,12]. Furthermore, it does not measure 
Factor VIII, whose levels are elevated in cirrhosis patients due to its endothelial 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1949-8462/full/v13/i11/599.htm
https://dx.doi.org/10.4330/wjc.v13.i11.599


Ostojic Z et al. DAPT in patients with cirrhosis

WJC https://www.wjgnet.com 601 November 26, 2021 Volume 13 Issue 11

production[13]. Finally, studies that tried to "correct" INR using fresh frozen plasma or 
activated Factor VII, failed to reduce bleeding events[14-17]. Additionally, fibrinogen 
measurement has been proposed as a potential alternative to INR for assessing 
bleeding risk, although its clinical usefulness is yet to be confirmed[9].

The second risk factor for bleeding in patients with cirrhosis is thrombocytopenia, 
occurring in 64%-84% of patients with cirrhosis or fibrosis[18]. Its cause is multi-
factorial, with the most important being decreased production due to depressed 
thrombopoietin levels, splenic sequestration, and increased destruction[9,19-21]. 
However, a platelet count of > 50 × 109/L has been shown to be sufficient to maintain 
thrombin generation in in vitro studies[8,21-23]. This cut level has been recognized by 
McCarthy et al[24] in their opinion paper on management of DAPT in patients with 
thrombocytopenia, where they advise avoiding PCI in case of thrombocyte count < 50 
× 109/L. Furthermore, in cirrhotic patients, platelet-induced anticoagulation changes 
are counterbalanced with the higher activity of endothelium-derived von Willebrand 
factor[8,9,25].

The third risk factor for bleeding in patients with cirrhosis are complications arising 
from portal hypertension, primarily esophageal varices[26,27]. The risk of variceal 
hemorrhage is related to variceal size, the severity of liver dysfunction (Child-Pugh 
B/C), and the presence of red wale marks on varices[28]. This issue had been 
recognized in a consensus document from Academic Research Consortium for High 
Bleeding Risk, in which they defined patients with cirrhosis and portal hypertension 
as having HBR after PCI[29]. Of note, in the same document, patients with thrombo-
cytopenia (defined as < 100 × 109/L), irrespective of etiology, and those with chronic 
bleeding diathesis are likewise defined as having HBR. Finally, it is essential to 
emphasize there is no valid bleeding risk score for patients with liver cirrhosis. Most 
used Child-Pugh and Mayo End-Stage Liver Disease criteria are developed for 
predicting mortality and not bleeding events, despite having INR as an integrative 
part of both[30-32]. In summary, based on presented data, patients with the highest 
bleeding risk are those with severe thrombocytopenia (< 50 × 109/L) and those with 
portal hypertension.

WHAT IS THE CURRENT EVIDENCE REGARDING DAPT AFTER PCI IN 
PATIENTS WITH CIRRHOSIS?
Historically, due to the concerns for late stent thrombosis after drug-eluting stent 
(DES) implantation, DAPT was recommended for 12 mo after such procedures. Thus, 
patients with HBR, including those with liver disease, were excluded from most 
modern DES trials[29]. Therefore, implantation of a bare-metal stent (BMS) followed 
by one month of DAPT was recommended in those cases[29]. However, with DES 
technology advancements and stent thrombosis reduction, randomized trials in HBR 
patients have been performed. In the LEADERS FREE trial, almost 2500 patients were 
allocated to modern DES or BMS, followed by one month of DAPT. After one year of 
follow-up, DES implantation was superior to BMS concerning primary safety endpoint 
[a composite of cardiac death, myocardial infarction (MI), or stent thrombosis] [9.4% vs 
12.9%; hazard ratio, 0.71; 95% confidence interval (CI): 0.56-0.91; P < 0.001 for 
noninferiority and P = 0.005 for superiority] with the lower incidence of clinically 
driven target lesion revascularization (5.1% vs 9.8%; hazard ratio, 0.50; 95%CI: 0.37-
0.69; P < 0.001)[33]. Similarly, in ONYX ONE trial, which included 1996 patients, DES 
implantation was non-inferior to BMS (both with one month of DAPT) after one year 
of follow-up[34]. Even though both trials investigated patients with HBR, the 
prevalence of patients with liver disease/cirrhosis was < 1%, too small to extract 
conclusions in this patient population[33,34].

Several retrospective studies described and investigated outcomes after PCI in 
patients with liver cirrhosis compared to different patient populations, with only one 
of them more focused on antiplatelet management[4,7,35-38]. The largest of them was 
conducted by Wu et al[35], which included 914 cirrhotic patients who underwent PCI 
due to MI and compared them to a four times larger propensity-matched group of 
patients without cirrhosis. The cirrhosis group had significantly higher 1-year 
mortality (32.7% vs 23.7%, 95%CI: 1.28-1.74) but less recurrent MIs (6.0% vs 8.7%, 
95%CI: 0.54-0.92). Importantly, cirrhosis group had non-significant increase in major 
bleeding (3.7% vs 2.9%, 95%CI: 0.87-1.23) and significantly increased gastrointestinal 
bleeding (28.0% vs 20.2%, 95%CI: 1.31-1.70). A sub-analysis showed significantly lower 
mortality and non-significant decreases in recurrent MI in the DAPT subgroup 
(duration of DAPT had to be > 3 mo) compared to cirrhotic patients on a single 
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antiplatelet agent. However, patients with a single antiplatelet agent were significantly 
older with significantly more severe comorbidities (such as heart failure and history of 
gastrointestinal bleeding), so direct comparison is questionable[35]. After PCI in 
patients with cirrhosis, worse in-hospital mortality than a historic non-cirrhotic group 
has also been described by Singh et al[7]. In the same study, patients with cirrhosis had 
worse outcomes if they received BMS instead of DES[7].

The two studies comparing PCI and medical therapy in CAD patients with cirrhosis 
found no difference in 1-year mortality and a higher bleeding rate[36,37]. Importantly, 
Krill et al[36] described a temporal change in bleeding events. The difference in 
bleeding was non-significantly different at 30- and 90-d follow-up (although higher in 
the PCI group) but become significant after 1 and 2 years. That might be associated 
with higher and extended use of DAPT in the PCI group (63% of patients had DAPT 1 
year after PCI)[36]. Similarly, Russo et al[4] and Azarbal et al[38] described no 
significant difference in bleeding after PCI than medical therapy, although higher in 
the PCI group, in shorter follow up of 11 and 1 mo, respectively.

Finally, it is essential to emphasize that the studies mentioned above-included 
patients up to 2015, with consequent high use of BMS or old generation DES without 
new DAPT duration protocols.

In conclusion, "hard" evidence for DAPT in patients with liver cirrhosis is scarce. 
Based on retrospective studies (with older stents and protocols), PCI and DAPT 
appear to be safe but with a higher risk of bleeding complications with longer DAPT 
usage.

WHAT ARE POTENTIAL TOOLS THAT COULD BE USED TO ASSESS AND 
LOWER BLEEDING RISK?
Based on the aforementioned retrospective studies, PCI's usefulness in patients with 
liver cirrhosis regarding mortality is questionable due to high non-cardiovascular 
related mortality[36,37,39]. Therefore, appropriate triage of such patients before PCI, 
and consequent DAPT related bleeding risk, is mandatory. Based on data in the 
general population, PCI affects prognosis in patients presenting with MI and selected 
scenarios of a chronic coronary syndrome such as left main or proximal left anterior 
descending artery disease, a multi-vessel disease with impaired left ventricular systolic 
function, and a large area of myocardium at risk[6]. In our opinion, PCI is indicated in 
a patient with cirrhosis who presents with one of the mentioned scenarios if life 
expectancy, from the hepatological point of view, is reasonably long (one year) or 
other treatment modalities, such as LT are available. Except for the scenarios 
mentioned above, PCI of all significant coronary artery stenosis might be indicated 
before LT. This conclusion is based on retrospective studies that showed worse 
outcomes after LT in patients with CAD and increased mortality in multi-vessel CAD 
cases[40-42]. On the other hand, data from several studies indicate no impact of CAD 
on post-LT survival if CAD is treated appropriately, including PCI when indicated[43,
44]. All presented studies described CAD using plain angiography as the percentage of 
coronary artery stenosis (usually over 50%). Although this method is valid for CAD 
definition, more novel and precise methods, such as functional assessment of stenosis, 
should be done before PCI, especially in borderline stenosis and HBR patients[6]. 
Therefore, we advise the usage of instantaneous wave-free ratio or a similar method 
for confirmation of stenosis significance for all coronary artery stenosis estimated to be 
between 50%-90% as it not only affects prognosis but reduces the number of stents 
implanted compared to angiogram alone[6,45-47]. In the cases where PCI is indicated, 
it should be done with third generation DES, preferably with one tested for the short 
need for DAPT of only one month[6,33,34,48]. Another off-label option would be PCI 
using drug-coated balloons which has comparable results with modern DES primarily 
in small CAD (diameter ≤ 2.8 mm) and in HBR patients due to theoretical shorter 
usage of DAPT and lower risk for thrombosis as no foreign material remains in the 
artery[49-52]. We advise using the radial artery approach as default vascular access for 
all left heart catheterization due to better outcomes and lower bleeding risk than 
transfemoral access[6,53,54]. It also appears to be a safe option in patients with end-
stage liver disease based on a single available study[55].

After the PCI, DAPT duration should be shortened in HBR patients, as advised by 
the guidelines, to three months after elective PCI or six months after PCI in acute 
coronary syndrome[56]. We also encourage clopidogrel usage compared to more 
potent P2Y12 inhibitors due to its lower bleeding risk[24,57,58]. A potential drawback 
of clopidogrel is that it requires activation in the liver[59]. However, a recent study 
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Figure 1 Proposed scheme with the main recommendations of how to approach a patient with cirrhosis undergoing percutaneous 
coronary intervention in elective and emergent settings. A and B: In case of elective percutaneous coronary intervention (PCI) (A), platelet count and 
portal hypertension work up should be performed (and treated) before the PCI. However, in emergent settings (B) above mentioned work up should be performed 
after the PCI. PCI: Percutaneous coronary intervention; DAPT: Dual antiplatelet therapy; DES: Drug eluting stent; PPI: Proton pump inhibitor.

described appropriately reduced platelet function after clopidogrel using thromboelas-
tography (TEG), TEG-based platelet mapping, and impedance platelet aggregometry 
in patients with decompensated cirrhosis[60]. Importantly, no platelet function test has 
been studied for guiding DAPT in a patient with cirrhosis. On the other hand, TEG has 
been used to guide blood product use in various scenarios in patients with cirrhosis 
and impaired coagulation assessed using conventional methods (INR and platelet 
count)[61]. In randomized trials, TEG compared to conventional methods led to lower 
blood products use without an increase in bleeding complications in patients with 
bleeding varices and before invasive procedures[62,63]. Based on mentioned, TEG can 
theoretically be used to assess hemostatic pathways before administration of DAPT, 
with more freely DAPT usage in case of preserved hemostasis. However, these 
presumptions are supposed to be tested in clinical studies before widespread 
utilization.

Regarding medical therapy for preventing bleeding complications during DAPT, a 
proton pump inhibitor should be prescribed as it reduces upper gastrointestinal 
bleeding in patients with cirrhosis[36,64]. It is also most important to administer a 
maximally tolerated dose of beta-adrenergic blocking agents due to their positive 
effect on portal hypertension and CAD[28,65]. Lastly, we encourage repeat upper 
endoscopy in patients with liver cirrhosis before elective PCI or early after urgent PCI 
to manage varices according to recommendations for primary and secondary 
prophylaxis of variceal bleeding, as previously proposed[4,28].

In summary, PCI in patients with cirrhosis should be done over trans-radial artery 
access, using novel DES (with proved safety in short DAPT protocols), in cases when 
PCI is proved to affect patient prognosis. Along with DAPT, concomitant medical 
therapy that reduces the risk of bleeding should be administered. Novel approaches, 
such as TEG or "preventive" upper endoscopies, although promising, warn clinical 
conformation. Proposed scheme with the main recommendations of how to approach 
a patient with cirrhosis undergoing percutaneous coronary intervention in elective and 
emergent settings is presented in Figure 1.

CONCLUSION
The highest bleeding risk among patients with liver cirrhosis is present in a subgroup 
of patients with severe thrombocytopenia and elevated portal pressure. Therefore, 
every effort should be made to maintain thrombocyte count above > 50 × 109/L and 
prevent variceal bleeding. Despite the lack of solid evidence for DAPT in patients with 
cirrhosis, results from trials investigating shorter DAPT duration after PCI in HBR 
patient population can be implemented in patients with cirrhosis. Finally, novel 
methods in the assessment of CAD severity should be performed to avoid unnecessary 
PCI.
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Abstract
Palpitations are one of the most common reasons for medical consultation. They 
tend to worry patients and can affect their quality of life. They are often a 
symptom associated with cardiac rhythm disorders, although there are other 
etiologies. For diagnosis, it is essential to be able to reliably correlate the sym-
ptoms with an electrocardiographic record allowing the identification or ruling 
out of a possible rhythm disorder. However, reaching a diagnosis is not always 
simple, given that they tend to be transitory symptoms and the patient is 
frequently asymptomatic at the time of assessment. In recent years, electrocardio-
graphic monitoring systems have incorporated many technical improvements that 
solve several of the 24-h Holter monitor limitations. The objective of this review is 
to provide an update on the different monitoring methods currently available, 
remarking their indications and limitations, to help healthcare professionals to 
appropriately select and use them in the work-up of patients with palpitations.
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INTRODUCTION
Palpitations are one of the most common reasons for medical consultation and can 
occur in up to 10% of the population at some point in their lives[1-3]. They tend to 
worry patients and can affect their quality of life. They are a symptom that is 
frequently associated with cardiac rhythm disorders, although there are other 
etiologies[4] (Table 1). In fact, in up to half of the cases, palpitations are not due to a 
significative arrhythmia[2].

Having an accurate diagnosis is important to determinate the prognosis, to guide 
treatment and to plan the patient’s follow-up. In order to have a diagnosis, it is 
essential to be able to reliably correlate the symptoms with an electrocardiographic 
record allowing the identification or ruling out of a possible rhythm disorder. 
However, reaching a diagnosis is not always simple, given that they tend to be 
transitory symptoms and the patient is asymptomatic at the time of assessment[1,5].

Electrocardiographic monitoring systems are a first-line tool in assessing these 
patients. The introduction of the 24-h Holter monitor within 60 s was a true revolution 
and its use rapidly became widespread[6]. Other than diagnosing palpitations, it has 
also been an important tool in understanding the physiological cardiac rhythm 
behavior[7,8] and in the follow-up of patients at risk of cardiovascular disease[8], in 
syncope work-up[9-12], in risk stratification of certain patients[13-16] or in the 
detection of silent arrhythmias[8,17-21]. Due to its high availability and probably due 
to a certain degree of tradition, it is the monitoring system most commonly used by 
most doctors. However, it has several limitations that reduce its efficiency and 
diagnostic yield[2,22].

Fortunately, in recent years, in line with the overall technological development that 
our society has experienced, electrocardiographic monitoring systems have 
incorporated many technical upgrades allowing for improvement in several of the 
limitations presented by the 24-h Holter monitor. This evolution of electrocardiogram 
(ECG) recording systems has occurred in various directions. On the one hand, we have 
the improvement in the quality and quantity of recordings, such that, at the present 
time, it is possible to obtain 12-lead ECG traces of excellent quality with increased 
monitoring time, be it in the form of a continuous recording (which can last up to a 
month), or in the form of intermittent recordings which can last up to 3 years in the 
case of implantable recorders[8,23-25]. On the other hand, various recording and 
analysis algorithms have been developed, which allow for many improvements; for 
example, the automatic analysis of arrhythmias[18,23]. Remote data transmission 
systems have also been incorporated with multiple designs able to adapt to each 
patient’s different needs[8,24,26].

Unfortunately, these new devices are still not universally incorporated into daily 
clinical practice, either because they are not included or reimbursed in the healthcare 
systems, or due to the inertia of healthcare professionals[27]. In the work-up for palpit-
ations, it is still usual to apply a traditional strategy that is fundamentally based on the 
use of a 24-h Holter monitor, which has low diagnostic yield on many occasions[2,22]. 
This lack of yield is due to the fact that the majority of the events to be diagnosed are 
paroxysmal ones that occur occasionally and unexpectedly. The use of standardized 
diagnostic protocols with the application of new electrocardiographic monitoring 
devices has been shown not only to markedly improve the diagnostic yield, but also to 
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Table 1 Principal cardiac and noncardiac causes of palpitations

Cardiac and noncardiac causes

Premature contractions (supraventricular or ventricular)

Supraventricular tachycardia (AF, flutter, AVRNT, etc.)

Ventricular tachycardia

Severe bradyarrhythmia/AV block

Cardiac arrhythmias

Pacemaker mediated tachycardia

Severe aortic regurgitation

Hypertrophic cardiomyopathy

Congenital heart disease with significant shunt

Structural heart disease

Mechanical prosthetic valves

Thyroid dysfunction

Pheochromocytoma

Anaemia

Fever

Hypoglycaemia

Arteriovenous fistula

Systemic causes

Autonomic dysfunction

AnxietyPsychosomatic disorders

Somatisation disorder

Sympathomimetic agents (bronchodilators, antidepressants)

Vasodilators (hydralazine, doxazosin)

Drugs

Recreational: Cocaine, alcohol, amphetamines, cannabis

AVRNT: Atrioventricular nodal re-entry tachycardia; AF: Atrial fibrillation; AV: Atrioventricular.

be clearly cost efficient[2,28-30].
However, it should also be noted that the new devices are not exempt from 

limitations. Some are related to patient tolerance, either due to the possibility of 
relative discomfort, the need to wear external devices with electrodes stuck to the skin, 
or because the implantable devices require a minor surgical procedure, meaning that 
certain patients may not accept them[8,24,27]. Also, the devices continue to record a 
significant number of artifacts or rhythmic abnormalities that are not pathological or 
significant, which inefficiently lengthen the interpretation time of the studies and can 
even saturate the memory of certain devices. In addition, it should be noted that for a 
suitable diagnosis to be made, not only is it important to have recorded a quality 
electrocardiographic trace; the latter must also be properly interpreted in the patient’s 
clinical context, which requires sufficient skill on the part of the healthcare profes-
sional interpreting the trace[31].

The objective of this review is to offer an update on the different monitoring 
methods currently available, their indications and limitations, to help healthcare 
professionals appropriately select and use them in the work-up of patients with palpit-
ations.

ELECTROCARDOGRAPHIC CARDIAC MONITORING DEVICES
Device classification
The monitoring devices available on the market have differing characteristics. 
Traditionally, these devices have been classified into three or four groups [24/48-h 
Holter, external prospective event recorders (PERs), loop recorders (LRs)] based on a 
series of shared characteristics[8,27] (Table 2). However, thanks to technical develop-
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Table 2 Main advantages, limitations, and indications of the most commonly used models of cardiac monitoring devices

Advantages Disadvantages Main indications

Continuous recording Discomfort for the patient Very frequent (daily) symptoms

12 leads with good correlation with 
surface ECG

Artefacts Permanent AF rate monitoring

Low economic cost Maximum recording of 24-48 h (low 
diagnostic yield)

Frequent ventricular premature beats

24 h Holter

Risk stratification of (hypertrophic) 
cardiomyopathies

Continuous recording of 7–14 d Single use and greater economic cost Frequent (weekly) symptoms

Good tolerability for patients Analysis by external companies AF detection in cryptogenic stroke (2 
wk)

Skin patches

Only one lead1

Loop recording (includes 
beginning and end of arrhythmic 
event)

Patient discomfort Occasional symptoms (monthly)

4 wk monitoring Requires education from healthcare 
professional on how to correctly place the 
electrodes

AF detection in cryptogenic stroke (2–4 
wk)

External loop recorders 

High yield and efficiency in the 
assessment of palpitations

Loop recording Invasiveness and associated complications 
(infection, bleeding, etc.)

Very infrequent symptoms

Up to 3-yr monitoring (good 
diagnostic yield)

Individual economic cost AF detection in at-risk patients 
(cryptogenic stroke, post-ablation, etc.)

Patient does not have to do 
anything

Single lead Syncope

Implantable loop recorder

Remote monitoring

Easy access for the general 
population

Single lead1 Palpitations work-up

Possibility of prolonged use (years) Data management Population AF screening (not 
validated)

Screening for asymptomatic events 
(AF screening)

Patient has to be involved (not suitable for 
syncope work-up)

External event 
recorders/mobile devices

Remote monitoring

1There are devices with more leads.
AF: Atrial fibrillation; ECG: Electrocardiogram.

ments in recent years, the devices have gained in functionality and taken on new 
properties, making it difficult to establish a strict, closed classification. For this reason, 
some devices will have mixed characteristics between two groups (or will be able to be 
used in one or other manner according to the patient). Despite this, we should mention 
some of the most differentiating characteristics allowing a device and specific model to 
be classified (Figure 1). These characteristics must be considered when indicating the 
device that best suits each patient.

They may, thus, be classified according to the following.
(1) Monitoring time. There are short recording devices (24–48 h) that are useful for 

the examination of symptoms that occur every day or frequently; mid-range recording 
devices (up to 4 wk) and long recording devices (up to 3–4 years)[32]. Due to 
limitations of data storage, when we increase the monitoring time of the devices, they 
switch from continuous to intermittent recording, as will be discussed later. To achieve 
appropriate diagnostic yield in the work-up for palpitations, it is essential to adjust the 
monitoring time to the frequency of the symptoms. This is, without a doubt, one of the 
main characteristics when selecting a device.

(2) Recording type. This is another important characteristic to be kept in mind when 
selecting the most suitable test for each patient type. On the one hand, continuous 
recording devices such as Holter monitors make a constant ECG recording that can 
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Figure 1 Main electrocardiographic monitoring devices available according to electrocardiogram recording duration and type and 
number of derivations. 1While they prospectively register 30–60 s, they may be used repeatedly on a long-term basis. ECG: Electrocardiogram.

later be reviewed in its entirety. Continuous recordings avoid information loss since 
they do not depend on activation by the patient or on arrhythmia detection 
algorithms. By contrast, tests using intermittent recording are patient-activated or 
activate automatically according to different arrhythmia detection algorithms. There 
are two distinct types of device with this characteristic: Loop recorders [external LRs 
(ELRs) or implantable LRs (ILRs)] and PERs. The main difference between them is the 
ability of the LR to record the trace both prospectively and retrospectively, allowing us 
to obtain the trace from the start of the event (which may be important for the precise 
diagnosis of certain arrhythmias) (Figure 2). Similarly, LRs have various algorithms 
allowing for the automatic recording of certain asymptomatic arrhythmias, which 
prospective recorders do not allow for, since they are only activated by the patient in 
the event of symptoms (as such, they are also not useful for syncope work-up)[17,32,
33]. It should be noted that there are currently certain devices available with 
continuous recording capacity as well as off-line analysis software with detection 
algorithms for arrhythmias that present the information in a similar manner to event 
recorders (although the healthcare professional can review the rest of the recording if 
this is considered important)[19,34,35].

(3) Number of leads. Recordings range from systems with just one lead to full 12-
lead ECGs in the devices with the most leads. It is important to keep in mind that, the 
greater the number of leads, the more memory the device will use. In addition, there 
will be a greater number of electrodes to be applied by the patient in order for the 
recording to be made. As such, as a general rule, the devices allowing for long 
monitoring times offer a limited number of leads. However, having more than one 
lead is often useful. For example, on occasion, it allows for the clearing up of doubts as 
to whether a lead is subject to artifacts (Figure 3) or to better assess the wave 
morphology, which is important on certain occasions[8,36,37].

(4) Degree of invasiveness. There are implantable and external devices. ILRs require 
a minor surgical procedure, but once the wound has healed, patients do not usually 
notice them, and they allow for prolonged monitoring[17,25].

(5) Connectivity. The most up-to-date devices incorporate connectivity systems that 
allow for remote monitoring. Some can even be linked to smartphones, allowing for 
the easy sharing and sending of recordings via the Internet or Bluetooth[26,32,38,39]. In 
addition, some applications have algorithms that offer the patient an instantaneous 
diagnosis of their arrhythmia (although it is recommended that this is ratified by a 
healthcare professional)[18,40,41].

(6) Automatic algorithms. Different recording and analysis algorithms have been 
developed in recent years and they have been incorporated into some devices. Most of 
these algorithms allow for the automatic analysis of arrhythmias such as atrial fibril-
lation (AF), bradycardia, or asystole, but some of them also allow for the filtering out 
of noise to try to improve recording quality. There are differences between the 
algorithms that different brands incorporate into their devices. It is important to 
evaluate not only the algorithms that they provide, but also their sensitivity and 
specificity for detecting each type of arrhythmia. All of them should have type I and 
type II errors, but there may be significant differences depending on the device. 
Therefore, when selecting a monitoring device, physicians should also consider the 
accuracy of these algorithms.
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Figure 2 Example of an electrocardiogram trace obtained with an external loop recorders in a patient with palpitations. The beginning of a 
supraventricular tachycardia (SVT) is observed. A premature atrial beat that conducts with long PR seems to be the trigger of the SVT. This finding is highly 
suggestive of atrioventricular nodal re-entry tachycardia.

(7) Recording system type used. Initially, most devices used adhesives with 
electrodes. This is still the most common used format, although others have been 
developed that can record the cardiac signal, such as patches, belts or vests[8,24]. 
There are also devices that do not need to be in constant contact with the patient which 
incorporate electrodes into the recorder’s own case, which are brought close to the skin 
when a recording is desired[42-44].

(8) Availability of other biological signals. In addition to recording the electrocardio-
graphic trace, some devices have sensors that allow other biological signals to be 
monitored, such as physical activity, bodily position, oxygen saturation and even the 
presence of apnea[39,45,46].

Main electrocardiographic monitoring devices available
As noted above, there is currently a wide variety of monitoring devices offering a 
combination of characteristics, which makes it difficult to perform a strict classi-
fication. However, it is still useful to differentiate certain major groups (Figure 1 and 
Table 2), in the knowledge that certain models may have mixed characteristics 
between two groups or may be used in different ways as appropriate (e.g., there are 
devices that can function as a 24-h Holter monitor, a continuous 3-wk Holter or a loop 
recorder) .

Continuous Holter (24/48-h): This takes its name from the cardiologist Norman J. 
Holter, who developed this technology in 1961. It is currently the most common 
technique used in clinical practice[47]. Currently, most Holter devices consist of a 
lightweight recorder with a digital memory card and a series of cutaneous electrodes 
that obtain a continuous ECG recording. They allow for 24-48-h monitoring time in 
most cases, although there are devices with recording capacities of up to 7 d.

Originally, the recording was made up of only two or three leads and, still today, 
many tests are carried out in this way. However, as early as 1966, the first 12-lead 
Holter monitor was developed with a system of 10 electrodes arranged over the 
patient’s torso. Later on, a simplified five-electrode system was developed (the EASI 
system) which allowed for the reconstruction of 12 leads with good clinical reliability
[48]. Having 12 leads may be especially important when assessing certain arrhythmias, 
such as the morphology of ventricular extrasystoles or certain repolarization patterns 
which may only appear in one specific lead. Torso electrodes avoid possible artifacts 
and discomfort associated with the positioning of the electrodes on the limbs. 
However, it should be noted that this arrangement attenuates the amplitude of the 
inferior leads and generates a slight right cardiac axis deviation[48], and some 
recordings obtained with torso leads cannot be considered completely equivalent to 
standard ECG leads[8].

After completing the recording, it is transferred into software installed on a 
computer (and/or a server in the cloud in some of the more advanced devices), which 
usually allows for an initial automatic analysis identifying the QRS complexes and the 
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Figure 3 Example of an electrocardiogram tracing obtained with a Holter monitor with single-lead or multiple leads. A: A polymorphic trace is 
apparent with a single-lead record; B: After checking the other leads, the artifact can be easily identified.

R-R interval to offer values such as maximum/minimum rate, histograms of rate or ST 
segment analysis. Finally, the healthcare professional must review the data to rule out 
the presence of possible artifacts and interpret the results of the ECG taking into 
account the patient’s symptom diary[47].

Holter monitors have demonstrated their utility in identifying arrhythmias in 
patients with palpitations or syncope with different efficacy values in line with the 
pretest probability of the population studied and the frequency of the symptoms[2,22,
28]. In recent years, various case series, including our own[2,32], have shown that the 
global diagnostic yield of Holter monitors is limited and that, despite the fact that its 
cost is generally relatively low, its per-diagnosis cost is high[22,27,47]. For example, in 
a transversal study in usual clinical practice carried out by our group, Holter only 
offered a diagnostic yield of 3.5% for syncope and 16.5% for palpitations. This yield is 
even lower when the objective is screening for asymptomatic arrhythmias, such as AF 
in the context of cryptogenic stroke, where the yield can be < 1%[32].

Among other indications that have been considered, there was risk stratification in 
certain groups of patients, either through the detection of nonsustained arrhythmias 
and abnormalities of heart rate variability parameters or dispersion of the QT interval
[15,49-53]. However, at the present time, few therapeutic decisions are based on Holter 
findings, perhaps with the exception of the presence of nonsustained ventricular 
tachycardia in patients with hypertrophic cardiomyopathy[15], which may be a 
decisive factor for the implantation of an implantable cardiac defibrillator.

In our opinion, in the work-up for palpitations at the present time, the 24/48-h 
Holter monitor should only be considered in patients with daily or very frequent 
symptoms. When this is not the case, there are other tools available that offer not only 
a greater diagnostic yield, but also better cost efficiency[2,39,54].

Skin patches: These systems, which were developed over the past decade, enjoy a 
certain degree of popularity in some countries. However, in others, such as Spain, their 
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use remains marginal. They consist of patches of different materials, which adhere to 
the skin and contain electrodes to obtain one (the most common) or two ECG leads for 
7–14 d’ monitoring. The device itself acquires, amplifies and filters the ECG signal, 
which is then telematically transmitted for analysis (usually through an external 
company)[8,24,55].

There are different patch models with different recording characteristics. In some 
cases, they are similar to a Holter monitor and in others to an ELR. For example, the 
ZioPatch creates a continuous ECG recording with a single lead that is interpreted via 
an analysis platform. It also has a symptom button on the patch itself[56,57]. Another 
different example is the NUVANT-Piix. It also has only one lead, but it does not 
perform a continuous recording; rather, it only records the traces identified as 
arrhythmias or when the patient experiences symptoms and activates the device with 
a special magnet[58].

There are studies comparing the efficacy of these new patches with traditional 
Holter monitors (Table 3), showing good tolerability on the part of patients and a 
greater diagnostic yield, particularly for the purposes of identifying paroxysmal AF
[56,59]. However, these devices have a higher cost and are usually single use[8,56].

In this section, we can also include the so-called “textrodes”, which are electrodes 
included in garments[34]. These devices are currently in a more experimental phase. 
One of the main problems they entail is the quantity of artifacts due to movement of 
the fabric. In this regard, studies are being carried out to select the best material and 
electrode positioning within the fabric[60,61].

Prospective external event recorders (without loop memory) and mobile devices: 
These tend to be small devices with a couple of electrodes incorporated into them, 
which allow, when activated by the patient, for a real-time recording of 30–60 s of a 
single ECG lead[8,24,41,44]. These devices allow for the recording of episodes of 
palpitations that are sufficiently long for the patient to have time to apply the recorder. 
However, they have the limitation of not allowing for the recording of the start of the 
episodes, which is frequently important for diagnosis when it comes to interpreting 
the mechanism of arrhythmias[32,39] (Figure 2). Similarly, their use is not appropriate 
for syncope work-up, because if the patient applies the device having recovered from 
the syncopal episode, in most cases, the possible cause of the syncope will have 
disappeared[10].

In recent years, these devices have become popular, since they are small devices that 
do not have to be constantly in contact with the patient and allow for prolonged use 
(even years, since the batteries can be recharged and they only record when activated), 
as well as having a relatively low cost. There are currently numerous models from 
different brands, with various designs. In addition, some of these models link to or are 
even included as tools belonging to smartphones or smartwatches (such as the Apple 
Watch), which allows for greater and easier access for the general public[24,40]. 
Indeed, a significant number of users, especially those of smartwatches, have no 
medical indication, which may also be controversial[62].

In most models, the recordings are stored in the device itself or in a linked mobile 
phone. Many incorporate their own algorithms which allow for the identification of 
certain types of arrhythmia (especially AF), and offer the option of being sent to health 
centers for interpretation[40,41,44].

Due to their simple use and accessibility, these applications’ utility for other 
indications such as population AF screening (most useful in patients aged > 65 years)
[63,64] or also for the detection of cardiac ischemia has been analyzed[65-67], which 
could facilitate diagnosis in patients who live far away from health centers. New 
mobile devices are also being developed (they are not yet on the market) which obtain 
an ECG signal from the patient on an involuntary basis while the devices are being 
used as normal, which would allow for the intermittent detection of asymptomatic 
cardiac rhythm disorders[44,63,64,68].

LRs: These allow for more prolonged monitoring, since they do not store a continuous 
recording[2,49,69]. Even though they continuously monitor the ECG, the device only 
stores it in its memory for a few minutes before subsequently overwriting it with a 
newer recording (initially it was an endless circular tape, although the devices are now 
digital). Only when the device is activated (either via manual activation or an 
automatic arrhythmia detection algorithm), it records on another part of the memory 
(where it will not be deleted and can be reviewed) the recording from a few minutes 
before the start of the event until its end. In this way, since several minutes before 
activation are stored in the device memory, the likelihood of recording the trace at the 
time of the syncope episode (if it is activated for syncope), or the start of the episode of 
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Table 3 Summary of relevant studies on diagnostic yield for palpitations according to the different types of devices

Ref. No. of 
patients Study design Study population Duration of 

monitoring Diagnostic yield Other findings

Holter 24 h

Sulfi et al[22], 
2008

2688 Retrospective cohort Palpitations and 
basal sinus rhythm

24 h 16% Even less diagnostic yield in 
patients aged < 50 yr

Paudel et al
[103], 2013

335 Single-center prospective 
cohort

Palpitations 24 h 75% 40% of patients with 
ventricular ectopy 
considered as diagnostic 
finding (possible selection 
bias)

ECG patchs

Barrett et al[59], 
2014

146 Prospective cohort 
comparing Patch vs 24 h 
Holter

Palpitations 15 d 60% more 
diagnostics than 
24 h Holter

Over 90% of patients were 
comfortable with it. Best 
diagnostic yield during first 
week

Event recorders

Narasimha et al
[104], 2018

38 Prospective cohort 
comparing Kardia 
Mobile vs ELR 
(simultaneously)

Palpitations (less 
often than daily but 
more than monthly) 

14–30 d 89.5% vs 68% in 
ELR group

Better compliance with 
Kardia Mobile

Hall et al[63], 
2020

11 studies (> 
20000 patients)

Systematic review AF screening in 
general population

Heterogeneous Up to 36% 
(depending of 
population’s AF 
burden)

More diagnostic yield in 
people aged > 65 yr. 
Approximately 4% of 
uninterruptable registries

ELR

Locati et al[54], 
2016

392 (282 with 
palpitations)

Prospective cohort > 2 episodes in last 
year

4 wk 71.6% Early recorder use increase 
diagnostic yield. Diagnostic 
yield for syncope: 24.5%

Francisco-
Pascual et al[2], 
2019

149 (91 in ELR 
group)

Prospective ELR cohort 
compared with historical 
Holter cohort

> 2 episodes in last 
year

21 d 86.8% Holter diagnostic yield: 
20.7%. ELR reduce the cost 
per diagnosis

ILR

Giada et al[29], 
2007

50 (26 in ILR 
group)

Prospective cohort 
comparing ILR with 
conventional strategy

1 episode per month 
or less (longer than 
1 min)

321 d (mean) 73% Mean time to diagnosis: 279 
d. Lower cost per diagnosis 
in ILR group

Padmanabhan et 
al[83], 2019

312 (51 with 
palpitations)

Prospective cohort of 
consecutive patients with 
an ILR implanted

Any indication 
form monitoring 
(16.3% due to 
palpitations)

579 d (mean) 64.7% 38.7% useful in ruling out an 
arrhythmic cause for 
symptoms (all indications). 
12% AF.

ELR: External loop recorders; AF: Atrial fibrillation; ILR: Implantable loop recorders.

palpitations, is high[2,54,70,71].
At the present time, most LRs can record symptomatic arrhythmias after activation 

by the patient, usually in the context of symptoms, or silent arrhythmias on an 
automatic basis[25]. Within this category, we differentiated between external and 
implantable devices.

(1) ELRs: External event recorders are characterized by a loop memory, which uses 
cutaneous electrodes to record, be this in the form of independent electrodes or those 
integrated into a t-shirt. The patients themselves position the electrodes daily[8,25].

Due to the characteristics of these devices, these systems tend to be worn by patients 
for no more than a few weeks (usually 3–4 wk, although there are reports of more 
prolonged periods). They are useful for the investigation of symptoms that occur every 
2 or 3 wk. It should be noted that palpitations usually occur more frequently than 
syncopal episodes, hence the diagnostic yield for palpitations is approximately 80%
[2], whereas in cases where it is indicated for syncope, it is no greater than 10%[54,72-
74] (Table 3).

The quality of the recordings tends to be good, although there may be a not insigni-
ficant number of recordings corresponding to an artifact. Another limitation may be 
patient adherence to the daily positioning of the electrodes, even though this is 
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generally good, as well as the possibility that the patient may develop an allergy to the 
electrodes, even though this is rare[54,72].

In the investigation of palpitations, in addition to a high diagnostic yield, it allows 
for improved cost efficiency in the work-up of these patients[2,73]. A recent study by 
our group[2] compared the use of ELRs with a conventional Holter strategy in patients 
with more than two episodes of palpitations per year. We were able to demonstrate 
that investigation in the form of a diagnostic protocol, including that the use of an 
ELR, had a notably superior diagnostic yield (86% vs 21%) and offered a significant 
reduction in per-diagnosis cost (€375.13 in the ELR group and €5184.75 in the control 
group (P < 0.001). The cost-effectiveness study revealed that the systematic use of 
ELRs resulted in a cost reduction of €11.30 for each percentage point of increase in 
diagnostic yield.

Another usual clinical application of these devices is in patients with stroke of 
unknown etiology. It has been demonstrated that the use of these devices in patients 
with cryptogenic stroke, compared with the usual strategy of conventional follow-up 
and 24- or 48-h Holter monitoring, increases the detection rate of silent AF, allowing 
oral anticoagulation to be started in a greater proportion of patients and at an earlier 
stage[19,49,75-77].

(2) ILRs: These are small devices that are implanted subcutaneously, usually in the 
left parasternal region[8,25]. These devices allow for a more prolonged continuous 
monitoring of up to 3 to 4 years. They offer a single-lead ECG recording. The patient 
can activate the device when symptoms are experienced using a small remote control 
or through a smartphone application. Like the external devices, they use automatic 
arrhythmia detection algorithms[18,33]. The devices available on the market also offer 
a platform for remote monitoring of the events recorded, sometimes also with data 
transmission to the patient’s mobile[20,26,32].

They have the disadvantage of being minimally invasive, since the latest models 
have been made significantly smaller. They require a brief surgical procedure for their 
implantation. There are complications in a small percentage of patients requiring the 
device to be withdrawn, ranging from local infection/hematoma to intolerance[78,79]. 
Another limitation is the price of the device, which is significantly greater than that of 
ELRs[25,29].

In recent years, there has been abundant literature on the diagnostic yield of 
implantable recording devices. The greatest experience with this kind of device 
concerns patients with syncope of unknown etiology[10-12], given the long monitoring 
time that they offer, with diagnostic yield figures around 35%[9,18,30,70]. There are 
also numerous papers analyzing the role of ILRs in patients with stroke of unknown 
etiology, and, as with ELRs, it has been shown that the strategy of implanting an ILR 
leads to a greater and earlier diagnosis rate than following a conventional strategy[49,
80]. They are also used in risk stratification and follow-up of certain patients[13-16,81,
82]

In the field of palpitations, their use has been more limited due to their cost and the 
availability of noninvasive and cheaper alternatives[83]. The recurrent unexplained 
palpitations study[29] compared an ILR with a conventional strategy, confirming a 
notably superior diagnostic yield in the ILR group (73% vs 21%). Despite the higher 
initial cost, the cost per diagnosis in the ILR group was lower than in the conventional 
strategy group (€3056 ± 363 vs €6768 ± 6672, P = 0.012). However, with the appearance 
on the market of new ELR devices with good diagnostic yield figures, the use of ILRs 
is reserved for select cases.

Outpatient telemetry monitoring: These are external monitoring devices similar to 
Holter monitors or cutaneous patches, but which send a continuous recording via 
telemetry to a central site where the ECG trace can be reviewed in real-time in the 
event of the onset of symptoms[38,58]. Subsequently, the information can be sent to 
medical centers with a greater or lesser degree of urgency[8]. Like the skin patches, 
their use varies according to the region and they are not available in all countries. The 
most common indication tends to be to monitor for the presence of AF after ablation 
procedures or to monitor the presence of significant arrhythmias following cardiac 
surgery or transcatheter aortic valve implantation[8]. Some records have demonstrated 
the greater efficacy and efficiency of this method compared with conventional Holter 
monitors[84].

Intracardiac devices: Despite intracardiac devices (pacemakers, defibrillators or 
resynchronizers) not being indicated for the purpose of monitoring, it should be 
mentioned that they are also useful for the work-up of patients with palpitations in 
cases where patients have one of these devices for another indication, since they offer a 
recording of the intracavitary electrogram during the episode. Many devices have 
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algorithms that automatically record these events allowing for their subsequent 
analysis. As such, it is not an ECG recording, but in the case of dual chamber devices, 
information can be obtained regarding the start of the event and the AV synchrony 
during tachycardia[85-87].

WORK-UP OF PATIENTS WITH PALPITATIONS
The aim of this section is to provide some clues to help physicians manage patients 
with palpitations, focusing on the proper use of electrocardiographic monitoring 
systems. However, it is mandatory to make a brief reference to other important aspects 
for the evaluation and management of these patients.

Clinical evaluation and risk stratification
The sensation of palpitations is a nonspecific symptom with multiple causes, which are 
not only cardiological. As such, it is essential to take an appropriate medical history to 
guide us towards a given suspected diagnosis, allowing us to choose the most suitable 
tests.

It is important to ask about the patient’s medical history (systemic diseases, 
cardiological history, drug-abuse history, family history of sudden death, etc.). 
Similarly, it is relevant to ask about the characteristics of the palpitations: Are they 
sustained over time or not, or are they regular (sinus tachycardia, paroxysmal 
supraventricular tachycardia) or irregular (AF). The triggers (onset at rest or during 
physical exertion or with stressors) and the presence of certain accompanying charac-
teristics (such as autonomic symptoms, syncope or anginal chest pain) are helpful in 
identifying at-risk patients requiring admission or more urgent monitoring[1,3].

The physical examination and other easily accessed complementary tests such as 
electrocardiography can offer specific data but with low sensitivity[1,88]. For example, 
the presence of a normal ECG does not exclude the presence of causes or arrhythmias, 
but any pathological findings do greatly increase the likelihood that the cause of the 
palpitations was cardiological. In up to 27% of patients, the ECG is the key to the 
diagnosis[88].

Thus, the initial assessment usually includes a detailed clinical history, a focused 
physical examination, a baseline ECG and usually also a general blood test including 
thyroid hormones. It is not uncommon in cardiology consultations to also systemat-
ically request an echocardiogram to rule out structural heart disease, although this 
may not be necessary in patients with no other risk factors for heart disease with 
symptoms highly suggestive of a nonrhythmic origin.

Selection of monitoring type
A key point after risk stratification is appropriately selecting the type of monitoring to 
be used among all the available devices, in order to achieve optimized diagnostic yield 
and efficiency in the patient in question.

In the field of palpitations, it is essential to correlate the patient’s symptoms with the 
electrocardiographic recordings to reach an objective diagnosis[2,6]. This point is 
worthy of special mention, because it is not uncommon for patients with palpitations 
to experience different sensations that may correspond to different disorders. For 
example, it is not unusual for patients to have a sensation of a single palpitation lasting 
a few seconds almost every day, but to also report occasional episodes of sustained 
rapid palpitations that start and end suddenly. If, using a Holter monitor, we record 
an atrial extrasystole and relate this to the single palpitation sensation, we cannot rule 
out the possibility that these extrasystoles trigger episodes of paroxysmal 
supraventricular tachycardia (which would explain the second, less frequent, 
symptom). It would be an error to attribute the entirety of the patient’s clinical 
presentation to the extrasystole, and we should select a monitoring method allowing 
us to record the less frequent symptom (which is the one suggestive of greater clinical 
importance). As such, it is essential to take a meticulous history of the symptoms 
experienced by the patient during monitoring before establishing a certain diagnosis[1,
29].

As noted in the previous section, we currently have a wide range of devices at our 
disposal with significant differentiating characteristics. Various aspects must be 
considered. The first, and probably the most important, is the frequency with which 
the symptoms are experienced. The monitoring time must be in line with this 
frequency. As such, ideally, a 24-h Holter monitor should only be indicated in patients 
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with frequent and almost daily symptoms[22,48]. If the symptoms are monthly or 
bimonthly, ELRs have shown excellent diagnostic cost-effectiveness and have certain 
advantages over other devices[2,54], such as obtaining information regarding the start 
of the episode. In the event of more infrequent symptoms, at present, external PER are 
probably the device of choice.

Another important factor is device availability. Many of the new devices are not yet 
offered as a usual diagnostic tool at healthcare centers or are not covered by insurers. 
If the patient cannot fund the device, we must choose from among those we have 
available.

Patient comfort, cost, the accuracy of the automatic algorithms, the possibility of 
carrying out telemetry monitoring, and the need or otherwise to be able to record the 
start of the episode are other factors that may influence our decision[8].

Finally, it should be pointed out that, within a specific group of devices, it is 
important to ensure that the model selected has suitable technical characteristics 
providing a good quality recording.

Electrophysiological study
Although it is not the reason for this review, it should be mentioned that electro-
physiological study (EPS) is an important diagnostic tool in managing patients with 
palpitations[1,89,90]. In addition to allowing for a precise diagnosis of certain 
arrhythmias (such as paroxysmal supraventricular tachycardias), it is possible to treat 
the arrhythmia with ablation during the procedure in those cases where it is indicated
[91-93]. It also allows to evaluate other causes of syncope if present[9,10,94,95], and 
performing risk stratification in patients with structural heart disease[14,71]. Since it is 
an invasive test, it tends to be considered at the end of the diagnostic process, either in 
patients with a high probability of significant arrhythmia when the monitoring 
methods have not allowed for it to be documented, or in patients where, after 
documenting the clinical arrhythmia, ablation treatment is planned. Nonetheless, it 
may be indicated at an early stage in patients with recurrent palpitations whose 
clinical characteristics are highly suggestive of paroxysmal supraventricular 
tachycardia and who, as such, can benefit from ablation[1,88,89,96].

The diagnostic yield of electrophysiology study is greater in patients with structural 
heart disease and in those with clinical symptoms highly suggestive of paroxysmal 
supraventricular tachycardia. For example, in a study carried out by Valles et al[90] on 
patients with sustained palpitations that did not appear on monitoring, the diagnostic 
yield was 50%. Other papers have reported yields between 40% and 66%[1,89].

In any case, in our opinion, prescribing an electrophysiology study should not 
preclude the need for electrocardiographic monitoring during the waiting time, be it 
via telemetry monitoring systems if the patient is admitted, or with an external device 
if not.

Other tests
Exercise-stress testing can be useful and should be considered from the outset when 
patients report palpitations on exertion[1,97]. Magnetic resonance imaging, coronary 
computed tomography, specific hormonal studies, etc. should be tailored to the patient 
in line with clinical suspicion and will be necessary in a minority of cases.

Palpitations management work-up summary
Figure 4 summarizes the proposed general algorithm for the management of patients 
with palpitations of unknown etiology. This algorithm offers an overview of the issue, 
although it can and should be adapted in specific cases and according to the 
availability of tests at the center.

The first step in all patients is to perform an initial clinical assessment and stratify 
the risk (as stated in section Clinical evaluation and risk stratification). In those 
patients with high-risk criteria and/or priority for EPS, it is necessary to prioritize tests 
and indicate the study in most cases. During the waiting period, a monitoring system 
should be maintained (telemetry if the patient is admitted or an ELR if it is an 
outpatient), because this may provide the diagnosis faster and obtain relevant 
information for the rest of the work-up.

In cases without risk factors (which form the majority of cases), and without a 
diagnosis, it is necessary to select a monitoring system, following the indications in 
section Selection of monitoring type.

Patients without heart disease and with sporadic symptoms not suggestive of an 
arrhythmic origin may not require further cardiological tests. However, it is not 
uncommon for the clinical symptoms to continue to generate a high degree of anxiety, 
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Figure 4 Proposed general algorithm for the management of patients with palpitations of unknown etiology. 1Consider only in selected patients. 
ELR: External loop recorder; ILR: Implantable loop recorder; ECG: Electrocardiogram.

hence in some cases we may consider monitoring to ensure there are no arrhythmias, 
to reassure the patient and to avoid other futile investigations and consultations.

FUTURE PERSPECTIVE
Technological evolution shows no signs of slowing down and it is likely that 
monitoring devices will continue to be developed at high speed. We expect more 
widespread use of wearable devices, which incorporate sensors for other vital signs, to 
open the doors to other indications for monitoring. With regard to electrocardio-
graphic monitoring specifically, we expect further work to be done to improve the 
current limitations. On the one hand, developing reliable devices that allow for quality 
external, comfortable, and long-lasting monitoring. On the other hand, the current 
recorders continue to produce a high number of artifacts and nonsignificant disorders, 
hence the development of software with algorithms to improve this area will be of 
clinical utility. The incorporation of artificial intelligence technology allowing for the 
prediction of future events is another of the most pioneering lines of research[98-102].

Without a doubt, technological development will help us improve the diagnosis and 
follow-up of patients with palpitations and other cardiac conditions. However, we 
must be cautious about the increasingly frequent nonmedical use of these devices. We 
healthcare professionals are faced with the challenge of how to manage, interpret and 
integrate into the healthcare system all the information that these new devices are 
providing.

CONCLUSION
Electrocardiographic cardiac monitoring devices are a useful diagnostic tool in 
confirming or excluding arrhythmias in patients with palpitations. In recent years, 
electrocardiographic monitoring systems have incorporated many technical 
improvements and many new devices are now available on the market. To achieve the 
best diagnostic yield and efficiency, a key point is to properly select the type of 
monitoring to be used among all available devices. This review provides an update on 
the different monitoring methods currently available, highlighting their indications 
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and limitations, to help healthcare professionals to appropriately select and use them 
in the work-up of patients with palpitations.
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Abstract
Cardiac masses diagnosis and treatment are a true challenge, although they are 
infrequently encountered in clinical practice. They encompass a broad set of 
lesions that include neoplastic (primary and secondary), non-neoplastic masses 
and pseudomasses. The clinical presentation of cardiac tumors is highly variable 
and depends on several factors such as size, location, relation with other 
structures and mobility. The presumptive diagnosis is made based on a pre-
liminary non-invasive diagnostic work-up due to technical difficulties and risks 
associated with biopsy, which is still the diagnostic gold standard. The findings 
should always be interpreted in the clinical context to avoid misdiagnosis, partic-
ularly in specific conditions (e.g., infective endocarditis or thrombi). The modern 
multi-modality imaging techniques has a key role not only for the initial 
assessment and differential diagnosis but also for management and surveillance 
of the cardiac masses. Cardiovascular magnetic resonance (CMR) allows an 
optimal non-invasive localization of the lesion, providing multiplanar information 
on its relation to surrounding structures. Moreover, with the additional feature of 
tissue characterization, CMR can be highly effective to distinguish pseudomasses 
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from masses, as well as benign from malignant lesions, with further differential 
diagnosis of the latter. Although histopathological assessment is important to 
make a definitive diagnosis, CMR plays a key role in the diagnosis of suspected 
cardiac masses with a great impact on patient management. This literature review 
aims to provide a comprehensive overview of cardiac masses, from clinical and 
imaging protocol to pathological findings.

Key Words: Cine magnetic resonance imaging; Multiparametric magnetic resonance 
imaging; Heart neoplasm; Multimodal imaging; Late-gadolinium enhancement; Early 
gadolinium enhancement
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Core Tip: Cardiovascular magnetic resonance (CMR) allows an optimal non-invasive 
localization of cardiac masses by providing multiplanar information on its relation to 
the surrounding structures. Moreover, CMR can be highly effective to distinguish 
pseudomasses from masses as well as benign from malignant masses. Although 
histopathological assessment sometimes has an important role to make a definitive 
diagnosis, CMR is a key modality in the diagnosis of suspected cardiac masses with a 
great impact on patient management.
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INTRODUCTION
Cardiac masses diagnosis and treatment are a true challenge, although they are 
infrequently encountered in clinical practice[1]. They encompass a broad set of lesions 
that include both neoplastic (primary and secondary) and non-neoplastic masses (e.g., 
thrombi, vegetations, pericardial cysts, mitral annulus calcification or caseous necrosis) 
and pseudomasses (e.g., lipomatous hypertrophy of the atrial septum, coumadin ridge, 
Chiari network, Eustachian valve, crista terminalis)[2].

Some of those may be considered as anatomical variants, while some others 
represent variable prognosis; hence an accurate and early diagnosis is required to 
allow subsequent assessment of treatment strategy.

The most frequent cardiac masses are non-neoplastic or pseudomasses, which are 
potentially mimicking cardiac tumors. Cardiac thrombi have a prevalence ranging 
from 2%-7% in patients with atrial fibrillation or left ventricular dysfunction, while 
infective endocarditis may be found in 0.8%-3% intensive care unit patients[3-5]. 
Cardiac tumors are rarer (0.15% prevalence in echocardiographic studies) and mostly 
benign (90% of surgically-removed masses)[6,7]. Cardiac myxoma is the most frequent 
benign tumor in adults, while rhabdomyoma and fibroma are the most common in 
children[8]. However, malignant tumors have been reported to be at least 20 times 
more common in autopsy studies (1.23%)[9,10]. Sarcomas are the most common 
primary malignant tumors[11]. Among secondary tumors, the most frequently 
associated extracardiac neoplasms are lung, lymphoma, breast and esophageal cancer
[12].

The clinical presentation of cardiac tumors is highly variable and depends on 
several factors such as size, location, relation to other surrounding structures and 
mobility[13]. As a consequence, symptoms may range from incidental detection 
through routine imaging tests in asymptomatic to exertional dyspnea, cardiogenic 
shock or sudden cardiac death[10]. Signs and symptoms may be non-specific, such as 
fever and weight loss, or associated with distal embolization of tumor (stroke or 
peripheral embolization in case of left-sided mass, pulmonary embolism in case of 
right-sided mass) or due to direct mass effects (obstruction, coronary artery 
encasement, pericardial effusion with cardiac tamponade, arrhythmia)[14].

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Due to technical difficulties and risks associated with biopsy, which is still the 
diagnostic gold standard, the presumptive diagnosis is based on a preliminary non-
invasive diagnostic work-up[10]. The clinical context should always be considered for 
the diagnostic work-up, particularly in specific conditions (e.g., infective endocarditis 
or thrombi). The modern multi-modality imaging techniques have a key role not only 
for the primary assessment and differential diagnosis but also for management and 
surveillance of the cardiac masses[15]. Among different techniques, two dimensional-
echocardiography is the first level diagnostic test, due to its wide availability and low 
costs[16]. However, echocardiography may be inconclusive due to limited information 
about the composition of cardiac mass or pericardial/ myocardial infiltration, limited 
field of view and variable quality of acoustic window[17].

Cardiovascular magnetic resonance (CMR) is an advanced and highly accurate 
imaging test capable of providing not only accurate tissue characterization of the mass 
but also multiplanar information on its relation to surrounding structures, with a 
higher spatial resolution. Perfusion sequences are useful in the assessment of mass 
vascularization, while early- (EGE) and late-gadolinium enhancement (LGE) se-
quences are essential to detect the presence of thrombi and to provide further charac-
terization of the mass[18,19]. Indeed CMR may provide reliable information for the 
differentiation of malignant from benign tumors[20,21].

This review aims to provide a comprehensive overview of cardiac masses, from 
exam protocol to pathological findings.

CMR PROTOCOL 
A CMR protocol for the study of a suspected cardiac mass should encompass all 
available sequences for tissue characterization in order to distinguish pseudomasses 
from cardiac masses (non-neoplastic and neoplastic)[22].

A CMR exam for a suspected cardiac mass can be divided in two parts: The mass 
localization and its tissue characterization.

The exam should start with an axial steady-state free precession (SSFP) with a 
balanced T1/T2 effect sequences covering the entire thorax. After that cine-SSFP 
imaging in long and short axis planes should be performed in order to identify 
correctly the mass and an additional stack in at least two orthogonal customized 
imaging planes should be performed to confirm the presence, the location and the 
extension of the mass (i.e. intracavitary, intracardiac or extracardiac). Moreover cine-
SSFP sequences allow the assessment of the mass mobility and its attachment points 
and the hemodynamic impact on cardiac valves[23]. In case of valve involvement, 
phase-contrast sequences might be performed for quantitative assessment of the 
hemodynamic effect of the mass[24].

The next step is tissue characterization utilizing all available sequences. “Black-
blood” images may also be used to localize a suspected cardiac mass and to provide 
some information about its tissue composition. Such sequences are generally acquired 
using a double-inversion recovery fast spin-echo sequence with an initial non slice-
selective 180° inversion pulse followed by a slice-selective 180° pulse; a third slice-
selective 180° inversion pulse (triple inversion recovery) can be added to obtain fat 
saturation, resulting in low intensity of fat containing lesions[25,26].

In particular morphologic T1-weighted and T2-weighted, followed by fat-
suppressed imaging, should be performed before contrast administration in the same 
optimal imaging planes identified as above.

Novel T1 and T2 quantitative mapping can provide quantitative information on the 
studied mass. T1 mapping should be performed before and after the injection of 
contrast medium to evaluate T1 native, T1 enhanced and extracellular volume[27,28].

A cardiac mass protocol must include contrast-enhanced imaging with first pass 
perfusion sequences, EGE images, repetition of T1-weighted sequences and LGE 
sequences.

Perfusion imaging and EGE sequences are used to evaluate the lesion vascular-
ization, the presence of hyperemia near the lesion and for differential diagnosis with 
thrombus. EGE images are acquired about 3 min after gadolinium injection.

LGE sequences are performed 10-15 min after contrast injection. LGE sequences are 
fast (or turbo) gradient echo inversion recovery sequences (IR-fast spin-echo)[22,24,
29]. The inversion recovery pulse is used to null the signal of normal myocardium in 
order to maximize the contrast of areas with gadolinium accumulation (edema, 
increased extracellular space, necrosis). It is crucial to select a proper inversion time 
(TI). These sequences should be acquired in short axis covering all the ventricles and in 
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the optimal imaging planes mentioned above both for tissue characterization of the 
mass and identification of any underlying cardiac pathology.

In summary, to assess each suspected cardiac mass, the protocol must be tailored in 
terms of the optimal acquisition planes and sequences in order to obtain an accurate 
tissue characterization.

Table 1 summarizes CMR characteristics of cardiac masses (non-neoplastic and 
neoplastic).

PSEUDOMASS
Eustachian valve 
The eustachian valve, also known as the valve of the inferior vena cava (IVC), is a thin 
flap-like structure located in the right atrium (RA) at the orifice of IVC that helps direct 
blood flow through the foramen ovale during embryogenesis. Note that the terms 
eustachian ridge and eustachian valve are occasionally used interchangeably. 
However, the eustachian ridge technically refers to the fibrous structure contiguous 
with the free margin of the eustachian valve[30]. When in doubt, CMR imaging is 
particularly useful for characterization of the lesion on the basis of its typical location 
at the inferior cavoatrial junction, lack of enhancement and linear shape.

Crista terminalis
Crista terminalis, or terminal crest, is a horseshoe or twisted C-shaped fibromuscular 
ridge in the RA. It originates from the atrial septum, extends anteriorly, goes toward 
the right of the superior vena cava (SVC) orifice, subsequently descends along the 
posterolateral wall of the RA and turns anteriorly, terminating to the right of the IVC 
orifice. It is the remnant tissue from the septum spurium, which divides the 
embryologic primitive RA and sinus venosus[31]. It is an important anatomical 
landmark in electrophysiology owing to its relation to the sinoatrial node and artery, 
which should not be injured. Crista terminalis is present in every heart but is not 
always visualized at imaging. It varies in size, typically 3–6 mm, and is more 
prominent superiorly. Thrombus is a differential diagnosis (Figure 1), especially in 
patients with an indwelling right atrial catheter.

Warfarin ridge (coumadin ridge)
The coumadin ridge has been described from echocardiographic studies as a ridge of 
atrial tissue separating the left atrial appendage (LAA) from the left upper pulmonary 
vein[32]. It can present as a linear structure or even sometimes as a nodular mass that 
protrudes into the left atrium (LA). In the past, this structure was often mistaken for 
thrombus and resulted in patient being prescribed anticoagulation therapy with 
warfarin (coumadin), from which it derives its name. On cine-SSFP sequences, a 
prominent coumadin ridge can be identified by its typical location in the roof of the 
LA adjacent to the left upper pulmonary vein; a particularly prominent ridge can 
appear as a dark “mass” protruding into the bright left atrial cavity (Figure 2). 
Thrombus and myxoma are differential diagnosis. As the coumadin ridge is normal 
cardiac tissue, it should have the same signal intensity as adjacent myocardial tissue 
on both T1 and T2 -weighted imaging and typically does not show late gadolinium 
enhancement.

Lipomatous hypertrophy of the interatrial septum
Lipomatous hypertrophy of the interatrial septum (IAS) is a benign condition charac-
terized by mass like deposition of brown fat in the IAS. It results from adipose-cell 
hyperplasia and has been linked to advanced age and obesity[33]. Classically, there is 
sparing of the fossa ovalis, resulting in a dumbbell shape of the IAS. Unlike cardiac 
lipoma, lipomatous hypertrophy of the IAS appears as thickening and is not 
encapsulated. Lipoma is a differential diagnosis. Fat-suppressed sequences can be 
used at CMR imaging to characterize this pseudo-lesion; unenhanced chest CT can 
also help in confirmation of the diagnosis by measuring fat attenuation and 
demonstrating the dumbbell shape (Figure 3).
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Table 1 Cardiovascular magnetic resonance characteristic (location, signal intensity and contrast contrast-enhanced relative to that of 
adjacent normal myocardium) of benign and malignant cardiac masses

Lesion Location T1-WI T2-WI Cine-SSFP Perfusion EGE LGE
Non-neoplastic

Thrombus 
Acute/subacute

Mural or 
intraluminal

Iso-Hyper Iso-Hyper Iso-hypo No 
enhancement

No 
enhancement

Hypointense 
border and 
brighter central 
zone

Thrombus Chronic Mural or 
intraluminal

Hypo Hypo Iso-hypo Rare No 
enhancement

Rarely 
heterogeneous

Pericardial cyst Right 
cardiophrenic 
angle

Hypo Hyper Hyper No 
enhancement

No 
enhancement

No 
enhancement

Mitral annular 
calcification

Annular fibrous 
ring of the left 
atrio-ventricular 
valve 

Hypo Hypo Iso-hypo No 
enhancement

Peripheral rim 
of 
enhancement

Peripheral rim 
of enhancement

Liquefaction 
necrosis

Annular fibrous 
ring of the left 
atrio-ventricular 
valve 

Mildly Hyper Mildly Hyper Iso-hypo No 
enhancement

Peripheral rim 
of 
enhancement

Peripheral rim 
of enhancement 
+/- core 
enhancement

Neoplastic - Benign

Myxoma Left atrium, 
arising from the 
interatrial septum 

Iso 
(heterogeneous)

Hyper 
(heterogeneous)

Hypo Heterogeneous Heterogeneous Heterogeneous

Papillary 
fibroelastoma

Atrial side of the 
mitral valve and 
the aortic surface 
of the aortic valve 
leaflet

Iso Iso Hypo Usually not 
assessable

Mild and 
homogeneous 
or no 
enhancement

Homogeneous 
or no 
enhancement

Lipoma Atrial septum and 
epicardium, but it 
may occur 
anywhere in the 
heart

Hyper Hyper (Hypo on 
STIR images)

Hyper (with 
black boundary 
artifact or India 
ink artifact)

No 
enhancement

No 
enhancement

No 
enhancement

Hemangioma Every cardiac 
chamber and also 
from pericardial 
space

Iso Hyper Hyper Heterogeneous, 
intense and 
prolonged

Homogeneous 
or 
heterogeneous

Homogeneous 
or 
heterogeneous

Fibroma Intramural 
growth in the 
ventricles 
(interventricular 
septum or the 
ventricular free 
wall)

Iso Hypo Iso-hypo Mild and 
homogeneous

Mild and 
homogeneous

No 
enhancement or 
minimal uptake

Rhabdomyoma Intramyocardial 
or intracavitary, 
with 
intraventricular 
growth that may 
cause outflow 
obstruction

Iso Mildly Hyper Iso-hypo No 
enhancement or 
minimal uptake

No 
enhancement 
or minimal 
uptake

No 
enhancement or 
minimal uptake

Cardiac teratomas Intrapericardial 
(usually 
compressing 
superior vena 
cava and/or right 
atrium)

Iso or Hypo Hyper Iso or Slightly 
hyper

No 
enhancement

Mild and 
heterogeneous

Heterogeneous

Paraganglioma On the roof of left 
atrium

Iso-Hypo with 
“salt and 
pepper” 
appearance 

Hyper with “salt 
and pepper” 
appearance 

Hyper Strong 
enhancement

Heterogeneous 
Peripheral

Heterogeneous 
Peripheral

Neoplastic - 
malignant: Primary 
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cardiac tumor

Angiosarcoma Right atrium close 
to atrio-
ventricular sulcus 

Iso-Hyper 
(heterogeneous)

Hyper 
(heterogeneous)

Iso 
(heterogeneous)

Strong 
enhancement

Marked and 
Heterogeneous

Marked and 
Heterogeneous

Leiomyosarcoma Typically involve 
the left atrium 

Iso Iso-Hyper Iso Heterogeneous, 
intense

Marked and 
Heterogeneous

Marked and 
Heterogeneous

Rhabdomyosarcoma Multiple masses 
and there is not 
any predilection 
in terms of 
cardiac structures 
involved 

Iso Iso-Hyper 
(hyper on STIR 
images)

Iso Heterogeneous, 
intense

Marked and 
Heterogeneous

Marked and 
Heterogeneous

Lymphoma Right chambers, 
often right 
ventricle and are 
associated with 
pericardial 
effusion

Hypo-Iso Mildly Hyper 
(more evident 
on STIR images)

Iso Mild Heterogeneous No or 
progressive 
mild 
heterogeneous 
enhancement

Mesothelioma Pericardium Iso Hyper 
(heterogeneous)

Iso Progressive 
enhancement

Intense 
enhancement

Intense 
enhancement

Malignant - 
Malignant: metastatic 
disease

Mainly involve 
myocardium and 
pericardium 

Low (except for 
Melanoma 
which is Hyper)

Hyper Iso Heterogeneous Heterogeneous Heterogeneous

T1-WI: T1-weighted images; T2-WI: T2-weighted images; STIR: Short tau inversion recovery; Cine-SSFP: Cine-steady state free precession; EGE: Early 
gadolinium enhancement; LGE: Late gadolinium enhancement; Hypo: Hypointense; Iso: Isointense; Hyper: Hyperintense.

Figure 1 Cardiac mass in a 68-year-old male. Transthoracic echocardiography shows (A) an apparently free mass in the right atrium mimicking a thrombus or 
a tumor (orange arrow). Cardiovascular magnetic resonance (B, C: 4-chamber cine steady state free precession diastolic and systolic frame respectively) reveals a 
pseudomass: A hypertrophied crista terminalis (orange arrow) with appearance of right atrial mass on transthoracic echocardiography.

MASS - NON-NEOPLASTIC
Thrombus
Intracardiac thrombi represent the most common cardiac masses, with a prevalence 
ranging between 2%-25% in normal population and between 3%-50% in patients with 
atrial fibrillation or left ventricular systolic dysfunction[3,34].

In case of atrial dilation or fibrillation, thrombi are usually located in the posterior 
wall of the LA or in the LAA. In the left ventricle, the location of thrombi usually 
relates to presence of regional or global wall motion abnormalities, as seen after 
myocardial infarction or in cardiomyopathies[35]. When thrombi are found in patients 
with normal systolic function and contractility, the presence of coagulation disorders 
should be considered[36]. Occasionally, thrombi can be located in the RA or in vena 
cava, especially in patients with enlarged right chambers and with central venous 
lines, and can mimic other masses[37-39].

Identification of a cardiac thrombus is pivotal to start anticoagulation treatment and 
to prevent systemic or pulmonary embolic events[40]. In most cases, the diagnosis is 
accidental, and patients are asymptomatic. Generally, thrombi are attached to cardiac 
walls by a broad base and are immobile. If they are pedunculated and mobile, distin-
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Figure 2 Cardiac mass in a 63-year-old male with atrial fibrillation. Transthoracic echocardiography shows (A) a nodular mass that protrudes into the left 
atrium at the inlet of the left appendage. The patient underwent 2 mo of oral anticoagulant therapy, and the “mass” did not change. It was therefore requested a 
cardiovascular magnetic resonance (CMR) (B: axial cine- steady state free precession (SSFP) with the correspondent perpendicular plane oriented according to the 
green and orange lines and reported in D, E and F), moreover it was performed a three dimensional-steady state free precession SSFP acquisition with an oriented 
reconstruction (C). Overall the CMR shows the presence of pseudomass (orange arrow), a prominent coumadin ridge in the roof of the left atrium adjacent to the left 
upper pulmonary vein.

Figure 3 Sixty-five-year-old male patient with a dumbbell-shaped mass along the interatrial septum with negative Hounsfield Unit values 
on computed tomography scan (A), cardiovascular magnetic resonance cine-steady state free precession images (B and C, diastolic and 
systolic frame respectively) reveals the chemical shift artifact, also known as “India ink” artifact, typical of structures with adipose 
content. These findings are in keeping with lipomatous hypertrophy of the interatrial septum (orange arrow).

guishing them from other tumors may be challenging.
CMR has excellent contrast resolution and allows for superior soft tissue character-

ization. It provides a combined evaluation of morphology, composition and LGE of 
cardiac masses, with unique advantage of being non-invasive assessment[41,42].

On CMR, thrombi may have different signals, depending on their age and sequence 
used. Fresh thrombi have a higher signal than myocardium on T1-weighted sequences, 
and contrast is further accentuated on T2-weighted images, due to high amount of 
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hemoglobin[35]. After 1-2 wk, they tend to have increased signal on T1-weighted 
images and decreased on T2-weighted images, due to paramagnetic effect caused by 
deoxyhemoglobin and methemoglobin in the organizing thrombus[38]. Chronic 
organized thrombi have low signal either on T1- and T2-sequences, due to loss of 
water and protons, and they can appear heterogeneous in presence of calcifications 
(Figure 4).

Differentiation between thrombus and slow-flowing blood on spin-echo sequences 
may be difficult, due to poor contrast. On the other hand, gradient-echo sequences (or 
bright-blood imaging) allow for an improved contrast of thrombi from the 
surrounding blood pool, and clots usually have lower signal compared to normal 
myocardium[38].

The differentiation between thrombus and myocardium on bright-blood imaging 
can be difficult when thrombi have similar signal intensity of adjacent myocardium. 
However, the advantage of bright-blood imaging is represented by cine-CMR, which 
provides a dynamic evaluation of cardiac motion and blood flow. Balanced SSFP 
sequences are the most used for cine-CMR in clinical routine for precise detection of 
mural thrombi[43]. Other sequences that have been successfully used to detect thrombi 
are phase-contrast sequences with myocardial tagging. Mapping sequences do not 
provide any T1 or T2 values useful for diagnosis. However, a characteristic pattern of 
hyperintensity-isointensity-hypointensity has been described for thrombi when TI 
scout is performed at increasing inversion times, and it may allow to differentiate clots 
from other cardiac tumors[42].

The method that has shown the best performance for thrombus imaging on CMR is 
represented by LGE imaging[4]. This technique allows for a straightforward diagnosis, 
even in case of small thrombi, and independently of their location. Moreover, the 
presence of thrombus enhancement may also help to differentiate between subacute 
and chronic clots. In fact, subacute thrombi present homogeneously low-signal, 
without late enhancement, and can manifest magnetic susceptibility artifacts. In 
contrast, organized thrombi have intermediate signal and can be heterogeneous due to 
multiple areas of late enhancement, hindering a prompt differentiation from other 
cardiac masses[44].

Pericardial cyst
Pericardial cysts account for approximately 7% of all mediastinal masses and 33% of 
all mediastinal cysts, with an incidence of 1/100000. They are mostly congenital 
lesions, and commonly located in the right (51%–70%) or left cardiophrenic angles 
(28%–38%)[45-47]. The cyst walls consist of a single layer of mesothelial cells, and they 
are usually filled with clear fluid. On CMR they have low signal on T1-weighted 
sequences and high signal on T2-weighted images[48,49]. There is not fluid 
enhancement on LGE imaging, but enhancing walls or intracystic septations may be 
observed (Figure 5). CMR ability to discriminate these lesions from other mediastinal 
masses allows to avoid further invasive diagnostic procedures, since most patients are 
usually asymptomatic.

Symptoms may occur when cysts impinge upon or erodes into adjacent structures. 
In case of cardiac compression, patients may present with retrosternal pain or 
congestive heart failure symptoms, especially if the right side of the heart is involved. 
Treatment is usually conservative and CMR is particularly helpful to assess stability of 
the lesion. When pericardial cysts do not enlarge and patients are asymptomatic, a 
continued surveillance is the favored option. In contrast, when cysts enlarge and 
patients present symptoms, surgery may be indicated, mainly to prevent compressive 
effects and life-threatening complications[50].

Mitral annular calcification and liquefaction necrosis
Calcification of the mitral annulus is the result of a chronic non-inflammatory process, 
which is characterized by calcium deposition in the annular fibrous ring of the left 
atrio-ventricular valve[51].

It is more frequent in older patients, and it is related to altered metabolism of 
calcium phosphate and to chronic renal disease. Mitral annular calcification may 
present as an immobile mass, generally located in the inferior or inferolateral portion 
of the mitral anulus. In severe cases it may involve the whole annulus and compress 
the adjacent myocardium. Usually, it is composed by a calcified core enclosed by a 
fibrotic envelope. On CMR, it is typically characterized by low signal on T1- and T2-
weighted sequences, without enhancement after intravenous injection of gadolinium. 
However, the fibrotic envelope may show a peripheral rim of enhancement on LGE 
imaging[51] (Figure 6). Rarely, this lesion can evolve to liquefaction necrosis (or 
caseous calcification). In this case, the core contains a mixture of cholesterol, fatty 
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Figure 4 Sixty-six-year-old male patient with a history of myocardial infarction and suspected thrombotic formation at echocardiographic 
transthoracic examination. Cardiovascular magnetic resonance shows a hypointense intraventricular “mass” at the left ventricular apex (orange arrow) in the 
early gadolinium enhancement (A) and late gadolinium enhancement (LGE) (B) sequences near the infarcted wall (i.e. with transmural LGE involvement). The patient 
underwent 3 mo of anticoagulant therapy with disappearance of the thrombus in the follow-up examination.

acids, and amorphous eosinophilic infiltrate, with a surrounding rim that encloses 
macrophages, lymphocytes and multiple necrotic areas with calcifications[29].

In contrast to the previous entity, the proteinaceous and fatty components of the 
central part of the lesion may manifest with high signal on T1- and T2-weighted 
sequences. Moreover, core enhancement is typically observed, either in the early or 
late phases after gadolinium injection[29]. Both these entities are considered benign 
and they are usually asymptomatic and discovered as incidental findings. Symptoms 
are usually caused by related complications such as mitral stenosis or regurgitation, 
infective endocarditis and embolization.

Vegetations
CMR can be of help in visualization of valve or mural vegetations, either to clarify 
echocardiographic findings or to establish the diagnosis. They may not be visible on 
dark-blood imaging, while they are better depicted on cine-CMR, manifesting as low-
signal areas that follow the motion of the cusp to which they are connected[52]. The 
differentiation from thrombus may be difficult, because both masses usually do not 
show contrast enhancement. However, a peripheral rim enhancement on LGE imaging 
has been observed in vegetations and might facilitate the differentiation from other 
cardiac masses. The presence of adjacent myocardial enhancement or endothelial 
lining may indicate irreversible myocardial damage or fibrosis, and they may 
represent indirect signs of infective endocarditis or perivalvular abscess[53].

Cardiac vegetations can also be found secondary to inflammation, in association 
with sterile endocarditis, as Libman-Sacks endocarditis. This is characteristic of 
patients suffering from systemic lupus erythematosus and can manifest with small 
verrucous vegetations, more frequently involving the mitral and aortic valves[54].

NEOPLASTIC-BENIGN
Myxoma 
Cardiac myxomas, the most common primary benign cardiac tumor, are well-defined 
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Figure 5 Fifty-seven-year-old female patient with parenchymal mass in the right cardiophrenic angle on chest X-ray. This finding was first 
investigated by chest computed tomography and then by cardiovascular magnetic resonance (CMR) (A-C). The CMR confirm the presence of the mass on cine-
steady state free precession images (A and B, two orthogonal diastolic frames of plane through the mass respectively), without sign of infiltration confirmed by the 
preserved movement of the heart chambers in relation to the mass itself. The mass shows low signal on T1-weighted sequences (D) and high signal on T2-weighted 
images (E and F, without and with fat suppression, respectively). These findings are in keeping with pericardial cyst.

spherical or ovoidal mobile lobulated masses frequently in the LA (80%), arising from 
the IAS (80%)[55,56]. Less common locations are the posterior and lateral LA wall, the 
LAA, the mitral and tricuspid valve, the posterior RA wall and, rarely, the ventricles 
and the pulmonary artery[57]. The endocardial attachment point may be broad, sessile 
or narrow or pedunculated (typically mobile). Myxomas prolapse through the mitral 
valve has been reported in 30% of cases. Cardiac myxoma may be part of the Carney 
complex[58].

There are three patterns on CMR: Most frequently it is isointense in T1-weighted 
and hyperintense in T2-weighted images. Conversely, it might appear hypointense in 
both T1 and T2 due to calcifications or extremely hyperintense in T2 with “pseudo-
cystic” appearance[56,57]. At first pass perfusion, it presents weaker enhancement 
than myocardium (16%-66%)[55]. About half of cardiac myxomas present hetero-
geneous LGE[23,57] (Figure 7). On parametric imaging, they show elevated native T1 
and T2 relaxation times and extracellular volume values[27].

Papillary fibroelastoma
Papillary fibroelastoma (PF) is the most common cardiac valve tumor. It can arise from 
any endocardial surface but the most common locations are the atrial side of the mitral 
valve and the aortic surface of the aortic valve leaflets[23]. PFs are usually small 
lesions (< 1.5 cm) composed of collagen and elastic fibers lined by endothelium with a 
short pedicle[59]. PF presents signal isointense to normal myocardium in both T1- and 
T2-weighted images. On SSFP sequences, it appears as a well circumscribed mobile 
valve nodule with possible perilesional artefact[60]. PFs may have homogeneous LGE
[61] (Figure 8). PFs have elevated native T1 and T2 relaxation times[23].

Lipoma
Lipoma is the second most common benign cardiac tumor; most frequently it grows 
within the atrial septum and epicardium, but it may occur anywhere in the heart.

At CMR lipoma generally shows a homogeneous nodular elevated signal intensity 
on T1-weighted sequences, slightly hyperintense on T2-weighted images and 
hypointense on fat-saturated images. Lipomas do not present contrast enhancement or 
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Figure 6 Eighty-year-old female with hyperechoic mass of uncertain significance in the left atrio-ventricular groove discovered at 
transthoracic echocardiography. Cardiovascular magnetic resonance confirms the presence of the mass with the cine- steady state free precession images 
(A). The mass shows slight hyperintense signal on T1-weighted images without and with fat suppression (B and C, respectively), due to the presence of 
proteinaceous material, and hypointense signal on short tau inversion recovery images (D). The mass shows no contrast uptake during perfusion sequences (E) and 
no contrast enhancement both on early gadolinium enhancement images (F), T1- weighted images (G) repeated after the contrast medium injection, and late 
gadolinium enhancement images (H) with a peripheral rim of enhancement. These findings are in keeping with caseous calcification of the mitral valve.

LGE (Figure 9). They have elevated T1 relaxation times with intermediate values on T2 
mapping[23,62].

Hemangioma
Hemangioma accounts for approximately 5%-10% of benign cardiac masses. They are 
slow flow vascular malformations that can arise in every cardiac chamber and also 
from pericardial space. Most patients are asymptomatic, and cardiac hemangioma is 
discovered serendipitously; symptomatic patients may present with dyspnea on 
exertion, chest pain, arrhythmias, pericarditis, pericardial effusion, syncope and 
sudden death. Cardiac hemangiomas can occur in Kasabach-Merritt syndrome, charac-
terized by multiple systemic hemangiomas, recurrent thrombocytopenia and 
consumptive coagulopathy[63].

At CMR hemangiomas have isointense signal to myocardium on T1-weighted 
images because of slow blood flow and high signal intensity on T2-weighted images
[23,63,64]. On first pass and LGE sequences they have intense and prolonged 
enhancement and may appear heterogeneous depending on the presence of fibrotic 
tissue and calcifications[23,64].

Fibroma
Fibromas are benign neoplasms of the connective tissue that originate from fibroblasts, 
predominantly seen infants and children (the second most common congenital tumor 
after rhabdomyoma). Almost one-third of patients with cardiac fibroma are 
asymptomatic and they are mostly diagnosed incidentally. Symptomatic patients may 
present with arrhythmias, heart failure, or sudden death. Fibromas are usually solitary 
tumors (unlike rhabdomyomas) usually with intramural growth that involve the 
ventricles, either in interventricular septum or ventricular free walls[41,65]. They do 
not regress, unlike rhabdomyomas, therefore surgery is required[66]. Macroscopically, 
they are solid tumors with dimensions varying from few millimeters to a size that can 
obliterate cardiac chambers. Microscopically, they are composed of fibroblasts, and 
calcification is a common finding[67]. At echocardiography, they appear as a large, 
noncontractile, heterogeneous solid mass[65]. On CMR fibroma are well-defined 
masses, generally isointense or hypointense on T1-weighted images, and homogen-
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Figure 7 Seventy-nine-year-old female patient with left atrial mass adherent to the interatrial septum discovered on cardiac computed 
tomography angiography. The cardiovascular magnetic resonance confirms the presence of the mass using the cine- steady state free precession images (A 
and B, two orthogonal planes along the mass respectively). The site of lesion and its heterogeneous appearance on T2-weighet sequence (C and D) short tau 
inversion recovery, are in keeping with cardiac myxoma.

eously hypointense on T2-weighted images[41,65].
Fibromas can show different enhancement patterns after gadolinium adminis-

tration. In fact, they may not show any LGE, or manifest homogeneous or hetero-
geneous enhancement with isointense rim and hypointense core, which is due to 
decreased blood supply from the surrounding myocardium[64] (Figure 10).

Rhabdomyoma
Rhabdomyomas are very rare in adults, while they are the most common cardiac 
tumors during fetal life and childhood. From a histopathological point of view, 
rhabdomyomas are hamartomas, and they are often associated with tuberous sclerosis. 
In particular, the incidence of tuberous sclerosis in patients with cardiac 
rhabdomyomas is 60%–80%, and more than 50% of patients with tuberous sclerosis 
have rhabdomyomas[65].

Rhabdomyomas are multiple in more than 60% of cases, and this multiplicity has an 
even higher association with tuberous sclerosis; nevertheless, findings of multiple 
cardiac masses at prenatal echocardiogram can be the first suggestion of tuberous 
sclerosis[65]. Rhabdomyomas are usually intramyocardial or intracavitary, with 
intraventricular growth that may cause outflow obstruction; less commonly, they may 
be located in the atrioventricular groove ,possibly causing arrhythmias related to an 
accessory pathway[65]. The majority of rhabdomyomas spontaneously regress in early 
childhood, therefore surgery is needed only in case of heart failure due to outflow 
obstruction or arrhythmias[68]. Rhabdomyomas appear as hyperechoic solid masses 
on echocardiogram[65]. On CMR, they are isointense (or slightly hyperintense) on T1-
weighted images, and hyperintense on T2-weighted images with mild LGE[29].
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Figure 8 Seventy-one-year-old female with incidental finding of cardiac mass adherent to the septal leaflet of the tricuspid valve on 
cardiovascular magnetic resonance. The examination was performed for suspected noncompact myocardium on a previous ultrasound examination in a 
patient with known metastatic thyroid cancer. Orange arrow shows a mobile “valvular” mass at cine-steady state free precession (SSFP) imaging (A and B), with 
intermediate signal on T1-weighted images (C), high signal on T2 short tau inversion recovery images (D) and with poor enhancement at late gadolinium 
enhancement (LGE) images (E and F). This location of the mass and its cardiovascular magnetic resonance (CMR) features are in keeping with fibroelastoma. The 
patient underwent a periodic CMR follow-up for 3 years (G: cine-SSFP and H: LGE sequences), and the mass shows no change.

Figure 9 Fifty-one-year-old male patient, with incidental finding of a suspicious intraseptal hyperechoic mass at transesophageal 
echocardiography. Cine-steady state free precession magnetic resonance (A and B) confirms the presence of an intraseptal mass with a chemical shift artefact at 
the border. The mass shows high signal intensity on proton density-weighted images (C) and low signal intensity on short tau inversion recovery images (D). The 
mass shows no enhancement on perfusion images (E and F, two different frame). These findings are in keeping with cardiac lipoma.

Cardiac teratomas
Cardiac teratomas are rare and usually occur in children, representing the second most 
common primary cardiac tumor in newborns and fetal life. Cardiac teratomas derive 
from germ cells localized in pericardium. Usually, it is intrapericardial and attached to 
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Figure 10  Twenty-five-year-old male patient with a ventricular mass of uncertain significance on computed tomography scan performed 
after an episode of dyspnea and chest pain. The cardiovascular magnetic resonance demonstrates a well-defined, solitary solid mass with intramural growth 
in the anterior wall of the left ventricle (A and B, cine steady state free precession diastolic and systolic frame, respectively). The mass shows homogeneous 
hypointense signal on short tau inversion recovery (C) and T1-weighted images (D). Homogeneous contrast uptake during perfusion sequences (E and F, two 
different frame of the perfusion sequence) and homogeneous hyperintensity in the early (G) and late gadolinium enhancement images (H). These findings are in 
keeping with cardiac fibroma. The patient finally underwent cardiac surgery, and the final histopathological diagnosis confirmed the radiological suspicion.

pulmonary artery and aorta and can compress SVC and RA. Intramyocardial teratoma 
is extremely rare and often manifests with congestive heart failure. Surgery is the 
treatment of choice. Recurrence or malignant degeneration is rare[68].

Typically, imaging modalities show an intrapericardial multilocular mass with 
cystic and solid components near aorta and pulmonary artery. On CMR, teratomas 
may appear iso- or hypointense on T1-weighted images, hyperintense on T2-weighted 
images and hypointense on first-pass myocardial perfusion imaging, with this latter 
allowing to differentiate them from hemangiomas. After contrast injection teratomas 
appear hypointense on first pass perfusion, with heterogeneous LGE[69].

Paragangliomas
Paragangliomas are extremely rare, with an incidence varying between 1.5-9 cases per 
million people, and it is higher in the fourth decade of life. Up to a third of them may 
be familial, which makes important a proper family screening. Cardiac paragan-
gliomas represent up to 2% of all paragangliomas[70,71].

They are chromaffin-cell tumors that arise from parasympathetic or sympathetic 
ganglia of neural crest cells localized outside adrenal glands. They may present as a 
cardiac mass associated with hypertension and/or palpitation. Echocardiography, 
computed tomography and CMR can provide valuable anatomical and tissue charac-
terizations, however laboratory investigations such as urine and blood tests for 
analysis of catecholamines and catecholamines metabolites are required to assess the 
diagnosis[72] .

CMR shows hypointense signal on T1 weighted images and hyperintense signal on 
T2 with “salt and pepper” appearance on both T1 and T2 weighted sequences; salt 
represents hemoglobin degradation products from intralesional hemorrhage and 
pepper depends on flow voids due to high vascularity. Paragangliomas show strong 
and early contrast enhancement after gadolinium injection, which follows the arterial 
vessels enhancement[72]. These tumors are characterized by peripheral LGE, due to 
tumor necrosis.
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Figure 11  Sixty-five-year-old female patient with transthoracic echocardiogram finding of irregular mass originates from the right atrium 
wall with intracavitary expansion. Cardiovascular magnetic resonance with cine-steady state free precession images (A and B) confirms the presence of an 
infiltrative atrial mass in the proximity of atrio-ventricular sulcus. T1-weighted and short tau inversion recovery images (C and D, respectively) show an heterogenous 
hyperintense signal intensity due to complex composition of the mass. The mass shows inhomogeneous enhancement at early gadolinium enhancement and late 
gadolinium enhancement sequences (E and F, respectively). These findings are in keeping with a malignant primary cardiac tumor. The patient underwent myocardial 
biopsy with diagnosis of angiosarcoma.

Biopsy is contraindicated in these hyper-vascularized tumors due to the high risk of 
life-threatening bleeding.

NEOPLASTIC–MALIGNANT: PRIMARY CARDIAC TUMOR
Table 2 shows the CMR characteristics of cardiac masses that facilitates the differential 
diagnosis between benign and malignant masses.

Sarcomas 
Angiosarcoma is the most common cardiac mass and accounts approximately for 30% 
of malignant primary cardiac tumors[73]. It occurs mainly in the middle-aged adults 
and males are more often affected than females at a ratio of 2:1. Angiosarcoma is 
highly aggressive neoplasm characterized by rapid local spread and distant meta-
stases. In approximately 75% of cases, angiosarcomas are located in RA close to atrio-
ventricular sulcus[19]. However, as mentioned above, the loco-regional infiltration 
with involvement of pericardium, tricuspid valve, SVC, right ventricle and right 
coronary artery is also common[19]. It can cause symptoms such as chest pain and 
arrhythmias. The most common site of metastasis of angiosarcoma is lung followed by 
liver and brain[74].

The CMR characteristic of angiosarcoma reflects the heterogenous composition of 
angiosarcoma characterized by high vascularization, necrosis, hemorrhage and 
calcification[19]. T1 and T2 weighted images show heterogenous hyperintense signal 
intensity due to complex composition of mass with marked enhancement after contrast 
medium injection due to hyper vascularized nature of the mass[19] (Figure 11).

Leiomyosarcoma usually represent the 8%-9% of cardiac sarcomas and is associated 
with a worst prognosis in 6-14 mo[19,75]. In 60% of cases, leiomyosarcoma involve the 
LA followed by the involvement of right ventricle, RA and left ventricle[19]. Similar to 
other cardiac masses the main problems caused by tumors are mainly due to loco-
regional invasion. The presence of leiomyosarcoma in the LA can cause pulmonary 
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Table 2 Malignant tumor characteristic

Size More than 5 cm

Number More than one

Location Right heart involvement or more than one cardiac chamber

Implantation Broad base of implantation

Infiltration Direct infiltration of structures such as myocardium, valves, epicardial fat and pericardial leaflets

Effusion Pericardial or pleural hemorrhagic effusion

Signal intensity Heterogeneous signal intensity in T1-weighted and T2-weighted images

Perfusion Heterogeneous enhancement

EGE and LGE Heterogeneous enhancement

EGE: Early gadolinium enhancement; LGE: Late gadolinium enhancement.

Figure 12  Sixty-five-year-old female with transthoracic echocardiogram finding of two masses in the left ventricle and right cavities 
following an episode of lipothymia. Cardiovascular magnetic resonance (CMR) with cine-steady state free precession images (A and B) demonstrates the 
presence of four distinct masses, the most voluminous mass with infiltrative features and irregular margins, extending from the right atrio-ventricular groove to both 
atrial and the ventricular walls. These lesions are characterized by a substantially isointense signal to cardiac muscle in T1-weighted images (C), slightly hyperintense 
in T2-weighted images (D) with heterogeneous enhancement at early gadolinium enhancement and relatively homogeneous hypointensity at late gadolinium 
enhancement images (E, F). These findings are in keeping with cardiac lymphoma. The patient underwent biopsy with a diagnosis of cardiac large B-cell lymphoma 
and started a chemoimmunotherapy with an excellent response as shown on CMR (G and H, cine steady state free precession) after 2 wk. CIT: Chemo-
immunotherapy.

vein obstruction, pericardial effusion, chest pain, atrial arrhythmias and congestive 
heart failure. Furthermore, leiomyosarcoma is often characterized by rapid growth 
with distant metastasis and local recurrence after removal[75]. The CMR character-
istics show hypo-isointense mass in T1 weighted sequences and hyperintense signal 
intensity in T2 weighted images[19]. LGE images show heterogenous signal intensity 
on post-contrast images due to hypervascular areas and necrosis[19].

Rhabdomyosarcoma represent the most common malignant cardiac mass in 
childhood[23]. Patients with rhabdomyosarcoma often show multiple masses, and 
there is not any predilection in terms of cardiac structures involved[23]. Rhabdomy-
osarcoma has the tendency to infiltrate the surrounding structures and in particular 
pericardium and valves[76]. Common symptoms include arrhythmia and heart failure 
sometimes associated with eosinophilia[19]. CMR shows isointense signal intensity on 
T1 and T2 images with hyperintense signal intensity on STIR images in presence of 
necrosis[23]. After the administration of contrast medium, rhabdomyosarcoma shows 
enhancement due to increased vascularization[19].
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Figure 13  Sixty-five-year-old male with lung cancer. Cardiovascular magnetic resonance examination with cine-steady state free precession sequences in 
planes of various orientations (A-D) clearly shows infiltration of the atrium through the pulmonary veins.

Figure 14  Sixty-four-year-old male with ocular melanoma with multiple metastases underwent cardiovascular magnetic resonance for 
characterization of a myocardial mass discovered at echocardiography. Nine oval nodules (three are indicated by orange arrows) with diameters 
ranging from 5 mm to 19 mm, slightly hyperintense in cine-steady state free precession images, T1-weighted (due to the presence of melanin) and T2-weighted 
sequences. The findings are in keeping with cardiac melanoma localization.
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Lymphoma
Primary cardiac lymphoma usually occurs in 1.3% of primary cardiac tumors; typically 
arising from large B-cells in immunocompromised patients with an average age of 60-
years-old[19]. Usually, masses are allocated in right chambers, often right ventricle, 
and are associated with pericardial effusion[63]. Despite the aggressive nature of this 
tumor, it shows a good response to monoclonal anti-CD20 antibody[23]. CMR images 
can be identified usually with the following two patterns: The first pattern shows 
multiple isointense masses in T1 and mildly hyperintense in T2 weighted images often 
located in right ventricle[77], while the second pattern is characterized by diffuse 
pericardial invasion of soft tissue associated with hemorrhagic effusion[23]. After 
administration of contrast agent, LGE usually shows no or progressive mild 
enhancement (Figure 12).

Mesothelioma
Pericardial mesothelioma is usually associated with asbestos exposure, and it is 
characterized by masses arising from pericardium, with pericardial thickening and 
hemorrhagic pericardial effusion[19]. Involvement of myocardium by mesothelioma is 
extremely rare, however protrusion of nodular mass from myocardium is suggestive 
for tumor invasion[19,78]. Symptoms related to pericardial mesothelioma often 
include breathlessness, chest pain and sometimes pericardial constriction or cardiac 
tamponade[23]. T1-weighted images show isointense mass, while T2-weighted images 
present heterogeneous hyperintense signal intensity[23]. Post-contrast images show 
high intense signal intensity on LGE images[23].

NEOPLASTIC–MALIGNANT: METASTATIC DISEASE
Secondary malignant cardiac tumors, also known as cardiac metastases, are cancerous 
tumors with spread to cardiac structures. Cardiac metastasis are very common in 
patients with primary tumors (usually arise from lung, breast and melanoma[12]), 
often clinically silent and mainly involve myocardium and pericardium[73].

Tumors can spread to the heart through four alternative pathways: Coronary 
arteries, lymphatic system, direct extension from nearby tissue and intracavitary 
diffusion through either the IVC or the pulmonary veins[23] (Figure 13).

CMR finding on tissue characterization are not specific and can change based on the 
metastasis component, however the most common pattern show low signal intensity 
on T1 and high signal intensity on T2 weighted images with high signal intensity on 
LGE[23]. Metastasis due to melanoma are characterized by high signal intensity on T1 
weighted images[79] (Figure 14).

CONCLUSION
CMR is a fundamental radiological method in patients with suspected cardiac mass. It 
allows an optimal non-invasive localization of the lesion, providing multiplanar 
information on its relation to the surrounding structures. Moreover, with the 
additional feature of tissue characterization, CMR can be highly effective to 
distinguish pseudomasses from masses, as well as benign from malignant masses, that 
can also be used for differential diagnosis in the latter. Although histopathological 
assessment sometimes has an important role to make a definitive diagnosis, CMR is a 
key modality in the diagnosis of suspected cardiac masses with a great impact on 
patient management.
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