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Abstract
The rise in incidence rates of invasive candidiasis warrants an increase in atten-
tion and efforts toward preventing and treating this virulent infection. Cardiac 
involvement is one of the most feared sequelae and has a poor prognosis. Despite 
the introduction of several novel antifungal agents over the past quarter century, 
complications and mortality rates due to Candida endocarditis have remained 
high. Although fungal endocarditis has a mechanism similar to bacterial endocar-
ditis, no specific diagnostic criteria or algorithm exists to help guide its manage-
ment. Furthermore, recent data has questioned the current guidelines recommen-
ding a combined approach of antifungal agents with surgical valve or indwelling 
prostheses removal. With the emergence of multidrug-resistant Candida auris, a 
focus on improved prophylactic measures and management strategies is nece-
ssary.
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Core Tip: The incidence of Candida infective endocarditis has observed a noticeable rise. Despite the progress in medical 
understanding, Candida endocarditis (CE) continues to be linked with a notable increase in in-hospital mortality. This 
comprehensive review aims to elucidate the existing diagnostic modalities for identifying CE while emphasizing their 
inherent limitations. Furthermore, we clarify the prevailing standard treatment protocols, encompassing medical and surgical 
interventions. Additionally, we highlight the role of screening techniques in identifying high-risk patients and explore the 
discussion of prophylactic measures tailored to specific patient phenotypes.

Citation: Jamil Y, Akinleye A, Mirzaei M, Lempel M, Farhat K, Pan S. Candida endocarditis: Update on management considerations. 
World J Cardiol 2023; 15(10): 469-478
URL: https://www.wjgnet.com/1949-8462/full/v15/i10/469.htm
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INTRODUCTION
Although our understanding of endocarditis has evolved since its first description by William Osler in the late 19th 
century, it remains a disease of high morbidity and mortality[1,2]. Candida endocarditis (CE) which accounts for only 1%-
2% of all endocarditis cases, is associated with a mortality rate as high as 80%[3-6]. Given that CE is particularly rare, 
formal studies comparing various management approaches and subsequent outcomes are limited. Current guidelines 
recommend a treatment regimen of antifungal agents combined with surgical interventions, whether valves or indwelling 
prostheses removal[7,8]. However, individuals suffering from CE often have multiple comorbidities and are at high risk 
for reinfection, making conducting invasive interventions challenging.

Furthermore, the uptrend in fungemia incidence rates in recent years has led to an increased number of patients at risk 
for CE[9]. Nonetheless, CE studies have relatively small sample sizes, which make them insufficiently powered to get 
robust research evidence into use. Therefore, this review explores the current diagnostic techniques and treatment consid-
erations when evaluating and managing patients with CE.

BACKGROUND AND EPIDEMIOLOGY
Per definition, community-onset candidemia occurs within 48 h of hospitalization, with most cases identified on the day 
of admission, whereas nosocomial candidiasis occurs after 48 h of hospitalization[10]. The incidence of invasive 
candidiasis in the community and nosocomial infections has increased. There has been a noticeable increase in the 
incidence of community-acquired cases since the 1970s due to the intravenous drug (IVD) use epidemic, the use of 
impure brown heroin, and poor harm reduction practices, which have been associated with Candida albicans (CA)[11]. 
With the implementation of harm reduction strategies in the 1990s, the causative organisms have shifted to non-albicans 
Candida (NAC) species. The increased likelihood of the latter among IVD users has led again to the recognition of IVD 
use as an important risk factor for candidemia[12].

Different factors were found to increase the incidence of nosocomial candidemia, including increased antibiotics use, 
prolonged fluconazole prophylaxis in immunocompromised patients, use of total parenteral nutrition, and use of long-
term catheters and medical devices[13-16]. Additional risk factors include malignancies of the gastrointestinal tract, 
genitourinary tracts, and the breast associated with CA infection and hematologic malignancy associated with NAC 
infection. Lastly, immunosuppressive therapies, including chronic steroid therapy, have been found to increase the 
incidence of CE and mortality risk[17].

Different Candida species can lead to advanced clinical infections, yet the most common agent leading to CE remains 
CA despite distinct patient characteristics and underlying risk factors[18]. Moreover, Candida parapsilosis was linked to 
infected medical devices such as prosthetic valves and transmitted through direct contact[19-21]. Candida dubliniensis and 
Candida glabrata are predominantly found among human immunodeficiency virus/acquired immunodeficiency 
syndrome patients with oral thrush and patients who are immunosuppressed on broad-spectrum antibiotics, respectively
[18,22]. Although CA is primarily sensitive to antifungals, there is an emergence of intrinsic resistance of various Candida 
species to antifungals. Thus, it is essential to conduct antifungal susceptibility to ensure appropriate coverage[23]. Candida 
auris has recently emerged as a pathogen of significant concern worldwide, especially among chronically hospitalized 
patients. It is intrinsically resistant to multiple currently available antifungal therapies with a high mortality rate, often 
due to delayed diagnosis and initiation of antifungal therapy[24].

Despite the availability of effective antifungal therapy in most cases, mortality rates related to candidemia remain 
elevated, ranging from 30%-80%[25]. The latter is likely attributed to patients predisposing factors such as immunocom-
promised status and malignancies, recent surgery, and prior infective endocarditis (IE). Early diagnosis and adminis-
tration of appropriate antifungal therapies via a multidisciplinary approach may have improved mortality rates over the 
years[4,23,27-28].

https://www.wjgnet.com/1949-8462/full/v15/i10/469.htm
https://dx.doi.org/10.4330/wjc.v15.i10.469
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DIAGNOSTIC EVALUATION
Healthcare providers should be vigilant of an underlying CE when managing high-risk febrile patients with predisposing 
factors such as IVD users, prolonged antibiotic therapy, indwelling central venous catheter, prosthetic heart valve, history 
of endocarditis, parenteral nutrition, neutropenia, and diabetes mellitus[29]. Although the clinical presentation of CE can 
sometimes be indistinguishable from those of bacterial endocarditis, the loss of visual acuity, presence of cutaneous 
nodules, and cerebral embolization should raise concerns for a Candida infection[30,31]. Nevertheless, it remains a 
challenge to establish the diagnosis and differentiate CE from bacterial endocarditis.

In 1994, Durack et al[32] proposed the Duke Criteria, which are used to classify each case as definite, possible, or 
probable, and has been validated in several subsequent studies. Additionally, further trials emphasized Duke Criteria's 
high diagnostic sensitivity and specificity[33-35]. Furthermore, in 2000, Li et al[36] introduced the modified Duke Criteria, 
which have become the standard of care. Nevertheless, these criteria were developed to evaluate patients with suspected 
left-sided native valve IE, as its sensitivity is low in patients with cardiac device infection, prosthetic valves, and right-
sided IE[37]. Duke Criteria were primarily implemented in the workup of bacterial endocarditis; however, to date, there 
are no specific diagnostic criteria for fungal endocarditis.

Fungal culture
Isolation of the causative organism is critical in establishing the microbiologic diagnosis and selecting appropriate 
therapeutic agents. However, Candida traditionally does not grow well in standard bacterial blood culture media, if at all, 
requiring a longer time for the organism to grow. The sensitivity of detection of Candida in blood cultures is limited to 
50%-75%[38,39]. In one case series from France, 14% of 620 IE cases had negative blood cultures, while another study 
showed that 31% had negative cultures[40]. Hence, this will delay the diagnosis and treatment, which could lead to 
drastic outcomes. Therefore, modifications to the original Duke Criteria have been suggested to include additional risk 
factors, such as CRP/ESR elevation, hematuria, central non-feeding venous lines, and peripheral lines, as part of the 
criteria. These, in turn, led to increased diagnostic sensitivity[42]. However, when the modified Duke Criteria was tested 
in blood culture-negative IE, it performed poorly, possibly due to the lack of serological criteria[43].

Immunoassay studies-1, 3-β-D-glucan
In light of earlier addressed issues related to fungal isolation and culture difficulties, which remain the gold standard of 
diagnostic testing, non-culture-based tests have been developed, and some have found clinical applications. 1, 3-β-D-
glucan is a polysaccharide ubiquitous in the fungal cell wall. Its detection in the serum with a cutoff of 60 pg/mL has a 
sensitivity and specificity of 69.9% and 87.1%, respectively, in a patient with candidemia[31]. It carries several 
advantages, including improved sensitivity on serial testing, strong specificity, positive likelihood ratio, and most 
importantly, antifungal agents do not affect 1, 3 β-D-glucan serum levels[44,45]. In a patient with Candida glabrata IE, β-D-
glucan was found to be a helpful tool in assessing treatment response, whereby after treatment, the assay became 
negative[46]. Hence, this could be used as a screening tool for CE and to monitor clinical response to therapy.

Mannan antigen and anti-mannan antibody
Mannan is an essential constituent of the Candida cell wall. Both mannan and anti-mannan antibodies have been found in 
the serum of patients with candidiasis. A meta-analysis by Mikulska et al[47] showed that combined testing using 
immunosorbent assays for detecting mannan antigen and anti-mannan antibodies have a sensitivity of 83% and 
specificity of 86% in patients with invasive candidiasis. However, its usefulness is limited due to rapid clearance from the 
bloodstream. Furthermore, immunosuppressed patients may not develop adequate antibody response against the 
mannan antigen, thus resulting in false negative tests[48].

Polymerase chain reaction
The development of molecular diagnostic techniques has improved the ability to identify the causative pathogen and 
decreased the required time for microorganism identification from days to hours. Rice et al[49] found polymerase chain 
reaction (PCR) to have a threefold increase in sensitivity in detecting causative agents in the setting of IE compared to 
traditional bacterial Gram-stain and culture. Multiple cases of successful diagnosis of culture-negative fungal endo-
carditis utilizing this technique have been reported[50,51]. Multiplex PCR systems, such as BioFire®, are now employed 
routinely in clinical settings and have been shown to offer a rapid and accurate diagnosis of selected Candida species in 
fungemic patients. Recent advancements have also led to the development of a novel immuno-based microfluidic device 
that can rapidly detect CA in under 2 h with a capture efficiency of 77.4% ± 4.4%[52]. Matrix-assisted laser desorption/
ionization-time of flight mass spectrometry is a technique that analyzes large biomolecules, such as DNA, protein, and 
sugar, as unique molecular fingerprints to allow rapid and accurate identification of microorganisms to decrease wait 
time for establishing correct diagnosis and initiation of appropriate therapy[53,54].

Limitations
These non-culture-based tests have several disadvantages, which have limited their widespread use. The yield of these 
tests is time-sensitive, and results might be altered with antifungal administration, which increases the possibility of false 
negative results. The accuracy of the test and its ability to make an identification depend on the quality of the database 
from which the test references, which is ever-expanding and improving. Thus, careful interpretation of test results is 
essential since sometimes the test may detect multiple or unusual organisms, which implies a critical determination of 
their clinical relevance. The availability of the test remains limited, and the turn-around time is significant, making them 
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not a first-line diagnostic tool. Finally, these tests are costly, further limiting their widespread use[55,56].

IMAGING MODALITIES
The use of echocardiography in the diagnosis of endocarditis is well established. Transthoracic echocardiogram (TTE) has 
a sensitivity of approximately 70% in the diagnosis of native-valve endocarditis (NVE) and about 50% for prosthetic-valve 
endocarditis (PVE). The sensitivity for each will improve to more than 90% when a transesophageal echocardiogram 
(TEE) is used, suggesting the superiority of TEE. For fungal endocarditis, echocardiography has shown an overall 
sensitivity of 77%[6]. Indeed, for patients with candidemia, TTE was shown to detect vegetation in 2.9% of patients 
compared to 11.5% of patients with TEE[57]. Moreover, TTE had a sensitivity of 88.9% with NVE and 76.5% with PVE in 
the diagnosis of CE compared to TEE, which had an improved sensitivity of 92% with NVE but a worse sensitivity of 
61.1% in the case of PVE, which could be related to the small sample of patients with PVE that underwent TEE[4,6].

Other imaging techniques have been developed that have shown promising applications in diagnosing endocarditis
[38]. Positron emission tomography with 2-deoxy-2-(fluorine-18) fluoro-D-glucose integrated with computed tomography 
(18F-FDG-PET/CT), which identifies increased uptake of labeled glucose by cells in inflamed tissue, has improved 
sensitivity and specificity of the modified Duke criteria to 82% and 96%, respectively, even better if the NVE cases were 
excluded, up to 96% and 94% if only PVE and cardiac-device-related IE are considered. Limitations of this technique 
include potential myocardial and respiratory artifacts that need to be gated out, difficulty distinguishing between inflam-
matory from infectious lesions, and limited ability to detect small vegetations along the device leads[58]. 18F-FDG-PET/
CT was reported to help diagnose CE and improve accuracy. Hence, it is promising in situations where TTE/TEE might 
not be diagnostic[59].

Single photon emission tomography with technetium 99m-hexamethyl propylene amine oxime (HMPAO)-labeled 
autologous leukocytes (99mTc-HMPAO-labeled SPECT/CT), on the other hand, takes advantage of the natural homing 
and recruitment of leukocytes to the site of inflammation/ infection to identify potential areas of abnormality. This 
technique does require additional time to prepare and complete compared to 18F-FDG-PET/CT. It takes time to obtain, 
isolate, and prepare autologous leukocytes from the host, and the images are acquired in multiple phases. Other imaging 
limitations include affectation by metallic artifacts, non-specific bowel activity due to hepatic HMPAO excretion, and its 
limited ability to detect small vegetations[60]. These techniques are technically challenging and require well-trained 
radiologists who are familiar with the technique. Therefore, they are not widely available and are usually implemented 
when other evaluation techniques, such as echocardiograms, are inconclusive. The yield of either study may be affected 
by antibiotic exposure; thus, finding the optimal time to utilize this imaging modality to achieve the maximal result in the 
course of patient evaluation remains an important question[61,62]. Nevertheless, these techniques have demonstrated 
very promising results in the diagnosis of PVE and cardiac device-related IE, with one study showing a sensitivity of 80%, 
specificity of 91%, negative predictive value of 80%, and positive predictive value of 91% using 18F-FDG PET/CT and 
60%, 100%, 100%, and 85% for 99mTc-HMPAO-SPECT/CT, that the use of nuclear imaging study when appropriate has 
been included as a consideration in European IE guidelines[61-63].

MANAGEMENT
Medical management
Current Infectious Diseases Society of America (IDSA) guidelines recommend treating native or prosthetic valve CE with 
either a lipid formulation of amphotericin with or without flucytosine or a high dose echinocandin for initial therapy, 
with step-down therapy to fluconazole for patients who have susceptible isolates, that have demonstrated clinical 
improvement, and have cleared Candida from their bloodstream. Step-down therapy to oral voriconazole can be used for 
susceptible isolates that are not susceptible to fluconazole. Valve replacement is recommended if there is no contrain-
dication, followed by continued antifungal treatment for six weeks after surgery. Finally, long-term therapy with 
fluconazole is recommended for patients who cannot undergo valve replacement[8]. Despite this seemingly straight-
forward algorithm, this infection has seen little or no improvement in patient outcomes. While this may indicate an 
inherent defect in our approach to treatment, one must further analyze this sophisticated pathogen and the hosts most 
likely to become infected.

As Candida is known to form biofilms that result in decreased cell membrane ergosterol content through reduced 
expression of ergosterol biosynthetic genes while upregulating the expression of genes involved in amino acid and 
nucleotide metabolism and efflux pumps[64,65], a combination antifungal regimen would theoretically be more effective 
in the treatment of fungal infection. However, using an in vitro model, Pai et al[66] compared the activities of flucytosine, 
micafungin, and voriconazole as either single agents or in combination against several Candida species and found no 
difference in the reduction of fungal burden between triple vs single agent antifungal therapy. Conversely, a 2011 meta-
analysis of 64 cases of CE who received fluconazole alone, concurrently, or in sequence with other antifungals without 
surgical intervention suggested that multiple-agent therapy is preferable. In this study, Smego and Ahmad[67] reported 
that combination regimens, including fluconazole cured or improved 86% and 68% of patients with native and prosthetic 
valve infections, respectively. Furthermore, fluconazole administered alone was associated with a 42% rate of relapse or 
death. At the same time, the best outcomes were found in patients maintained on chronic suppressive fluconazole 
therapy following an initial amphotericin or echinocandin regimen for a minimum of six months. Although antifungal 
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agents tend to have significant side effects and drug-drug interaction profiles, prolonged fluconazole use is relatively 
benign. In a retrospective study of individuals receiving chronic fluconazole for suppression of artificial implant 
infection, Penk and Pittrow[68] found no significant adverse events. Of note, this study's maximum duration of treatment 
was 4.5 years, and the maximum daily dose was 750 mg.

A study compared amphotericin B and echinocandin-based therapy directly. While there was a higher percentage of 
older patients in the echinocandin group and the majority of infections in the amphotericin B group were community-
acquired, the rates of utilization of combination antifungal therapy, suppressive antifungal therapy and adjunctive 
surgery were statistically equivalent. Mortality rates measured in-hospital, at 42 d and 1 year, did not differ between the 
two groups. Based on this study, the echinocandin group could be a better choice of initial therapy given similar clinical 
outcomes and a better side effect profile than amphotericin[69].

Combination antifungal therapy of amphotericin B and flucytosine was shown to have similar clinical outcomes 
compared to an antifungal followed by adjunctive surgical intervention[70]. Different antifungal combinations have been 
tried, including azoles plus echinocandins, 5-FC-combination therapies, and polyenes plus azoles[71]. Amphotericin B 
and flucytosine have been found to work synergistically, albeit with nephrotoxic side effects[67]. Furthermore, the 
combination of amphotericin B and fluconazole demonstrated antagonism[69]. IDSA guidelines recommend 
echinocandins with or without fluconazole as first-line therapy, which was found to be non-inferior to amphotericin B in 
managing endocarditis[8,69]. Additional challenges are encountered with NAC species, such as Candida lusitaniae and 
Candida krusei, which are intrinsically resistant to polyenes and fluconazole, respectively[72,73].

Significant differences in clinical outcomes have been observed between right and left-sided disease in bacterial and 
fungal infections[74-6]. In a 2018 retrospective study, Siciliano et al[77] found that patients with isolated right-sided CE 
had a 32% mortality rate vs 61% for left-sided disease. Furthermore, individuals with right-sided disease have lower rates 
of acute heart failure and perivalvular complications. While right-sided CE still portends a poor prognosis, isolated valve 
involvement should be a characteristic considered when discussing outcomes and treatment options.

Surgical management
Literature on the surgical approach in CE is limited to small prospective studies with conflicting evidence and weak 
recommendations. For instance, 15 case reports from patients with CE showed that a combination of surgical and 
medical, when carried out early on admission, had lower mortality than single therapy[27]. A meta-analysis of 879 cases 
of CE found that patients who underwent adjunctive surgery had lower mortality. However, higher mortality was seen in 
surgical repairs before 1980, fungal monotherapy, and left-sided endocarditis. Although, this did not meet statistical 
significance[70]. In contrast, an observational cohort study in 2015 failed to show mortality benefits between those 
undergoing surgical therapy and those receiving medical treatment alone[69]. The European Society of Clinical 
Microbiology and Infectious Diseases recommends earlier surgery in the setting of prosthetic valves as opposed to 
infection involving native valves[38]. The need for surgical intervention may differ among cases caused by different 
Candida species. A recent retrospective study showed that surgery was performed earlier in cases of CE caused by 
Candida parapsilosis compared to CA endocarditis[78]. Rivoisy et al[79] demonstrated that in patients with prosthetic valve 
CE, early surgery was not associated with better survival at six months compared to medical management alone with 
liposomal amphotericin B induction and long-term suppression with fluconazole.

A newer approach with minimally invasive surgical intervention with angioVac has been used in right-sided IE with 
vegetation debulking. A meta-analysis of AngioVac-assisted vegetation debulking demonstrated procedural and clinical 
success of 89.2% and 79.1%, respectively. Also, greater than 50% vegetation removal was achieved in 90% and bacteremia 
clearance of 82.5% with procedure-related complications of 10.1%. However, documentation of this approach for left-
sided endocarditis is not yet available[80]. It has been proposed that debulking in CE can lead to the resolution of 
fungemia similar to bacteremia in bacterial endocarditis[81].

PROPHYLACTIC MEASURES
Prophylactic measures have been given to selected patients at high risk of complications from candidemia. Several 
studies have explored high-risk populations, and many were found to have similar underlying genetic alterations leading 
to candidemia. Some generic modifications include Toll-like receptor signaling influence and certain single nucleotide 
polymorphisms[82-84]. A meta-analysis by Shorr et al[85] showed that prophylactic fluconazole reduced the risk of 
infection but failed to show improved mortality. The latter was also demonstrated in another randomized controlled trial 
between 1995-2000 in 26 intensive care units (ICU), where patients with central line catheters were randomized to 
fluconazole 800 mg vs placebo. It also failed to improve primary composite outcomes, including fever resolution, absence 
of invasive fungal infection, and discontinuation of prophylaxis due to toxicity and the need for additional systemic 
antifungal medication[86]. On the other hand, prophylaxis might increase the risk of resistance to antifungal drugs, which 
was described in the SNETRY Antifungal surveillance program that underlined both intrinsic and acquired resistance to 
fluconazole based on differences in species distribution among the geographic areas, variation in antifungal usage and 
infection control practice. Other disadvantages include cost and side effects[87]. IDSA guidelines report that prophylaxis 
with fluconazole (12 mg/kg) loading dose and then 6 mg/kg daily gained weak recommendation when administered to 
high-risk ICU patients[8]. This points to the need for a new screening modality to identify patients at high risk for severe 
candidemia and its complications.
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Figure 1 Central Illustration. AIDS: Acquired immunodeficiency syndrome; TEE: Transesophageal echocardiogram; TTE: Transthoracic echocardiography; 
PCR: Polymerase chain reaction; PET/CT: Positron emission tomography/computed tomography.

CONCLUSION
Despite advances in cardiac surgery and antifungal therapy, overall mortality and morbidity due to CE have not 
improved significantly. Given the increasing incidence of candidemia and the emergence of multi-drug resistant Candida 
species, there is an urgent need for further development of fungal-specific diagnostic criteria, including novel diagnostic 
tests, and management guidelines, both therapeutic and surgical. While the modified Duke criteria have been applied to 
diagnose fungal endocarditis, one of the major criteria requires positive blood cultures, which can be a source of delay in 
diagnosing CE. As there are limited data regarding some of the newer diagnostic techniques, criteria specific for fungal 
endocarditis utilizing fungal antigens and PCR technology would lead to earlier diagnosis and treatment (Figure 1).

New techniques, such as minimally invasive suction thrombectomy, can remove and debulk vegetations[88,89] without 
the risk and complications associated with conventional surgery and may provide alternative solutions. Current and 
future innovations in diagnostic tests and medical and surgical management of CE will permit earlier recognition of 
infection, reduce rates of potential complications, and improve long-term outcomes. The most successful strategy will 
likely require increased attention to the prophylactic reduction of indwelling foreign devices, antibiotic stewardship, and 
dedicating resources to the IVD use epidemic.
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Abstract
Despite the high prevalence of straight back syndrome (SBS), there is still limited 
research on this condition, posing challenges for effective diagnosis and 
treatment. The disease has been known for a long time, but there have been few 
related studies, which mostly consist of case reports. These studies have not been 
systematically summarized, making it difficult to meet the current needs of 
diagnosis and treatment. This article summarized the existing literature and 
comprehensively reviewed the diagnosis, pathogenesis, treatment, and research 
status of mitral valve prolapse related to SBS. We specifically emphasized the 
mechanisms and prognosis of SBS combined with mitral valve prolapse and 
discussed the latest research progress in this disease.

Key Words: Straight back syndrome; Mitral valve prolapse; Arrhythmia; Review; Diagno-
sis; Treatment
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Core Tip: Straight back syndrome (SBS), a benign skeletal abnormality of the thorax, is 
typically accompanied by mitral valve prolapse. Despite its prevalence, there is limited 
research on this condition, making effective diagnosis and treatment challenging. Recent 
studies have revealed controversy on SBS and its related mechanisms. This review 
focused on the mechanisms and current research progress of SBS associated with mitral 
valve prolapse.
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INTRODUCTION
Straight back syndrome (SBS), also known as flat chest syndrome, is characterized by the disappearance of the normal 
kyphotic curvature of the thoracic spine, which results in a decrease in the anterior-posterior diameter of the chest and 
restriction of the heart (Figure 1). It was first reported by Rawlings[1] in 1960. Due to the presence of heart murmurs 
during cardiac examinations, patients are often referred to the cardiology department for evaluation[2]. Mitral valve 
prolapse (MVP) is a valvular heart disease characterized by soft texture of the mitral valve, which can billow upward and 
back into the left atrium during heart contraction (prolapse). Prolapse of the mitral valve can lead to mitral regurgitation. 
If the MVP causes significant enlargement of the atria, arrhythmias may occur. Previously, SBS-associated MVP was 
considered a “pseudo-heart disease,” and patients may have no symptoms or only mild clinical symptoms such as chest 
tightness and shortness of breath. Even when severe symptoms occur, they are mostly thought to be due to mechanical 
and structural changes resulting from compression of the large blood vessels in the heart[3]. However, recent studies 
have found that SBS-associated MVP may be related to the expression of genes, which has attracted wide attention and 
controversy[2].

In clinical practice, some patients with MVP are often misdiagnosed as having “senile valve disease” or “congenital 
heart disease” due to the lack of primary disease diagnostic criteria. In the clinic, it is not uncommon for SBS to cause 
changes in cardiac structure and circulatory function[4]. However, the clinical manifestations can vary widely, often 
leading to misdiagnosis. Unfortunately, despite being discovered over 60 years ago, research on this subject remains 
scarce and often centers on case reports. Presently, these studies lack systematic summarization and fail to meet the 
current diagnostic and treatment reference needs. Therefore, this article comprehensively reviewed the literature on the 
diagnosis, pathogenesis, treatment, and research status of SBS-related MVP and provided clinical assistance by 
summarizing the latest and most significant achievements in this field.

DIAGNOSIS AND EPIDEMIOLOGY
SBS is a benign thoracic skeletal malformation that is often misdiagnosed as heart disease as it can cause heart murmurs 
detectable on physical examination[5]. Patients are usually asymptomatic, and the most common symptoms are chest 
pain and palpitations. However, there is a lack of large-scale epidemiological investigations into the incidence of SBS in 
the general population. A previous study by Jiang and Li[6] reported that among 114 SBS patients, the vast majority of 
cases (108) occurred in individuals under 40 years of age, with approximately 60% (66 cases) occurring in those aged 
between 20-40 years. The prevalence in females was higher than that in males. The incidence rate significantly decreased, 
and symptoms were milder in patients over 40 years of age, which may be due to reduced lung tissue and chest wall 
elasticity with increasing age, leading to natural alleviation of the condition[7]. A study in 2022 found that thoracic 
vertebrae may undergo degenerative changes with increasing age. In the general population, this change may cause 
excessive thoracic kyphosis, but in patients with SBS, it may relieve symptoms[8].

In 1956, Deleon et al[9] first proposed a diagnostic criterion for SBS, which was a ratio of anterior-posterior to 
transverse thoracic diameter less than 1/3 measured at the T8 level. In 1980, Davies et al[10] revised this criterion and 
proposed a diagnostic criterion for SBS on lateral chest radiographs, where the distance from the midpoint of the T8 
vertebral body to the vertical line connecting the anterior borders of T4 and T12 was less than 1.2 cm (Figure 2). SBS 
typically occurs in young, lean individuals who lack normal thoracic kyphosis, leading to a decreased sagittal diameter of 
the thorax[11]. Auscultation may reveal splitting of the second heart sound, and a prominent murmur is generally caused 
by compression of the right ventricular outflow tract by the sternum, which lessens with deep inspiration. X-ray 
examination is the most important diagnostic method, especially left lateral images, where the spinal thoracic segments 
appear straight and the sagittal diameter is narrowed. Twigg et al[12] measured the ratio of thoracic anterior-posterior to 
transverse diameter in 24 patients with SBS and 100 normal individuals, revealing a mean ratio of 37.1%, which is lower 
than the normal value of 40.0%. Furthermore, X-ray features may include a heart-thorax ratio ≤ 0.5, protruding 
pulmonary artery segments, leftward shift of the cardiac silhouette, or signs of a pseudo-enlarged heart. In SBS patients, 
electrocardiography generally demonstrates normal values. In some patients, due to compression of the heart and 
positional changes, V1 leads may show a rsR’ pattern, avR for the Qr pattern, R/S > 1, or R/S = 1, and some individual 
patients may exhibit high voltage of the left ventricle, sinus bradycardia, and incomplete right bundle branch block.

In some ultrasonography results of SBS patients, there may be a concomitant finding of MVP. Previous studies have 
suggested that this may be related to the compression-induced deformation of the mitral valve due to narrowing of the 
sagittal diameter[13]. However, a study conducted in 2020 indicated that both SBS and MVP may be inherited in an 
autosomal dominant manner[14]. It is believed that the vertebral malformation occurs during the 8th wk of gestation 
before ossification of the spine, and the penetrance is incomplete, with a higher expression frequency observed in female 
subjects. It has been reported in the international literature that 17%-23% of MVP patients have scoliosis, while 54%-67% 

https://www.wjgnet.com/1949-8462/full/v15/i10/479.htm
https://dx.doi.org/10.4330/wjc.v15.i10.479


Kong MW et al. Progress in the research of SBS

WJC https://www.wjgnet.com 481 October 26, 2023 Volume 15 Issue 10

Figure 1 Differentiating between normal individuals and individuals with straight back syndrome with physiological distortion. A: The 
human spine typically exhibits physiological curvature; B: In individuals diagnosed with straight back syndrome, this curvature is noticeably absent.

Figure 2 Diagnostic criterion for straight back syndrome on lateral chest radiographs, where the distance from the midpoint of the T8 
vertebral body to a vertical line connecting the anterior borders of T4 and T12 is less than 1.2 cm.

of scoliosis patients have concomitant MVP[15]. Based on these studies, it can be inferred that the higher incidence of 
MVP in SBS is not only a result of physical factors but is also related to genetic factors. National literature has not 
reported such a high incidence rate, which may be due to inadequate knowledge at the time.

SBS WITH COMORBIDITY MECHANISMS
SBS is often associated with several complications, and the underlying mechanisms are still not fully understood. One 
theory suggests that compression of the thorax could reduce lung capacity and cause hypoxia, leading to various 
cardiovascular and respiratory problems. Recent studies have shown that compression may also affect the functioning of 
the autonomic nervous system, leading to abnormal heart rate variability[16]. Additionally, the reduced sagittal diameter 
of the chest could lead to mechanical distortion of the heart and major vessels, causing abnormal blood flow[17]. In the 
study by Grillo et al[18], MVP was the most common associated cardiac disease, occurring in approximately 64% of SBS 
cases. Some studies suggest that the high incidence of MVP and scoliosis in SBS patients may be related to a common 
genetic background, but further research is needed to clarify this relationship.

Mechanisms underlying the co-occurrence of MVP in SBS
In several previous studies, there was consistent evidence of the co-occurrence of SBS and MVP[19], but it was not until 
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2017 that Movahed et al[20] demonstrated a statistically significant association between these two conditions. In their 
study, 77% of SBS patients underwent mitral valve repair or replacement due to severe mitral regurgitation caused by 
MVP. There are two hypotheses regarding the mechanism of SBS co-occurring with MVP. The first hypothesis, proposed 
by Chen et al[3], suggests that scoliosis and MVP are both manifestations of a more common disease, which is inherited in 
an autosomal dominant manner with incomplete penetrance. Family studies have found a tendency towards clustering of 
MVP and scoliosis, indicating that these diseases may have a genetic basis.

Additionally, a number of genome-wide association studies have identified several genetic variations associated with 
SBS, some of which may affect the susceptibility of MVP and scoliosis. For example, one study found that the LRP2 gene 
located at 9q22.32 was associated with the susceptibility of scoliosis and MVP[21], whereas another study found a close 
relationship between the EFEMP1 gene located at 5q35.3 and both scoliosis and MVP[22]. Furthermore, recent research 
has suggested that the MVP comorbidity in SBS may be related to the TGF-β signaling pathway, which induces 
cardiomyocyte apoptosis and promotes fibroblast proliferation[23].

It has also been discovered that SBS and floppy mitral valve disease are both inherited in an autosomal dominant 
manner with a significant family history, and three possible gene loci (16p12.1-p11.2, 11p15.4, and 13p31.3-p32.1) have 
been reported[24]. Floppy mitral valve causes enlargement of the mitral valve orifice area, elongation or rupture of the 
chordae tendineae, and enlargement of the mitral annulus, ultimately leading to MVP. It is believed that these malform-
ations occur during the 8th wk of gestation before ossification of the spine, with incomplete penetrance and higher 
expression frequency in female subjects[4]. These studies suggest that genetic variations and molecular mechanisms may 
play important roles in the high incidence of MVP and scoliosis in SBS patients. However, the notion of a “more common 
disease” proposed by Chen et al[3] has yet to be proven.

Another hypothesis suggests that physical compression is a primary factor leading to the co-occurrence of MVP in SBS. 
The thoracic spine of SBS patients loses its normal posterior convex curvature, resulting in a decreased distance between 
the sternum and spine. This leads to compression of the heart and torsion of the major vessels, ultimately leading to 
distorted mitral valve morphology due to pressure[25]. The study by Chen et al[3] indirectly supported this view using 
cardiac magnetic resonance imaging to identify a correlation between the site of cardiac compression in SBS patients and 
the occurrence of arrhythmia. This evidence indicated that some, if not all, of the cardiac alterations seen in SBS are 
influenced by physical compression factors.

Mechanisms underlying the cardiac morphological changes and arrhythmia comorbidity in SBS
The causes of cardiac morphological abnormalities in SBS may include: (1) Differing degrees of cardiac pulsation 
restriction due to varying degrees of front-to-back narrowing of the thoracic cavity caused by flat thoracic vertebrae; (2) 
Left atrial compression, which increases pulmonary circulation resistance and reduces returning blood volume; and (3) 
Long-term frequent rapid arrhythmia causing cardiac enlargement and decreased cardiac function. In the study by Chen 
et al[3] among SBS patients with cardiac morphological abnormalities, 54.2% showed a consistent location between 
arrhythmia origin and the cardiac compression site, suggesting that mechanical compression of the heart may lead to 
enhanced aberrant electrophysiological activity in the heart through the activation of self-regulatory mechanisms.

Previous understanding of SBS was limited to chest wall deformities, which may cause mild symptoms such as palpit-
ations, chest tightness, and chest pain, while severe cases may have morphological functional changes in the heart 
chambers, valves, and major vessels. However, recent studies have compared cardiac magnetic resonance imaging, 
electrocardiogram, and electrophysiological data of 43 SBS patients and found a relationship between the cardiac 
compression site and arrhythmia occurrence in addition to the morphological and functional changes caused by flat chest 
walls[3]. This study proposed that arrhythmias are the result of cardiac compression. However, a study conducted in 
2013, found that MVP comorbid with various arrhythmias is very common, with ventricular arrhythmias being the most 
frequent, potentially due to increased sympathetic nervous activity and stimulation of the myocardium by prolonged 
chordae tendineae[26]. Given that MVP frequently co-occurs with SBS, it may be one of the reasons for the frequent 
occurrence of arrhythmias in SBS. This view has been partially confirmed by recent research. In the study by Xia et al[27], 
8.3% of MVP patients were found to have preexcitation syndrome, and follow-up results showed a generally good 
prognosis for SBS comorbid with MVP.

SBS comorbid with cardiac murmurs
In SBS patients, cardiac murmurs may sometimes be heard on auscultation, but detailed examination often reveals no 
cardiac abnormalities. There have been reports of SBS being misdiagnosed as cardiac diseases with abnormal heart 
sounds, such as atrial septal defect, pulmonary valve stenosis, or mitral regurgitation[3]. The mechanism underlying 
cardiac murmurs in SBS has not been well studied, but a more credible explanation is that the loss of thoracic 
physiological kyphosis in SBS patients causes displacement of the heart and great vessels. This leads to the right ventricle 
and pulmonary artery being closer to the posterior sternum, increasing the contact area between the sternum and the 
posterior heart margin, resulting in a “strengthened” jet effect of blood flow, almost invariably causing grade I-III systolic 
murmurs in the pulmonary valve auscultation area of each patient[28]. Due to prolonged compression of the heart on the 
dorsal margin of the sternum, the heart is subjected to long-term overload, causing hypertrophy of cardiomyocytes 
characterized by increased cell volume, diameter, and length. When hypertrophy reaches the critical limit, it increases the 
systolic wall tension of the ventricular wall, leading to the parallel proliferation of myocardial fiber cells, followed by 
thickening of the myocardial fibers. As a result, the thickness of the ventricular wall increases and the cavity does not 
expand significantly, leading to outflow tract obstruction and the production of murmurs (Figure 3).



Kong MW et al. Progress in the research of SBS

WJC https://www.wjgnet.com 483 October 26, 2023 Volume 15 Issue 10

Figure 3 Comparison of right ventricular outflow tract between normal patients and patients with straight back syndrome. A: Right 
ventricular outflow tract patency in a normal individual; B: Right ventricular hypertrophy and narrowing of the right ventricular outflow tract in a patient with straight 
back syndrome.

RESEARCH STATUS
It has been over 60 years since SBS was first reported in 1960[1]. Despite the long history, the literature on this topic 
remains relatively scarce, with case reports dominating the available data (Figure 4). According to recent statistics, the 
past 10 years have seen the greatest SBS-related research activity, and significant breakthroughs have been made.

Xu et al[29] conducted a retrospective analysis of 16 cases of misdiagnosed situs inversus totalis and summarized the 
clinical features of SBS patients. The authors emphasized the importance of chest X-ray lateral films and concluded that 
echocardiography is an effective diagnostic tool for SBS. Another study conducted in the same year also highlighted the 
importance of chest X-ray lateral films as a key diagnostic feature of SBS (Figure 5)[30].

Hou et al[31] investigated a method for diagnosing SBS by combining the ratio of the distance from the anterior edge of 
the T8 vertebral body to the posterior edge of the sternum to the anterior-posterior diameter of the thorax with the ratio of 
the distance from the anterior edge of the T8 vertebral body to the posterior edge of the sternum to the transverse 
diameter of the thorax and the curvature arc height from T3 to T12. Recently, studies have also shown that this diagnostic 
method was more reliable for diagnosing SBS[32-35]. In a recent study of 1569 randomly selected patients who 
underwent 64-row chest computed tomography (CT) scans, it was found that CT could identify signs that were not 
visible on X-ray films, leading to a more accurate diagnosis of SBS and a better correlation of clinical symptoms with 
imaging findings, as has also been reported in studies overseas. Matsumoto et al[33] recently used echocardiography and 
right ventricular angiography to uncover the mechanism underlying the change in heart murmur with respiration, which 
they found to be due to variation in the diameter of the right ventricular outflow tract during respiration. It was not until 
2017 that Marbella et al[34] investigated the statistical correlation between SBS and MVP and revealed that 27% of patients 
with severe mitral valve regurgitation caused by MVP also had SBS.

In terms of treatment, Betz et al[35] reported the successful case of a 19-year-old patient with SBS who presented with 
spinal pain and exertional dyspnea. The patient’s symptoms were relieved by a 12-wk course of treatment involving 
corrective exercises, traction, and posture adjustment. In another study, the use of 3D printing technology to simulate 
chest wall replacement tissue was reported to alleviate severe compression symptoms in an SBS patient[17]. Another 
complication of SBS is tracheomalacia caused by chronic compression of the trachea and main bronchi, resulting in 
decreased mediastinal diameter. In 2021, Schmid et al[36] successfully cured a 36-year-old female patient suffering from 
this condition by proximal aortic, brachial artery, sternoplasty, and anterior tracheal fixation surgery.

SBS is a benign thoracic skeletal abnormality that is usually associated with MVP and a heart murmur often detected 
during physical examination. Patients are usually asymptomatic, with chest pain and palpitations being the most 
common symptoms. X-ray examination is the most important diagnostic tool, showing a straightened thoracic spine and 
a decreased anterior-posterior diameter in the thoracic segment. Recent studies have confirmed the importance of 
echocardiography and CT in the diagnosis of SBS. The mechanism of SBS with MVP may be due to genetic or physical 
factors (compression), and the mechanism of heart murmur may also be due to physical factors or indirect causes 
following MVP.

Although SBS was discovered some time ago, there have been relatively few related studies. Recent studies have 
explored the importance of diagnostic tools in SBS and reemphasized the clinical features of SBS to avoid misdiagnosis. 
Some studies have also identified the mechanisms of arrhythmia in patients with SBS and the possible mechanism of 
heart murmur changing with respiration. Progress has been made in the treatment of SBS in some patients with severe 
compression symptoms through corrective exercise, traction, 3D printing technology, and surgery.

All these studies have achieved success under the development of new equipment and technologies, which may be one 
of the reasons for the rapid increase in related research in the past decade. Looking back on the development of medicine 
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Figure 4 Distribution of straight back syndrome publications from 1953 to 2022.

Figure 5 Chest X-ray film of a patient with straight back syndrome. A: Lateral chest X-ray; B: Anteroposterior chest X-ray.

in recent years, adjusting or updating existing diagnostic and treatment methods to improve the quality of life of SBS 
patients and reduce or eliminate serious complications caused by diseases is the focus of clinical physicians and an 
important direction of academic research. We hope that this article will serve as a stimulus for future research and 
provide new ideas.

CONCLUSION
SBS is a thoracic skeletal malformation often accompanied by MVP. Diagnostic criteria include the ratio of anterior-
posterior to transverse thoracic diameter and specific X-ray features. The co-occurrence of SBS and MVP may be due to 
genetic variation and molecular mechanisms or physical compression. Cardiac morphology and arrhythmia in SBS may 
be caused by restricted cardiac pulsation, left atrial compression, and sympathetic activity. Recent studies have 
emphasized the importance of chest X-rays, echocardiography, and CT scans for diagnosing SBS. New methods for 
diagnosing SBS with MVP have been proposed. Treatment options include exercise, traction, posture adjustment, 3D 
printing, and surgical interventions.
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Abstract
Cardiomyopathies represent a diverse group of heart muscle diseases with 
varying etiologies, presenting a diagnostic challenge due to their heterogeneous 
manifestations. Regular evaluation using cardiac imaging techniques is impera-
tive as symptoms can evolve over time. These imaging approaches are pivotal for 
accurate diagnosis, treatment planning, and optimizing prognostic outcomes. 
Among these, cardiovascular magnetic resonance (CMR) stands out for its ability 
to provide precise anatomical and functional assessments. This manuscript ex-
plores the significant contributions of CMR in the diagnosis and management of 
patients with cardiomyopathies, with special attention to risk stratification. CMR’s 
high spatial resolution and tissue characterization capabilities enable early detec-
tion and differentiation of various cardiomyopathy subtypes. Additionally, it 
offers valuable insights into myocardial fibrosis, tissue viability, and left ven-
tricular function, crucial parameters for risk stratification and predicting adverse 
cardiac events. By integrating CMR into clinical practice, clinicians can tailor 
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patient-specific treatment plans, implement timely interventions, and optimize long-term prognosis. The non-
invasive nature of CMR reduces the need for invasive procedures, minimizing patient discomfort. This review 
highlights the vital role of CMR in monitoring disease progression, guiding treatment decisions, and identifying 
potential complications in patients with cardiomyopathies. The utilization of CMR has significantly advanced our 
understanding and management of these complex cardiac conditions, leading to improved patient outcomes and a 
more personalized approach to care.

Key Words: Cardiac magnetic resonance; Cardiomyopathies; Prognosis; Dilated cardiomyopathy; Hypertrophic cardiomyo-
pathy; Restrictive cardiomyopathy

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cardiomyopathies encompass a diverse range of diseases affecting the heart muscle, each with varied causes. 
Symptoms of cardiomyopathies can manifest differently and change over time, necessitating regular evaluation through 
cardiac imaging techniques. These approaches play a crucial role in diagnosis, treatment guidance, and prognosis 
optimization. To enhance the precision of anatomical and functional evaluation and obtain valuable prognostic insights, 
cardiovascular magnetic resonance (CMR) is typically employed. By integrating CMR into clinical practice, clinicians can 
tailor patient-specific treatment plans, implement timely interventions, and optimize long-term prognosis This manuscript 
aims to explore how the CMR contribute to the diagnosis and management of patients with cardiomyopathies specially focus 
on the risk stratification.

Citation: Vidal-Perez R, Brandão M, Zaher W, Casado-Arroyo R, Bouzas-Mosquera A, Fontes-Carvalho R, Vazquez-Rodriguez JM. 
Value of cardiac magnetic resonance on the risk stratification of cardiomyopathies. World J Cardiol 2023; 15(10): 487-499
URL: https://www.wjgnet.com/1949-8462/full/v15/i10/487.htm
DOI: https://dx.doi.org/10.4330/wjc.v15.i10.487

INTRODUCTION
Cardiomyopathies encompass a diverse range of diseases affecting the heart muscle, each with varied causes. The 
European Society of Cardiology (ESC) traditionally categorizes them into hypertrophic, dilated, arrhythmogenic, res-
trictive, or other forms[1]. Moreover, they are further classified as either familial/genetic or non-familial/non-genetic. We 
must highlight that this classification is highly discussed[2].

Symptoms of cardiomyopathies can manifest differently and change over time, necessitating regular evaluation 
through cardiac imaging techniques. These approaches play a crucial role in diagnosis, treatment guidance, and 
prognosis optimization.

Patient evaluation involves gathering medical history, conducting a physical examination, and performing an electro-
cardiogram (ECG). Transthoracic echocardiography (TTE) can raise suspicions of cardiomyopathy. To enhance the 
precision of anatomical and functional evaluation and obtain valuable prognostic insights, cardiovascular magnetic 
resonance (CMR) is typically employed. In some cases, nuclear medicine tests or cardiovascular computed tomography 
may also be necessary.

This manuscript aims to explore how the CMR contribute to the diagnosis and management of patients with cardiomy-
opathies.

CARDIOMYOPATHIES WITH DILATED PHENOTYPE
CMR plays a crucial role in the diagnosis and evaluation of dilated cardiomyopathies (DCM). We usually distinguish the 
DCM on the basis of the etiology between two groups, the non-ischemic DCM (NIDCM) and ischemic DCM (IDCM).

Non-ischemic dilated cardiomyopathy
CMR plays a crucial role in the diagnosis and management of NIDCM. NIDCM is characterized by left ventricular (LV) 
enlargement, systolic dysfunction, and myocardial fibrosis without significant coronary artery disease[3] and absence of 
other abnormal loading conditions like hypertension, valvular heart disease or congenital heart disease. CMR provides a 
noninvasive and accurate assessment of LV morphology, function, and remodeling[3]. It allows for the quantification of 
myocardial fibrosis, which is useful in assessing viability in ischemic cardiomyopathy[4]. CMR can also provide detailed 
and clinically useful information about the type and severity of cardiac damage by characterizing tissue changes in the 
myocardium[5].

https://www.wjgnet.com/1949-8462/full/v15/i10/487.htm
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One important application of CMR in NIDCM is the identification and characterization of fibrosis microstructure. Late 
gadolinium enhancement (LGE) imaging, a technique used in CMR, can detect enhancement patterns associated with 
fibrosis in NIDCM patients[6]. Fibrosis microstructure has been found to modulate reentry in NIDCM, and under-
standing these variations can improve risk stratification and guide treatment decision[6]. Computational modeling based 
on CMR images has been used to examine variations in fibrosis microstructure and quantify their effect on reentry 
inducibility and mechanism[6]. This information can help identify patients at high risk of sudden cardiac death (SCD) 
and guide the selection of appropriate interventions[6]. CMR is also valuable in differentiating NIDCM from other 
cardiomyopathies. CMR-derived myocardial parameters, such as total LV myocardial mass index and percentage of non-
compacted myocardium, have been found to be discriminators between patients with LV non-compaction cardiomy-
opathy, other cardiomyopathies, and healthy controls[6]. This differentiation is important for accurate diagnosis and 
appropriate management of patients with NIDCM[7].

Furthermore, CMR can provide prognostic information in NIDCM. Global longitudinal strain (GLS) of the left ventricle 
measured by CMR feature tracking (FT) analysis has revealed enhanced prognostic utility when compared to conven-
tional parameters in NIDCM[8]. Moreover, researchers have investigated the prognostic significance of right ventricular 
(RV) GLS through CMR-FT analysis has been evaluated in a cohort of individuals with NIDCM[8]. These investigations 
collectively highlight the promising ability of CMR to predict significant cardiac events and events related to heart failure 
in patients with NIDCM[8].

In relation with sequences like T2-STIR, T1, T2 and Extracellular volume (ECV) mapping there is controversial data 
some experts state that T1 and ECV have limited value that is explained by the reduced precision in NIDCM due to 
thinning of the myocardium[9]. Other authors have claimed some potential value of T1 and ECV, elevated ECV and T1 
measurements have demonstrated prognostic significance regardless of LV ejection fraction (LVEF) and the presence of 
LGE[10]. Moreover, an elevated native T2 value suggests the potential existence of myocardial edema, potentially 
indicating the presence of inflammatory cardiomyopathy[11]. These methods present encouraging novel approaches for 
risk assessment; nevertheless, additional validation remains necessary.

In summary, CMR is playing a crucial role in the diagnosis, risk stratification, and prognostication of NIDCM. It 
provides valuable information about LV morphology, function, and remodeling, as well as the presence and character-
istics of myocardial fibrosis. CMR can differentiate NIDCM from other cardiomyopathies and help guide treatment 
decisions. Additionally, CMR-derived parameters, such as GLS, have shown prognostic value in NIDCM. Overall, CMR 
is a valuable tool in the comprehensive evaluation and management of NIDCM patients.

Ischemic dilated cardiomyopathy
CMR plays a crucial role in the diagnosis and evaluation of IDCM. IDCM is a type of DCM that is caused by ischemic 
heart disease (IHD)[12]. Approximately 70% of heart failure cases have been attributed to IHD[13]. From the SOLVD 
study, IHD tended to have a greater impact than NIDCM, with double the risk of hospitalization and quadruple the risk 
of death[14].

CMR as we shown before this technique can aid in the differentiation of ischemic from non-ischemic cardiomyopathy 
subtypes. Currently, CMR-derived cardiac imaging is effective for both definition of IHD and for ischemia detection, with 
important diagnostic and prognostic implications[15].

The “function-perfusion-tissue characterization” triad should be studied in IHD for an adequate evaluation of cardiac 
viability and ischemic burden. As mentioned, the subendocardial distribution of LGE identifies an ischemic injury as 
opposed to fibrosis with meso- or subepicardial distribution, typical of non-ischemic alterations[16] CMR is also effective 
in defining myocardial viability through discrimination of LGE extension and segmental kinesis[4,17].

From the SPINS registry, extensive ischemic burden was related to a higher risk of major cardiac event, including 
hospitalization for congestive heart failure (HF), and revascularization was associated with a protective effect only in the 
extensive ischemia subset[18-21].

CARDIOMYOPATHIES WITH HYPERTROPHIC PHENOTYPE
LV hypertrophy (LVH) is most frequently caused by pressure overload. However, in cardiomyopathies, LVH occurs in 
the absence of abnormal loading conditions – hypertrophic cardiomyopathy (HCM) accounts for the majority of these 
cases.

CMR imaging has consolidated its role among the multimodality evaluation of myocardial disease, mostly due to high 
spatial resolution and unique ability for tissue characterization[22,23]. Non-invasive tissue characterization is crucial for 
differential diagnosis of LVH, identification of HCM phenocopies and risk stratification. This distinctive feature of CMR 
has led to a decrease in the use of endomyocardial biopsy (EMB) in cardiomyopathies with LVH, that is now restricted to 
few indications[24,25]. A recent position statement limited EMB use to patients with LVH in whom non-invasive 
evaluation produces inconclusive or discordant results, and there is clinical suspicion of phenocopies, particularly infilt-
rative or storage disease for which target treatment is available[25].

An Integrative CMR approach, Incorporating morphofunctional assessment with tissue characterization, including 
identification of the presence, location, and pattern of LGE, and combined with parametric mapping findings (partic-
ularly, native T1 and ECV), can be of value for differential diagnosis of hypertrophic phenotypes of cardiomyopathy 
(Table 1).
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Table 1 Cardiac magnetic resonance findings in hypertrophic cardiomyopathy and phenocopies

Tissue characterizationMorphologic 
features LGE Mapping ECV

Athlete’s heart Balanced increase in 
wall thickness and 
cavity size

Absent or in RV insertion points Normal or decreased T1 Normal or decreased

Hypertrophic 
cardiomyopathy 
(sarcomeric)

Typically asymmetric 
LVH, with septal 
predominance

Mid-mural, patchy, affecting most 
hypertrophied segments; transmural 
in advanced stages

Increased native T1, regardless of LGE 
presence, reflecting interstitial fibrosis

Increased ECV 
attributed to fibrosis

Amyloidosis Symmetric or 
asymmetric LVH

Subendocardial, global, diffuse; 
transmural in advanced stages. LGE 
reflects infiltration, not fibrosis; 
abnormal gadolinium kinetics

Marked increase in native T1 value (AL > 
ATTR) due to protein accumulation

Markedly increased 
ECV reflecting 
protein accumulation

Fabry disease Concentric LVH, 
prominent papillary 
muscles, RV 
hypertrophy

Mid-mural, basal inferolateral 
segment

Decreased native T1 values (lipid storage); 
pseudonormalization in advance stages 
due to fibrosis. Elevated T2 levels due to 
inflammation

Normal ECV

ECV: Extracellular volume; LGE: Late gadolinium enhancement; LVH: Left ventricular hypertrophy; RV: Right ventricle.

Athlete’s heart
CMR is also useful for distinguishing pathological LVH from physiological adaption to exercise. The “athlete’s heart” is 
characterized by biventricular, symmetrical remodelling, and is associated to a concomitant and proportional increase in 
cavity size[26,27]. Specific reference values of ventricular size and function for athletes have been reported by D’Ascenzi 
et al[27] In athletes, the degree of hypertrophy is usually mild, and LV wall thickness rarely exceeds 12 mm[28]. 
Moreover, reversal of adaptative LVH can be achieved with detraining[29]. When present, in athletes, LGE is usually 
confined to the RV insertion points (mostly the inferior), and its presence has been correlated with training load and 
intensity[30]. This pattern of fibrosis does not affect prognosis nor requires further evaluation in otherwise healthy 
athletes[30]. Mapping data may further differentiate “athlete’s heart” from HCM: While the latter is usually associated 
with increased native T1 and ECV (reflecting interstitial fibrosis)[28,30], these parameters are normal, or even decreased, 
in athletes. Although echocardiography remains the major imaging tool for athlete pre-participation screening, CMR can 
be paramount in situations where suspicious of myocardial disease persists based on symptoms, family history, electro-
cardiographic or echocardiographic data.

HCM
HCM is defined by unexplained LVH in a non-dilated LV with wall thickness ≥ 15 mm or, alternatively, ≥ 13 mm, in the 
presence of positive family history or a disease-causing gene variant[22]. HCM, the most common genetic cardiovascular 
disease, with a prevalence of 1:200-1:500, is caused by sarcomeric gene mutations, that are inherited as an autosomal 
dominant trait[31]. There is marked phenotypic heterogeneity among HCM probands, even among individuals from the 
same family, that occasionally poses a challenge in terms of diagnosis and risk stratification.

Morphofunctional evaluation: The “classical” HCM phenotype consists of asymmetrical, septal-predominant hyper-
trophy, that may be associated to dynamic LV tract obstruction (LVOTO)[31]. In hypertrophied hearts, CMR enables 
precise measurement of maximal wall thickness and an accurate portrayal of LVH pattern, extent and distribution[28]. 
This is of particular importance in the presence of midventricular or apical variants of HCM, in which echocardiographic 
evaluation encounters limitations[23].

The presence of apical aneurysms is associated to higher rates of ventricular arrhythmias (VA), SCD, thromboembolic 
events, and heart failure in patients with HCM[32,33]. CMR has enabled more frequent identification of this high-risk 
subset of patients, by detecting small aneurysms that may remain unnoticed during non-contrast echocardiographic 
evaluation[23] but are still relevant for risk stratification. Accordingly, the presence of an apical aneurysm, regardless of 
size, has been considered a major risk factor by the American College of Cardiology/American Heart Association (ACC/
AHA) guidelines, assigning it a class IIa (level of evidence B) recommendation for implantable cardioverter-defibrillator 
(ICD) implantation for primary prevention of SCD[34]. The ESC guidelines on SCD prevention have recently included LV 
apical aneurysm as an additional factor for consideration of an ICD (class IIb recommendation, level of evidence B)[35], 
even in patients with a low estimated risk according to the HCM Risk-SCD score[36].

Detection of thrombi within the scared LV apex also carries meaningful management considerations. In a recent study, 
Lee et al[37] found a linear relationship between aneurysm size and the risk of adverse events, including apical thrombus 
formation and thromboembolic stroke. Moreover, patients with an aneurysm size ≥ 2 cm showed a significant increase in 
5-year SCD risk (9.7% vs 2.9%, P = 0.037)[37].

Other morphologic abnormalities related to HCM can be further demonstrated by CMR, including mitral subvalvular 
apparatus abnormalities or myocardial crypts. Maron et al reported the presence of myocardial crypts – narrow, deep 
blood-filled invaginations within LV myocardium – in 61% of genotype positive/phenotype negative (G+P-) patients 
without overt LV hypertrophy, suggesting this morphologic feature to be part of the phenotypic expression of HCM[38]. 
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Contrastingly, in a large Danish cohort assessed by computed tomography, LV crypts were frequent among the general 
population, and were not associated with a composite endpoint of death, myocardial infarction, heart failure, or stroke
[39]. However, among family members of patients with HCM, the presence of crypts may prompt careful follow-up to 
monitor progression to an overt phenotype.

Another subclinical marker of HCM observed by CMR has been proposed by the same group – LV apical-basal muscle 
bundles. LV muscle bundles were suggested as a latent marker in G+/P- individuals, and were related to HCM 
phenotypic expression, irrespective of LV wall thickness[40].

CMR is useful for depicting papillary muscle (PM) architecture and functional abnormalities. PM hypertrophy (minor 
axis diameter > 11 mm or combined mass > 7 g/m2) is present in more than half of HCM cases, and my contribute to mid-
ventricular obstruction[41,42]. Additional abnormalities that contribute to LVOTO, such as accessory, bifid or displaced 
PM, can be adequately demonstrated by CMR[41].

Tissue characterization: The presence of LGE in HCM reflects replacement fibrosis, and its prognostic value is well-
established[43]. LGE is found in more than half of HCM patients, usually presenting an mid-mural pattern within the 
most hypertrophied segments[43,44]. In advanced stages of the disease, LGE with transmural extension can be observed 
and carries a worse prognosis[44].

LGE has been consistently associated increased SCD incidence, and its presence and extent was included as a major 
risk factor in the ACC/AHA risk stratification algorithm[34] and, more recently, in the 2022 ESC Guidelines for 
prevention of SCD[35]. In a landmark multicenter study, LGE exceeding 15% of the LV mass was associated with a > 2-
fold risk of SCD in patients who were deemed low risk by conventional tools, compared with patients in whom LGE was 
absent[43]. Therefore, presence of “extensive LGE” (≥ 15% of total LV mass) is regarded as a high-risk parameter, and in 
HCM patients without a defibrillator, CMR should be repeated every 3-5 years to monitor LGE progression and 
reconsider SCD prevention strategies[23,34].

T1 mapping and ECV (derived from native and post-contrast T1) allow for identification of diffuse, interstitial fibrosis
[23]. Native T1 and ECV may be elevated in segments without LGE, and even in variant carriers without overt LVH[28]. 
Mapping techniques allow differentiation of HCM from phenocopies (Table 1).

Edema with abnormal T2 findings (T2-Stir) could be observed in HCM patients often indicative of an acute myocardial 
injury (i.e., ischemic extravascular damage) and associated with electrical instability[45].

Perfusion: Microvascular dysfunction is part of the pathophysiology of HCM and can be evaluated by means of CMR 
perfusion imaging. In HCM, reduced myocardial blood flow correlates with increased LV wall thickness and mass, 
presence of LGE, and increased ECV[23,28]. Aguiar Rosa et al[46] showed that increased ischemia severity, assessed by 
CMR, was associated with higher values of native T1 and greater LGE extension. Patients with severe ischemia 
demonstrated higher incidence of atrial arrhythmias and performed poorer in cardiopulmonary stress testing[46].

HCM phenocopies
CMR has an increasing role in the evaluation of rare forms of myocardial disease that also manifest with LVH, otherwise 
known as phenocopies of HCM. In such cases, family history, electrocardiographic patterns and extracardiac manifest-
ations may raise diagnostic suspicion, that may be corroborated by imaging findings.

Amyloidosis: Cardiac amyloidosis (CA) produces LV “pseudo-hypertrophy”, resulting from interstitial expansion due to 
amyloid fibrils deposition, rather than from myocyte proliferation[47]. Transthyretin (ATTR), both hereditary and wild-
type, and immunoglobulin-derived light chain amyloidosis are responsible for most cases of amyloid-related myocardial 
disease[48]. Extracellular expansion in CA is depicted in CMR parametric mapping findings by a marked increase in 
native T1 Levels and ECV[28]. Patients with CA show global, diffuse subendocardial LGE, that may become transmural 
in more advanced stages of the disease. This pattern of LGE, in the adequate setting, is very specific for CA[49]. LGE not 
rarely extends to the RV and the atria, particularly in ATTR[28]. Another characteristic CMR feature in CA is the 
abnormal gadolinium kinetics, with myocardial nulling preceding with the blood pool, or an equalization of these points
[48,49]. More detailed information will be provided in the section entitled cardiomyopathies with restrictive phenotype.

Fabry disease: Fabry disease (FD), an X-linked lysosomal storage disorder, usually leads to concentric LVH, due to both 
glycosphingolipid accumulation and myocyte hypertrophy[50]. Prominent PM s are a typical feature of FD, as is 
concomitant RV hypertrophy[28,44].

Parametric mapping is of particular utility for the differential diagnosis of FD. Native T1 decreases with lipid depo-
sition[22]; accordingly, in early stages of FD, native T1 values are low, when compared to normal reference values and 
other forms of LVH[28,50]. However, as disease progresses and replacement fibrosis becomes evident, pseudo-normal-
ization of native T1 relaxation times occurs[28,50]. ECV remains within normal range in LGE-free areas[50], since FD 
leads to intracellular storage of glycosphingolipids. T2 values can be elevated due inflammatory response triggered by 
lipid accumulation.

LGE is present in > 50% of FD patients, and is usually located in the LV basal inferolateral segment, with a mid-mural 
or subepicardial pattern[22,44,49]. Presence of LGE has been reported in female mutation carriers without LVH[49]. 
Similar to HCM, presence of LGE in FD is associated to adverse outcomes and poor response to replacement therapy[50].
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CARDIOMYOPATHIES WITH RESTRICTIVE PHENOTYPE
Less than 5% of all cardiomyopathy cases are attributed to restrictive cardiomyopathies (RCM), which have a diverse 
range of causes[51].

RCM is characterized by a significant alteration in myocardial compliance, presenting severe diastolic dysfunction 
while maintaining preserved systolic function, especially in the early stages. The initial diagnosis typically involves a TTE 
that reveals normal or increased LV wall thickness, often with a concentric or symmetric distribution, along with a 
restrictive pattern observed through Doppler analysis. It also shows the absence of LV dilation, preserved LVEF, and 
significant biatrial enlargement[52]. However, while TTE plays a crucial role in the initial assessment and raising 
diagnostic suspicions, its utility becomes limited when establishing a differential diagnosis. In such cases, CMR imaging 
becomes highly relevant.

Two of the most common entities where CMR is essential are the endomyocardial fibrosis (EMF) and CA.

EMF
EMF represents a rare subtype of RCM. It is characterized by an unusual thickening of the endocardium, resulting from 
the deposition of fibrous tissue[53]. This condition is typically secondary to various factors, including infections (often 
found in tropical regions), inflammation, exposure to toxic agents, among others. Echocardiographic observations in EMF 
include apical obliteration due to thickening of the endocardium, a reduction in ventricular cavity size, and a pronounced 
restrictive diastolic pattern. EMF can primarily affect the left ventricle, both the left and right ventricles (in approximately 
50% of cases), or predominantly the right ventricle[54]. The presence of apical thrombus is also a frequently encountered 
feature.

CMR is the gold standard for EMF evaluation and specifically for localization, characterization, and quantification of 
fibrous tissue by LGE sequences. LGE strongly correlates with histopathological findings and its extension is associated 
with increased mortality risk[55]. CMR may also identify apical thrombus or calcifications.

CA
In patients with CA, cine sequences or functional assessment methods provide a means to observe the structural charac-
teristics of the infiltrated myocardium. These characteristics encompass biventricular hypertrophy, thickening of cardiac 
valves, interatrial septum, pericardial effusion, and biatrial dilation. Additionally, these techniques enable the precise 
evaluation of both systolic and diastolic function[56]. It is essential to not only focus on the assessment of the LV but also 
on the other cardiac chambers. Notably, the involvement of RV has been identified as a predictor of mortality in CMR, 
consistent with findings from TTE[57]. As the disease advances into later stages, there is a notable increase in atrial 
volume and dysfunction. This phenomenon is attributed to the direct infiltration of amyloid fibrils into the atria and 
indirectly to elevated filling pressures due to diastolic dysfunction.

The Table 2 summarizes the main cardiac magnetic resonance (CMR) findings in CA with an explanation of the 
prognostic and diagnostic implications.

To sum up, CMR represents a complementary diagnostic step in the evaluation of patients suspected of having CA. 
This imaging method is not widely accessible in numerous medical facilities, and its lengthy duration per study restricts 
the total number of examinations feasible in a day.

ARRHYTHMOGENIC CARDIOMYOPATHY
Arrhythmogenic cardiomyopathy (ACM) is an inherited cardiomyopathy characterized by replacement of myocardium 
by fatty and fibrous tissue. Historically named Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) because of 
the RV involvement, the late recognition of left and biventricular forms led to the new term ACM, encompassing both 
phenotypes. VA through macro-reentry mechanism related to the fibrofatty involvement is one of the main clinical 
presentations, manifesting in the worst case by SCD. In the advanced stages, the disease is characterized by heart failure
[58,59].

Diagnosis criteria established by the International Task Force (ITF) included morphological (dysfunction and structural 
alteration) and anatomopathological characterization, ECG abnormalities, history of arrhythmias and family history[60]. 
CMR role was limited to evaluation of regional RV motion wall, RV ejection fraction (RVEF) and RV end-diastolic 
volume. Critics have been raised about the absence of LV involvement and the limited role of CMR. In 2020, the Padua 
Criteria was proposed, revisiting the ITF criteria by including tissue characterization provided by CMR. Functional or 
structural abnormality is enough for the diagnosis[61]. Pathogenic mutations, ECG abnormalities, or VA are no longer 
sufficient. This highlights the role of CMR, which has become one of the preferred non-invasive imaging techniques, 
allowing an increase of diagnostic sensitivity for ACM. CMR offers an advanced evaluation of the heart, including 
ventricular morphology, volume, thickness, ejection fraction, regional motion, myocardial fibrous, adipose content, 
edema, flow, LGE, as well as new emerging and promising feature as global longitudinal and circumferential strain 
(assessed by using feature-tracking CMR). Despite its complete evaluation, CMR has some limitations: fatty infiltration is 
nonspecific and does not preclude the diagnosis.

Prognosis in ACM is mostly related to VA. ICD being the only intervention improving survival[62], risk stratification is 
vital to identify the high-risk patients benefiting the most from primary prevention ICD implantation. RV dysfunction 
and syncope history are strong predictor for arrhythmia event and have been both included in the guidelines. CMR is not 
included in the risk stratification recommendations, neither in the 2019 Heart Rhythm Society guidelines[63], nor the 2022 
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Table 2 Cardiac magnetic resonance findings in cardiac amyloidosis. Prognostic and diagnostic implications

Parameter Implications Ref.

Reduction of the total left atrial emptying 
fraction in AL-CA patients

+ Related to more advanced stages of the disease and with a worse functional class; + 
Increase in 2 years-mortality if its value < 16%

Mohty et al[79]

MCF and LAS in AL-CA patients + If LAS > -7% and MCF < 52.6%  greatest risk of death and heart transplantation Arenja et al[80]

Anterior aortic plane systolic excursion in 
AL-CA patients

+ Best predictive value for transplant-free survival Ochs et al[81]

Strain + Correlates well with the level of LGE uptake  an alternative to LGE where contrast 
should not be used; + GLS impaired robust predictor of all-cause mortality in AL-CA 
patients

Wan et al[82]

Look-Locker sequence (T1 sequence with 
different inversion times)

+ Increased risk of death if it is impossible to obtain a normal myocardial signal on 
LGE using this sequence with inversion time over than 300 ms

Mekinian et al[83]

LGE + Typical pattern is a diffuse subendocardial uptake and also it was described a 
transmural pattern enhancement and less frequently a focal patchy one; + Controversy 
exists regarding the prognostic implication

Maceira et al[84], 
Fontana et al[85], 
Raina et al[86]

The difference in the intramyocardial T1 
value post-gadolinium between subepi-
cardium and subendocardium

+ Worse survival when that difference was lower than 23 ms Maceira et al[84]

Diffuse subendocardial uptake detected 
using a modified LGE-CMR protocol with 
visual T1 assessment

+ High diagnostic precision (PPV 93%, NPV 90%); + Significantly associated with 2 yr 
mortality

Austin et al[87], 
White et al[88]

RV gadolinium uptake in AL-CA patients + Independent predictor of survival during a period of 6 mo follow up Wan et al[89]

QALE + Score > 9 predicted worse survival, especially useful in patients with a subendo-
cardial LGE pattern

Wan et al[90]

Noncontrast T1-mapping + A cut-off value of 1020 ms had high sensitivity and specificity (around 90%) for 
identifying amyloid patients with possible or definite cardiac involvement

Karamitsos et al[91]

T1 mapping with native T1 and 
extracellular volume

+ Patients with AL-CA and suspected cardiac involvement had increased values; + 
Only ECV had a significant prognostic implication with greater mortality if its value 
was > 44%; + Basal ECV had the best prognostic value amongst myocardial T1 
mapping parameters

Karamitsos et al[91], 
Lin et al[92], Wan et 
al[93]

T2-weighted imaging + No gadolinium administration is needed; + A decreased myocardial signal intensity 
compared with skeletal muscle was associated with shortened survival; + T2 ratio 
value < 1.36 had a weak sensitivity and specificity (63% and 73% respectively) to 
predict cardiac involvement

Wassmuth et al[94], 
Legou et al[95]

AL-CA: Light chain cardiac amyloidosis; CMR: Cardiovascular magnetic resonance; ECV: Extracellular volume; GLS: Global longitudinal strain; LAS: Long 
axis strain; LGE: Late gadolinium enhancement; MCF: Myocardial contraction fraction; NPV: Negative predictive value; PPV: Positive predictive value; 
QALE: Query amyloid late enhancement score; RV: Right ventricle.

ESC guidelines for the management of patients with VA and the prevention of SCD[35]. In this context, CMR role is only 
limited to diagnosis. A 2019 consensus expert developed the ARVC 5-year Risk-VAs calculator: A prediction model for 
VA risk to guide decision regarding primary prevention ICD (www.arvcrisk.com)[64]. CMR is included only to assess 
RVEF. CMR parameters of tissue characterization and regional wall motion of both ventricles were not included. The role 
of CMR in risk stratification remains to be determined. Lack of consistent studies explains the absence of CMR from the 
risk stratification recommendation, even though some emerging data shows the potential prognosis information 
provided by CMR.

Different CMR phenotype of ACM are associated with different prognoses. Normal CMR has an excellent negative 
predictive value for major clinical events[65-67]. Tandri et al[68] showed that delayed gadolinium enhancement of RV 
correlates with inducible VT during electrophysiology testing. Lie et al[69] confirm that CMR findings, as low RVEF, RV 
wall-contraction abnormalities, or RV aneurysms are predictors of life-threatening ventricular arrhythmia. Evaluation of 
longitudinal strain by feature-tracking CMR could also bring risk stratification information, as reduced strain seems to be 
associated with sustained VA[70].

Regarding the LV involvement, its association with adverse outcomes is inconsistent[71]. Presence of LV dysfunction is 
associated with arrhythmic adverse outcomes as reported by a small European registry[72]. Some studies have suggested 
that CMR imaging features of LV phenotypes, as fat infiltration and LGE, in ACM may be associated with adverse 
outcomes. Aquaro et al[66] highlight that the different CMR presentations of ACM are associated with different 
prognoses, LV involvement (LV dominant and biventricular) being the worst prognosis. Zhang et al[73] confirm the bad 
prognosis of LV LGE, being associated with an increased risk of ICD therapy and cardiac death, independently of LVEF. 
LV myocardial assessment by CMR could also predict the HF-related event risk as reported by Chun et al[74]. On the 
contrary LV dysfunction was not a predictor of arrhythmic risk in two meta-analysis[75,76]. Zghaib et al[77] showed that 
LV fibrofatty infiltration in CMR was not associated with arrhythmic outcomes. The role of identification of LV 

http://www.arvcrisk.com
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Figure 1 Correlation between cardiac magnetic resonance and ventricular arrythmia in arrhythmogenic cardiomyopathy. CMR: Cardiac 
magnetic resonance; RV: Right ventricle; LV: Left ventricle; LGE: Late gadolinium enhancement.

involvement by CMR and its prognosis significance remains to be established.
There is some potential speculation on some cases of ACM that could be explained by an inflammatory activity or hot 

phase, if the diagnosis it is in a very early-stage sequences like T2-STIR for oedema detection could help[78], this hot 
phase could be related with arrhythmias during the disease.

To finalise, CMR role in diagnosis is well established (Figure 1). Regarding the risk stratification, only RV function is 
validated in international guidelines and risk calculator. Lack of consistent data about correlation between CMR charac-
terization and adverse outcomes could explain the absence of CMR role from guidelines, but a few emerging studies 
show new evidence about CMR imaging, Indicating that the presence of structural abnormalities in the RV as observed 
through CMR plays a crucial role in evaluating the risk of arrhythmias. : RV dilatation, dysfunction and LGE are among 
the strongest predictors. Regarding the LV involvement, the few data are contradictory, but may trend towards an 
association with high-risk event. CMR may have a promising role in association with classical clinical feature, but further 
studies are needed to better define CMR place in risk stratification.

CONCLUSION
Cardiovascular imaging methods play a vital role in investigating cardiomyopathies, furnishing valuable diagnostic and 
prognostic insights. The inclusion of CMR in the evaluation of all patients is highly recommended, owing to its ability to 
offer comprehensive anatomical, functional, and tissue-specific data, which holds significant prognostic value. While 
other imaging techniques might be employed selectively, the integration of multiple modalities of cardiac imaging 
assumes a crucial role in clinical decision-making, leading to enhanced patient management and care outcomes.

FOOTNOTES
Author contributions: Vidal-Perez R designed, edited and wrote the final paper; Brandão M, Zaher W, Casado-Arroyo R, Bouzas-
Mosquera A, Fontes-Carvalho R performed the collection of the data and helped in writing the original draft; Vidal-Perez R and 
Vazquez-Rodriguez JM contributed to the critical revision of the paper.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 



Vidal-Perez R et al. Risk stratification of cardiomyopathies with CMR

WJC https://www.wjgnet.com 495 October 26, 2023 Volume 15 Issue 10

original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Spain

ORCID number: Rafael Vidal-Perez 0000-0001-9944-8363; Mariana Brandão 0000-0001-9913-0435; Wael Zaher 0000-0002-0537-9262; Ruben 
Casado-Arroyo 0000-0002-3876-6074; Alberto Bouzas-Mosquera 0000-0002-2741-732X; Ricardo Fontes-Carvalho 0000-0003-2306-8393; Jose 
Manuel Vazquez-Rodriguez 0000-0003-0888-6937.

S-Editor: Lin C 
L-Editor: A 
P-Editor: Yuan YY

REFERENCES
1 Elliott P, Andersson B, Arbustini E, Bilinska Z, Cecchi F, Charron P, Dubourg O, Kühl U, Maisch B, McKenna WJ, Monserrat L, Pankuweit 

S, Rapezzi C, Seferovic P, Tavazzi L, Keren A. Classification of the cardiomyopathies: a position statement from the European Society Of 
Cardiology Working Group on Myocardial and Pericardial Diseases. Eur Heart J 2008; 29: 270-276 [PMID: 17916581 DOI: 
10.1093/eurheartj/ehm342]

2 Rapezzi C, Aimo A, Barison A, Emdin M, Porcari A, Linhart A, Keren A, Merlo M, Sinagra G. Restrictive cardiomyopathy: definition and 
diagnosis. Eur Heart J 2022; 43: 4679-4693 [PMID: 36269634 DOI: 10.1093/eurheartj/ehac543]

3 Yang Z, Huang L. Editorial for "The Impact of Hypertension on Left Ventricular Function and Remodeling in Non-Ischemic Dilated 
Cardiomyopathy Patients: A 3.0 T MRI Study". J Magn Reson Imaging 2023; 58: 172-173 [PMID: 36285368 DOI: 10.1002/jmri.28480]

4 Singh T, Joshi S, Meah MN, Spath NB, Papanastasiou G, Kershaw LE, Baker AH, Dweck MR, Newby DE, Semple SI. Repeatability and 
reproducibility of cardiac manganese-enhanced magnetic resonance imaging. Sci Rep 2023; 13: 3366 [PMID: 36849509 DOI: 
10.1038/s41598-023-29591-z]

5 Patel AR, Kramer CM. Role of Cardiac Magnetic Resonance in the Diagnosis and Prognosis of Nonischemic Cardiomyopathy. JACC 
Cardiovasc Imaging 2017; 10: 1180-1193 [PMID: 28982571 DOI: 10.1016/j.jcmg.2017.08.005]

6 Balaban G, Halliday BP, Mendonca Costa C, Bai W, Porter B, Rinaldi CA, Plank G, Rueckert D, Prasad SK, Bishop MJ. Fibrosis 
Microstructure Modulates Reentry in Non-ischemic Dilated Cardiomyopathy: Insights From Imaged Guided 2D Computational Modeling. 
Front Physiol 2018; 9: 1832 [PMID: 30618838 DOI: 10.3389/fphys.2018.01832]

7 Grothoff M, Pachowsky M, Hoffmann J, Posch M, Klaassen S, Lehmkuhl L, Gutberlet M. Value of cardiovascular MR in diagnosing left 
ventricular non-compaction cardiomyopathy and in discriminating between other cardiomyopathies. Eur Radiol 2012; 22: 2699-2709 [PMID: 
22772366 DOI: 10.1007/s00330-012-2554-7]

8 Cittar M, Cipriani A, Merlo M, Vitrella G, Masè M, Carrer A, Barbati G, Belgrano M, Pagnan L, De Lazzari M, Giorgi B, Cova MA, Iliceto 
S, Basso C, Stolfo D, Sinagra G, Perazzolo Marra M. Prognostic Significance of Feature-Tracking Right Ventricular Global Longitudinal 
Strain in Non-ischemic Dilated Cardiomyopathy. Front Cardiovasc Med 2021; 8: 765274 [PMID: 34917664 DOI: 10.3389/fcvm.2021.765274]

9 Halliday BP. State of the art: multimodality imaging in dilated cardiomyopathy. Heart 2022; 108: 1910-1917 [PMID: 35948409 DOI: 
10.1136/heartjnl-2022-321116]

10 Puntmann VO, Carr-White G, Jabbour A, Yu CY, Gebker R, Kelle S, Hinojar R, Doltra A, Varma N, Child N, Rogers T, Suna G, Arroyo 
Ucar E, Goodman B, Khan S, Dabir D, Herrmann E, Zeiher AM, Nagel E; International T1 Multicentre CMR Outcome Study. T1-Mapping 
and Outcome in Nonischemic Cardiomyopathy: All-Cause Mortality and Heart Failure. JACC Cardiovasc Imaging 2016; 9: 40-50 [PMID: 
26762873 DOI: 10.1016/j.jcmg.2015.12.001]

11 Thavendiranathan P, Walls M, Giri S, Verhaert D, Rajagopalan S, Moore S, Simonetti OP, Raman SV. Improved detection of myocardial 
involvement in acute inflammatory cardiomyopathies using T2 mapping. Circ Cardiovasc Imaging 2012; 5: 102-110 [PMID: 22038988 DOI: 
10.1161/CIRCIMAGING.111.967836]

12 Damasceno A, Mayosi BM, Sani M, Ogah OS, Mondo C, Ojji D, Dzudie A, Kouam CK, Suliman A, Schrueder N, Yonga G, Ba SA, Maru F, 
Alemayehu B, Edwards C, Davison BA, Cotter G, Sliwa K. The causes, treatment, and outcome of acute heart failure in 1006 Africans from 9 
countries. Arch Intern Med 2012; 172: 1386-1394 [PMID: 22945249 DOI: 10.1001/archinternmed.2012.3310]

13 Cleland JG, McGowan J. Heart failure due to ischaemic heart disease: epidemiology, pathophysiology and progression. J Cardiovasc 
Pharmacol 1999; 33 Suppl 3: S17-S29 [PMID: 10442681 DOI: 10.1097/00005344-199906003-00003]

14 Bowling CB, Sanders PW, Allman RM, Rogers WJ, Patel K, Aban IB, Rich MW, Pitt B, White M, Bakris GC, Fonarow GC, Ahmed A. 
Effects of enalapril in systolic heart failure patients with and without chronic kidney disease: insights from the SOLVD Treatment trial. Int J 
Cardiol 2013; 167: 151-156 [PMID: 22257685 DOI: 10.1016/j.ijcard.2011.12.056]

15 Palumbo P, Cannizzaro E, Di Cesare A, Bruno F, Arrigoni F, Splendiani A, Barile A, Masciocchi C, Di Cesare E. Stress Perfusion Cardiac 
Magnetic Resonance in Long-Standing Non-Infarcted Chronic Coronary Syndrome with Preserved Systolic Function. Diagnostics (Basel) 
2022; 12 [PMID: 35453834 DOI: 10.3390/diagnostics12040786]

16 Palmisano A, Vignale D, Benedetti G, Del Maschio A, De Cobelli F, Esposito A. Late iodine enhancement cardiac computed tomography for 
detection of myocardial scars: impact of experience in the clinical practice. Radiol Med 2020; 125: 128-136 [PMID: 31784926 DOI: 
10.1007/s11547-019-01108-7]

17 Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke FJ, Bonow RO, Judd RM. The use of contrast-enhanced magnetic 
resonance imaging to identify reversible myocardial dysfunction. N Engl J Med 2000; 343: 1445-1453 [PMID: 11078769 DOI: 
10.1056/NEJM200011163432003]

18 Ge Y, Antiochos P, Steel K, Bingham S, Abdullah S, Chen YY, Mikolich JR, Arai AE, Bandettini WP, Shanbhag SM, Patel AR, Farzaneh-Far 
A, Heitner JF, Shenoy C, Leung SW, Gonzalez JA, Shah DJ, Raman SV, Ferrari VA, Schulz-Menger J, Stuber M, Simonetti OP, Kwong RY. 
Prognostic Value of Stress CMR Perfusion Imaging in Patients With Reduced Left Ventricular Function. JACC Cardiovasc Imaging 2020; 13: 
2132-2145 [PMID: 32771575 DOI: 10.1016/j.jcmg.2020.05.034]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9944-8363
http://orcid.org/0000-0001-9944-8363
http://orcid.org/0000-0001-9913-0435
http://orcid.org/0000-0001-9913-0435
http://orcid.org/0000-0002-0537-9262
http://orcid.org/0000-0002-0537-9262
http://orcid.org/0000-0002-3876-6074
http://orcid.org/0000-0002-3876-6074
http://orcid.org/0000-0002-2741-732X
http://orcid.org/0000-0002-2741-732X
http://orcid.org/0000-0003-2306-8393
http://orcid.org/0000-0003-2306-8393
http://orcid.org/0000-0003-0888-6937
http://orcid.org/0000-0003-0888-6937
http://www.ncbi.nlm.nih.gov/pubmed/17916581
https://dx.doi.org/10.1093/eurheartj/ehm342
http://www.ncbi.nlm.nih.gov/pubmed/36269634
https://dx.doi.org/10.1093/eurheartj/ehac543
http://www.ncbi.nlm.nih.gov/pubmed/36285368
https://dx.doi.org/10.1002/jmri.28480
http://www.ncbi.nlm.nih.gov/pubmed/36849509
https://dx.doi.org/10.1038/s41598-023-29591-z
http://www.ncbi.nlm.nih.gov/pubmed/28982571
https://dx.doi.org/10.1016/j.jcmg.2017.08.005
http://www.ncbi.nlm.nih.gov/pubmed/30618838
https://dx.doi.org/10.3389/fphys.2018.01832
http://www.ncbi.nlm.nih.gov/pubmed/22772366
https://dx.doi.org/10.1007/s00330-012-2554-7
http://www.ncbi.nlm.nih.gov/pubmed/34917664
https://dx.doi.org/10.3389/fcvm.2021.765274
http://www.ncbi.nlm.nih.gov/pubmed/35948409
https://dx.doi.org/10.1136/heartjnl-2022-321116
http://www.ncbi.nlm.nih.gov/pubmed/26762873
https://dx.doi.org/10.1016/j.jcmg.2015.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22038988
https://dx.doi.org/10.1161/CIRCIMAGING.111.967836
http://www.ncbi.nlm.nih.gov/pubmed/22945249
https://dx.doi.org/10.1001/archinternmed.2012.3310
http://www.ncbi.nlm.nih.gov/pubmed/10442681
https://dx.doi.org/10.1097/00005344-199906003-00003
http://www.ncbi.nlm.nih.gov/pubmed/22257685
https://dx.doi.org/10.1016/j.ijcard.2011.12.056
http://www.ncbi.nlm.nih.gov/pubmed/35453834
https://dx.doi.org/10.3390/diagnostics12040786
http://www.ncbi.nlm.nih.gov/pubmed/31784926
https://dx.doi.org/10.1007/s11547-019-01108-7
http://www.ncbi.nlm.nih.gov/pubmed/11078769
https://dx.doi.org/10.1056/NEJM200011163432003
http://www.ncbi.nlm.nih.gov/pubmed/32771575
https://dx.doi.org/10.1016/j.jcmg.2020.05.034


Vidal-Perez R et al. Risk stratification of cardiomyopathies with CMR

WJC https://www.wjgnet.com 496 October 26, 2023 Volume 15 Issue 10

19 Schwitter J. The SPINS Trial: Building Evidence and a Consequence? J Am Coll Cardiol 2019; 74: 1756-1759 [PMID: 31582134 DOI: 
10.1016/j.jacc.2019.07.075]

20 Patel AR, Salerno M, Kwong RY, Singh A, Heydari B, Kramer CM. Stress Cardiac Magnetic Resonance Myocardial Perfusion Imaging: 
JACC Review Topic of the Week. J Am Coll Cardiol 2021; 78: 1655-1668 [PMID: 34649703 DOI: 10.1016/j.jacc.2021.08.022]

21 Ge Y, Steel K, Antiochos P, Bingham S, Abdullah S, Mikolich JR, Arai AE, Bandettini WP, Shanbhag SM, Patel AR, Farzaneh-Far A, Heitner 
JF, Shenoy C, Leung SW, Gonzalez JA, Shah DJ, Raman SV, Nawaz H, Ferrari VA, Schulz-Menger J, Stuber M, Simonetti OP, Kwong RY. 
Stress CMR in patients with obesity: insights from the Stress CMR Perfusion Imaging in the United States (SPINS) registry. Eur Heart J 
Cardiovasc Imaging 2021; 22: 518-527 [PMID: 33166994 DOI: 10.1093/ehjci/jeaa281]

22 Menghoum N, Vos JL, Pouleur AC, Nijveldt R, Gerber BL. How to evaluate cardiomyopathies by cardiovascular magnetic resonance 
parametric mapping and late gadolinium enhancement. Eur Heart J Cardiovasc Imaging 2022; 23: 587-589 [PMID: 35262680 DOI: 
10.1093/ehjci/jeac051]

23 Nagueh SF, Phelan D, Abraham T, Armour A, Desai MY, Dragulescu A, Gilliland Y, Lester SJ, Maldonado Y, Mohiddin S, Nieman K, Sperry 
BW, Woo A. Recommendations for Multimodality Cardiovascular Imaging of Patients with Hypertrophic Cardiomyopathy: An Update from 
the American Society of Echocardiography, in Collaboration with the American Society of Nuclear Cardiology, the Society for Cardiovascular 
Magnetic Resonance, and the Society of Cardiovascular Computed Tomography. J Am Soc Echocardiogr 2022; 35: 533-569 [PMID: 35659037 
DOI: 10.1016/j.echo.2022.03.012]

24 Porcari A, Baggio C, Fabris E, Merlo M, Bussani R, Perkan A, Sinagra G. Endomyocardial biopsy in the clinical context: current indications 
and challenging scenarios. Heart Fail Rev 2023; 28: 123-135 [PMID: 35567705 DOI: 10.1007/s10741-022-10247-5]

25 Seferović PM, Tsutsui H, McNamara DM, Ristić AD, Basso C, Bozkurt B, Cooper LT Jr, Filippatos G, Ide T, Inomata T, Klingel K, Linhart 
A, Lyon AR, Mehra MR, Polovina M, Milinković I, Nakamura K, Anker SD, Veljić I, Ohtani T, Okumura T, Thum T, Tschöpe C, Rosano G, 
Coats AJS, Starling RC. Heart Failure Association of the ESC, Heart Failure Society of America and Japanese Heart Failure Society Position 
statement on endomyocardial biopsy. Eur J Heart Fail 2021; 23: 854-871 [PMID: 34010472 DOI: 10.1002/ejhf.2190]

26 Pluim BM, Zwinderman AH, van der Laarse A, van der Wall EE. The athlete's heart. A meta-analysis of cardiac structure and function. 
Circulation 2000; 101: 336-344 [PMID: 10645932 DOI: 10.1161/01.cir.101.3.336]

27 D'Ascenzi F, Anselmi F, Piu P, Fiorentini C, Carbone SF, Volterrani L, Focardi M, Bonifazi M, Mondillo S. Cardiac Magnetic Resonance 
Normal Reference Values of Biventricular Size and Function in Male Athlete's Heart. JACC Cardiovasc Imaging 2019; 12: 1755-1765 [PMID: 
30553678 DOI: 10.1016/j.jcmg.2018.09.021]

28 Aguiar Rosa S, Thomas B, Pieroni M, Maurizi N, Zampieri M, Cappelli F, Marchi A, Pradella S, Cardim N, Bogaert J, Olivotto I. Role of 
cardiovascular magnetic resonance in the clinical evaluation of left ventricular hypertrophy: a 360° panorama. Int J Cardiovasc Imaging 2023; 
39: 793-809 [PMID: 36543912 DOI: 10.1007/s10554-022-02774-x]

29 Pelliccia A, Maron BJ, De Luca R, Di Paolo FM, Spataro A, Culasso F. Remodeling of left ventricular hypertrophy in elite athletes after long-
term deconditioning. Circulation 2002; 105: 944-949 [PMID: 11864923 DOI: 10.1161/hc0802.104534]

30 Małek ŁA, Bucciarelli-Ducci C. Myocardial fibrosis in athletes-Current perspective. Clin Cardiol 2020; 43: 882-888 [PMID: 32189357 DOI: 
10.1002/clc.23360]

31 Maron BJ, Desai MY, Nishimura RA, Spirito P, Rakowski H, Towbin JA, Rowin EJ, Maron MS, Sherrid MV. Diagnosis and Evaluation of 
Hypertrophic Cardiomyopathy: JACC State-of-the-Art Review. J Am Coll Cardiol 2022; 79: 372-389 [PMID: 35086660 DOI: 
10.1016/j.jacc.2021.12.002]

32 Rowin EJ, Maron BJ, Haas TS, Garberich RF, Wang W, Link MS, Maron MS. Hypertrophic Cardiomyopathy With Left Ventricular Apical 
Aneurysm: Implications for Risk Stratification and Management. J Am Coll Cardiol 2017; 69: 761-773 [PMID: 28209216 DOI: 
10.1016/j.jacc.2016.11.063]

33 Strachinaru M, Huurman R, Bowen DJ, Schinkel AFL, Hirsch A, Michels M. Relation Between Early Diastolic Mid-Ventricular Flow and 
Elastic Forces Indicating Aneurysm Formation in Hypertrophic Cardiomyopathy. J Am Soc Echocardiogr 2022; 35: 846-856.e2 [PMID: 
35489541 DOI: 10.1016/j.echo.2022.04.010]

34 Writing Committee Members, Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, Evanovich LL, Hung J, Joglar JA, Kantor P, 
Kimmelstiel C, Kittleson M, Link MS, Maron MS, Martinez MW, Miyake CY, Schaff HV, Semsarian C, Sorajja P; ACC/AHA Joint 
Committee Members, O'Gara PT, Beckman JA, Levine GN, Al-Khatib SM, Armbruster A, Birtcher KK, Ciggaroa J, Dixon DL, de Las Fuentes 
L, Deswal A, Fleisher LA, Gentile F, Goldberger ZD, Gorenek B, Haynes N, Hernandez AF, Hlatky MA, Joglar JA, Jones WS, Marine JE, 
Mark D, Palaniappan L, Piano MR, Tamis-Holland J, Wijeysundera DN, Woo YJ. 2020 AHA/ACC guideline for the diagnosis and treatment 
of patients with hypertrophic cardiomyopathy: A report of the American College of Cardiology/American Heart Association Joint Committee 
on Clinical Practice Guidelines. J Thorac Cardiovasc Surg 2021; 162: e23-e106 [PMID: 33926766 DOI: 10.1016/j.jtcvs.2021.04.001]

35 Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA, Charron P, Corrado D, Dagres N, de Chillou C, Eckardt L, Friede 
T, Haugaa KH, Hocini M, Lambiase PD, Marijon E, Merino JL, Peichl P, Priori SG, Reichlin T, Schulz-Menger J, Sticherling C, Tzeis S, 
Verstrael A, Volterrani M; ESC Scientific Document Group. 2022 ESC Guidelines for the management of patients with ventricular arrhythmias 
and the prevention of sudden cardiac death. Eur Heart J 2022; 43: 3997-4126 [PMID: 36017572 DOI: 10.1093/eurheartj/ehac262]

36 O'Mahony C, Jichi F, Pavlou M, Monserrat L, Anastasakis A, Rapezzi C, Biagini E, Gimeno JR, Limongelli G, McKenna WJ, Omar RZ, 
Elliott PM; Hypertrophic Cardiomyopathy Outcomes Investigators. A novel clinical risk prediction model for sudden cardiac death in 
hypertrophic cardiomyopathy (HCM risk-SCD). Eur Heart J 2014; 35: 2010-2020 [PMID: 24126876 DOI: 10.1093/eurheartj/eht439]

37 Lee DZJ, Montazeri M, Bataiosu R, Hoss S, Adler A, Nguyen ET, Rakowski H, Chan RH. Clinical Characteristics and Prognostic Importance 
of Left Ventricular Apical Aneurysms in Hypertrophic Cardiomyopathy. JACC Cardiovasc Imaging 2022; 15: 1696-1711 [PMID: 36202449 
DOI: 10.1016/j.jcmg.2022.03.029]

38 Maron MS, Rowin EJ, Lin D, Appelbaum E, Chan RH, Gibson CM, Lesser JR, Lindberg J, Haas TS, Udelson JE, Manning WJ, Maron BJ. 
Prevalence and clinical profile of myocardial crypts in hypertrophic cardiomyopathy. Circ Cardiovasc Imaging 2012; 5: 441-447 [PMID: 
22563033 DOI: 10.1161/CIRCIMAGING.112.972760]

39 Sigvardsen PE, Pham MHC, Kühl JT, Fuchs A, Afzal S, Møgelvang R, Nordestgaard BG, Køber L, Kofoed KF. Left ventricular myocardial 
crypts: morphological patterns and prognostic implications. Eur Heart J Cardiovasc Imaging 2021; 22: 75-81 [PMID: 32083645 DOI: 
10.1093/ehjci/jeaa020]
Gruner C, Chan RH, Crean A, Rakowski H, Rowin EJ, Care M, Deva D, Williams L, Appelbaum E, Gibson CM, Lesser JR, Haas TS, 
Udelson JE, Manning WJ, Siminovitch K, Ralph-Edwards AC, Rastegar H, Maron BJ, Maron MS. Significance of left ventricular apical-basal 
muscle bundle identified by cardiovascular magnetic resonance imaging in patients with hypertrophic cardiomyopathy. Eur Heart J 2014; 35: 

40

http://www.ncbi.nlm.nih.gov/pubmed/31582134
https://dx.doi.org/10.1016/j.jacc.2019.07.075
http://www.ncbi.nlm.nih.gov/pubmed/34649703
https://dx.doi.org/10.1016/j.jacc.2021.08.022
http://www.ncbi.nlm.nih.gov/pubmed/33166994
https://dx.doi.org/10.1093/ehjci/jeaa281
http://www.ncbi.nlm.nih.gov/pubmed/35262680
https://dx.doi.org/10.1093/ehjci/jeac051
http://www.ncbi.nlm.nih.gov/pubmed/35659037
https://dx.doi.org/10.1016/j.echo.2022.03.012
http://www.ncbi.nlm.nih.gov/pubmed/35567705
https://dx.doi.org/10.1007/s10741-022-10247-5
http://www.ncbi.nlm.nih.gov/pubmed/34010472
https://dx.doi.org/10.1002/ejhf.2190
http://www.ncbi.nlm.nih.gov/pubmed/10645932
https://dx.doi.org/10.1161/01.cir.101.3.336
http://www.ncbi.nlm.nih.gov/pubmed/30553678
https://dx.doi.org/10.1016/j.jcmg.2018.09.021
http://www.ncbi.nlm.nih.gov/pubmed/36543912
https://dx.doi.org/10.1007/s10554-022-02774-x
http://www.ncbi.nlm.nih.gov/pubmed/11864923
https://dx.doi.org/10.1161/hc0802.104534
http://www.ncbi.nlm.nih.gov/pubmed/32189357
https://dx.doi.org/10.1002/clc.23360
http://www.ncbi.nlm.nih.gov/pubmed/35086660
https://dx.doi.org/10.1016/j.jacc.2021.12.002
http://www.ncbi.nlm.nih.gov/pubmed/28209216
https://dx.doi.org/10.1016/j.jacc.2016.11.063
http://www.ncbi.nlm.nih.gov/pubmed/35489541
https://dx.doi.org/10.1016/j.echo.2022.04.010
http://www.ncbi.nlm.nih.gov/pubmed/33926766
https://dx.doi.org/10.1016/j.jtcvs.2021.04.001
http://www.ncbi.nlm.nih.gov/pubmed/36017572
https://dx.doi.org/10.1093/eurheartj/ehac262
http://www.ncbi.nlm.nih.gov/pubmed/24126876
https://dx.doi.org/10.1093/eurheartj/eht439
http://www.ncbi.nlm.nih.gov/pubmed/36202449
https://dx.doi.org/10.1016/j.jcmg.2022.03.029
http://www.ncbi.nlm.nih.gov/pubmed/22563033
https://dx.doi.org/10.1161/CIRCIMAGING.112.972760
http://www.ncbi.nlm.nih.gov/pubmed/32083645
https://dx.doi.org/10.1093/ehjci/jeaa020


Vidal-Perez R et al. Risk stratification of cardiomyopathies with CMR

WJC https://www.wjgnet.com 497 October 26, 2023 Volume 15 Issue 10

2706-2713 [PMID: 24810389 DOI: 10.1093/eurheartj/ehu154]
41 Tao J, Duan F, Long J, Meng Q, Zhang B, Zhu Z, Wang H. The Role of the Submitral Apparatus in Hypertrophic Obstructive 

Cardiomyopathy. J Am Soc Echocardiogr 2023; 36: 133-145 [PMID: 36191671 DOI: 10.1016/j.echo.2022.09.018]
42 Brandão M, Marchi A, Olivotto I. Mid-ventricular obstruction in hypertrophic cardiomyopathy: a signal void. Rev Esp Cardiol (Engl Ed) 

2023; 76: 749 [PMID: 36587760 DOI: 10.1016/j.rec.2022.12.009]
43 Chan RH, Maron BJ, Olivotto I, Pencina MJ, Assenza GE, Haas T, Lesser JR, Gruner C, Crean AM, Rakowski H, Udelson JE, Rowin E, 

Lombardi M, Cecchi F, Tomberli B, Spirito P, Formisano F, Biagini E, Rapezzi C, De Cecco CN, Autore C, Cook EF, Hong SN, Gibson CM, 
Manning WJ, Appelbaum E, Maron MS. Prognostic value of quantitative contrast-enhanced cardiovascular magnetic resonance for the 
evaluation of sudden death risk in patients with hypertrophic cardiomyopathy. Circulation 2014; 130: 484-495 [PMID: 25092278 DOI: 
10.1161/CIRCULATIONAHA.113.007094]

44 Casas G, Rodríguez-Palomares JF. Multimodality Cardiac Imaging in Cardiomyopathies: From Diagnosis to Prognosis. J Clin Med 2022; 11 
[PMID: 35160031 DOI: 10.3390/jcm11030578]

45 Todiere G, Pisciella L, Barison A, Del Franco A, Zachara E, Piaggi P, Re F, Pingitore A, Emdin M, Lombardi M, Aquaro GD. Abnormal T2-
STIR magnetic resonance in hypertrophic cardiomyopathy: a marker of advanced disease and electrical myocardial instability. PLoS One 2014; 
9: e111366 [PMID: 25356653 DOI: 10.1371/journal.pone.0111366]

46 Aguiar Rosa S, Thomas B, Fiarresga A, Papoila AL, Alves M, Pereira R, Branco G, Cruz I, Rio P, Baquero L, Ferreira RC, Mota Carmo M, 
Lopes LR. The Impact of Ischemia Assessed by Magnetic Resonance on Functional, Arrhythmic, and Imaging Features of Hypertrophic 
Cardiomyopathy. Front Cardiovasc Med 2021; 8: 761860 [PMID: 34977179 DOI: 10.3389/fcvm.2021.761860]

47 Maurer MS, Elliott P, Comenzo R, Semigran M, Rapezzi C. Addressing Common Questions Encountered in the Diagnosis and Management 
of Cardiac Amyloidosis. Circulation 2017; 135: 1357-1377 [PMID: 28373528 DOI: 10.1161/CIRCULATIONAHA.116.024438]

48 Garcia-Pavia P, Rapezzi C, Adler Y, Arad M, Basso C, Brucato A, Burazor I, Caforio ALP, Damy T, Eriksson U, Fontana M, Gillmore JD, 
Gonzalez-Lopez E, Grogan M, Heymans S, Imazio M, Kindermann I, Kristen AV, Maurer MS, Merlini G, Pantazis A, Pankuweit S, 
Rigopoulos AG, Linhart A. Diagnosis and treatment of cardiac amyloidosis: a position statement of the ESC Working Group on Myocardial 
and Pericardial Diseases. Eur Heart J 2021; 42: 1554-1568 [PMID: 33825853 DOI: 10.1093/eurheartj/ehab072]

49 Merlo M, Gagno G, Baritussio A, Bauce B, Biagini E, Canepa M, Cipriani A, Castelletti S, Dellegrottaglie S, Guaricci AI, Imazio M, 
Limongelli G, Musumeci MB, Parisi V, Pica S, Pontone G, Todiere G, Torlasco C, Basso C, Sinagra G, Filardi PP, Indolfi C, Autore C, 
Barison A. Clinical application of CMR in cardiomyopathies: evolving concepts and techniques: A position paper of myocardial and pericardial 
diseases and cardiac magnetic resonance working groups of Italian society of cardiology. Heart Fail Rev 2023; 28: 77-95 [PMID: 35536402 
DOI: 10.1007/s10741-022-10235-9]

50 Pieroni M, Moon JC, Arbustini E, Barriales-Villa R, Camporeale A, Vujkovac AC, Elliott PM, Hagege A, Kuusisto J, Linhart A, Nordbeck P, 
Olivotto I, Pietilä-Effati P, Namdar M. Cardiac Involvement in Fabry Disease: JACC Review Topic of the Week. J Am Coll Cardiol 2021; 77: 
922-936 [PMID: 33602475 DOI: 10.1016/j.jacc.2020.12.024]

51 Muchtar E, Blauwet LA, Gertz MA. Restrictive Cardiomyopathy: Genetics, Pathogenesis, Clinical Manifestations, Diagnosis, and Therapy. 
Circ Res 2017; 121: 819-837 [PMID: 28912185 DOI: 10.1161/CIRCRESAHA.117.310982]

52 Habib G, Bucciarelli-Ducci C, Caforio ALP, Cardim N, Charron P, Cosyns B, Dehaene A, Derumeaux G, Donal E, Dweck MR, Edvardsen T, 
Erba PA, Ernande L, Gaemperli O, Galderisi M, Grapsa J, Jacquier A, Klingel K, Lancellotti P, Neglia D, Pepe A, Perrone-Filardi P, Petersen 
SE, Plein S, Popescu BA, Reant P, Sade LE, Salaun E, Slart RHJA, Tribouilloy C, Zamorano J; EACVI Scientific Documents Committee; 
Indian Academy of Echocardiography. Multimodality Imaging in Restrictive Cardiomyopathies: An EACVI expert consensus document In 
collaboration with the "Working Group on myocardial and pericardial diseases" of the European Society of Cardiology Endorsed by The Indian 
Academy of Echocardiography. Eur Heart J Cardiovasc Imaging 2017; 18: 1090-1121 [PMID: 28510718 DOI: 10.1093/ehjci/jex034]

53 Mocumbi AO, Carrilho C, Sarathchandra P, Ferreira MB, Yacoub M, Burke M. Echocardiography accurately assesses the pathological 
abnormalities of chronic endomyocardial fibrosis. Int J Cardiovasc Imaging 2011; 27: 955-964 [PMID: 21110101 DOI: 
10.1007/s10554-010-9753-6]

54 Mocumbi AO, Ferreira MB, Sidi D, Yacoub MH. A population study of endomyocardial fibrosis in a rural area of Mozambique. N Engl J Med 
2008; 359: 43-49 [PMID: 18596273 DOI: 10.1056/NEJMoa0708629]

55 Salemi VM, Rochitte CE, Shiozaki AA, Andrade JM, Parga JR, de Ávila LF, Benvenuti LA, Cestari IN, Picard MH, Kim RJ, Mady C. Late 
gadolinium enhancement magnetic resonance imaging in the diagnosis and prognosis of endomyocardial fibrosis patients. Circ Cardiovasc 
Imaging 2011; 4: 304-311 [PMID: 21415124 DOI: 10.1161/CIRCIMAGING.110.950675]

56 White JA, Fine NM. Recent Advances in Cardiovascular Imaging Relevant to the Management of Patients with Suspected Cardiac 
Amyloidosis. Curr Cardiol Rep 2016; 18: 77 [PMID: 27319007 DOI: 10.1007/s11886-016-0752-7]

57 Ruberg FL, Appelbaum E, Davidoff R, Ozonoff A, Kissinger KV, Harrigan C, Skinner M, Manning WJ. Diagnostic and prognostic utility of 
cardiovascular magnetic resonance imaging in light-chain cardiac amyloidosis. Am J Cardiol 2009; 103: 544-549 [PMID: 19195518 DOI: 
10.1016/j.amjcard.2008.09.105]

58 van der Voorn SM, Te Riele ASJM, Basso C, Calkins H, Remme CA, van Veen TAB. Arrhythmogenic cardiomyopathy: pathogenesis, pro-
arrhythmic remodelling, and novel approaches for risk stratification and therapy. Cardiovasc Res 2020; 116: 1571-1584 [PMID: 32246823 
DOI: 10.1093/cvr/cvaa084]

59 Corrado D, Link MS, Calkins H. Arrhythmogenic Right Ventricular Cardiomyopathy. N Engl J Med 2017; 376: 61-72 [PMID: 28052233 
DOI: 10.1056/NEJMra1509267]

60 Corrado D, Wichter T, Link MS, Hauer R, Marchlinski F, Anastasakis A, Bauce B, Basso C, Brunckhorst C, Tsatsopoulou A, Tandri H, Paul 
M, Schmied C, Pelliccia A, Duru F, Protonotarios N, Estes NA 3rd, McKenna WJ, Thiene G, Marcus FI, Calkins H. Treatment of 
arrhythmogenic right ventricular cardiomyopathy/dysplasia: an international task force consensus statement. Eur Heart J 2015; 36: 3227-3237 
[PMID: 26216920 DOI: 10.1093/eurheartj/ehv162]

61 Corrado D, Perazzolo Marra M, Zorzi A, Beffagna G, Cipriani A, Lazzari M, Migliore F, Pilichou K, Rampazzo A, Rigato I, Rizzo S, Thiene 
G, Anastasakis A, Asimaki A, Bucciarelli-Ducci C, Haugaa KH, Marchlinski FE, Mazzanti A, McKenna WJ, Pantazis A, Pelliccia A, Schmied 
C, Sharma S, Wichter T, Bauce B, Basso C. Diagnosis of arrhythmogenic cardiomyopathy: The Padua criteria. Int J Cardiol 2020; 319: 106-
114 [PMID: 32561223 DOI: 10.1016/j.ijcard.2020.06.005]
Groeneweg JA, Bhonsale A, James CA, te Riele AS, Dooijes D, Tichnell C, Murray B, Wiesfeld AC, Sawant AC, Kassamali B, Atsma DE, 
Volders PG, de Groot NM, de Boer K, Zimmerman SL, Kamel IR, van der Heijden JF, Russell SD, Jan Cramer M, Tedford RJ, Doevendans 
PA, van Veen TA, Tandri H, Wilde AA, Judge DP, van Tintelen JP, Hauer RN, Calkins H. Clinical Presentation, Long-Term Follow-Up, and 

62

http://www.ncbi.nlm.nih.gov/pubmed/24810389
https://dx.doi.org/10.1093/eurheartj/ehu154
http://www.ncbi.nlm.nih.gov/pubmed/36191671
https://dx.doi.org/10.1016/j.echo.2022.09.018
http://www.ncbi.nlm.nih.gov/pubmed/36587760
https://dx.doi.org/10.1016/j.rec.2022.12.009
http://www.ncbi.nlm.nih.gov/pubmed/25092278
https://dx.doi.org/10.1161/CIRCULATIONAHA.113.007094
http://www.ncbi.nlm.nih.gov/pubmed/35160031
https://dx.doi.org/10.3390/jcm11030578
http://www.ncbi.nlm.nih.gov/pubmed/25356653
https://dx.doi.org/10.1371/journal.pone.0111366
http://www.ncbi.nlm.nih.gov/pubmed/34977179
https://dx.doi.org/10.3389/fcvm.2021.761860
http://www.ncbi.nlm.nih.gov/pubmed/28373528
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.024438
http://www.ncbi.nlm.nih.gov/pubmed/33825853
https://dx.doi.org/10.1093/eurheartj/ehab072
http://www.ncbi.nlm.nih.gov/pubmed/35536402
https://dx.doi.org/10.1007/s10741-022-10235-9
http://www.ncbi.nlm.nih.gov/pubmed/33602475
https://dx.doi.org/10.1016/j.jacc.2020.12.024
http://www.ncbi.nlm.nih.gov/pubmed/28912185
https://dx.doi.org/10.1161/CIRCRESAHA.117.310982
http://www.ncbi.nlm.nih.gov/pubmed/28510718
https://dx.doi.org/10.1093/ehjci/jex034
http://www.ncbi.nlm.nih.gov/pubmed/21110101
https://dx.doi.org/10.1007/s10554-010-9753-6
http://www.ncbi.nlm.nih.gov/pubmed/18596273
https://dx.doi.org/10.1056/NEJMoa0708629
http://www.ncbi.nlm.nih.gov/pubmed/21415124
https://dx.doi.org/10.1161/CIRCIMAGING.110.950675
http://www.ncbi.nlm.nih.gov/pubmed/27319007
https://dx.doi.org/10.1007/s11886-016-0752-7
http://www.ncbi.nlm.nih.gov/pubmed/19195518
https://dx.doi.org/10.1016/j.amjcard.2008.09.105
http://www.ncbi.nlm.nih.gov/pubmed/32246823
https://dx.doi.org/10.1093/cvr/cvaa084
http://www.ncbi.nlm.nih.gov/pubmed/28052233
https://dx.doi.org/10.1056/NEJMra1509267
http://www.ncbi.nlm.nih.gov/pubmed/26216920
https://dx.doi.org/10.1093/eurheartj/ehv162
http://www.ncbi.nlm.nih.gov/pubmed/32561223
https://dx.doi.org/10.1016/j.ijcard.2020.06.005


Vidal-Perez R et al. Risk stratification of cardiomyopathies with CMR

WJC https://www.wjgnet.com 498 October 26, 2023 Volume 15 Issue 10

Outcomes of 1001 Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy Patients and Family Members. Circ Cardiovasc Genet 2015; 
8: 437-446 [PMID: 25820315 DOI: 10.1161/CIRCGENETICS.114.001003]

63 Towbin JA, McKenna WJ, Abrams DJ, Ackerman MJ, Calkins H, Darrieux FCC, Daubert JP, de Chillou C, DePasquale EC, Desai MY, Estes 
NAM 3rd, Hua W, Indik JH, Ingles J, James CA, John RM, Judge DP, Keegan R, Krahn AD, Link MS, Marcus FI, McLeod CJ, Mestroni L, 
Priori SG, Saffitz JE, Sanatani S, Shimizu W, van Tintelen JP, Wilde AAM, Zareba W. 2019 HRS expert consensus statement on evaluation, 
risk stratification, and management of arrhythmogenic cardiomyopathy. Heart Rhythm 2019; 16: e301-e372 [PMID: 31078652 DOI: 
10.1016/j.hrthm.2019.05.007]

64 Cadrin-Tourigny J, Bosman LP, Nozza A, Wang W, Tadros R, Bhonsale A, Bourfiss M, Fortier A, Lie ØH, Saguner AM, Svensson A, 
Andorin A, Tichnell C, Murray B, Zeppenfeld K, van den Berg MP, Asselbergs FW, Wilde AAM, Krahn AD, Talajic M, Rivard L, Chelko S, 
Zimmerman SL, Kamel IR, Crosson JE, Judge DP, Yap SC, van der Heijden JF, Tandri H, Jongbloed JDH, Guertin MC, van Tintelen JP, 
Platonov PG, Duru F, Haugaa KH, Khairy P, Hauer RNW, Calkins H, Te Riele ASJM, James CA. A new prediction model for ventricular 
arrhythmias in arrhythmogenic right ventricular cardiomyopathy. Eur Heart J 2022; 43: e1-e9 [PMID: 35441664 DOI: 
10.1093/eurheartj/ehac180]

65 Aquaro GD, Pingitore A, Di Bella G, Piaggi P, Gaeta R, Grigoratos C, Altinier A, Pantano A, Strata E, De Caterina R, Sinagra G, Emdin M. 
Prognostic Role of Cardiac Magnetic Resonance in Arrhythmogenic Right Ventricular Cardiomyopathy. Am J Cardiol 2018; 122: 1745-1753 
[PMID: 30220419 DOI: 10.1016/j.amjcard.2018.08.007]

66 Aquaro GD, De Luca A, Cappelletto C, Raimondi F, Bianco F, Botto N, Lesizza P, Grigoratos C, Minati M, Dell'Omodarme M, Pingitore A, 
Stolfo D, Ferro MD, Merlo M, Di Bella G, Sinagra G. Prognostic Value of Magnetic Resonance Phenotype in Patients With Arrhythmogenic 
Right Ventricular Cardiomyopathy. J Am Coll Cardiol 2020; 75: 2753-2765 [PMID: 32498802 DOI: 10.1016/j.jacc.2020.04.023]

67 Deac M, Alpendurada F, Fanaie F, Vimal R, Carpenter JP, Dawson A, Miller C, Roussin I, di Pietro E, Ismail TF, Roughton M, Wong J, 
Dawson D, Till JA, Sheppard MN, Mohiaddin RH, Kilner PJ, Pennell DJ, Prasad SK. Prognostic value of cardiovascular magnetic resonance in 
patients with suspected arrhythmogenic right ventricular cardiomyopathy. Int J Cardiol 2013; 168: 3514-3521 [PMID: 23701935 DOI: 
10.1016/j.ijcard.2013.04.208]

68 Tandri H, Saranathan M, Rodriguez ER, Martinez C, Bomma C, Nasir K, Rosen B, Lima JA, Calkins H, Bluemke DA. Noninvasive detection 
of myocardial fibrosis in arrhythmogenic right ventricular cardiomyopathy using delayed-enhancement magnetic resonance imaging. J Am Coll 
Cardiol 2005; 45: 98-103 [PMID: 15629382 DOI: 10.1016/j.jacc.2004.09.053]

69 Lie ØH, Rootwelt-Norberg C, Dejgaard LA, Leren IS, Stokke MK, Edvardsen T, Haugaa KH. Prediction of Life-Threatening Ventricular 
Arrhythmia in Patients With Arrhythmogenic Cardiomyopathy: A Primary Prevention Cohort Study. JACC Cardiovasc Imaging 2018; 11: 
1377-1386 [PMID: 30031702 DOI: 10.1016/j.jcmg.2018.05.017]

70 Bourfiss M, Prakken NHJ, James CA, Planken RN, Boekholdt SM, Ahmetagic D, van den Berg MP, Tichnell C, Van der Heijden JF, Loh P, 
Murray B, Tandri H, Kamel I, Calkins H, Asselbergs FW, Zimmerman SL, Velthuis BK, Te Riele ASJM. Prognostic value of strain by feature-
tracking cardiac magnetic resonance in arrhythmogenic right ventricular cardiomyopathy. Eur Heart J Cardiovasc Imaging 2022; 24: 98-107 
[PMID: 35152298 DOI: 10.1093/ehjci/jeac030]

71 Belhassen B, Laredo M, Roudijk RW, Peretto G, Zahavi G, Sen-Chowdhry S, Badenco N, Te Riele ASJM, Sala S, Duthoit G, van Tintelen JP, 
Paglino G, Sellal JM, Gasperetti A, Arbelo E, Andorin A, Ninni S, Rollin A, Peichl P, Waintraub X, Bosman LP, Pierre B, Nof E, Miles C, 
Tfelt-Hansen J, Protonotarios A, Giustetto C, Sacher F, Hermida JS, Havranek S, Calo L, Casado-Arroyo R, Conte G, Letsas KP, Zorio E, 
Bermúdez-Jiménez FJ, Behr ER, Beinart R, Fauchier L, Kautzner J, Maury P, Lacroix D, Probst V, Brugada J, Duru F, de Chillou C, Bella PD, 
Gandjbakhch E, Hauer R, Milman A. The prevalence of left and right bundle branch block morphology ventricular tachycardia amongst 
patients with arrhythmogenic cardiomyopathy and sustained ventricular tachycardia: insights from the European Survey on Arrhythmogenic 
Cardiomyopathy. Europace 2022; 24: 285-295 [PMID: 34491328 DOI: 10.1093/europace/euab190]

72 Pinamonti B, Dragos AM, Pyxaras SA, Merlo M, Pivetta A, Barbati G, Di Lenarda A, Morgera T, Mestroni L, Sinagra G. Prognostic 
predictors in arrhythmogenic right ventricular cardiomyopathy: results from a 10-year registry. Eur Heart J 2011; 32: 1105-1113 [PMID: 
21362707 DOI: 10.1093/eurheartj/ehr040]

73 Zhang N, Song Y, Hua W, Hu Y, Chen L, Cai M, Niu H, Cai C, Gu M, Zhao S, Zhang S. Left ventricular involvement assessed by LGE-CMR 
in predicting the risk of adverse outcomes of arrhythmogenic cardiomyopathy with ICDs. Int J Cardiol 2021; 337: 79-85 [PMID: 33839174 
DOI: 10.1016/j.ijcard.2021.04.015]

74 Chun KH, Oh J, Hong YJ, Yu HT, Lee CJ, Kim TH, Joung B, Pak HN, Lee MH, Kim YJ, Kang SM. Prognostic Cardiac Magnetic Resonance 
Markers of Left Ventricular Involvement in Arrhythmogenic Cardiomyopathy for Predicting Heart Failure Outcomes. J Am Heart Assoc 2022; 
11: e023167 [PMID: 35261277 DOI: 10.1161/JAHA.121.023167]

75 Agbaedeng TA, Roberts KA, Colley L, Noubiap JJ, Oxborough D. Incidence and predictors of sudden cardiac death in arrhythmogenic right 
ventricular cardiomyopathy: a pooled analysis. Europace 2022; 24: 1665-1674 [PMID: 35298614 DOI: 10.1093/europace/euac014]

76 Bosman LP, Sammani A, James CA, Cadrin-Tourigny J, Calkins H, van Tintelen JP, Hauer RNW, Asselbergs FW, Te Riele ASJM. Predicting 
arrhythmic risk in arrhythmogenic right ventricular cardiomyopathy: A systematic review and meta-analysis. Heart Rhythm 2018; 15: 1097-
1107 [PMID: 29408436 DOI: 10.1016/j.hrthm.2018.01.031]

77 Zghaib T, Te Riele ASJM, James CA, Rastegar N, Murray B, Tichnell C, Halushka MK, Bluemke DA, Tandri H, Calkins H, Kamel IR, 
Zimmerman SL. Left ventricular fibro-fatty replacement in arrhythmogenic right ventricular dysplasia/cardiomyopathy: prevalence, patterns, 
and association with arrhythmias. J Cardiovasc Magn Reson 2021; 23: 58 [PMID: 34011348 DOI: 10.1186/s12968-020-00702-3]

78 Asatryan B, Asimaki A, Landstrom AP, Khanji MY, Odening KE, Cooper LT, Marchlinski FE, Gelzer AR, Semsarian C, Reichlin T, Owens 
AT, Chahal CAA. Inflammation and Immune Response in Arrhythmogenic Cardiomyopathy: State-of-the-Art Review. Circulation 2021; 144: 
1646-1655 [PMID: 34780255 DOI: 10.1161/CIRCULATIONAHA.121.055890]

79 Mohty D, Boulogne C, Magne J, Varroud-Vial N, Martin S, Ettaif H, Fadel BM, Bridoux F, Aboyans V, Damy T, Jaccard A. Prognostic value 
of left atrial function in systemic light-chain amyloidosis: a cardiac magnetic resonance study. Eur Heart J Cardiovasc Imaging 2016; 17: 961-
969 [PMID: 27194782 DOI: 10.1093/ehjci/jew100]

80 Arenja N, Andre F, Riffel JH, Siepen FAD, Hegenbart U, Schönland S, Kristen AV, Katus HA, Buss SJ. Prognostic value of novel imaging 
parameters derived from standard cardiovascular magnetic resonance in high risk patients with systemic light chain amyloidosis. J Cardiovasc 
Magn Reson 2019; 21: 53 [PMID: 31434577 DOI: 10.1186/s12968-019-0564-1]

81 Ochs MM, Fritz T, Arenja N, Riffel J, Andre F, Mereles D, Siepen FAD, Hegenbart U, Schönland S, Katus HA, Friedrich MGW, Buss SJ. 
Regional differences in prognostic value of cardiac valve plane displacement in systemic light-chain amyloidosis. J Cardiovasc Magn Reson 
2017; 19: 87 [PMID: 29121956 DOI: 10.1186/s12968-017-0402-2]

http://www.ncbi.nlm.nih.gov/pubmed/25820315
https://dx.doi.org/10.1161/CIRCGENETICS.114.001003
http://www.ncbi.nlm.nih.gov/pubmed/31078652
https://dx.doi.org/10.1016/j.hrthm.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/35441664
https://dx.doi.org/10.1093/eurheartj/ehac180
http://www.ncbi.nlm.nih.gov/pubmed/30220419
https://dx.doi.org/10.1016/j.amjcard.2018.08.007
http://www.ncbi.nlm.nih.gov/pubmed/32498802
https://dx.doi.org/10.1016/j.jacc.2020.04.023
http://www.ncbi.nlm.nih.gov/pubmed/23701935
https://dx.doi.org/10.1016/j.ijcard.2013.04.208
http://www.ncbi.nlm.nih.gov/pubmed/15629382
https://dx.doi.org/10.1016/j.jacc.2004.09.053
http://www.ncbi.nlm.nih.gov/pubmed/30031702
https://dx.doi.org/10.1016/j.jcmg.2018.05.017
http://www.ncbi.nlm.nih.gov/pubmed/35152298
https://dx.doi.org/10.1093/ehjci/jeac030
http://www.ncbi.nlm.nih.gov/pubmed/34491328
https://dx.doi.org/10.1093/europace/euab190
http://www.ncbi.nlm.nih.gov/pubmed/21362707
https://dx.doi.org/10.1093/eurheartj/ehr040
http://www.ncbi.nlm.nih.gov/pubmed/33839174
https://dx.doi.org/10.1016/j.ijcard.2021.04.015
http://www.ncbi.nlm.nih.gov/pubmed/35261277
https://dx.doi.org/10.1161/JAHA.121.023167
http://www.ncbi.nlm.nih.gov/pubmed/35298614
https://dx.doi.org/10.1093/europace/euac014
http://www.ncbi.nlm.nih.gov/pubmed/29408436
https://dx.doi.org/10.1016/j.hrthm.2018.01.031
http://www.ncbi.nlm.nih.gov/pubmed/34011348
https://dx.doi.org/10.1186/s12968-020-00702-3
http://www.ncbi.nlm.nih.gov/pubmed/34780255
https://dx.doi.org/10.1161/CIRCULATIONAHA.121.055890
http://www.ncbi.nlm.nih.gov/pubmed/27194782
https://dx.doi.org/10.1093/ehjci/jew100
http://www.ncbi.nlm.nih.gov/pubmed/31434577
https://dx.doi.org/10.1186/s12968-019-0564-1
http://www.ncbi.nlm.nih.gov/pubmed/29121956
https://dx.doi.org/10.1186/s12968-017-0402-2


Vidal-Perez R et al. Risk stratification of cardiomyopathies with CMR

WJC https://www.wjgnet.com 499 October 26, 2023 Volume 15 Issue 10

82 Wan K, Sun J, Yang D, Liu H, Wang J, Cheng W, Zhang Q, Zeng Z, Zhang T, Greiser A, Jolly MP, Han Y, Chen Y. Left Ventricular 
Myocardial Deformation on Cine MR Images: Relationship to Severity of Disease and Prognosis in Light-Chain Amyloidosis. Radiology 2018; 
288: 73-80 [PMID: 29664336 DOI: 10.1148/radiol.2018172435]

83 Mekinian A, Lions C, Leleu X, Duhamel A, Lamblin N, Coiteux V, De Groote P, Hatron PY, Facon T, Beregi JP, Hachulla E, Launay D; Lille 
Amyloidosis Study Group. Prognosis assessment of cardiac involvement in systemic AL amyloidosis by magnetic resonance imaging. Am J 
Med 2010; 123: 864-868 [PMID: 20800158 DOI: 10.1016/j.amjmed.2010.03.022]

84 Maceira AM, Prasad SK, Hawkins PN, Roughton M, Pennell DJ. Cardiovascular magnetic resonance and prognosis in cardiac amyloidosis. J 
Cardiovasc Magn Reson 2008; 10: 54 [PMID: 19032744 DOI: 10.1186/1532-429X-10-54]

85 Fontana M, Pica S, Reant P, Abdel-Gadir A, Treibel TA, Banypersad SM, Maestrini V, Barcella W, Rosmini S, Bulluck H, Sayed RH, Patel 
K, Mamhood S, Bucciarelli-Ducci C, Whelan CJ, Herrey AS, Lachmann HJ, Wechalekar AD, Manisty CH, Schelbert EB, Kellman P, Gillmore 
JD, Hawkins PN, Moon JC. Prognostic Value of Late Gadolinium Enhancement Cardiovascular Magnetic Resonance in Cardiac Amyloidosis. 
Circulation 2015; 132: 1570-1579 [PMID: 26362631 DOI: 10.1161/CIRCULATIONAHA.115.016567]

86 Raina S, Lensing SY, Nairooz RS, Pothineni NV, Hakeem A, Bhatti S, Pandey T. Prognostic Value of Late Gadolinium Enhancement CMR 
in Systemic Amyloidosis. JACC Cardiovasc Imaging 2016; 9: 1267-1277 [PMID: 27568115 DOI: 10.1016/j.jcmg.2016.01.036]

87 Austin BA, Tang WH, Rodriguez ER, Tan C, Flamm SD, Taylor DO, Starling RC, Desai MY. Delayed hyper-enhancement magnetic 
resonance imaging provides incremental diagnostic and prognostic utility in suspected cardiac amyloidosis. JACC Cardiovasc Imaging 2009; 2: 
1369-1377 [PMID: 20083070 DOI: 10.1016/j.jcmg.2009.08.008]

88 White JA, Kim HW, Shah D, Fine N, Kim KY, Wendell DC, Al-Jaroudi W, Parker M, Patel M, Gwadry-Sridhar F, Judd RM, Kim RJ. CMR 
imaging with rapid visual T1 assessment predicts mortality in patients suspected of cardiac amyloidosis. JACC Cardiovasc Imaging 2014; 7: 
143-156 [PMID: 24412191 DOI: 10.1016/j.jcmg.2013.09.019]

89 Wan K, Sun J, Han Y, Luo Y, Liu H, Yang D, Cheng W, Zhang Q, Zeng Z, Chen Y. Right ventricular involvement evaluated by cardiac 
magnetic resonance imaging predicts mortality in patients with light chain amyloidosis. Heart Vessels 2018; 33: 170-179 [PMID: 28840397 
DOI: 10.1007/s00380-017-1043-y]

90 Wan K, Sun J, Han Y, Liu H, Yang D, Li W, Wang J, Cheng W, Zhang Q, Zeng Z, Chen Y. Increased Prognostic Value of Query Amyloid 
Late Enhancement Score in Light-Chain Cardiac Amyloidosis. Circ J 2018; 82: 739-746 [PMID: 29093431 DOI: 10.1253/circj.CJ-17-0464]

91 Karamitsos TD, Piechnik SK, Banypersad SM, Fontana M, Ntusi NB, Ferreira VM, Whelan CJ, Myerson SG, Robson MD, Hawkins PN, 
Neubauer S, Moon JC. Noncontrast T1 mapping for the diagnosis of cardiac amyloidosis. JACC Cardiovasc Imaging 2013; 6: 488-497 [PMID: 
23498672 DOI: 10.1016/j.jcmg.2012.11.013]

92 Lin L, Li X, Feng J, Shen KN, Tian Z, Sun J, Mao YY, Cao J, Jin ZY, Li J, Selvanayagam JB, Wang YN. The prognostic value of T1 mapping 
and late gadolinium enhancement cardiovascular magnetic resonance imaging in patients with light chain amyloidosis. J Cardiovasc Magn 
Reson 2018; 20: 2 [PMID: 29298704 DOI: 10.1186/s12968-017-0419-6]

93 Wan K, Li W, Sun J, Xu Y, Wang J, Liu H, Dong Y, Cheng W, Zhang Q, Zeng Z, Zhou X, Han Y, Chen Y. Regional amyloid distribution and 
impact on mortality in light-chain amyloidosis: a T1 mapping cardiac magnetic resonance study. Amyloid 2019; 26: 45-51 [PMID: 30931628 
DOI: 10.1080/13506129.2019.1578742]

94 Wassmuth R, Abdel-Aty H, Bohl S, Schulz-Menger J. Prognostic impact of T2-weighted CMR imaging for cardiac amyloidosis. Eur Radiol 
2011; 21: 1643-1650 [PMID: 21720941 DOI: 10.1007/s00330-011-2109-3]

95 Legou F, Tacher V, Damy T, Planté-Bordeneuve V, Rappeneau S, Benhaiem N, Rosso J, Itti E, Luciani A, Kobeiter H, Rahmouni A, Deux JF. 
Usefulness of T2 ratio in the diagnosis and prognosis of cardiac amyloidosis using cardiac MR imaging. Diagn Interv Imaging 2017; 98: 125-
132 [PMID: 27692958 DOI: 10.1016/j.diii.2016.08.007]

http://www.ncbi.nlm.nih.gov/pubmed/29664336
https://dx.doi.org/10.1148/radiol.2018172435
http://www.ncbi.nlm.nih.gov/pubmed/20800158
https://dx.doi.org/10.1016/j.amjmed.2010.03.022
http://www.ncbi.nlm.nih.gov/pubmed/19032744
https://dx.doi.org/10.1186/1532-429X-10-54
http://www.ncbi.nlm.nih.gov/pubmed/26362631
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.016567
http://www.ncbi.nlm.nih.gov/pubmed/27568115
https://dx.doi.org/10.1016/j.jcmg.2016.01.036
http://www.ncbi.nlm.nih.gov/pubmed/20083070
https://dx.doi.org/10.1016/j.jcmg.2009.08.008
http://www.ncbi.nlm.nih.gov/pubmed/24412191
https://dx.doi.org/10.1016/j.jcmg.2013.09.019
http://www.ncbi.nlm.nih.gov/pubmed/28840397
https://dx.doi.org/10.1007/s00380-017-1043-y
http://www.ncbi.nlm.nih.gov/pubmed/29093431
https://dx.doi.org/10.1253/circj.CJ-17-0464
http://www.ncbi.nlm.nih.gov/pubmed/23498672
https://dx.doi.org/10.1016/j.jcmg.2012.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29298704
https://dx.doi.org/10.1186/s12968-017-0419-6
http://www.ncbi.nlm.nih.gov/pubmed/30931628
https://dx.doi.org/10.1080/13506129.2019.1578742
http://www.ncbi.nlm.nih.gov/pubmed/21720941
https://dx.doi.org/10.1007/s00330-011-2109-3
http://www.ncbi.nlm.nih.gov/pubmed/27692958
https://dx.doi.org/10.1016/j.diii.2016.08.007


WJC https://www.wjgnet.com 500 October 26, 2023 Volume 15 Issue 10

World Journal of 

CardiologyW J C
Submit a Manuscript: https://www.f6publishing.com World J Cardiol 2023 October 26; 15(10): 500-507

DOI: 10.4330/wjc.v15.i10.500 ISSN 1949-8462 (online)

ORIGINAL ARTICLE

Retrospective Study

Integrated analysis of comorbidity, pregnant outcomes, and amniotic 
fluid cytogenetics of fetuses with persistent left superior vena cava

Xin Yang, Xin-Hui Su, Zhen Zeng, Yao Fan, Yuan Wu, Li-Li Guo, Xiao-Yan Xu

Specialty type: Cardiac and 
cardiovascular systems

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Rotondo JC, Italy

Received: July 9, 2023 
Peer-review started: July 9, 2023 
First decision: August 17, 2023 
Revised: August 29, 2023 
Accepted: September 28, 2023 
Article in press: September 28, 2023 
Published online: October 26, 2023

Xin Yang, Xin-Hui Su, Zhen Zeng, Yao Fan, Yuan Wu, Li-Li Guo, Xiao-Yan Xu, Department of 
Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College, Huazhong University of 
Science and Technology, Wuhan 430030, Hubei Province, China

Corresponding author: Xiao-Yan Xu, PhD, Doctor, Department of Obstetrics and Gynecology, 
Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
No. 1095 Jiefang Avenue, Wuhan 430030, Hubei Province, China. xuxiaoyan@tjh.tjmu.edu.cn

Abstract
BACKGROUND 
Persistent left superior vena cava (PLSVC) is the most common venous system 
variant. The clinical characteristics and amniotic fluid cytogenetics of fetuses with 
PLSVC remain to be further explored.

AIM 
To develop reliable prenatal diagnostic recommendations through integrated 
analysis of the clinical characteristics of fetuses with PLSVC.

METHODS 
Cases of PLSVC diagnosed using prenatal ultrasonography between September 
2019 and November 2022 were retrospectively studied. The clinical characteristics 
of the pregnant women, ultrasonic imaging information, gestational age at 
diagnosis, pregnancy outcomes, and amniocentesis results were summarized and 
analyzed using categorical statistics and the chi-square test or Fisher’s exact test.

RESULTS 
Of the 97 cases diagnosed by prenatal ultrasound, 49 (50.5%) had isolated PLSVC 
and 48 (49.5%) had other structural abnormalities. The differences in pregnancy 
outcomes and amniocentesis conditions between the two groups were statistically 
significant (P < 0.05). No significant differences were identified between the two 
groups in terms of advanced maternal age and gestational age (P > 0.05). 
According to the results of the classification statistics, the most common intrac-
ardiac abnormality was a ventricular septal defect and the most common extrac-
ardiac abnormality was a single umbilical artery. In the subgroup analysis, the 
concurrent combination of intra- and extracardiac structural abnormalities was a 
risk factor for adverse pregnancy outcomes (odds ratio > 1, P < 0.05). Additional-
ly, all abnormal cytogenetic findings on amniocentesis were observed in the 
comorbidity group. One case was diagnosed with 21-trisomy and six cases was 
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diagnosed with chromosome segment duplication.

CONCLUSION 
Examination for other structural abnormalities is strongly recommended when PLSVC is diagnosed. Poorer 
pregnancy outcomes and increased amniocentesis were observed in PLSVC cases with other structural abnor-
malities. Amniotic fluid cytogenetics of fetuses is recommended for PLSVC with other structural abnormalities.

Key Words: Persistent left superior vena cava; Prenatal diagnosis; Amniotic fluid cytogenetics; Pregnancy outcome; Integrated 
analysis; Comorbidity

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study was performed for providing reliable prenatal diagnostic advice through integrated analysis of the 
clinical characteristics of fetuses with persistent left superior vena cava (PLSVC). We retrospectively studied 97 cases of 
PLSVC diagnosed using prenatal ultrasonography. Of the 97 cases diagnosed by prenatal ultrasound, 49 (50.5%) had 
isolated PLSVC and 48 (49.5%) had other structural abnormalities. We found that PLSVC is associated with a certain 
percentage of other combined structural abnormalities. Examination for other structural abnormalities is strongly 
recommended when PLSVC is diagnosed. Poorer pregnancy outcomes and increased amniocentesis were observed in 
PLSVC cases with other structural abnormalities.

Citation: Yang X, Su XH, Zeng Z, Fan Y, Wu Y, Guo LL, Xu XY. Integrated analysis of comorbidity, pregnant outcomes, and 
amniotic fluid cytogenetics of fetuses with persistent left superior vena cava. World J Cardiol 2023; 15(10): 500-507
URL: https://www.wjgnet.com/1949-8462/full/v15/i10/500.htm
DOI: https://dx.doi.org/10.4330/wjc.v15.i10.500

INTRODUCTION
Persistent left superior vena cava (PLSVC) is the most common venous system variant. The incidence rate of PLSVC in 
congenital heart disease is approximately 5%-6%, whereas it is only 0.3%-0.5% in the normal population[1,2]. Previous 
research has shown that the probability of adverse pregnancy outcomes in isolated PLSVC is lower, and the risk of 
adverse pregnancy outcomes is significantly increased when combined with other malformations[3]. With improvements 
in genetic examination technology, some studies have reported that the proportion of fetal chromosomal abnormalities 
among PLSVC fetuses has significantly increased, which is different from the classic opinion of this disease[4,5].

Since fetal ultrasound examinations are unaffected by pulmonary gases, the prenatal period is the best time to perform 
vascular examinations[6,7]. Previous studies on PLSVC have focused on a few aspects, some only on the types of 
comorbidities and others only on pregnancy outcomes. There is a lack of comprehensive studies that provide reliable 
conclusions for patients and clinicians.

Our study retrospectively collected the clinical data, including the age of the pregnant women, ultrasonic imaging 
information, pregnancy outcomes, and amniocentesis results, from 97 cases of fetal PLSVC. We integrated clinical 
information, imaging features, and molecular-level results to provide reliable advice to patients and clinicians in multiple 
dimensions. Fetal PLSVC cannot be viewed as a purely vascular anatomical variant, and this disease is associated with a 
certain percentage of other combined structural abnormalities. Therefore, examination for other structural abnormalities 
should be performed when PLSVC is diagnosed.

MATERIALS AND METHODS
Study population
Ninety-seven patients with PLSVC diagnosed using prenatal ultrasonography at Tongji Hospital between September 
2019 and November 2022 were retrospectively studied. Clinical characteristics included maternal age, gestational weeks, 
prenatal ultrasound images, specific types of combined intra- and extracardiac abnormalities, pregnancy outcomes, 
amniocentesis conditions, and results. The range of maternal age was 22 to 39 years, with a mean age of 30.36 ± 3.94 years. 
The weeks of gestation at which PLSVC was diagnosed in our hospital was 18 to 34 wk, and the average weeks of 
gestation was 24.72 ± 3.99 wk. There were 87 single pregnancies (89.7%) and 10 twin pregnancies (10.3%), including two 
double chorionic villi and double amniotic sac twin fetuses (20.0%) and eight cases of single chorionic villi and double 
amniotic sac twin fetuses (80%). This study was approved by the Ethics Committee of Tongji Hospital.

https://www.wjgnet.com/1949-8462/full/v15/i10/500.htm
https://dx.doi.org/10.4330/wjc.v15.i10.500
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Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Pregnancy at 12 to 34 wk of gestation; (2) complete clinical data; and (3) 
standard and clear cardiac ultrasound images.

The exclusion criteria were as follows: (1) Pregnancy with three or more fetuses; (2) frequent fetal movement leading to 
poor-quality echocardiography; and (3) incomplete clinical data.

Ultrasound instruments and examinations
Using the color Doppler ultrasound instruments GE VOLUSON E8 and VOLUSON E10 (GE, Milwaukee, WI, United 
States) with a probe frequency of 2 to 5 MHz, after determining the fetal orientation and the relationship between the 
viscera and heart position, the fetal heart examination conditions were selected. The fetal heart segmental analysis 
method was used to determine the heart, blood vessel structure, and connection relationship. The focus was on four-
chamber heart, three-vessel, and three-vessel trachea sections, combined with color Doppler observation of the blood flow 
direction and vascular morphology[8,9]. According to prenatal screening guidelines, a comprehensive ultrasound 
examination was performed on fetuses diagnosed with PLSVC to determine whether there are any concomitant intrac-
ardiac or extracardiac abnormalities[10,11].

Statistical analysis
Statistical software (SPSS 26.0, IBM Corp., Armonk, NY, United States) was used for the data analysis. The measurement 
data conforming to a normal distribution are expressed as the mean ± SD. The independent samples t-test was used for 
comparison between groups, and the paired sample t-test was used for comparison within groups. Count data are 
expressed as cases (%), and the χ2 test or Fisher’s exact probability method was used for comparison between groups. 
Statistical significance was set at P < 0.05.

RESULTS
Comparison of clinical characteristics between the group with isolated PLSVC and the group with additional 
malformations
Ninety-seven cases diagnosed using prenatal ultrasound were included in our study, including 49 cases (50.5%) with 
isolated PLSVC and 48 (49.5%) with other structural abnormalities. The mean age in the isolated PLSVC group was 30.39 
± 4.04 years, and the mean age of those having PLSVC with other malformations was 30.46 ± 3.89 years. There was no 
statistically significant difference in gestational age between the two groups. The clinical characteristics of the patients are 
shown in Table 1. We summarized the maternal age, number of fetuses, gestational weeks at first diagnosis, pregnancy 
outcomes, and amniocentesis conditions. After statistical analysis, we found significant differences in pregnancy 
outcomes and amniocentesis conditions between the two groups (P < 0.05). No statistical differences were found between 
the two groups in terms of maternal age, number of fetuses, and gestational weeks at first diagnosis. These observations 
demonstrate that PLSVC with other structural abnormalities may be associated with more adverse pregnancy outcomes. 
Pregnant women were more likely to be recommended for amniocentesis diagnosis.

Types of intracardiac structural abnormalities in PLSVC fetuses
After summarizing the clinical features, we found that a considerable proportion of PLSVC cases had other structural 
abnormalities. We summarized the specific types of abnormalities observed with PLSVC to provide a reference for 
improving the accuracy of ultrasound screening.

Among the included cases, 22 presented with cardiovascular system abnormalities, including 11 with both intracardiac 
and extracardiac abnormalities. The specific types and number of cases are listed in Table 2. Among these, interven-
tricular septum defects were the most common, followed by aortic coarctation. These results indicate that when a PLSVC 
is found, scanning of the interventricular septum and aortic arch should be performed.

Types of extracardiac structural abnormalities in PLSVC fetuses
In addition to the cardiovascular system, the types of combined abnormalities of other systems in PLSVC were relatively 
complex, with 37 cases of abnormalities in extracardiac structures, including 11 combined with both intracardiac and 
extracardiac abnormalities. The specific types and numbers of cases are listed in Table 3. Among them, a single umbilical 
artery was observed in the largest number of cases, followed by persistent right umbilical vein and urinary system 
abnormalities. These results indicate that when PLSVC is found, scanning of the umbilical vascular structure and urinary 
system should be performed.

Subgroup analysis of combined intra- and extracardiac abnormalities
Based on the above observations, we found that the number of patients with PLSVC combined with intra- and extrac-
ardiac abnormalities was not consistent. Therefore, we further investigated how intra- and extracardiac structural 
abnormalities affect pregnancy outcomes through subgroup analysis. In our case series, 13 (13.4%) patients with PLSVC 
terminated their pregnancy, and 84 (86.6%) continued their pregnancy. Among the 13 terminated pregnancy cases, 12 
(92.3%) had other structural abnormalities and seven (53.8%) had both intracardiac and extracardiac structural 
abnormalities. We found that patients with PLSVC with extracardiac abnormalities had the highest sustained pregnancy 
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Table 1 Clinical characteristics in the isolated persistent left superior vena cava group and the persistent left superior vena cava with 
other malformations group, n (%)

Isolated PLSVC (n = 49) PLSVC with other malformations (n = 48) χ2 P value

Age

    < 35 years old 42 (85.7) 39 (81.3) 0.35 0.55

    ≥ 35 years old 7 (14.3) 9 (18.7)

Number of fetuses

    Singleton 43 (87.8) 44 (91.7) 0.40 0.53

    Twins 6 (12.2) 4 (8.3)

Gestational age at initial diagnosis

    Before 28 wk 46 (93.9) 45 (93.8) 0.001 0.97

    After 28 wk 3 (6.1) 3 (6.2)

Pregnancy outcome

    Persistent pregnancy 48 (98.0) 36 (75.0) 11.01 0.001

    Terminated pregnancy 1 (2.0) 12 (25.0)

Amniocentesis status

    No apparent abnormalities 5 (10.2) 14 (29.2) 15.33 < 0.001

    Abnormal results 0 (0.0) 7 (14.6)

    No amniocentesis performed 44 (89.8) 27 (56.2)

PLSVC: Persistent left superior vena cava.

Table 2 Specific types of intracardiac structural abnormalities in 97 cases of persistent left superior vena cava, n (%)

Type of intracardiac structural abnormalities n (%)

Ventricular septal defect 7 (31.8)

Aortic coarctation 5 (22.7)

Tetralogy of Fallot 3 (13.6)

Right-sided aortic arch 3 (13.6)

Left pulmonary artery originating from the right pulmonary artery 1 (4.5)

Single atrium with complete endocardial cushion defect 1 (4.5)

Midline heart with ventricular wall hypertrophy 1 (4.5)

Absence of right superior vena cava 1 (4.5)

Total 22 (100)

rates. Using statistical methods, we compared the other subgroups with this group to identify risk factors. In terms of 
sustained pregnancy rate, the presence of simultaneous abnormal cardiac and extracardiac structures was a risk factor 
affecting sustained pregnancy rate (odds ratio > 1, P < 0.05). Specific data are presented in Table 4.

Amniotic fluid cytogenetics of fetuses with PLSVC
Amniotic fluid cytogenetics enables further investigation of cases with imaging abnormalities and plays an irreplaceable 
role in clarifying the etiology. In our case series, 26 pregnant women chose amniocentesis, including five isolated PLSVC 
cases and 21 PLSVC cases with other abnormalities. No obvious abnormalities were observed in the amniocentesis results 
of the isolated PLSVC group. However, amniocentesis results in the group with combined intracardiac and extracardiac 
abnormalities displayed a certain proportion of anomalies, including one case with 21-trisomy and six cases with 
abnormal copy number variations (CNVs). Despite the limited research data on CNVs in PLSVC cases, specific types of 
analysis can still provide effective information for clinical practice. Six cases of abnormal CNVs were identified as 
repetitions of chromosomal regions, including two cases classified as potentially benign, three cases classified as variants 
of uncertain significance, and one as potentially pathogenic. The results are presented in Table 5. These observations 
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Table 3 Specific types of extracardiac structural abnormalities in 97 cases of persistent left superior vena cava, n (%)

Type of extracardiac structural abnormalities n (%)

Single umbilical artery 9 (24.3)

Persistent right umbilical vein 6 (16.2)

urinary system abnormalities 6 (16.2)

Neurological system abnormalities 3 (8.1)

Pleural effusion 2 (5.4)

Pulmonary cystadenoma 2 (5.4)

Absence of nasal bone 2 (5.4)

Gallbladder abnormalities 2 (5.4)

Situs inversus 1 (2.7)

Scoliosis 1 (2.7)

Multiple malformations 3 (8.1)

Total 37 (100)

Table 4 Analysis of pregnancy outcomes in persistent left superior vena cava with intracardiac and extracardiac abnormalities

Type Persistent pregnancy, n (%) OR 95%CI P value

PLSVC only with extracardiac abnormalities 24 (92.3)

PLSVC only with intracardiac abnormalities 8 (72.7) 4.5 0.63-31.95 0.12

PLSVC with intracardiac and extracardiac abnormalities 4 (36.3) 21.0 3.16-139.67 0.001

PLSVC: Persistent left superior vena cava.

Table 5 Six cases with abnormal copy number variation sequencing results in persistent left superior vena cava

Chromosomal location Variation type Fragment size Clinical significance

1 Chromosome 15 Repetition 0.4 Mb Potentially benign

2 Chromosome 2 Repetition 0.5 Mb Potentially benign

3 Chromosome 11 Repetition 3.9 Mb VUS

4 Chromosome 19 Repetition 187.4 Kb VUS

5 Chromosome 1 Repetition 2.3 Mb VUS

6 Chromosome 1 Repetition > 10 Mb Potential pathogenicity

VUS: Variants of uncertain significance.

imply that CNVs may be associated with PLSVC combined with other abnormalities. When PLSVC cases with other 
abnormalities are detected, amniocentesis may contribute to the prenatal diagnosis and clinical decision-making.

DISCUSSION
PLSVC is the most common venous system variant. However, the risk of adverse pregnancy outcomes is significantly 
increased when PLSVC is combined with other malformations. Our study was performed to provide reliable prenatal 
diagnostic recommendations through integrated analysis of the clinical characteristics of fetuses with PLSVC.

Fetal ultrasound examination is not affected by pulmonary gases; therefore, ultrasound can comprehensively observe 
the superior vena cava, and prenatal screening is the best time for PLSVC[7]. Several case reports have demonstrated 
difficulties in the diagnosis of PLSVC in adults, and certain patients require special examination methods[12,13]. PLSVC 
has typical sonographic features, with a cross-sectional view of the PLSVC visible on the left side of the pulmonary artery 
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in a three-vessel tracheal section[14]. In cases of PLSVC, approximately 90% enter the right atrium through the coronary 
sinus and approximately 10% directly enter the left atrium. In patients presenting with the left superior vena cava 
entering the right atrium through the coronary sinus, a dilated coronary sinus is observed on a four-chamber view[15,16]. 
Some cases in this study were not detected in the mid-trimester systematic screening, and most missed cases were twins. 
The limitations associated with scanning due to mutual fetal occlusion may be the main reason for missed diagnoses. This 
study integrates clinical factors, imaging information, and amniotic fluid cytogenetic information. As such, it is 
innovative compared to previous studies, showing that PLSVC is not just a simple anatomical variant, but is also 
associated with a higher rate of other structural abnormalities. In cases of PLSVC combined with other structural 
abnormalities, there are differences in pregnancy outcomes and amniocentesis.

This study classified and summarized the types and proportions of intra- and extracardiac abnormalities associated 
with PLSVC. These types of intracardiac and extracardiac abnormalities are consistent with previous research findings, 
both domestic and international[17-20]. A previous case report indicated that PLSVC can occur with anorectal 
malformation, an abnormality that we did not observe[21]. However, in this study, the proportion of patients with 
concurrent intracardiac and extracardiac abnormalities (n = 11) was slightly higher than that in similar studies from 
China[22]. Our results indicate that when a PLSVC is detected, scanning of the interventricular septum, aortic arch, 
umbilical vascular structure, and urinary system should be performed. These findings may help clinicians reduce the 
incidence of missed diagnoses.

Pregnancy is a dynamic process, and the composition of fetal peripheral blood also varies with gestational age[23,24]. 
Amniotic fluid cytogenetics maintains a relatively stable state and greatly improves the accuracy of prenatal diagnoses, 
especially in cases with imaging abnormalities. Chromosome karyotype analysis is the gold standard for diagnosing 
chromosomal-related diseases; however, traditional chromosome karyotype analysis cannot detect chromosomal 
microdeletions or microduplications below 5-10 Mb.

Genomic copy number variant sequencing (CNV-seq) is a second-generation sequencing-based test that can be used to 
identify CNVs as an aid to prenatal diagnosis when a pregnant woman has an indication for interventional prenatal 
diagnosis and provides informed consent. Studies have found that the proportion of PLSVC fetuses with chromosomal-
related abnormalities is 12.5%, and in isolated PLSVC cases, the proportion of chromosomal-related abnormalities can 
reach 7%[4]. Du et al[5] also demonstrated that in PLSVC cases, especially in cases of combined intracardiac and extrac-
ardiac abnormalities, the proportion of chromosomal abnormalities significantly increases. Most previous studies in 
China focused on chromosomal abnormalities, such as permanent left superior vena cava combined with trisomy 21 and 
trisomy 18, lacked a summary of the classification of abnormal results of PLSVC combined with CNVs[22,25].

In this study, a total of 26 pregnant women chose amniocentesis for diagnosis, including one case with 21-trisomy and 
six cases with abnormal CNVs results, all of which showed duplication of chromosomal regions, of which five cases were 
microduplications of less than 10 Mb.

This study had some limitations. Because the PLSVC incidence rate is only 0.3%-0.5% in the normal population[26], the 
number of included cases was small, which means that the credibility of the study needs to be further improved. In 
addition, no significant pathogenic abnormalities were found in the isolated PLSVC group, and in seven cases, 
abnormalities were found in the amniocentesis results of the group with other abnormalities. The risks of abnormal 
karyotypes and CNVs may increase in the presence of comorbidities. However, because amniocentesis is an invasive test 
with some risks[27], the comorbidity group chose to undergo amniocentesis more often, leading to confounding factors in 
the analysis. However, this study innovatively integrated and analyzed data at clinical, imaging, and genetic molecular 
levels, which can provide reliable prenatal diagnostic recommendations.

CONCLUSION
In conclusion, examination for other structural abnormalities should be performed when PLSVC is diagnosed. Poor 
pregnancy outcomes and increased amniocentesis were observed in PLSVC cases with other structural abnormalities. 
Amniotic fluid cytogenetics of fetuses is recommended for PLSVC with other structural abnormalities.

ARTICLE HIGHLIGHTS
Research background
Persistent left superior vena cava (PLSVC) is the most common venous system variant. Previous research has shown that 
the probability of adverse pregnancy outcomes in isolated PLSVC is lower, and the risk of adverse pregnancy outcomes is 
significantly increased when combined with other malformations. In recent years, some studies have reported that the 
proportion of fetal chromosomal abnormalities among PLSVC fetuses has significantly increased, which is different from 
the classic opinion on this disease. There is a lack of comprehensive studies that provide reliable conclusions for patients 
and clinicians.

Research motivation
In recent years, the advancement of prenatal diagnostic technology has overturned traditional concepts of some diseases.
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Research objectives
We integrated clinical information, imaging features, and molecular-level results to provide reliable advice to patients 
and clinicians in multiple dimensions.

Research methods
We retrospectively collected cases of PLSVC diagnosed using prenatal ultrasonography between September 2019 and 
November 2022. The clinical characteristics of the pregnant women, ultrasonic imaging information, gestational age at 
diagnosis, pregnancy outcomes, and amniocentesis results were summarized and analyzed.

Research results
The differences in pregnancy outcomes and amniocentesis conditions between the two groups were statistically 
significant (P < 0.05). According to the results of the classification statistics, the most common intracardiac abnormality 
was a ventricular septal defect and the most common extracardiac abnormality was a single umbilical artery. 
Additionally, all abnormal cytogenetic findings on amniocentesis were observed in the comorbidity group.

Research conclusions
PLSVC is associated with a certain percentage of other combined structural abnormalities. Examination for other 
structural abnormalities is strongly recommended when PLSVC is diagnosed. Poorer pregnancy outcomes and increased 
amniocentesis were observed in PLSVC cases with other structural abnormalities. Integrated analysis of multiple levels 
could provide more information.

Research perspectives
In future studies, researchers should collect more amniotic fluid cytological data and follow-up prognosis of related 
fetuses.
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Abstract
BACKGROUND 
Out-of-hospital cardiac arrest (OHCA) is a leading cause of death worldwide.

AIM 
To explore factors influencing prehospital return of spontaneous circulation (P-
ROSC) in patients with OHCA and develop a nomogram prediction model.

METHODS 
Clinical data of patients with OHCA in Shenzhen, China, from January 2012 to 
December 2019 were retrospectively analyzed. Least absolute shrinkage and 
selection operator (LASSO) regression and multivariate logistic regression were 
applied to select the optimal factors predicting P-ROSC in patients with OHCA. A 
nomogram prediction model was established based on these influencing factors. 
Discrimination and calibration were assessed using receiver operating charac-
teristic (ROC) and calibration curves. Decision curve analysis (DCA) was used to 
evaluate the model’s clinical utility.

RESULTS 
Among the included 2685 patients with OHCA, the P-ROSC incidence was 5.8%. 
LASSO and multivariate logistic regression analyses showed that age, bystander 
cardiopulmonary resuscitation (CPR), initial rhythm, CPR duration, ventilation 
mode, and pathogenesis were independent factors influencing P-ROSC in these 
patients. The area under the ROC was 0.963. The calibration plot demonstrated 
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that the predicted P-ROSC model was concordant with the actual P-ROSC. The good clinical usability of the 
prediction model was confirmed using DCA.

CONCLUSION 
The nomogram prediction model could effectively predict the probability of P-ROSC in patients with OHCA.

Key Words: Cardiac arrest; Cardiopulmonary resuscitation; Recovery spontaneous circulation; Logistic regression analysis; 
Predictive model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A large gap in the rate of prehospital return of spontaneous circulation remains between China and other countries 
and that the relative contributions of aid measures of the factors to prehospital return of spontaneous circulation vary across 
countries. There is still not such model, including pre-emergency medical service intervention factors and Prehospital 
emergency measures, developing for prehospital return of spontaneous circulation in China. Compared to similar models 
from other countries, the model proposed in the present study is interpretable, convenient to implement, easy to comprehend 
in busy prehospital processing, and comprehensive, including prehospital drug administration. Therefore, it could serve as a 
potentially assistive tool for clinical aid decision-making.

Citation: Wang JJ, Zhou Q, Huang ZH, Han Y, Qin CZ, Chen ZQ, Xiao XY, Deng Z. Establishment of a prediction model for 
prehospital return of spontaneous circulation in out-of-hospital patients with cardiac arrest. World J Cardiol 2023; 15(10): 508-517
URL: https://www.wjgnet.com/1949-8462/full/v15/i10/508.htm
DOI: https://dx.doi.org/10.4330/wjc.v15.i10.508

INTRODUCTION
Out-of-hospital cardiac arrest (OHCA), a leading cause of death worldwide, has an average incidence of (30.0-97.1) cases 
per 100000 person-years[1], with a survival rate of only 8.8% at hospital discharge[2]. In China, 550000 people develop 
OHCA annually[2] with a survival rate of only 1.3% after discharge, making OHCA a major public health issue. The 
survival rate from hospital discharge of patients with OHCA who have achieved a return of spontaneous circulation 
(ROSC) to hospital handover is still approximately 10%[3]. Moreover, patients with prehospital ROSC (P-ROSC) have 
better neurological outcomes compared with those who do not. Some areas regions have reported high ROSC rates 
during hospital handovers, such as 25% in England[4] and 29.1% in Tasmania, Australia[5]. In China, however, the P-
ROSC rate was only 6.26% in a recent survey in Beijing[6], demonstrating that a large gap still exists between countries.

Investigations have reported a range of pre-emergency medical service (EMS) intervention factors for patients with 
OHCA that are associated with P-ROSC, including age, prehospital drug administration, witnessed status, first rhythm, 
and response time[7]. The relative contribution of each of these factors to P-ROSC varies across countries. However, no 
model including pre-EMS intervention factors and prehospital emergency measures has been developed for ROSC during 
hospital handovers in China. Therefore, the development of an effective prediction model is required for ROSC during 
hospital handovers based on pre-EMS intervention factors and prehospital emergency measures.

This study aimed to identify independent factors associated with P-ROSC and develop and evaluate a nomogram 
model in China to predict whether ROSC can be achieved during the prehospital period in OHCA.

MATERIALS AND METHODS
Study design and setting
A multicenter retrospective study was conducted at the Shenzhen Center for Prehospital Care, which covered all 
hospitals in Shenzhen; that is, approximately 150 hospitals, from January 2012 to December 2019. All first-aid measures 
were performed according to the American Heart Association (AHA) Guidelines for cardiopulmonary resuscitation 
(CPR).

Participants
We retrospectively collected data from emergency medical technicians (EMTs). The inclusion criteria were patients with 
OHCA aged ≥ 18 years, The exclusion criteria were incomplete cases, dead patients (i.e., rigor mortis, lividity, 
decomposition, or decapitation) without CPR by the EMTs, and patients whose family members forwent all treatments.

https://www.wjgnet.com/1949-8462/full/v15/i10/508.htm
https://dx.doi.org/10.4330/wjc.v15.i10.508
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Data collection
Data were gathered from two sources: The Registration System of Pre-hospital First Aid Information and Statistics and 
the Patient Care Report Form. The extracted data included clinical features such as sex, age, time of arrest (i.e., 0-8, 8-16, or 
16-24 min), season of arrest, bystander CPR, initial rhythm, CPR duration, ventilation mode, defibrillation, epinephrine 
dose, use of other drugs (atropine, lidocaine, and amiodarone), and outcomes (P-ROSC).

According to the 2015 AHA guidelines, ROSC was defined as the clinical indication of the presence of vital signs, 
including palpable pulses or blood pressure.

Statistical analysis
IBM SPSS Statistics for Windows, version 26.0, and R 3.1.2 were used to perform all analyses. The t-test and 
Mann–Whitney U test were used for numerical variables, while the chi-square test was applied to categorical variables. A 
model was established using least absolute shrinkage and selection operator (LASSO) regression and multivariable 
backward regression. For the LASSO regression, lambda.min (a minimum mean squared error) and lambda.1se 
(lambda.min with one standard error) were identified as the goodness penalty lambda based on the lambda-choosing 
path[8]. To screen for potential predictive factors, LASSO regression models with a lambda.1 se penalty were constructed. 
The variables selected via LASSO were included in a multivariate backward regression analysis to identify the 
independent influencing features of patients with OHCA. A nomogram prediction model was then constructed based on 
the variables with statistical significance. The discrimination and calibration of the model were assessed using receiver 
operating characteristic (ROC) and calibration curves, as well as the Hosmer–Lemeshow test. Internal verification was 
performed by strengthening the bootstrap method for 1000 repetitions, as shown in the calibration curves. The clinical 
practicability of the model was evaluated using decision curve analysis (DCA) according to the net benefit with different 
threshold probabilities.

RESULTS
A total of 2685 cases of patients with OHCA satisfied the inclusion and exclusion criteria. Table 1 presents the character-
istics of all OHCA incidents in which first-aid treatment was implemented.

Feature selection and model development
We applied LASSO regression to identify potential predictors and then employed multivariate backward logistic 
regression to establish the model. As shown in Figure 1, the LASSO regression identified seven features through the 
lambda.1se penalty: Age, bystander CPR, initial rhythm, CPR duration, ventilation mode, use of amiodarone and 
lidocaine, and etiology. A model was then formed based on the factors evaluated using multivariate logistic regression 
(Table 2, Figure 3), during which amiodarone was eliminated.

Validation of the predictive model
The area under the receiver operating characteristic curve (AUC) of the P-ROSC prediction model was 0.9627 (95%: 
0.9485-0.9769), which demonstrated the good discrimination ability of the model (Figure 3). A strengthened bootstrap 
self-sampling method was used to verify the model internally. Furthermore, the calibration plots fitted well with the ideal 
curves (Figure 4), indicating that the predicted probability was consistent with the actual probability, as suggested by the 
results of the Hosmer–Lemeshow test (χ2 = 8.421, df = 8, P = 0.3935). DCA to evaluate the clinical utility showed a net 
benefit for the “treat-all” or “treat-none” strategy (Figure 5), which suggested that the model was clinically useful.

DISCUSSION
The survival to hospital discharge in patients with OHCA worldwide is only 4.5%[9]. P-ROSC is a short-term survival 
event. However, recent studies have shown that patients who achieve P-ROSC have better neurological outcomes than 
those who do not[10,11]. Therefore, pre-EMS intervention factors and prehospital emergency measures have been 
analyzed to evaluate whether EMS intervention measures, including drug treatments, are necessary to inform EMT 
decisions to terminate the rescue following an appropriate determination to terminate resuscitation.

Age is an influencing factor in OHCA outcomes[12], age is considered as an influencing factor of OHCA outcomes. 
Consistent with the results of previous studies[13], age was significantly associated with ROSC in the adjusted model 
(OR: 0.98, P < 0.001) in the present study. In terms of etiology, cardiovascular system diseases accounted for the largest 
proportion of patients with OHCA (53.3%) in this study, while OHCA caused by central nervous system diseases had the 
highest rate of P-ROSC failure, followed by patients with traumas.

In some regions, the number of CPR bystanders has reached 50%, particularly in advanced countries[14]. However, 
although it is increasing annually, the bystander CPR rate remained poor in the current study. Rajan et al[15] suggested 
that sustained bystander CPR could increase by more than two-fold. In our study, CPR by bystanders increased the 
chances of ROSC by 2.6-fold (P = 0.004) compared with no bystander CPR.

The initial rhythm is another critical factor because timely defibrillation can increase the ROSC rate when a shockable 
rhythm occurs[16]. In the present study, the initial rhythm was also an essential variable of P-ROSC after adjusting for 
other variables (P < 0.001). Moreover, patients with agonal electrocardiography (Ag ECG) characteristics, such as slow 
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Figure 1 Factor selection of prehospital return of spontaneous circulation via least absolute shrinkage and selection operator regression. 
A: Least absolute shrinkage and selection operator coefficient profiles of the 17 features. A coefficient profile plot was conducted against the log (lambda, λ) 
sequence; B: Through 10-fold cross-validation, and the optimal parameter (lambda, λ) selection via the minimum criteria. A partial likelihood deviance (binomial 
deviance) curve was plotted versus log λ. The dotted vertical line on the right was drawn at lambda.1se and four features were selected.

ventricular escape and bradycardia, who progressed to OHCA during treatment, had a higher P-ROSC rate, implying 
that a shorter time of no reflow time could improve prognosis.

Furthermore, CPR duration is a vital factor in predicting OHCA outcomes. Despite advances in CPR, no compre-
hensive agreement has been reached regarding the duration of CPR and the time for its termination in patients with 
OHCA. Funada et al[17] reported that CPR sustained in patients with OHCA > 26 min commonly caused ROSC failure. In 
the present study, the optimal cut-off time was 27.5 min and each additional minute of CPR was related to a 22% decrease 
in the probability of P-ROSC (OR: 0.78, P < 0.001) after adjustment for variable. Moreover, some studies suggested no 
possibility of ROSC in CPR lasting > 30 min, usually accompanied by irreversible damage to the brain[18]. Hence, 
uncertainties in the proper termination rules for CPR in basic and advanced life support care could increase pressure on 
ambulance transport, competition for medical resources, and risk of exposure to public accidents owing to high-speed 
transport[19]. However, the appropriate resuscitation termination for patients with OHCA remains controversial. Based 
on the model performance, we found that patients with OHCA and organ function as well as family abandonment of 
rescue do not require resuscitation times > 30 min. Conversely, in terms of OHCA of young adults (such as sudden 
cardiac deaths and sudden deaths of unknown causes), ECG manifestations of ventricular fibrillation or bradycardia, or a 
slow ventricular escape, the intensity of continuous resuscitation should be strengthened until the family approves that 
resuscitation can be terminated, even beyond 30 min of sustained CPR.

Finally, regarding prehospital advanced airway management (AAM) in patients with OHCA[20,21], some studies have 
shown that endotracheal intubation (ETI) can improve the probability of sustained ROSC, survival to hospital discharge, 
and neurologic outcomes[22]. In the present study, ETI was significantly associated with P-ROSC (OR: 8.28, P < 0.001). 
Moreover, Benoit et al[23] suggested that a delay in ETI was related to worse ROSC outcomes. In addition, Izawa et al[24] 
confirmed that AAM resulted in better survival in patients with non-shockable rhythms than in those with shockable 
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Table 1 Characteristics of the patients with out-of-hospital cardiac arrest

Patients
Features

Total (n = 2685) ROSC failure (n = 2529) ROSC (n = 156)
P value

Gender 0.730

Female 668 (24.9) 631 (25.0) 37 (23.7)

Male 2017 (75.1) 1898 (75.0) 119 (76.3)

Age 56.18 ± 17.98 56.63 ± 17.96 49.01 ± 16.82 < 0.001

Season 0.570

Spring 636 (23.7) 599 (23.7) 37 (23.7)

Summer 625 (23.3) 582 (23.0) 43 (27.6)

Autumn 666 (24.8) 632 (25.0) 34 (21.8)

Winter 758 (28.2) 716 (28.3) 42 (26.9)

Time (min) 0.029

08-16 953 (35.5) 888 (35.1) 65 (41.7)

16-24 1049 (39.1) 984 (38.9) 65 (41.7)

00-08 683 (25.4) 657 (26.0) 26 (16.7)

Bystander CPR < 0.001

No 2246 (83.6) 2135 (84.4) 111 (71.2)

Yes 439 (16.4) 394 (15.6) 45 (28.8)

Initial rhythm < 0.001

VF/VT 293 (10.9) 232 (9.2) 61 (39.1)

Asystole/PEA 2358 (87.8) 2278 (90.1) 80 (51.3)

Ag ECG (slow ventricular escape, 
bradycardia)

34 (1.3) 19 (0.8) 15 (9.6)

Duration of CPR 35 (15.0) 38 (18.0) 10 (16.0) < 0.001

ETI < 0.001

No 2194 (81.7) 2104 (83.2) 90 (57.7)

Yes 491 (18.3) 425 (16.8) 66 (42.3)

DF < 0.001

No 2000 (74.5) 1914 (75.7) 86 (55.1)

Yes 685 (25.5) 615 (24.3) 70 (44.9)

Epinephrine dose 3 (3.0) 3 (3.0) 3 (2.0) < 0.001

Atropine 0.243

No 2081 (77.5) 1966 (77.7) 130 (83.3)

Yes 604 (22.5) 563 (22.3) 26 (16.7)

Lidocaine or amiodarone < 0.001

No 2556 (95.2) 2426 (95.9) 135 (86.5)

Yes 129 (4.8) 103 (4.1) 21 (13.5)

Etiology 0.019

Cardiac 1430 (53.3) 1327 (52.5) 103 (66.0)

Trauma 122 (4.5) 116 (4.6) 6 (3.8)

Toxicosis or asphyxia 45 (1.7) 44 (1.7) 1 (0.6)

Brain and nervous 64 (2.4) 60 (2.4) 4 (2.6)
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Unknow and other 1024 (38.1) 982 (38.8) 42 (26.9)

VF: Ventricular fibrillation; VT: Ventricular tachycardia; PEA: Pulseless electrical activity; Ag ECG: Agonal electrocardiogram; CPR: Cardiopulmonary 
resuscitation; ETI: Endotracheal intubation; DF: Defibrillation.

Figure 2 Nomogram prediction model of prehospital return of spontaneous circulation. Six predictors were included: Age, bystander 
cardiopulmonary resuscitation (CPR), initial rhythm, CPR duration, ventilation mode, and etiology. Each variable was assigned a score on a point-scale axis. The total 
score was easily calculated by adding each single score. The probability of prehospital return of spontaneous circulation is estimated by projecting the total score to 
the lower total-point scale.

Figure 3 Receiver operating characteristic curves of prehospital return of spontaneous circulation model. The area under the receiver 
operating characteristic curve of the prehospital return of spontaneous circulation prediction model was 0.9627 (95%: 0.9485-0.9769).

rhythms, which might indicate the impact of shockable rhythms on the role of ETI in OHCA. Therefore, the effects of ETI 
in such situations warrant further investigation.

Ji et al[4], Morgan et al[5], and Navab et al[13] and others have established models in the United Kingdom, Australia, 
and Iran, respectively, to describe the influencing factors of clinical features and prehospital emergency measures on the 
ROSC rate as well as the survival rate of patients with OHCA. However, these researchers did not collect data on 
prehospital drug administration, including the use and dosage of epinephrine or other drugs. We developed a simple 
model applied to OHCA of all etiologies that covered pre-EMS intervention factors and prehospital emergency measures, 
including drugs and their dosage, although prehospital drug administration was not included in the model. Liu et al[7] 
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Figure 4 Calibration curves of the prehospital return of spontaneous circulation model. The dotted line represents the apparent model, while the 
solid line is bias-corrected by strengthening bootstrapping.

Figure 5 Decision curve analysis of the prehospital return of spontaneous circulation model. The X- and Y-axes show the threshold probabilities 
and net benefits, respectively. The solid red line indicates the prehospital return of spontaneous circulation model. The “All” and “None” lines represent interventions 
for all or none of the patients, respectively.

developed a P-ROSC score for patients with OHCA that also collected prehospital drug administration data. However, 
the model was not appropriate for trauma-induced OHCA, which limited its wide application. Another prospective 
study that included individuals between 1998 and 2008 generated the RACA score, which is a widely applicable score for 
ROSC in OHCA. However, it is not a contemporary cohort[25].

Limitations
Due to the retrospective design, the accuracy of data collection and potential confounders could not be assessed, and the 
identification of specific causalities was limited. Furthermore, incomplete data restricted the research. In addition, we did 
not collect no-reflow time data because the number of patients with OHCA witnessed by bystanders at the scene was too 
small.

CONCLUSION
We developed a simple and accessible model to predict the probability of achieving P-ROSC in China. The P-ROSC, with 
just six factors, is interpretable, convenient to implement, and comprehensive in busy prehospital processing; thus, it 
could serve as a possible assistive tool for clinical-aid decision-making.



Wang JJ et al. Prediction model: P-ROSC after out-of-hospital cardiac arrest

WJC https://www.wjgnet.com 515 October 26, 2023 Volume 15 Issue 10

Table 2 Multivariable logistic regression analysis of prehospital return of spontaneous circulation

Multivariable analysis Selected factors for model
Features

OR 95%CI P value OR 95%CI P value

Age 0.98 0.964-0.997 0.018 0.98 0.964-0.996 0.017

Bystander CPR 0.004 0.001

No 1 1

Yes 2.621 1.36-5.051 2.854 1.504-5.414

Initial rhythm < 0.001 < 0.001

VF/VT 1 1

Asystole/PEA 0.174 0.087-0.349 < 0.001 0.16 0.081-0.318 < 0.001

Ag ECG (slow ventricular escape, 
bradycardia)

4.539 0.89-23.15 0.069 4.103 0.806-20.895 0.089

CPR duration 0.778 0.75-0.807 < 0.001 0.776 0.749-0.805 < 0.001

ETI < 0.001 < 0.001

No 1 1

Yes 8.227 4.384-15.439 8.288 4.441-15.465

Lidocaine or amiodarone 0.113

No 1

Yes 2.271 0.823-6.271

Etiology 0.008 0.007

Cardiac 1 1

Trauma 0.156 0.037-0.65 0.011 0.145 0.035-0.601 0.008

Toxicosis or asphyxia 0.171 0.007-4.026 0.275 0.163 0.007-3.907 0.263

Brain and nervous 0.393 0.079-1.95 0.253 0.371 0.075-1.844 0.226

Unknow and other 0.384 0.205-0.721 0.003 0.389 0.208-0.728 0.003

OR: Odds ratio; CI: Confidence interval; VF: Ventricular fibrillation; VT: Ventricular tachycardia; ETI: Endotracheal intubation; PEA: Pulseless electrical 
activity; Ag ECG: Agonal electrocardiography; CPR: Cardiopulmonary resuscitation.

ARTICLE HIGHLIGHTS
Research background
Out-of-hospital cardiac arrest (OHCA) is a leading cause of death worldwide. In China, 550000 people develop OHCA 
annually with a survival rate of only 1.3% after discharge, making OHCA a major public health issue.

Research motivation
A large gap of prehospital return of spontaneous circulation (P-ROSC) rate remains between China and other countries 
and that the relative contributions of aid measures for each of these factors to P-ROSC vary across countries. There are 
still not such model, including pre-EMS intervention factors and Prehospital emergency measures, have currently been 
developed for P-ROSC in China.

Research objectives
To develop a nomogram prediction model which is interpretable, convenient to implement, easy to comprehend in busy 
prehospital processing, and comprehensive, including prehospital drug administration. Therefore, it could serve as a 
potentially assistive tool for clinical aid decision-making.

Research methods
Clinical data of patients with OHCA were retrospectively analyzed A nomogram prediction model for P-ROSC in 
patients with OHCA was developed and validate.
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Research results
Among the included 2685 patients with OHCA, the P-ROSC incidence was 5.8%. LASSO and multivariate logistic 
regression analyses showed that age, bystander cardiopulmonary resuscitation (CPR), initial rhythm, CPR duration, 
ventilation mode, and pathogenesis were independent factors influencing P-ROSC in these patients. The area under the 
ROC was 0.963. The calibration plot demonstrated that the predicted P-ROSC model was concordant with the actual P-
ROSC. The good clinical usability of the prediction model was confirmed using decision curve analysis.

Research conclusions
We developed a simple and accessible model to predict the probability of achieving P-ROSC in China. The P-ROSC, with 
just six factors, is interpretable, convenient to implement, and comprehensive in busy prehospital processing; thus, it 
could serve as a possible assistive tool for clinical-aid decision-making.

Research perspectives
If we go one step further, we start to conduct prospective studies to identify the specific causalities and to improve the 
accuracy of data collection.
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Abstract
BACKGROUND 
Around 1 million cases of medical termination of pregnancy (MTP) take place 
yearly in the United States of America with around 2 percent of this population 
developing complications. The cardiovascular (CVD) complications occurring 
post MTP or after stillbirth is not very well described.

AIM 
To help the reader better understand, prepare, and manage these complications 
by reviewing various cardiac comorbidities seen after MTP.

METHODS 
We performed a literature search in PubMed, Medline, RCA, and google scholar, 
using the search terms “abortions” or “medical/legal termination of pregnancy” 
and “cardiac complications” or “cardiovascular complications”.

RESULTS 
The most common complications described in the literature following MTP were 
infective endocarditis (IE) (n = 16), takotsubo cardiomyopathy (TTC) (n = 7), 
arrhythmias (n = 5), and sudden coronary artery dissection (SCAD) (n = 4). The 
most common valve involved in IE was the tricuspid valve in 69% (n = 10). The 
most observed causative organism was group B Streptococcus in 81% (n = 12). The 
most common type of TTC was apical type in 57% (n = 4). Out of five patients de-
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veloping arrhythmia, bradycardia was the most common and was seen in 60% (3/5) of the patients. All four cases 
of SCAD-P type presented as acute coronary syndrome 10-14 d post termination of pregnancy with predominant 
involvement of the right coronary artery. Mortality was only reported following IE in 6.25%. Clinical recovery was 
reported consistently after optimal medical management following all these complications.

CONCLUSION 
In conclusion, the occurrence of CVD complications following pregnancy termination is infrequently documented 
in the existing literature. In this review, the most common CVD complication following MTP was noted to be IE 
and TTC.

Key Words: Cardiovascular complications; Termination of pregnancy; Infective Endocarditis; Stress cardiomyopathy; Outcome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The most common cardiovascular complications following the medical termination of pregnancy (MTP) are 
infective endocarditis (IE) and takotsubo cardiomyopathy (TTC). The most common organism identified in IE is group B 
Streptococcus and the tricuspid valve is the most common valve involved. TTC occurs most commonly in the first trimester 
after MTP. Spontaneous coronary artery dissection mostly presents with chest pain and the right coronary artery is the most 
common vessel to be involved. Bradyarrhythmia is the most common arrhythmia noted. These patients improve with app-
ropriate medical management and mortality tends to be low.

Citation: Singh T, Mishra AK, Vojjala N, John KJ, George AA, Jha A, Hadley M. Cardiovascular complications following medical 
termination of pregnancy: An updated review. World J Cardiol 2023; 15(10): 518-530
URL: https://www.wjgnet.com/1949-8462/full/v15/i10/518.htm
DOI: https://dx.doi.org/10.4330/wjc.v15.i10.518

INTRODUCTION
The legality of abortion and the various restrictions imposed on the procedure vary significantly among various states of 
the United States and are ever-changing. The initial law, Roe vs Wade, which was made in 1973, streamlined the decision-
making process. Over the last 50 years, there has been a paradigm change in the perspective of patients regarding the 
termination of pregnancy in the United States. Centers for Disease Control (CDC) reports an abortion rate of 11.4 for the 
year 2020 with around 1 million abortions taking place annually in the United States. Around 2% of this population have 
been reported to develop complications[1].

Due to the recent identification of female-specific factors associated with a greater cardiovascular (CVD) risk, it pro-
vides the potential to implement effective and targeted preventative measures to decrease disease burden at an individual 
and population level[2]. Therefore, having an understanding of the female specific risk stratification and prevention is 
important. Recent CVD risk guidelines have included miscarriage and stillbirth as risk factors for women[3]. Because of 
the changing times and laws, we must highlight various CVD complications which are associated with the termination of 
pregnancy[4]. In this article, we review the various cardiac comorbidities reported after the medical termination of 
pregnancy (MTP). We also describe their clinical profile, management, and outcomes observed in these patients. Various 
systemic reviews discuss the complications associated with the termination of pregnancy. However, none describes 
cardiac complications following the same. Therefore, this article can contribute towards a better under-standing, and 
facilitate preparedness and management of the cardiac complications following termination of pregnancy.

MATERIALS AND METHODS
In this review, we aimed to describe the demographic details, clinical presentation, diagnosis, and management of the 
various CVD complications following MTP. We used the meta-analysis guidelines for the material and methodology of 
our study.

Search strategy
We performed a systemic search in various bibliographic databases including PubMed, Medline, RCA, and google scholar 
databases, using the search terms “abortions” or “medical/legal termination of pregnancy” and “cardiac complications” 
or “cardiovascular complications”. The reference citation analysis tool was also used to find more articles. We screened 
references of the initial articles for identifying other relevant articles. Search strategies were tailored to each database for 
identifying relevant articles. All search outputs were exported to Microsoft Excel version 2022. For those articles where 
the main text was missing, we reached out to the authors. We acknowledge their support in sharing their work with us.

https://www.wjgnet.com/1949-8462/full/v15/i10/518.htm
https://dx.doi.org/10.4330/wjc.v15.i10.518
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Study selection
All articles reported in English including adult patients (age > 18 years) published before August 2022, were eligible to be 
included in this review. Articles lacking clinical details, including comments, opinions, and letters, were excluded. The 
inclusion and exclusion criteria for the patients were established in advance before the initiation of the study. To be 
included in this review, articles had to provide clinical details of the pregnancy and the reported cardiac complication. 
For those articles where the main text was missing, we directly contacted the authors. We acknowledge their support in 
sharing their work with us. We added complete information on the studies included in this study. Two reviewers inde-
pendently screened the abstracts. Cardiac complications had to fulfill the diagnostic definitions as described below.

Definitions
Infective endocarditis: Cases of infectious endocarditis (IE) had to fulfill the Modified Duke’s criteria, which include the 
presence of either a blood culture of the organism consistent with IE or an echocardiogram showing positive evidence of 
IE, abscess, new partial dehiscence of a prosthetic valve, or new regurgitation (major criteria). Minor criteria include a 
previous heart condition or history of intravenous drug use, fever, presence of microorganisms not typically seen with IE, 
immunological phenomena such as glomerulonephritis, Roth spots, or vascular phenomena such as major arterial emboli 
or Janeway lesions. The presence of two major criteria, one major and three minors, or five minor criteria is diagnostic for 
definitive IE[5].

Takotsubo cardiomyopathy: Cases of takotsubo cardiomyopathy (TTC) had to fulfill the Mayo Clinic diagnostic criteria, 
which include: (1) Transient left ventricular systolic dysfunction with regional wall motion abnormalities extending 
beyond a single epicardial coronary distribution; (2) Absence of obstructive coronary disease or any angiographic evi-
dence of acute plaque rupture; (3) Presence of new electrocardiogram (EKG) changes as either sinus tachycardia (ST)-
segment elevation and/or T wave inversion or elevation in cardiac troponin levels; and (4) Documentation of absence of 
pheochromocytoma or myocarditis[1].

Spontaneous coronary artery dissection: Cases of spontaneous coronary artery dissection (SCAD) had to provide details 
of coronary angiography, which used an iodinated contrast agent to fill the lumen of coronary arteries and X-rays to 
image the lumen. Alternatively, if an alternate imaging modality such as optical coherence tomography or intravascular 
ultrasound was used to delineate the cause of narrowing and showed a tear or blood accumulation in the arterial wall, it 
would also be eligible for inclusion[6].

Cardiac arrhythmia: To be included in this review, reported arrhythmias had to have details of an investigation showing 
the pattern of the arrhythmia[7].

Risk and bias assessment: Two reviewers (Singh T and Vojjala N) independently screened for risk of error and bias in the 
articles. Disagreements were resolved through final verification and consensus of the third reviewer (Mishra AK)[8].

Data extraction: Extracted data include information on the publication year, authors, study type, and methodology. We 
also extracted data on study participants, including recent age, gender, clinical presentation, CVD, imaging, and labo-
ratory parameters and management. Finally, we studied the outcomes, including CVD complications and mortality[9,10].

Data synthesis and analysis: Continuous variables are expressed as the mean or percentages. Given the small sample size 
under each subgroup, we were not able to identify any odds or associations.

RESULTS
The initial screening identified 300 cases that were published between 1990 and 2022, of which 34 fulfilled the inclusion 
criteria, as shown in the PRISMA diagram (Figure 1). These included 16 cases of IE, seven cases of TTC, six cases of arr-
hythmia, and five cases of SCAD. The clinical profile, management, and outcomes of these events are described in Tables 
1-4[11-41].

Of the 16 cases of IE following abortion, 15 occurred following elective surgical abortion and one was a case of 
clandestine induced abortion. Only two patients had an underlying risk factor for IE, including a history of aortic valve 
replacement (AVR)/mitral valve replacement (MVR) for IE and rheumatic heart disease. The median age of these patients 
was 24 years[15-37]. Following termination of pregnancy, the initial clinical presentation occurred as early as one week 
after the abortion to as late as several weeks, with the most delayed presentation seen 60 d after the abortion. Data on 
prior antibiotic prophylaxis was available for 11 patients, four of whom received prophylaxis, including doxycycline in 
two cases, ampicillin and gentamicin in one, and a combination of ciprofloxacin and doxycycline in one. The tricuspid 
valve was the most commonly involved, as seen in 11 patients (69%), with multivalvular involvement in two patients and 
rare pulmonary valve involvement in one patient (6%). Group B Streptococcus (GBS) was the most common organism 
detected in these patients (n = 13, 81%), with culture being negative in one patient. Escherichia coli and methicillin 
sensitive Staphylococcus aureus were positive in one patient each. Most patients had IE related complications at the time of 
presentation, with the most common complication being septic emboli as seen in 69% (n = 11) followed by heart failure in 
19% (n = 3). All patients were treated with intravenous antibiotics and 56% (n = 9) required surgical intervention, 
including MVR in two patients, tricuspid valve replacement in four, AVR in two, and pulmonary valve replacement in 
one. An embolectomy was performed on one patient, along with medical management. The prognosis for this subset of 
patients was good, with a mortality rate of 6% (n = 1) in Table 1[10-25].
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Table 1 Patients with infective endocarditis following medical termination of pregnancy

No. Age/details Time 
interval

Antibiotic 
prophylaxis

Microbiological 
diagnosis

Valves 
involved

Other 
complications Management Final 

outcome Ref.

1 17 yr/clandestine 
abortion

28 d No Neg TV None Mx Survived [10]

2 30 yr/post 
ciprofloxacin and 
doxycycline

10 d No GBS MV S Ar, R Ar Mx, MVR Survived [11]

3 31 yr/post-
surgical abortion

48 d No GBS TV STE Mx, TVR Survived [12]

4 37 yr/post-
surgical abortion, 
past history of 
AVR/MVR for IE

60 d Yes (ampicillin 
and 
gentamycin)

GBS AV SE Mx Survived [13]

5 18 yr/elective 
abortion

Several 
weeks

No GBS TV SE Mx Survived [14]

6 30 yr/elective 
abortion

28 d No GBS TV SE, 1st HB Mx, TVR Survived [15]

7 33 yr/elective 
abortion

28 d No GBS TV SE, VRA Mx, TVR Survived [16]

8 24 yr/elective 
abortion

28 d No GBS TV SE, RHF Mx Survived [17]

9 15 yr/elective 
abortion

7 d Doxycycline GBS PV SE, PAA Mx, PVR Survived [18]

10 15 yr/elective 
abortion

11 d Ciprofloxacin + 
doxycycline

GBS AV HF, AR Mx, AVR Survived [19]

11 18 yr/elective 
abortion

14 d Doxycycline GBS TV SE Mx, Emb Survived [20]

12 22 yr/elective 
abortion

7 d - GBS TV SE, PAA, TR Mx Lost to 
follow-up

[21]

13 Young female - - - Mu - Mx, AVR, TVR Death [22]

14 37 yr 11 d - GBS TV SE, SI Mx Survived [23]

15 25 yr/rheumatic 
heart disease

14 d - MSSA Mu SE Mx Survived [24]

16 21 yr 21 d - E coli MV HF Mx, MVR Survived [25]

GBS: Group B streptococcus; MSSA: Methicillin sensitive staphylococcus aureus; MV: Mitral valve; TV: Tricuspid valve; AV: Aortic valve; PV: Pulmonary 
valve; Mu: Multiple valves involved; S Ar: Septic arthritis; R Ar: Reactive arthritis; STE: Septic thromboembolism; SE: Septic embolism; 1st HB: First degree 
heart block; VRA: Valve ring abscess; RHF: Right heart failure; PAA: Pulmonary artery aneurysm; HF: Heart failure; TR: Tricuspid regurgitation; AR: 
Aortic regurgitation; SI: Sacroilitis; Mx: Medical management; MVR: Mitral valve replacement; PVR: Pulmonary valve replacement; AVR: Aortic valve 
replacement; Emb: Embolectomy; TVR: Tricuspid valve replacement.

TTC was reported in seven cases in the literature as a post-abortion CVD complication. The mean age at presentation 
was 34.4 years, with a range of 22 to 43 years. Of the four patients (57%) for whom gestational age was available, all had 
undergone an abortion or miscarriage in the first trimester (within less than 12 wk). Three (43%) patients had experienced 
miscarriages, two (29%) had undergone surgical termination of pregnancy, and one had undergone an elective abortion. 
One patient had a history of myoma removal surgery during the 14th wk of pregnancy, which resulted in fetal death four 
weeks later and led to five recurrent episodes of TTC that improved with follow-up care. The most common presentation 
in the emergency department was chest pain, which was reported by three (43%) patients, with one patient experiencing 
right-sided pain radiating to the neck and the other two experiencing severe left-sided, non-radiating acute pain. Other 
common presentations included hypotension (n = 1), abdominal pain, and vaginal bleeding (n = 1). Abnormal EKG 
finding was reported in three (43%) patients only. EKG findings in most patients were normal sinus rhythm (n = 2) or T 
wave inversion (n = 2) in the inferior and anteroseptal walls. Other EKG findings included up-sloping ST depression (n = 
1) and sinus tachycardia (n = 1). Troponin levels were available and elevated in six (86%) patients. Coronary angiography 
was performed on six (86%) patients who did not show any evidence of obstructive coronary artery disease. Echocardi-
ograms in all seven (100%) patients reported a reduced ejection fraction (EF) of less than 40%, with the most common wall 
involvement being the apex in 57% (n = 4) and basal wall in 29% (n = 2). Only 43% were started on guideline-directed 
medical therapy (n = 3). Treatment for these patients commonly included beta-blockers (BB) and angiotensin-converting-
enzyme inhibitors (ACEi) in 43% (n = 3), and diuretics in 29% (n = 2). Other pharmacological agents used for treatments 
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Table 2 Patients with takotsubo cardiomyopathy following medical termination of pregnancy

No. Age, 
gestation Clinical feature

TTC criteria: EKG and Trop; 
echo; coronary angiography 
negative; pheochromocytoma

Possible 
pathophysiology

Treatment 
given

Outcome: Mortality and 
EF repeat Ref.

1 36 yr, 12 
wk 
gestation

Misc; 
hypovolemia

ECG: ST and Trop T elevated; 
eCHO: TTE (35%) EF, hypok LV 
apex; coronary angiography: 
Negative

Catecholamine surge: 
(1) Direct toxicity; (2) 
Coronary vasocon-
striction; and (3) 
Microvascular spasm

IV furosemide 5th d repeat echo: LV to EF: 
60%. F/u: 11 mo, no relapse

[26]

2 22 yr, 
gestation: 
NA

Post Sx TOP 
with evacuation 
of retained POC; 
hypovolemia

EKG: Normal and Trop T 
elevated; 2D echo: DCM; 
coronary angiography: Negative

Catecholamine release 
post procedure

Diuretics. 
Bisoprolol and 
lisinopril

Echo: Repeat day 2 had EF 
56%. Follow-up, full 
recovery

[27]

3 37 yr, Misc Chest pain, 
radiating to the 
neck

EKG: ST depression, Trop T 
elevated; 2D echo: EF < 40%; 
coronary angiography: Negative

NA NA F/u echo EF normal. F/u 
Trop T normal

[28]

4 43 yr, 
gestation: 
NA

Chest pain EKG: Normal and Trop T 
elevated; echo: LV hypokinesia, 
apical, diaphragmal, posterio-
basal segments; coronary 
angiography: Negative

Stress factors: (1) H/o 
fetal death at 18 wk 
gestation; and (2) 
Domestic stress

Beta-blockers, 
ACE inhibitors, 
aspirin

5 d later, 2D echo EF 72%, 
normal wall movements. 
F/u: Developed 4 episodes 
of TTC, 6 mo, 9 mo, 10 mo, 
and 19 mo later. With 
eventual normalization of 
EF

[29]

5 43 yr, 9 wk 
gestation

Post Sx TOP. 
Shock, hypoxia, 
cardiac arrest 
requiring CPR

EKG: T wave inv, Trop T 
elevated; echo: LV EF 33%, LV 
apex hypo/akinesia; 
angiography: NA

h/o autoimmune 
diseases; post-op stress; 
cervical infiltration of 
epinephrine

Infusion of 
levosimendan

Echo: 3 mo later showed 
return of the LV function to 
normal

[30]

6 28 yr, 12 
wk 
gestation

Chest pain EKG: T wave inv, Trop T 
elevated; echo: EF (30%-35%); 
hypokinesia mid ventricular and 
hyperKinesia apical and basal 
wall; coronary angiography: 
Negative

Post abortion 
depression; suicidal 
ideation

Carvedilol. 
Lisinopril 
spironolactone

F/u echo: NA. Hemody-
namically stable on follow-
up

[31]

7 32 yr, 10 + 1 
wk 
gestation; 
Misc

Abdominal pain, 
vaginal 
bleeding. Later 
underwent POC 
evacuation

EKG: Intermittent VT and QRS 
broadening. Trop T: NA; TTE: EF: 
32%, global LV hypokinesia and 
akinesia of inferior and inferio-
septal wall; coronary angiogra 
gestation phy: Negative

Septic miscarriage with 
blood C/S: Group C 
Streptococcus; 
amphetamine usage

IV antibiotics Full recovery in 6 wk. 2D 
echo: Normal on repeat

[32]

Misc: Miscarriage; POC: Product of conception; Sx TOP: Surgical termination of pregnancy; CPR: Cardiopulmonary resuscitation; ST: Sinus tachycardia; 
DCM: Dilated cardiomyopathy; VT: Ventricular tachycardia; Post-op: Post-operation; EF: Ejection fraction; LV: Left ventricle; TTC: Takotsubo 
cardiomyopathy; TTE: Transthoracic echocardiography; NA: Not available; EKG: Electrocardiogram; C/S: Culture and susceptibility; F/u: Follow-up.

included aspirin, antibiotics, spironolactone, and levosimendan (n = 1 each). Six (87%) patients with available follow-up 
information had echocardiograms showing restoration of EF. Following the initial episode, one patient had five distinct 
episodes of TTC recurrence following an altercation with her partner. No recurrences were reported for the remaining 
patients, and there were no reported mortalities[26-32].

In four reported cases of SCAD following abortion or stillbirth, individual patient data was available for three patients. 
The median age of these patients was 36 years, with a range of 33 to 41 years. All three patients presented within 14 d of 
undergoing abortion or stillbirth. The most common clinical presentation was chest pain, which was reported by two 
patients (50%). EKG changes in these patients included ST elevation, with the most common leads involved being the 
inferior leads (50% of patients), mimicking acute myocardial infarction. Cardiac biomarkers were normal in all cases. 
Echocardiography was performed on two patients, with one showing normal findings and the other showing decreased 
left ventricle contractility with an EF of 30%. Coronary angiography showed dissection in the right coronary artery in two 
patients (one with proximal involvement and one with distal involvement) and the left anterior descending artery in one. 
Management included percutaneous coronary intervention besides medical management for two of the three patients. All 
three patients survived the event. One patient had no similar episode after eight months of follow-up, while the other 
patient had a remnant anoxic brain injury[33-36].

Out of five patients developing arrhythmia, the most common type reported was bradycardia which was seen in 60% (
n = 3) of patients. Other two patients developed an arrhythmia post administration of prostaglandin F2 alpha drugs. The 
two patients who developed bradycardia did so after the passage of the product of conception (POC) and the application 
of pressure to their cervix. The mechanism which was speculated to cause this was the triggering of the vagus nerve du-
ring this process, resulting in the development of bradycardia. In all these patients, bradycardia improved after forceps 
assisted removal of the POC. There was also a patient who developed supraventricular tachycardia (SVT) after the admi-
nistration of the misoprostol injection[37-41].
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Table 3 Patients with spontaneous coronary artery dissection following medical termination of pregnancy

No. Age C/F and EKG Labs and imaging Angiography Management and prognosis Ref.

1 36 yr Chest pain 2 wk post abortion. 
ECG: STE in V2-V4, STD in inferior 
leads

Cardiac biomarkers: 
Normal. Echo: Normal

Angiography: Type C 
dissection in LAD

Management: PCI with stenting to 
LAD. Survived, no similar 
episodes at follow-up after 8 mo

[33]

2 41 yr 2 wk post still birth, became 
unresponsive, cardiac arrest post 
CPR, ROSC. ECG: STE in leads 2, 3, 
avF

Cardiac biomarkers: 
Normal. Echo: Decreased 
LV contractility, EF: 30%

Angiography: Type 2 
SCAD involving distal 
RCA

Management: Medical 
management. Survived post 
cardiac arrest, anoxic brain injury

[34]

3 33 yr Chest pain 10 d post abortion. 
EKG: STE in inferior leads

Cardiac biomarkers: 
Increased

Angiography: 
Dissection involving 
RCA

Management: PCI. Survived [35]

4 N/A 2 cases had SCAD a/w stillbirth 
and miscarriage

N/A N/A N/A [36]

C/F: Clinical features; EKG: Electrocardiogram; N/A: Not applicable; STE: Sinus tachycardia elevation; STD: Sinus tachycardia depression; CPR: 
Cardiopulmonary resuscitation; ROSC: Return of spontaneous circulation; SCAD: Spontaneous coronary artery dissection; LV: Left ventricle; EF: Ejection 
fraction; LAD: Left anterior descending artery; RCA: Right coronary artery; PCI: Percutaneous coronary intervention.

Table 4 Patients with arrhythmia following medical termination of pregnancy

No. Age Clinical details Arrythmia observed Possible mechanism 
for arrythmia Treatment given Outcome Ref.

1 NA, 2nd 
trimester

Induced by PGF2a Bradycardia Drug induced 
hypokalemia

NA NA [37]

2 32 yr, 20th wk 
gestation

Induced by PGF2a Bradycardia and hypotension PG acting on ventricular 
receptor

IV RL, 0.5 mg 
atropine no 
response

F/u 1 mo EKG 
and echo normal

[38]

3 37 yr, 10 wk 
gestation

In miscarriage Bradyarrythmia POC through cervix 
trigger vagal stimulation

POC removed EKG normal on 
F/u

[39]

4 42 yr, 12 wk 
gestation

Miscarriage, with 
lower abdominal pain

Bradyarrythmia with 
hypotension. USG TVS: POC in 
UC

POC through cervix, 
triggering vagus

POC removed BP and HR 
improved

[40]

5 Age: NA, 2nd 
trimester

Induced by PGF2α 
and IV oxytocin

Bradycardia, hypothermia and 
hypotension

Rupture of the cervix NA NA [41]

PGF2a: Prostaglandin F2 alpha; NA: Not available; USG: Ultrasound; TVS: Transvaginal ultrasound; POC: Product of conception; UC: Uterine cavity; RL: 
Ringer lactate; F/u: Follow-up; EKG: Electrocardiogram; BP: Blood pressure; HR: Heart rate.

DISCUSSION
In the year 2020, the CDC reported rate of abortion was 11.2 abortions per 1000 women of age 15-44 years in the United 
States[1]. The type of abortion can also be classified as either being safe (performed in a safe, clean environment with 
experienced providers and no legal restrictions) or unsafe (performed with hazardous materials and techniques, by a 
person without the needed skills, or in an environment where minimal medical standards are not met)[42]. Abortion 
related complications and deaths occur predominantly in unsafe abortions and in settings where it is illegal[43]. Complic-
ations following an abortion can be diverse. The maternal mortality rate following safe, legal induced abortion for 2013-
2019 was reported to be 0.43 deaths per 100000 reported legal abortions[1]. Pregnancy is a state of altered neuro-humoral 
balance and continuous inflammation with significant effects on the physiology of the CVD system[44-47]. It is probable 
that even abortion or stillbirth can also result in altered neuro-humoral balance and chronic inflammatory changes 
affecting the functioning of the CVD system[4,42]. In this descriptive review, we highlight the various CVD complications 
following MTP reported in the medical literature. We identified four distinct CVD complications following MTP, which 
have been defined as above (Figure 2).

IE
In this review, IE was the most common CVD complication observed following MTP. While multiple organisms are 
reported to cause IE, in these patients the most common organism causing IE was GBS, which is a common colonizer of 
the genital tract and lower gastrointestinal tract[48,49]. The reported risk factors that predispose to GBS IE are diabetes 
mellitus, malignant disease, advanced liver disease, human immunodeficiency virus, alcohol use disorders, and injection 
drug use[50]. Surgical abortion has been reported to be an independent risk factor for IE in patients with GBS, irrespective 
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Figure 1 Flow diagram of study participant inclusion. SCAD: Sudden coronary artery dissection.

Figure 2 Cardiovascular complications following medical terminations of pregnancy. SCAD: Sudden coronary artery dissection; EKG: 
Electrocardiographic.

of the presence or absence of underlying structural heart disease or antibiotic prophylaxis before the procedure[12,13]. 
The Society of Obstetricians and Gynaecologists of Canada recommends antimicrobial prophylaxis for patients who are 
undergoing surgical abortion to reduce the incidence of post-abortion infections[51]. This recommendation is based on a 
meta-analysis of 12 randomized controlled trials conducted in pregnant women at less than 16 wk gestation. Patients who 
received antibiotics during the abortion procedure had a 0.58 (0.47-0.71) relative risk of developing upper genital tract 
infection, compared to those who did not receive the antibiotics[52]. A single appropriate antibiotic regimen was not 
recommended in the study. Though antibiotic therapy has been shown to prevent genitourinary infections, antibiotics 
were not uniformly administered in the above subsets of patients. Clinicians providing MTP should be aware of this rare 
complication in patients with risk factors as mentioned above. So far there are no studies to guide antibiotic prophylaxis 
in patients undergoing MTP, however, patients with risk factors for developing GBS IE might benefit from pre-procedure 
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prophylaxis. In a study done in Sweden on women undergoing an induced abortion, the administration of antibiotics 
reduced the post-abortion complications in patients with positive bacterial screening to the level with those having 
negative bacterial screening[53]. Despite the above study, given the rarity of this complication, prolonged prophylactic 
anti-biotic courses are not feasible or evidence-based.

The most common valve involved was the tricuspid valve, but multivalvular involvement was also seen[15,17,21,54]. 
Pelvic infections occurring after a septic abortion can provide a portal of entry for bacteria through pelvic veins into the 
venous system. This can subsequently spread to the right-sided circulation, eventually causing tricuspid endocarditis. 
Most of these patients presented with constitutional symptoms like chills, anorexia, and weight loss. Complications 
including septic pulmonary emboli are common among patients with right-sided IE, occurring in up to 75% of patients 
with tricuspid involvement. Clinical manifestations of such emboli include cough, pleuritic chest pain, hemoptysis, and 
dyspnoea[42,55,56]. In our study, the common complications seen were septic emboli and heart failure. All patients were 
treated with appropriate antibiotics based on culture and sensitivity results[57-61]. Patients with septic emboli, para-
valvular abscess, conduction blocks, and the presence of large vegetations required surgical management as shown in 
Table 1. Overall, the prognosis was good with a mortality of 6.25%.

TTC
TTC, also called transient apical ballooning syndrome, was initially described in Japan in 1990[62,63]. Improved access to 
coronary angiography has led to increased recognition of TTC in patients presenting with symptoms of acute coronary 
syndrome, with studies reporting a 20-fold increase in incidence from 2006 to 2012[64-66]. Mayo Clinic Criteria and Inter-
national Takotsubo Diagnostic Criteria (InterTAK Diagnostic Criteria) are two of the most commonly used tools to 
establish the diagnosis[64,67]. In our study, Mayo Clinic Criteria was used. TTC has been reported to be precipitated in 
70% of patients by several acute triggers including emotional, natural disaster, illness, envenomation, infection, etc.[68-
70]. In this paper we discuss TTC precipitated following MTP. Patients who developed TTC post MTP presented with 
symptoms and signs of ACS including chest pain, ST-T wave changes in EKG, and elevated troponin as seen in patients 
with other precipitators of TTC[71]. In this review apical wall involvement was the most common echocardiographic 
abnormality, as reported by Templin et al[64] in 81.7% of their patient population (n = 1750)[72]. Multiple mechanisms 
have been proposed to precipitate TTC[72]. The various mechanisms postulated to precipitate TTC in this review were 
catecholamine surge following physical and emotional distress (depression, posttraumatic stress disorder, and suicidal 
ideation) and exogenous epinephrine[26,31,32]. It has been hypothesized that direct myocardial damage from 
catecholamines may cause TTC and the regional wall motion abnormalities occur due to the regional distribution of 
adrenergic receptors. At presentation all these patients had low left ventricular EF, however, less than half of the patients 
were treated with guideline directed medical therapy with ACEi and BB. Interestingly, no mortality was reported and at 
follow-up all these patients were found to have normal left ventricular ejection fraction.

SCAD
SCAD is a rare condition, with an estimated prevalence of 0.2% to 1.1%[49,73]. The prevalence of SCAD post pregnancy, 
stillbirth, and abortion remains unknown. There are several proposed mechanisms for the development of SCAD in these 
situations, including structural changes to the vascular system due to excess progesterone during pregnancy leading to 
the loss of normal corrugation of elastic fibers, increasing the fragmentation of reticular fibres, and decreasing the 
amounts of mucopolysaccharides reducing the strength of vessel wall, increased mechanical stress on the coronary artery 
during labor, prolonged coronary artery spasm, and the use of uterotonic drugs[36,74-77]. Maternal risk factors, such as 
multiple pregnancies, advanced age, and anxiety, may also increase the risk of SCAD due to repeated exposure to high 
levels of progesterone and altered neuro-hormonal balance[74,75,77]. In this review, SCAD was reported within 2 wk of 
MTP presenting as an ACS. Although the risk of SCAD post pregnancy and stillbirth may differ, early intervention with 
high clinical suspicion can result in good outcomes, as reported in various studies[44,73,78].

Arrhythmia
Bradycardia was the most common arrhythmia observed in our review[35-37,47]. The common cause of bradycardia is 
vagal stimulation during the passage of the fetus or POC through the cervix, a phenomenon known as cervical vasovagal 
shock[39,40]. This is typically observed with retained POC, and management often involves dilatation and curettage to 
remove the POC. In a study conducted in Cambridge, Kyejo et al[40] suggest that for patients with symptomatic brady-
cardia secondary to cervical shock, it is important to stop cervical manipulation and remove all instruments, keep the 
patient in the supine position with legs elevated to improve venous return, and, if necessary, administer 500-600 
microgram of IV atropine followed by a saline flush. In this review, removal of the POC with forceps improved shock and 
bradycardia. Other causes of arrhythmia observed in our patients include prostaglandin F2 and E (misoprostol), which 
have been linked to tachycardia and SVT. A study in mice suggests that these medications may cause tachyarrhythmias 
due to their direct effect of inflammatory mediators on the heart[79]. Stopping the medications resulted in the impro-
vement of arrhythmias in these patients.

This review has several limitations. It included all the patients with MTP and reported CVD complications from 
various case reports over the years, which had varied uniformity in reporting. These patients were young and lacked 
baseline echocardiography or electrocardiography. All the reports of SCAD and TTC consistently did not report cardiac 
catheterization results[80]. Reports did not mention functional status at discharge, recurrence, and long-term follow-up 
details[81-84]. However, the strengths of this study are: (1) Having a strict inclusion criterion for each clinical entity; and 
(2) Evidence-based detailing on the clinical profile and the outcome of each described complication. As per the authors’ 
knowledge, there are previous studies done including Kyriacou et al[3] who have reported that women with previous 
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pregnancy loss, following a miscarriage, stillbirth, and induced abortion, are at higher risk of coronary heart disease and 
stroke. However, this is the first review detailing the clinical profile, imaging details, complications, and outcomes of the 
various CVD complications following MTP.

CONCLUSION
In conclusion, CVD complications are uncommon following MTP. The most frequently reported complications are IE and 
TTC. IE can occur in these subgroups of patients without risk factors for IE. Periprocedural antibiotics prophylaxis was 
not uniformly administered. IE can occur within 1 wk of MTP, and the most common organism identified is GBS. The 
most commonly involved valve reported is the tricuspid valve, and the most common complication reported is septic 
emboli. More than half of the IE patients required surgical intervention owing to worsening heart failure, valvular 
regurgitation, para valvular abscess, conduction block, and embolic phenomenon. TTC most commonly occurred after 
MTP in the first trimester. Most patients presented with acute chest pain, troponin elevation, and nonspecific ST-T 
changes. The most common pattern of TTC as identified by echocardiography was apical. All these patients had low EF at 
presentation and at follow-up most had normal EF even though only half of them were treated with ACEi and BB. SCAD 
occurred within 2 wk of MTP. Most patients presented with chest pain and EKG abnormalities. The most common vessel 
involved in dissection was the right coronary artery. Bradycardia was the most common pattern of arrhythmia noted and 
occurred during the time of MTP and was self-limiting. All patients with the above complications improved with app-
ropriate medical management. Overall, mortality was low in this population.

ARTICLE HIGHLIGHTS
Research background
Millions of medical terminations of pregnancy (MTP) take place yearly in the United States of America with a smaller 
percentage of this population developing complications. There is a lack of structured reporting of the cardiovascular 
(CVD) complications in this subset of patients.

Research motivation
The CVD complications occurring post MTP or after stillbirth are not very well described. The literature on the various 
CVD comorbidity following MTP is scanty.

Research objectives
In this review we aimed to study the various cardiac comorbidities seen after MTP, which will help the reader better 
understand, prepare, and manage these complications.

Research methods
A literature search in multiple databases including PubMed, Medline, RCA and google scholar, using the search terms 
“abortions” or “medical/Legal termination of pregnancy” and “cardiac complications” or “cardiovascular complications” 
were conducted. All research studies, clinical studies, case series, and case reports with relevant clinical details were 
included.

Research results
The most common complications described in the literature following MTP were infective endocarditis (IE), takotsubo 
cardiomyopathy (TTC), arrhythmia, and sudden coronary artery dissection (SCAD). The most common valve involved in 
IE was the tricuspid valve. The most observed causative organism of endocarditis was group B Streptococcus. The most 
common type of TTC was apical. Bradycardia was the most common arrhythmia. All four cases of SCAD-P type pre-
sented as acute coronary syndrome with predominant involvement of the right coronary artery. Mortality was only 
reported following IE in 6.25%. Clinical recovery occurred after optimal medical management following all these complic-
ations.

Research conclusions
The most common CVD complications following the MTP are IE, TTC, bradycardia, and SCAD. Most of these complic-
ations are adequately treated with appropriate medical management.

Research perspectives
As per the authors’ knowledge, this is the first review detailing on the clinical profile, imaging details, complications, and 
outcomes of the various CVD complications following MTP.
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Abstract
BACKGROUND 
Cardiac arrest is a leading cause of mortality in America and has increased in the 
incidence of cases over the last several years. Cardiopulmonary resuscitation 
(CPR) increases survival outcomes in cases of cardiac arrest; however, healthcare 
workers often do not perform CPR within recommended guidelines. Real-time 
audiovisual feedback (RTAVF) devices improve the quality of CPR performed. 
This systematic review and meta-analysis aims to compare the effect of RTAVF-
assisted CPR with conventional CPR and to evaluate whether the use of these 
devices improved outcomes in both in-hospital cardiac arrest (IHCA) and out-of-
hospital cardiac arrest (OHCA) patients.

AIM 
To identify the effect of RTAVF-assisted CPR on patient outcomes and CPR 
quality with in- and OHCA.

METHODS 
We searched PubMed, SCOPUS, the Cochrane Library, and EMBASE from 
inception to July 27, 2020, for studies comparing patient outcomes and/or CPR 
quality metrics between RTAVF-assisted CPR and conventional CPR in cases of 
IHCA or OHCA. The primary outcomes of interest were return of spontaneous 
circulation (ROSC) and survival to hospital discharge (SHD), with secondary 
outcomes of chest compression rate and chest compression depth. The methodo-
logical quality of the included studies was assessed using the Newcastle-Ottawa 
scale and Cochrane Collaboration’s “risk of bias” tool. Data was analyzed using R 
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statistical software 4.2.0. results were statistically significant if P < 0.05.

RESULTS 
Thirteen studies (n = 17600) were included. Patients were on average 69 ± 17.5 years old, with 7022 (39.8%) female 
patients. Overall pooled ROSC in patients in this study was 37% (95% confidence interval = 23%-54%). RTAVF-
assisted CPR significantly improved ROSC, both overall [risk ratio (RR) 1.17 (1.001-1.362); P = 0.048] and in cases of 
IHCA [RR 1.36 (1.06-1.80); P = 0.002]. There was no significant improvement in ROSC for OHCA (RR 1.04; 0.91-
1.19; P = 0.47). No significant effect was seen in SHD [RR 1.04 (0.91-1.19); P = 0.47] or chest compression rate 
[standardized mean difference (SMD) -2.1; (-4.6-0.5)]; P = 0.09]. A significant improvement was seen in chest 
compression depth [SMD 1.6; (0.02-3.1); P = 0.047].

CONCLUSION 
RTAVF-assisted CPR increases ROSC in cases of IHCA and chest compression depth but has no significant effect 
on ROSC in cases of OHCA, SHD, or chest compression rate.

Key Words: Real-time audiovisual feedback; Cardiopulmonary resuscitation; Cardiac arrest; Return of spontaneous circulation; 
Survival to hospital discharge; Cardiopulmonary resuscitation quality

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Real-time audiovisual feedback (RTAVF) devices have been shown to significantly improve cardiopulmonary 
resuscitation (CPR) quality in manikin/simulation studies. Despite this improvement, previous reviews have not seen a 
translation into improvement in patient outcomes. This systematic review and meta-analysis is the largest one to-date 
conducted on this topic, including 13 studies and 17600 patients. We found that the use of RTAVF devices significantly 
improves CPR quality metrics of chest compression rate and depth. Contrary to prior literature, we found that usage 
significantly increases return of spontaneous circulation in cases of in-hospital cardiac arrest but does not improve survival 
to hospital discharge.
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INTRODUCTION
Nearly 356000 out-of-hospital cardiac arrest (OHCA) cases and 292200 in-hospital cardiac arrest (IHCA) cases occur 
annually in the United States, making cardiac arrest one of the leading causes of natural death in America[1-3]. In 
addition, the incidence of cardiac arrest cases has increased over the last twenty years, but little progress has been made 
in improving survival to hospital discharge (SHD) and functional status including neurological and cardiovascular 
outcomes[2,4]. Consequently, cardiac arrest places a significant burden on public health and society and remains 
important to research and manage effectively[5,6].

High quality cardiopulmonary resuscitation (CPR) increases survival outcomes in cases of cardiac arrest[7-14]. The 
International Liaison Committee on Resuscitation guidelines specifically emphasize the quality of manual chest 
compression, including proper hand position, hands off time, compression rate, and compression depth[15]. However, 
the quality of CPR performed by healthcare workers (HCWs) often does not meet recommended guidelines, with the 
average rate of chest compressions and compression depth being lower than recommended[16-25].

Real-time audiovisual feedback (RTAVF) devices have enabled improvement in consistency and quality of CPR both 
inside and outside the hospital[26,27]. The American Heart Association (AHA) and the International Liaison Committee 
on Resuscitation have recommended the use of RTAVF devices for CPR training[28-30]. Previous systematic reviews and 
meta-analyses examining the effect of RTAVF devices during cardiac arrest cases concluded that RTAVF-assisted CPR 
resulted in closer adherence to CPR guidelines but not improved patient outcomes[31,32]. However, these studies focused 
on simulation manikin studies, including only three human trials. This systematic review and meta-analysis aims to 
compare the effect of RTAVF-assisted CPR with conventional CPR and to evaluate whether the use of these devices 
improved outcomes in both in-hospital and OHCA patients.

https://www.wjgnet.com/1949-8462/full/v15/i10/531.htm
https://dx.doi.org/10.4330/wjc.v15.i10.531
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MATERIALS AND METHODS
Search Strategy
Database searches were performed by two independent authors in PubMed, SCOPUS, the Cochrane Library, and 
EMBASE with individualized search strategies developed for each database (Supplementary Table 1). The search 
included all studies from the establishment of the database to July 27, 2020 without language, methodology, or document 
filters. References cited in relevant reviews and included studies were also examined. The current systematic review and 
meta-analysis was constructed in accordance with the PRISMA 2009 guidelines.

Study Eligibility
Studies were included if HCWs were performing CPR using RTAVF devices, where HCWs were defined as anyone with 
medical training including physicians, nurses, paramedics, emergency medical services, physician assistants, and medical 
residents. Studies must compare RTAVF-assisted CPR with CPR performed without any device or disabled audiovisual 
feedback features on cardiac arrest patients, and complete data must be available with a minimum of two metrics 
reported with measures of central tendency and variability. Language was restricted to English. Simulation studies, 
animal studies, case reports, conference abstracts, reviews, trial protocols, and studies with incomplete or missing data 
were excluded.

Review Process and Data Collection
Abstracts of studies were reviewed for relevance by two independent authors. Abstracts with common agreement 
between reviewers were identified for further review of the full manuscript. Disagreements regarding the inclusion or 
exclusion of any studies were independently resolved by a third author. Data was extracted from articles selected for 
inclusion in the present study. Primary outcomes of interest were patient outcomes: return of spontaneous circulation 
(ROSC) and SHD. Secondary outcomes of interest were CPR quality metrics: chest compression rate and chest 
compression depth. Mean values and standard deviations were extracted from studies. Methodological quality was 
reviewed utilizing the Newcastle-Ottawa Quality Assessment scale for cohort studies and using the Cochrane Collab-
oration’s “risk of bias” tool for randomized controlled trials (RCT)[33,34]. Methodological quality was assessed by two 
independent authors with disagreements resolved by a third author.

Statistical Analysis
Data was analyzed using R statistical software 4.2.0. Random-effects models were used[35,36]. When values were 
presented as interquartile range or range or median, they were converted into mean and standard deviation for analysis 
using the methodology presented in Wan et al[37] 2014. Pooled risk ratio (RR) or standardized mean difference (SMD) 
was calculated for binary and continuous metrics respectively[38-40]. Heterogeneity was assessed using I2[41,42]. 
Publication bias was assessed using funnel plots and Egger’s tests. Results were statistically significant if P < 0.05.

RESULTS
Study Selection
A PRISMA flow diagram is shown in Figure 1. The systematic search of articles identified 9422 results. 102 full-text 
articles were identified as potentially relevant after title and abstract screening. Thirteen studies were included after full-
text review (Figure 1)[8,26,27,43-52]. Thirteen studies reported data on ROSC and ten reported data on SHD. Important 
characteristics for each study are summarized in Table 1.

Study Characteristics
A total number of 17600 participants from 13 studies were included for analysis. Patients were on average 69 ± 17.5 years 
old, with 7022 (39.8%) female patients. All studies were published between the years 2006 and 2020. Six studied the 
influence of RTAVF devices in OHCA, while six studied their influence in IHCA. One examined both OHCA and IHCA 
(Table 1)[44]. All studies examined adult populations, with Park et al[49] 2018 examining patients greater than 15 years 
old.

Risk of Bias
Risk of bias was assessed in all 13 studies. Of the studies included, four were RCTs[45,46,51,52]. Using Cochrane’s Risk of 
Bias tool, the risk of bias was assessed to be low risk in three RCTs and medium risk in one RCT (Supplementary Table 2). 
Using the Newcastle-Ottawa Scale, the risk of bias was assessed to be low in eight studies and medium in one study 
(Supplementary Table 3). Egger’s test found no evidence of publication bias in any outcomes of interest (Supplementary 
Figure 1).

Outcomes
Pooled ROSC was 37% (95% confidence interval (CI) = 23%-54%) (Supplementary Figure 2A). Park et al[49] 2018 was 
identified as a potential outlier using leave-one-out sensitivity analysis with the lowest survival rate of 9%. Visual 
inspection of the associated funnel plot found no clear asymmetry (Supplementary Figure 2B).

https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
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Table 1 Characteristics of included studies

Ref. Region Enrollment 
year n Female ROSC Setting Study type

Abella et al[26], 2007 United States 2002-2005 156 71 43% IHCA, adult patients Prospective cohort

Goharani et al[45], 2019 Iran 2015 900 546 55% IHCA, adult patients RCT

Hostler et al[46], 2011 United States, Canada 2007-2009 1587 1000 45% OHCA, adult (> 20 yr) RCT

Kramer-Johansen J et al
[27], 2006

London, Norway, 
Sweden 

2002-2003 284 106 19% OHCA, adult Non-randomized controlled 
trial

Lakomek et al[47], 2020 Germany 2016 196 112 54% OHCA, adult Non-randomized controlled 
trial

Vahedian-Azimi et al[52], 
2020

Iran 2013-2014 22 10 27% IHCA, adult RCT

Vahedian-Azimi et al[51], 
2016

Iran 2014 80 49 54% IHCA, adult (≥ 18 yr) RCT

Couper et al[43], 2015 England 2009-2013 400 182 40% IHCA, adult (≥ 18 yr) Prospective cohort

BoBrow et al[8], 2013 Arizona 2008-2011 484 162 23% OHCA, adult (≥ 18 
years)

Prospective cohort

Crowe et al[44], 2015 Arizona 2010-2013 101 27 42% OHCA/IHCA, adult Prospective before-after

Sutton et al[50], 2014 Pennsylvania 2011-2013 8 2 50% IHCA, children (1-8 
yr)

Prospective cohort

Lukas et al[48], 2012 Germany 2007-2011 638 184 50% OHCA, adults (> 18 
yr)

Retrospective Matched-pair 
analysis

Park et al[49], 2018 South Korea 2013-2016 12670 4571 9% OHCA, > 15 yr Before-after

ROSC: Return of spontaneous circulation; IHCA: In-hospital cardiac arrest; RCT: Randomized controlled trials; OHCA: Out-of-hospital cardiac arrest.

ROSC
Thirteen trials reported ROSC as an outcome of interest (n = 17600). ROSC occurred in 1693 patients (21.0%) in the 
RTAVF-assisted CPR group and 1602 patients (16.8%) in the conventional CPR group. All studies included data on ROSC 
in both the RTAVF-assisted CPR group and the conventional CPR group. Using a random-effects model, patients in the 
RTAVF group were significantly more likely to achieve ROSC than the conventional CPR group (RR 1.17; 95%CI = 1.001-
1.362; P = 0.048) (Figure 2).

Subgroup analysis revealed that the location of cardiac arrest was significantly correlated with patient outcomes (P 
value for interaction = 0.02) (Supplementary Figure 3). ROSC in the setting of IHCA was significantly improved in the 
RTAVF group (RR 1.36; 1.06-1.80; P = 0.002). However, ROSC in the setting of OHCA was not significantly different 
between the two groups (RR 1.04; 0.91-1.19; P = 0.47).

Potential causes of heterogeneity in ROSC were explored, with subgroup analysis on study type comparing RCTs with 
non-RCTs, and region comparing studies within Europe, Middle East/Asia, and North America (Supplementary Figure 
4). Heterogeneity remained significant within at least one subgroup in both analyses.

SHD
Ten trials reported SHD as an outcome of interest (n = 16684). SHD was reported in 994 patients (13.1%) in the RTAVF-
assisted CPR group and in 1028 patients (11.2%) in the conventional CPR group. No significant difference was found in 
SHD between the two groups (RR 1.23; 0.94-1.60; P = 0.12) (Figure 3). Subgroup analysis found no significant correlation 
between SHD and the location of cardiac arrest (P value for interaction = 0.26) (Supplementary Figure 5).

Secondary Outcomes
Eight studies reported compression rate as an outcome of interest (n = 2804). The average compression rate was 107.3 ± 
9.4 in the RTAVF-assisted CPR group and 117.5 ± 13.8 in the conventional CPR group, with a nationally recommended 
rate of 100-120 compressions per minute[53]. A non-significant difference was seen between the two, with patients in the 
intervention group receiving a lower compression rate [SMD -2.1; (-4.6-0.5); P = 0.09] (Supplementary Figure 6). While 
both groups had an average compression rate within the nationally recommended guidelines, the proportion of 
compressions that fell between 100-120 compressions per minute was likely higher in the intervention group than in the 
control group (Supplementary Figure 6). Eight studies reported compression depth as an outcome of interest (n = 2625). 
The average compression depth was 4.59 cm ± 0.91 cm in the intervention group and 4.24 cm ± 1.29 cm in the control 
group, with a nationally recommended compression depth of 5-6 cm in the average adult[53]. Neither group had an 
average compression depth that met AHA guidelines. However, a significant difference was seen between the two 

https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf


Sood N et al. RTAVF-assisted CPR on patient outcomes

WJC https://www.wjgnet.com 535 October 26, 2023 Volume 15 Issue 10

Figure 1  Preferred reporting items for systematic reviews and meta-analyses flow diagram of included and excluded articles.

Figure 2 Forest plot of return to spontaneous circulation. ROSC: Return of spontaneous circulation.

groups, with patients in the intervention group receiving a higher compression depth, closer to AHA guidelines [SMD 1.6 
(0.02-3.1); P = 0.047] (Supplementary Figure 7).

https://f6publishing.blob.core.windows.net/6ed4df94-c7ee-4c6d-b23f-153e697f3c09/WJC-15-531-supplementary-material.pdf
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Figure 3 Forest plot of survival to hospital discharge. SHD: Survival to hospital discharge.

DISCUSSION
This manuscript analyzed the most recent evidence with regards to the efficacy of real-time audiovisual feedback devices 
in improving CPR quality and patient outcomes. A total of 13 studies (n = 17600) were included, making it the largest 
study of this topic to date.

Currently, patient outcomes after cardiac arrest remain poor. This meta-analysis found an average ROSC of 37%, which 
is consistent with previous literature findings ranging between 13% and 72%[54-59].

The AHA mandated that beginning January 2019, all AHA courses that teach adult CPR will be required to use a real-
time audiovisual feedback device. These devices typically measure one or more of the following CPR metrics: Chest 
compression rate, depth, hand position, recoil, ventilation volume, ventilation rate, and hands-off time. Multiple types of 
feedback devices exist, including manikins with integrated sensors, devices that can be added to existing manikins, and 
hand-held devices that can be easily transferred from patient to patient[60]. As this meta-analysis examined the effect of 
using RTAVF devices during CPR on patient outcomes, the only type of RTAVF devices that were analyzed were hand-
held devices that can be used during CPR on patients, rather than manikin-based RTAVF devices.

Thirteen studies with a total of 17600 patients were analyzed. These studies were a mixture of 4 RCT, 2 non-RCT, 4 
cohort studies, 2 before-after studies, and 1 matched pair registry study. Studies took place across the globe with only 5 in 
the United States. These studies were both clinically and statistically heterogenous, with varying protocols and outcomes. 
Despite this heterogeneity, all studies did examine the primary outcome of ROSC with ten of thirteen also examining 
SHD.

Contrary to prior literature reviews, this analysis found that the use of real-time audiovisual feedback devices did 
significantly improve ROSC in cases of IHCA. This may be because prior meta-analyses included only three human 
intervention studies, while this meta-analysis had a larger number of studies and patients[31,32]. In addition, Kirkbright 
et al[32] 2013, Gugelmin-Almeida et al[31] 2021, and Lv et al[61] 2022 included only 1, 2, and 5 studies focusing on IHCA, 
respectively. This meta-analysis found that the location of cardiac arrest played a significant role in whether RTAVF 
devices influenced ROSC, with a significant increase in ROSC seen in cases of IHCA and no such increase seen in cases of 
OHCA. This could be another reason why prior reviews found no significant impact of RTAVF devices on ROSC. In 
particular, Lv et al[61] 2022 found that RTAVF-assisted CPR did not improve ROSC across all studies, but did not differ-
entiate between ROSC outcomes in IHCA and OHCA settings. These findings suggest that hospitals should prioritize the 
rollout and adoption of RTAVF devices in areas most likely to see IHCA, such as intensive care units, telemetry units, and 
EDs, rather than with paramedics or ambulances[62,63]. This difference in survival may be due to the inherent rushed 
nature of CPR for patients suffering OHCA. Unlike cases of IHCA where a dedicated HCW can focus exclusively on 
performing high quality CPR, in cases of OHCA, paramedics may be obligated to multi-task, performing CPR while also 
keeping track of the other required tasks to bring the patient into the hospital safely. As such, the quality of CPR may be 
reduced in cases of OHCA vs IHCA. Another explanation could be tied to the fact that the time-to-CPR from arrest is 
lower in cases of IHCA vs OHCA, and as such CPR quality may play a more important role in IHCA than in OHCA[64,
65].

Despite the increase in ROSC when using RTAVF devices, no similar increase was seen in SHD. This insignificance 
may relate to how CPR quality plays little role in the improvement of survival after ROSC. It could also be due to the 
presence of comorbidities including heart failure, sepsis, and myocardial infarction and that effective CPR is one factor 
among many steps required for improved survival. Without additional improvements in other steps required in the care 
of post-cardiac arrest patients, the increase in CPR quality may be insufficient to translate into improved SHD.

Repeated studies in the literature have shown that CPR quality when performed on manikins improves when using a 
RTAVF device[31,32]. Consistent with existing literature, this meta-analysis also found that CPR quality was increased in 
RTAVF-assisted CPR. The average compression rate in both groups fell within AHA guidelines, while the average 
compression depth in both groups fell outside of AHA guidelines[53]. However, for both compression rate and depth, the 
RTAVF group was more likely to have a higher proportion of compressions falling within guidelines compared to the 
conventional CPR group, showing that RTAVF-assisted CPR was superior to conventional CPR. Prior studies have shown 
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the importance of proper compression depth in patient outcomes[10,16,66]. In CPR training courses being taught with 
RTAVF devices, a larger focus should be put on achieving adequate compression depth.

Overall, the evidence suggests that RTAVF-assisted CPR is of superior quality than conventional CPR. In addition, 
RTAVF-assisted CPR has a small benefit in patient outcomes, specifically improving ROSC in cases of IHCA. However, 
this meta-analysis has multiple limitations. First, the studies examined were both statistically and clinically hetero-
geneous, with varying study parameters, outcomes, and designs, limiting the internal validity of the meta-analysis. This 
was partially accounted for using a random-effects model and by subgroup analysis, but not all heterogeneity could be 
accounted for. This may partially be due to the limitations of I2 as a metric for heterogeneity. This study contained 
relatively larger studies than most examining this topic, and prior literature has documented that as sampling error 
decreases, I2 tends to increase, which can erroneously lead to assumptions that clinical heterogeneity has also increased. 
In addition, as this meta-analysis examined the class of all RTAVF devices used in CPR, some degree of clinical hetero-
geneity is expected, as the expected effects of individual devices can vary. Second, nine of these thirteen studies were not 
RCT, which can introduce sources of both confounding and selection bias. However, ROSC outcomes of cardiac arrest 
patients are dependent upon many non-controllable factors that cannot undergo randomization including time from 
arrest to CPR initiation and presence of shockable rhythm which may limit the advantage an RCT would have over other 
nonrandomized studies designs. Third, this meta-analysis only examined RTAVF devices that could be used during CPR 
on patients rather than RTAVF devices that are built into manikins. As such, these results cannot be extrapolated to that 
class of RTAVF devices. Fourth, this meta-analysis only reviewed publications in the literature until 2020, precluding 
studies published thereafter from inclusion in this analysis. Fifth, this meta-analysis was limited by the evidence that 
could be extracted from prior reports in the literature, and evidence on long-term patient outcomes and neurological 
function from RTAVF-assisted CPR is lacking. Future research should examine such cohorts and associated long-term 
outcomes. In addition, further research into why the improvements seen in ROSC with RTAVF-assisted CPR were not 
translated into improvements in SHD is warranted, along with research examining which RTAVF device provides the 
highest improvement in patient outcomes and CPR quality.

CONCLUSION
This meta-analysis examined 13 studies (n = 17600) and found that RTAVF-assisted CPR resulted in a significantly 
increased rate of ROSC, specifically in cases of IHCA but did not improve SHD. This is a novel finding, with prior meta-
analyses finding that the use of RTAVF devices did not significantly improve patient outcomes. Consistent with what has 
been found previously, the use of RTAVF devices resulted in improved CPR quality, as measured by compression rate 
and depth.

ARTICLE HIGHLIGHTS
Research background
Cardiac arrest is a leading cause of mortality in America and continues to grow in prevalence. Cardiopulmonary 
resuscitation (CPR) increases survival outcomes in cases of cardiac arrest; however, healthcare workers often do not 
perform CPR within recommended guidelines. Real-time audiovisual feedback (RTAVF) devices provide live feedback 
on CPR performance and subsequently improves the quality of CPR performed.

Research motivation
Effective CPR in cardiac arrest is critical to emergent management and stabilization. RTAVF-assisted CPR devices may 
improve performance, compliance with recommended guidelines, and survival, therefore, this systematic review and 
meta-analysis seeks to compare the effect of RTAVF-assisted CPR devices with conventional CPR on patient outcomes in 
the setting of in-hospital cardiac arrest (IHCA) and out-of-hospital cardiac arrest (OHCA).

Research objectives
To investigate the impact of RTAVF-assisted CPR on patient outcomes and CPR quality with respect to in- and OHCA.

Research methods
The literature search was conducted on PubMed, SCOPUS, the Cochrane Library, and EMBASE from inception to July 27, 
2020, for studies reporting patient outcomes and/or CPR quality metrics between an RTAVF-assisted CPR and conven-
tional CPR in the setting of IHCA or OHCA. The primary outcomes of interest extracted and analyzed were return of 
spontaneous circulation (ROSC) and survival to hospital discharge (SHD). Data was analyzed using R statistical software 
4.2.0. Results were statistically significant if P < 0.05.

Research results
Thirteen studies (n = 17600) were included after deduplication, screening, and full-text analysis. Patients were on average 
69 ± 17.5 years old, with 7022 (39.8%) female patients. Overall pooled ROSC was 37% among all studies. RTAVF-assisted 
CPR significantly improved ROSC in the case of IHCAs and improved chest compression depth. No significant 
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improvements were seen in ROSC in cases of OHCA, SHD, or compression rate.

Research conclusions
This meta-analysis found that RTAVF-assisted CPR increases ROSC in the setting of IHCA but has no significant effect on 
ROSC in the setting of OHCA or SHD. Consistent with previous manikin simulation studies, the meta-analysis found that 
RTAVF-assisted CPR results in improvements in both chest compression rate and depth.

Research perspectives
Cardiac arrest remains a leading cause of mortality with increasing prevalence. The findings of this study suggest that 
RTAVF-assisted CPR may improve ROSC in the setting of IHCAs but not in the setting of OHCA. Hospitals should 
prioritize implementing RTAVF devices in areas with the highest rates of IHCA rather than to paramedics or ambulances.
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Abstract
BACKGROUND 
Congenitally corrected levo-transposition of the great arteries (L-TGA) is a 
congenital heart disease in which the ventricles and great arteries are transposed 
from their typical anatomy. In L-TGA, the double discordance, atrioventricular 
and ventriculoarterial, create an acyanotic milieu which allows patients to survive 
their early decades, however, progressive systemic right ventricle (sRV) dys-
function creates complications later in life. sRV dysfunction and remodeling 
predisposes patients to intracardiac thrombus (ICT) formation.

CASE SUMMARY 
A 40-year-old male with L-TGA presented with symptoms of acute decom-
pensated heart failure. In childhood, he had surgical repair of a ventricular septal 
defect. In adulthood, he developed sRV dysfunction, systemic tricuspid valve 
(sTV) regurgitation, and left-bundle branch block for which he underwent cardiac 
resynchronization therapy. Transthoracic echocardiogram showed a sRV ejection 
fraction of 40%, severe sTV regurgitation, and a newly identified sRV ICT. ICT 
was confirmed by ultrasound-enhancing agents and transesophageal echocardio-
graphy. Our patient was optimized with guideline-directed medical therapy and 
diuresis. Anticoagulation was achieved with a vitamin K antagonist (VKA) and he 
was later referred for evaluation by advanced heart failure and heart transplant 
services.

CONCLUSION 
Anticoagulation with VKA is the mainstay of treatment in the absence of 
conclusive data supporting direct oral anticoagulant use in ICT in patients with 
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congenital heart disease. This case illustrates the natural history of L-TGA and highlights the importance of 
surveillance and monitoring with dedicated cardiac imaging to identify complications.

Key Words: Levo-transposition of the great arteries; Systemic right ventricle; Congenital heart disease; Intracardiac thrombus; 
Anticoagulation; Direct oral anticoagulant; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with congenital heart disease such as levo-transposition of the great arteries experience progressive cardiac 
dysfunction and remodeling which manifests as heart failure. This predisposes patients to the formation of intracardiac 
thrombus (ICT). We present a case of progressive systemic right ventricle (sRV) dysfunction resulting in an apical thrombus. 
Review of literature identified no cases of sRV thrombus making this one of the first reports. Guidelines do not exist for 
anticoagulation in patients with congenital heart disease and ICT. Therefore, clinical decisions are extrapolated from antico-
agulation principles in patients without congenital heart disease. Considerations for direct oral anticoagulants in this 
population should be individualized and involve shared decision making.

Citation: Almajed MR, Almajed A, Khan N, Obri MS, Ananthasubramaniam K. Systemic right ventricle complications in levo-
transposition of the great arteries: A case report and review of literature. World J Cardiol 2023; 15(10): 542-552
URL: https://www.wjgnet.com/1949-8462/full/v15/i10/542.htm
DOI: https://dx.doi.org/10.4330/wjc.v15.i10.542

INTRODUCTION
Congenitally corrected transposition, or levo-transposition of the great arteries (L-TGA) is a rare congenital heart disease 
with an estimated prevalence of 0.4%-1.0% among patients with congenital heart disease[1,2]. The double discordance, 
atrioventricular and ventriculoarterial, creates an acyanotic milieu in which both pulmonary and systemic circulations 
exist and freely communicate[3]. This phenomenon, which is alluded to as “congenitally corrected”, allows patients to 
survive their early decades with minimal cardiac complications. A large prospective survival study found that 95.5% of 
patients survive the first month of life; 72.7% survive to the age of 3 and this percentage of patients continues to live to the 
age of 15[1]. Survival data among adults is variable due to the presence of different associated cardiac lesions and the 
heterogenous surgical interventions these patients undergo[4]. Among all patients with L-TGA, a minority survive 
beyond the fifth decade of life due to cardiac complications[5]. In those who undergo surgical correction as children, the 
10-year survival rate ranges from 60%-70%[6,7].

The natural history of L-TGA involves a wide spectrum of cardiac complications that manifest during early adulthood. 
The atypical anatomy and pathophysiologic circulation with the systemic right ventricle (sRV) in L-TGA predisposes 
patients to progressive sRV dysfunction, systemic tricuspid valve (sTV) regurgitation, and conduction defects including 
heart block[8]. Patients commonly present with clinical manifestations of heart failure as the lifetime prevalence is 34% in 
L-TGA as opposed to 1%-2% across the general population[9,10].

A large multicenter study found that by the age of 45, heart failure develops in 67% of patients with L-TGA and 
associated cardiac lesions whereas it develops in 25% of patients with L-TGA and no associated cardiac lesions[9]. 
Anatomical surgical repair, which aims to correct the double discordance by making the morphologic left ventricle the 
systemic ventricle and the morphologic right ventricle the pulmonary ventricle, is associated with higher survival rates 
and lower morbidity[11-13]. Physiologic surgical repair, which targets associated cardiac lesions without correcting the 
double discordance, is associated with higher rates of sRV dysfunction and mortality in adulthood[14].

We report a case of sRV thrombus in a patient with L-TGA who presented with acute decompensated heart failure 
(ADHF) and discuss the state of current literature regarding anticoagulation management.

CASE PRESENTATION
Chief complaints
A 40-year-old male with L-TGA presented to the hospital with ADHF. Upon review of systems, he had no chest pain, 
palpitations, lightheadedness, or syncope; he also denied cough, sputum production, or fever. He was not recently ill and 
had no sick contacts.

History of present illness
Symptoms started three-weeks prior to presentation with progressive shortness of breath on exertion, orthopnea, 
paroxysmal nocturnal dyspnea, and bilateral lower limb swelling. His symptoms were severe enough to make conver-
sation difficult and limited his activities of daily living.

https://www.wjgnet.com/1949-8462/full/v15/i10/542.htm
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Figure 1 Electrocardiogram showing an atrial-sensed ventricularly-paced rhythm without acute abnormalities.

History of past illness
His medical history was remarkable for L-TGA with an associated ventricular septal defect, he underwent physiologic 
surgical closure of the septal defect at three years of age. He was monitored by a pediatric cardiologist in childhood and 
early adulthood during; he remained free of cardiac symptoms during this time and was eventually lost to follow-up. At 
the age of thirty-five, he was hospitalized for ADHF and was found to have sRV dysfunction with severely reduced 
global systolic function and severe sTV regurgitation. He was also noted to have a progressive conduction disease as his 
previously known first degree atrioventricular block was replaced by a newly identified left-bundle branch block. He was 
medically managed for heart failure and underwent cardiac resynchronization therapy with biventricular pacemaker 
implantation. He followed with the advanced heart failure and transplant service but was then lost to follow-up for 
several years until this latest presentation to the hospital.

Personal and family history
The patient did not have a family history of congenital heart disease, heart failure, or respiratory illness.

Physical examination
During this presentation, the patient was tachycardic (108 beats per minute) and tachypneic (25-40 breaths per minute); 
blood pressure was 104/68 mmHg and he was not hypoxic on room air. Height was 168 cm and weight was 92 kg. 
Physical exam was positive for decreased bilateral breath sounds with mild crepitation. Jugular venous distension was 
present and pitting edema was noted in the bilateral lower limbs.

Laboratory examinations
Laboratory tests were notable for a brain natriuretic peptide of 472 pg/mL, high-sensitivity troponin of 16 ng/L, venous 
lactate of 1.2 mmol/L, and creatinine of 0.80 mg/dL (Table 1). Electrocardiogram showed an atrial-sensed ventricularly-
paced rhythm without acute abnormalities (Figure 1).

Imaging examinations
Chest X-ray was remarkable for cardiomegaly with small bilateral pleural effusions (Figure 2). Chest pulmonary 
angiography was negative for pulmonary embolism, pericardial effusion, or pneumothorax (Figure 3). His cardiac 
anatomy of L-TGA is visualized on chest computed tomography (Figure 4).

FURTHER DIAGNOSTIC WORK-UP
Our patient was managed for ADHF with guideline-directed medical therapy including diuresis with intravenous 
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Figure 2 Chest X-ray showing cardiomegaly with small bilateral pleural effusions with unremarkable pulmonary vasculature. Biventricular 
pacemaker is present at the right chest.

Figure 3 Chest pulmonary angiography demonstrating a levo-transposition of the great arteries cardiac anatomy. Examination was negative 
for pulmonary embolism, pericardial effusion, or pneumothorax.

furosemide 40 mg once daily, oral metoprolol succinate 50 mg once daily, oral losartan 50 mg once daily, and oral 
dapagliflozin 10 mg daily. He had rapid clinical improvement with resolution of his symptoms and was transitioned to 
oral diuretic as needed.

Transthoracic echocardiogram obtained prior to discharge showed a mildly reduced global sRV ejection fraction of 
40%, severe sAV regurgitation, and a newly identified apical thrombus in the sRV (Figures 5-8). Transesophageal 
echocardiogram confirmed this finding with visualization of a 2.07 cm by 1.43 cm well-circumscribed mass.

FINAL DIAGNOSIS
The final diagnosis was ADHF complicated by a systemic right ventricular thrombus in the setting of L-TGA.

TREATMENT
The presence of a sRV thrombus posed a dilemma given the limited literature on this topic. Our patient was antico-
agulated with a vitamin K antagonist (VKA) and later referred for evaluation by advanced heart failure and heart 
transplant services.
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Figure 4 Computed tomography of the chest detailing the patient’s cardiac anatomy of levo-transposition of the great arteries. Venous 
circulation consists of the right atrium, left ventricle, and pulmonary artery. Systemic circulation consists of the pulmonary vein, left atrium, right ventricle, and aorta. 
Patient has a left-sided aortic arch with typical configuration.

Figure 5 Transthoracic echocardiography demonstrating the patient’s classic levo-transposition of the great arteries anatomy. A: Right 
atrium; B: Venous left ventricle; C: Left atrium; D: Systemic right ventricle. Visualized is an apically displaced systemic tricuspid valve opening into systemic right 
ventricle.

OUTCOME AND FOLLOW-UP
On subsequent follow-up visits, our patient’s symptoms of heart failure continued to improve with medical optimization 
and cardiac rehabilitation. Transthoracic echocardiogram was performed 5 mo after the index echocardiogram that 
identified the sRV thrombus; it demonstrated interim resolution of the sRV thrombus with improvement in sAV 
regurgitation and estimated pulmonary artery systolic pressure (Table 2). Cardiopulmonary exercise testing (CPX) 
provides objective measures of cardiovascular fitness and allows them to be tracked over time; our patient’s peak oxygen 
uptake (peak VO2), a strong prognostic indicator in heart failure, showed improvement (Table 3). Tables 2 and 3 allow 
readers to understand the natural history and progression of L-TGA in adults by demonstrating findings from CPX and 
echocardiography from the patient’s initial visit in 2016 to the last known follow-up in 2022.

DISCUSSION
Intracardiac thrombus (ICT) involves the formation of a blood clot within the heart chambers. It typically occurs in the 
setting of acute myocardial infarction, left ventricular aneurysm, and cardiomyopathy with dilated chambers[15]. 
Pathophysiology of thrombus formation involves an interplay of prothrombotic state, tissue endothelial injury, and blood 



Almajed MR et al. Intracardiac thrombus of the systemic right ventricle

WJC https://www.wjgnet.com 547 October 26, 2023 Volume 15 Issue 10

Table 1 Pertinent laboratory investigations

Investigation Patient result Reference range

Sodium (mmol/L) 138 135-145

Potassium (mmol/L) 4.1 3.5-5.0

Chloride (mmol/L) 104 98-111

Carbon dioxide (mmol/L) 22 21-35

Blood urea nitrogen (mg/dL) 19 10-25

Creatinine (mg/dL) 0.80 < 1.28

Venous lactate (mmol/L) 1.2 < 2.1

High-sensitivity troponin (ng/L) 16 < 18

Brain natriuretic peptide (pg/mL) 472 < 50

Table 2 Cardiopulmonary exercise testing trend over time

Date of 
CPX

Peak HR 
(bpm)

Duration 
(min)

Peak VO2 
(ml/kig/min)

VO2 at anerobic 
threshold 
(ml/kig/min)

Peak VO2 (% 
of age 
predicted)

Peak 
RER

Actual 
METS 
achieved

VE-
VO2 
slope

Peak 
double 
product

O2 
pulse 
rest

O2 
pulse 
peak

June 16, 
2016

85 (46% 
predicted 
max)

12.0 18.2 13.5 47 1.28 5.2 28.0 11900 4 16

February 
16, 2017

145 (78% 
predicted 
max)

13.5 22.4 16.4 59 1.23 6.4 25.6 22040 4 12

September 
6, 2018

173 (94% 
predicted 
max)

10.5 20.1 - 58 1.20 5.7 28.8 25258 3 11

June 13, 
2022

173 (96% 
predicted 
max)

9.5 19.5 - 56 1.17 5.6 22.8 21106 3 11

CPX: Cardiopulmonary exercise testing; HR: Heart rate; METS: Metabolic equivalent of task; RER: Respiratory exchange ratio; VE: Ventilatory efficiency.

stasis as described by Virchow’s triad[16-18]. Systemic embolization of left-sided ICT results in clinical manifestations of 
stroke and transient ischemic attack, mesenteric ischemia and infarction, renal infarction, and acute limb ischemia. 
Pulmonary embolization of right-sided ICT results in pulmonary embolism. Diagnostic gold standard is identification of 
a thrombus on cardiac magnetic resonance imaging, although echocardiography with the use of echocardiographic 
contrast agents is a widely used initial modality[19].

ICT of the sRV is sparsely covered in the literature with limited data and guidelines available regarding the approach 
to management. Clinicians resort to extrapolating from practice standards for systemic left ventricular (sLV) thrombus. A 
review of literature identified no published case reports of sRV thrombus.

Current American and European guidelines for ICT in patients with structurally typical hearts are covered by class IIa, 
LOE C recommendations. Standard of care consists of anticoagulation with a VKA for 3-6 mo with an international 
normalized ratio (INR) target range of 2.0-3.0 followed by repeat imaging to assess for thrombus resolution[20,21]. 
Anticoagulation in this population has been shown to decrease major cardiovascular events including cerebral and 
systemic sequala of thrombus embolization[22]. Patients who have interval resolution of ICT on repeat imaging typically 
have anticoagulation discontinued, although some experts continue anticoagulation as a preventative measure in select 
patients with persistent and significant sLV wall hypokinesis due to the higher risk of recurrence[23]. In the absence of 
data on this population, patients with sRV dysfunction who develop right ventricular thrombus, such as our patient, can 
be similarly managed with anticoagulation using a VKA followed by repeat imaging.

Oral anticoagulant (OAC) agent of choice for the treatment of ICT has classically been a VKA as opposed to a direct 
OAC (DOAC), as early available literature demonstrated clinically significant difference in outcomes between the two 
agents. The largest study to date, a multicenter cohort study compared 514 patients with sLV thrombus and demon-
strated a higher risk for stroke and systemic embolism with DOAC therapy compared to VKA which suggests against 
efficacy equivalence[24]. However, more recent data derived from small-scale randomized controlled trials, cohort 
studies, and case series report similar outcomes and support the use of DOAC for sLV thrombus which has led experts to 
adopt it as an off-label alternative[23,25-31]. A recent scientific statement by the American Heart Association carried out a 
comprehensive meta-analysis of all published studies that compared VKA and DOAC use in sLV thrombus, it 
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Table 3 Echocardiography trend over time

Date of 
study Type of study sRV parameters sAV valve 

parameters vLV parameters vAV valve 
parameters

LA 
parameters

RA 
parameters

PA 
pressure 
(mmHg)

Other details

April 13, 
2016

Transthoracic Severely reduced global RV 
SF. Moderately enlarged RV

Severe Reg (sAV 
Reg Vmax 4.17 
m/s)

Mildly reduced LV SF (41%). 
Restrictive pattern of diastolic 
filling (G3)

Moderate-Severe Reg 
(vAV Reg Vmax 
346.72 cm/s)

Mildly 
dilated

Normal 51 Side by side great arteries, anterior aorta 
consistent with L Trasnpostion of the Great 
Arteries (congenitally corrected). S/P VSD 
repair with intact patch in basal septum

November 
10, 2016

Transthoracic Normal size and global 
systolic function (RV % FAC, 
A4C: 54.5%)

Moderate-Severe 
Reg (sAV Reg 
Vmax 5.28 m/s)

Mildly reduced LV SF (41%). 
Moderate hypokinesis of entire 
septal wall. Normal pattern of 
LV diastolic filling

Moderate Reg (vAV 
Reg Vmax 246.26 
cm/s). Mildly 
thickened

Mildly 
dilated

Dilated N/A S/P BiV PPM

February 
16, 2017

Transthoracic Mildly reduced global RV SF 
(RV % FAC, A4C: 44.7%). RV 
wall thickness is moderately 
increased

Severe Reg (sAV 
Reg Vmax 5.00 
m/s)

Mildly reduced LV SF (48%). 
Normal size

Mild-moderate Reg 
(vAV Reg Vmax 
332.84 cm/s)

Moderately 
dilated

Normal 52 Interim mild improvement in systemic RV 
function but persistent systemic AV valve 
severe regurgitation with moderate 
pulmonary hypertension

February 
27, 2017

Transthoracic EF 54% (biplane) EF 51% (A4C) Limited study to quantify ventricular 
function

September 
25, 2018

Transthoracic Mild dysfunction. RV wall 
thickness is moderately 
increased

Moderate-Severe 
Reg (sAV Reg 
Vmax 4.74 m/s)

Mildly reduced LV SF (47%). 
Normal size

Mild Reg (vAV Reg 
Vmax 243.67 cm/s)

Mildly 
dilated

Normal 32 Overall no major changes noted compared 
to prior studies eccept for mild fluctuations 
in systemic RV function.

May 1, 2022 Transthoracic Mildly reduced global RV SF 
(40%)

Moderate-Severe 
Reg (sAV Reg 
Vmax 4.71 m/s)

EF 45% Moderate Reg (vAV 
Reg Vmax 328.85 
cm/s)

Moderately 
dilated

Normal 46 There is a 1.3 cm × 1.3 cm, well circum-
scribed mass with echolucent center, seen 
apically, and likely represents a thrombus. 
Saline contrast bubble study -ve

May 4, 2022 Transesophageal N/A Moderate-Severe 
Reg (sAV Reg 
Vmax 2.46 m/s)

Moderately reduced LV SF 
(35%). Normal thickness

Moderate-Severe Reg 
(vAV Reg Vmax 
383.31 cm/s)

N/A N/A N/A Well-circumscribed mass measuring 2.07 
cm × 1.43 cm in the morphologic 
RV/Systemic ventricle with central 
echolucency. Saline contrast bubble study 
was negative

September 
30, 2022

Transthoracic Mildly reduced global RV SF 
(40-45%). Mildly enlarged 
sRV

Mild-Mod Reg Low-normal LV SF function Moderate-Severe Reg 
(vAV Reg Vmax 
228.43 cm/s)

Upper 
normal

Normal 24 Interim resolution of small systemic RV 
apical thrombus. Extensive trabeculation 
related to systemic RV hypertrophy noted

A4C: Apical 4 chamber; EF: Ejection fraction; FAC: Fractional area change; LA: Left atrium; LV: Left ventricle; PA: Pulmonary artery; PPM: Permanent pacemaker; RA: Right atrium; RV: Right ventricle; SAV: Systemic atrioventricular 
valve; SF: Systolic function; S/P: Status post; SRV: Systemic right ventricle; vAV: Venous atrioventricular valve; vLV: Venous left ventricle; VSD: Ventricular septal defect; N/A: Not applicable.

demonstrated no differences in therapeutic efficacy and safety; the statement concluded that the use of DOAC for sLV 
thrombus is a reasonable alternative to VKA[32]. This practice-changing statement is a yet to be reflected in society 
guidelines and adopted by other organizations.
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Figure 6 Transthoracic echocardiography in apical four chamber view showing an systemic right ventricle apical thrombus. This view 
highlights the importance of visualizing the true apex of the systemic right ventricle as the thrombus is not seen in Figure 5 where the apex is foreshortened.

Figure 7 Transthoracic echocardiography highlighting the systemic right ventricle apical thrombus. A 1.3 cm × 1.3 cm well circumscribed mass 
with an echolucent center.

Clinical consensus for the management of sRV thrombus in patients with congenital heart disease has been derived 
from the management principles of sLV thrombus in patients without congenital heart disease; it consists of OAC, 
interval repeat imaging, and case-by-case evaluation of anticoagulation duration. The advent of DOAC therapy has seen 
it become the OAC agent of choice for most anticoagulation indications which has raised questions regarding its applic-
ability in the treatment of sRV thrombus in the setting of the limited data. The international NOTE registry evaluated 530 
adults with congenital heart disease treated with OAC for various indications and concluded non-inferior efficacy and 
safety of DOAC use compared to VKA; subgroup analysis of 76 patients with sRV found high efficacy and safety rates[33,
34]. Another similar study of 215 patients with different congenital heart diseases quoted high efficacy rates but non-
negligible bleeding risks[35]. However, a retrospective cohort review of a German nationwide registry of 6504 adults with 
congenital heart disease on OAC determined that DOAC use was associated with higher rates of thromboembolism, 
bleeding, major adverse cardiac events, and all-cause mortality compared to VKA[36]. The discrepancy of results between 
the former and latter studies raises concerns can be explained by the significant heterogeneity including differences in age 
and complexity of lesions in the latter’s study population. In the absence of conclusive data supporting DOAC use in sRV 
thrombus in patients with congenital heart disease, VKA remains the OAC of choice.

Patients with sRV thrombus are typically younger than those with sLV thrombus given the earlier development of 
heart failure in the setting of congenital heart disease. The structural cardiac anomalies and abnormal hemodynamics are 
likely contributors to abnormal flow and blood stasis, this predisposes patients to thrombus formation. Younger patients 
are more likely to have educational and workplace commitments that cause time constraints. VKA therapy is particularly 
challenging in this population as dietary restrictions and frequent laboratory testing results in difficulty achieving and 
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Figure 8 Transthoracic echocardiography with intravenous contrast demarcating the apical thrombus in the systemic right ventricle.

maintaining therapeutic INR levels; lower time in therapeutic range is associated with higher risk of stroke in patients 
with sLV[37]. Further studies evaluating the safety and efficacy of DOAC agents in sRV thrombus are necessary.

CONCLUSION
Systemic right ventricular thrombus is a rare complication of congenital heart disease. We describe the first reported case 
of sRV thrombus in a patient with L-TGA who presented with ADHF. Management of this condition is driven by expert 
opinion and extrapolation of treatment principles from ICT in patients with structurally normal hearts.

In the absence of conclusive data supporting DOAC use in sRV thrombus in patients with congenital heart disease, 
VKA bridged with intravenous heparin or subcutaneous low-molecular weight heparin and remains the time-honored 
approach particularly in patients with recent large thrombi and in the setting of dysfunctional ventricles or slow flow 
states. Transitioning to a DOAC in these cases should be individualized to a patient characteristics and imaging features; 
it should involve shared decision making regarding limited and conflicting literature. This case illustrates the natural 
history of L-TGA and highlights the importance of surveillance and monitoring in this patient population to prevent and 
treat complications.
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