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Abstract
This editorial is intended to be a reflection on cardiovascular disease (CVD) 
burden in European ethnic minorities. In some European countries, ethnic 
minority realities, due to their recent appearance, are still to be studied in depth. 
The experience of several European countries, where the migration processes 
started earlier, even more than a century ago, can help by being an example. 
Many studies have shown that major differences in CVD burden exist not only 
between countries, but also within the same country when considering different 
social strata and ethnic groups. The CV risk factors underlying heart disease have 
been well established. Important epidemiological studies have helped us 
understand that the underlying causes of heart disease as well as the behaviors 
that can help prevent them are the same. We are now well aware that CVD should 
be treated by considering a holistic approach. This is why the social determinants 
(SDs) of health that may worsen the disease burden or that, vice versa, may 
improve the treatment, and even more significantly, the prognosis of a patient’s 
illness should be taken into consideration. For ethnic minority patients, this 
holistic, hermeneutic approach is of importance. Several SDs of health that 
influence CVDs have been identified but their relevance for the health of ethnic 
minorities has not yet been clearly defined. In some European countries, most 
ethnic minorities are largely also religious minorities. Only a few studies have 
evaluated the role of religion, which is an important SD that affects the probability 
of having CV risk factors and diseases. Adolescents, particularly those belonging 
to the second generation, seem to be the weak link. If we believe that these young 
people are really citizens of their country of birth, then a way of recognizing their 
belonging to the community starts from a will to better understand their 
condition, in order to assist them while they grow physically and mentally. 
Thinking about safeguarding the health of this population should be more than a 
health task, rather a goal of social justice.
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Core Tip: A wealth of data highlight the existence of important differences in cardiovascular (CV) disease burden within the 
same country, when considering different social strata and ethnic groups. Both CV diseases and risk factors have been 
shown to be related to several social determinants of health. Thus, in ethnic minority individuals, a holistic, hermeneutic 
approach should be considered.
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INTRODUCTION
With the end of the Cartesian dualism that the mind and body exist as distinct entities, the biomedical paradigm, 
according to which the cardiovascular (CV) system is merely a set of hydraulic pipes and an array of valves and pumps, 
has lost some of its predominance. In addition, the reduced prevalence and incidence of the most common intermediate 
risk factors (e.g. hypertension, diabetes, dyslipidemia, smoking, sedentary behavior), as a result of increasingly effective 
drugs and lifestyle changes and the improved surgical and interventional procedures for the correction of diseased pipes, 
valves and pumps, proved not to be enough to reduce CV morbidity and mortality[1]. Both longitudinal and cross-
sectional epidemiological studies have identified several important international, national and regional CV health 
gradients that cannot be explained with the sole use of the previous biomedical paradigm criteria.

In the field of cardiology, research on conventional risk factors has been successful in significantly reducing the CV 
disease (CVD) burden in ethnic minority individuals. With this approach, however, the feeling is to arrive probably when 
the game is almost over. Moreover, only a few studies have evaluated traditional CV risk factors and CVDs in European 
ethnic immigrants, and the landscape shows green patches with large barren areas[2]. However, over the last two 
decades, growing attention has been devoted to ethnic minorities in the scientific literature, although no definitive 
conclusion can be drawn on the effect of traditional CV risk factors in this population due to the limited number of 
studies, different outcome measures and sometimes inconclusive results. This disappointing situation has led clinicians 
and epidemiologists to search for novel risk factors to account for the lower CV morbidity and mortality observed in 
high-income countries[3] and to develop a new approach to better define the burden of CV risk factors and diseases.

According to this new paradigm, body organs, and particularly the CV system, are to be put in a model where the 
main essence of the human being should be considered, that is, its sociality. It is only by considering social factors such as 
socioeconomic, cultural, gender and ethnic issues that some of these inconsistencies could be adequately addressed. 
Therefore, both CV diseases and risk factors have been linked to several social factors that affect their occurrence 
positively or negatively. These social factors, largely occurring outside the formal medical and healthcare setting, include 
the social determinants (SDs) of CVDs[4], which are also defined as the causes of the causes of traditional CV risk factors
[5]. As outlined in the scientific statement from the American Heart Association, “at present, the most significant 
opportunities for reducing death and disability from CV disease in the United States lie with addressing the SD of CV 
outcomes”[4]. This holds true for industrialized countries, but also for developing countries.

Nowadays, we are well aware that CVDs should be treated with a holistic approach. For ethnic minority patients, this 
holistic, hermeneutic approach is even more important. Nevertheless, most health research funding is primarily allocated 
to tackle biomedical challenges, rarely addressing specifically the role of the SDs of health. The concept of SDs of health 
related to CVDs was first introduced in 1980, highlighting the increasing social inequalities[6] associated with increased 
CVD mortality in high-income countries[7]. One of the first reports to address this issue was the Black Report (named 
after chairman Sir Douglas Black, President of the Royal College of Physicians) published in the United Kingdom in 1980
[8]. The report showed that, among the British population, morbidity and mortality were unequally distributed, and that 
since the establishment of the National Health Service (NHS) in 1948, these inequalities have been increasing rather than 
diminishing. The conclusion of the report was that these inequalities were not related to shortcomings in the NHS, but 
rather to the fact that health is influenced by many other social inequalities, including income, education, housing, diet, 
and conditions at work. Thus, the report recommended to combat inequalities in health through a wide strategy of social 
policy measures. Since the formalization of the Commission of Social Determinants on Health by the World Health 
Organization (WHO) in 2005 chaired by Sir Michael Marmot, research on the SDs of health has increased significantly[9].

It is not easy to give a simple definition of the SDs of health. Sociology, and more in-depth medical sociology, deal 
extensively with this topic. The WHO Regional Office for Europe, which reflects much of the work developed at the 
International Centre for Health and Society at University College London, gives a comprehensive description of SD: “SD 
of health are the conditions in which people are born, grow up, live, work and age. These conditions influence a person’s 
opportunity to be healthy, his/her risk of illness and life expectancy. Social inequities in health–the unfair and avoidable 
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differences in health status across groups in society–are those that result from the uneven distribution of SD”[10]. Thus, 
according to the WHO definition, health and illness and the resources to prevent illness and its effects are not distributed 
randomly throughout human society[11]. Tackling these inequities should be a high priority at all levels of governance 
because from the social point of view it achieves health equity and avoids unfair, unjust, avoidable, and unnecessary 
suffering. Tackling these inequities is advantageous also economically because on the long run it reduces the costs of 
health services and increases government revenue by improving productivity[12]. Finally, addressing these issues is not 
only a moral and a human rights imperative, but it helps promoting human well-being, prosperity, and sustainable 
development[13].

Several SDs of health that influence CV risk factors and diseases have been identified but their relevance for the health 
of ethnic minorities has not yet been clearly defined. As outlined in a recent report of the WHO Regional Office for 
Europe, although Europe is regarded as one of the healthiest and most prosperous regions in the world, substantial 
health inequalities exist both between and within countries, with trends showing that these gaps did not change or 
widened over the last decades. The WHO stigmatizes health inequalities within and between countries by simply 
considering they should never happen[14].

Many reports have shown that health inequalities are particularly pronounced in European ethnic minorities[15]. 
Moreover, the recent coronavirus disease 2019 (COVID-19) pandemic disproportionately affected ethnic minority groups, 
and this trend was also observed among healthcare personnel. The higher incidence of COVID-19 in ethnic minorities is 
also related to their SDs of health[16]. However, it is worth noting that there is a difference between minority health and 
health disparities. Although some ethnic minority individuals or groups have higher socioeconomic position (SEP), are 
highly educated, and have adequate access to care and thus may have even better health outcomes than the general 
population, health disparities may persist suggesting that additional factors, such as biology, cultural and environmental 
interactions, and structural discrimination may contribute to health disparities[17].

Ethnic minorities have been present for more than a century in many northern European countries. Historically, in 
southern Europe, there have been religious minorities, but ethnic minorities began to settle after World War II, especially 
in the last three decades of the 20th century. Europe still needs migrant labor in many sectors to fill low-skilled jobs 
because of the falling of birth rates and the aging populations[2]. Nevertheless, while the first waves of immigrants were 
well accepted and managed to organize ethnic minority realities, more recent immigrants have found it difficult to be 
integrated and feel that they are not accepted. This is also related to the fact that after the recent economic downturns, in 
several European countries, anti-immigrant parties have made electoral gains with anti-ethnic and anti-Islamic rhetoric. 
This negative perception is now seriously affecting also the already settled ethnic minorities, especially Muslims.

The offspring of ethnic minorities, born and raised in Europe, should not be involved in such debates. Ethnic minority 
youth should be considered an integral part of the society to which they actually belong and should be protected through 
legal and policy measures. This goal could be achieved also by taking care of the health of ethnic minority individuals, as 
health is an essential element of well-being. However, data on ethnic minority health in Europe are heterogeneous, with 
little research dealing with the health of first-generation[18] and beyond first-generation migrants[19], limiting the 
possibility of monitoring and improving their health. Unfortunately, Europe does not have an institute such as the United 
States National Institute on Minority Health and Health Disparities or a law equivalent to the 1993 United States National 
Institutes of Health (NIH) Revitalization Act, which demand researchers to include in their studies ethnic minority 
populations, unless there is a scientific reason not to do so. In the United States, it is not legally, ethically, or scientifically 
acceptable to exclude ethnic minorities from scientific research[20].

In an era of budgetary constraints, the high costs of fieldwork implementation, alongside insufficient researchers’ 
experience to access ethnic minorities, and probably also lack of interest, are among the reasons for the scarcity of ethnic 
minority health research[21]. Conducting research that includes people from ethnic minority groups will allow European 
research to become equitable, ethical, and not institutionally racist. Advancing the understanding, for instance, of the 
relationships between CV risk factors and diseases[22] will improve the healthcare not only of ethnic minorities, but also 
of the general population. In this regard, research on international and national interethnic differences and similarities 
provides a unique view of the role of environmental and genetic factors in CVD development[23]. The health of the whole 
population improves when all segments of the population benefit from the health system. It is unfair if ethnic minorities 
are subject to direct or indirect social and health discrimination, increasing inequalities. In order to narrow the 
inequalities of ethnic minorities who have higher CV risk factor prevalence than the general population, their CV risk 
factors should be treated faster than those of the more advantaged ethnicities. Otherwise, the inequalities between 
different ethnicities will widen or, at best, remain unchanged[15]. Although this is not an easy goal to achieve, it 
represents a formidable challenge for public health research and practice.

As recently emphasized by the United States NIH, after “rigorous scientific approaches to minority health and health 
disparities, building on decades of studies addressing social inequality and health, behavioral epidemiology, and access 
to quality health care”, “it is not enough to identify factors that contribute to health disparities: Intervention science must 
be applied in full force to seek solutions”[24]. Ethnic minority health inequalities can be reduced by removing physical, 
behavioral and cultural barriers to healthcare, closing disparities in quality of care, designing public health strategies, and 
implementing interventions to reduce health risks at the community level. Practically, in the field of CVD, for instance, it 
means to screen African or South Asian ethnic individuals at a younger age, to use new approaches to estimate their risk, 
to start treatment at lower thresholds, to lower blood pressure therapeutic goals, to lower obesity cutoffs, and to 
intensively monitor them to reduce their high premature mortality[25,26].

Most European ethnic research usually focused on both first-generation immigrants and ethnic minorities despite the 
often-divergent needs of the two groups. Thus, the utility of dedicated research on ethnic minority adolescents[25]. 
Another issue is related to irregular or undocumented migrants who are not officially registered and to refugees, whose 
numbers are increasing. Although all EU member states have formally recognized the right for every person to the 
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highest attainable standard of physical and mental health, many of these individuals are not engaged in or able to afford 
health care[27]. On the other side, refugees are at increased CVD risk due to interruption of medical care along the 
migratory route, psychological stressors, post-traumatic stress syndrome, and racism. For these individuals, the organiza-
tional and administrative issues including language, cultural and communication barriers, alongside their economic 
situation, limits the possibility of controlling their CVD risk burden. Thus, refugees seem to have a different CV risk 
factor pattern than migrants from the same country[28].

Undoubtedly, primordial prevention, when correctly done, leads to good results. However, individual prevention and 
treatments are expensive, especially for those who are in the lower social strata, and do not always completely solve the 
problems. Today, not much can be done regarding the genetic or epigenetic causes of CVDs in ethnic minorities. In my 
opinion, however, the main task is to move medical prevention from a purely biomedical approach that analyses conven-
tional risk factors to give particular importance to the SDs of CVDs.

The end of the biomedical dominance has opened new horizons on the role of ethnicity and society and their dynamics 
in the determinism of diseases. Except for variations by country and age, no other epidemiological variable is as potent as 
ethnicity in exploring population-level differences in major CV risk factors and diseases[29]. The role of SDs of health is of 
special relevance if analyzed within ethnic minorities. This is because the society exerts a sui generis role in ethnic 
minorities. The existence of ethnic minorities is affected by the society in which they live. Thus, the role of SDs of health 
in individuals belonging to an ethnic minority is crucial. Particular attention should be given to the role of three SDs, 
which should not be considered singularly; rather their interaction should be sought.

Firstly, the role of the SEP as it is probably the most important SD factor, whose effects on the health of the whole 
society have been extensively studied[4]. In particular, the SEP of ethnic minority adolescents is conditioned by external 
factors linked to the type of the society in which they live, and also by internal factors related to the ethnic minority and 
the specific individual characteristics[30]. For ethnic minority adolescents as well as for autochthonous adolescents, the 
most commonly used SEP indicators are income, education level, employment, life course context, psychological stress, 
and neighborhood characteristics. It is not yet known to what extent the SEP of southern European ethnic minority 
adolescents is converging to that of autochthonous adolescents, similarly to what is happening in other European 
societies.

The acculturation process is the second SD. The Berry framework, which considers both the will to acquire the way of 
life of the host country and that to preserve the values of one’s own country of origin, is the one most studied[31]. Data 
from the literature show that ethnic minorities have different acculturation processes, and often these differences are 
present also within families of the same ethnic group or even between the same family members. Some communities, 
such as the Chinese, usually maintain traditional attitudes for generations, while communities from eastern European 
countries have greater assimilation attitudes, whereas other communities, such as those from the Middle East or North 
Africa, prefer integrational models. It is important to note that, despite having an impact, the acculturation process alone 
cannot account for the CV risk factor and disease burden of the various ethnic minorities due to its intrinsic difficulty in 
being understood and measured[32].

The third SD is religion; an important SD that affects the probability of having CV risk factors and diseases. In some 
European countries, most ethnic minorities are largely also religious minorities. Religion, despite being an important 
identity factor, is not usually taken into consideration in medicine[33], especially when it comes to young people. 
Nevertheless, religion was found to influence CV risk factors and diseases in adult populations[34]. For those who 
believe, religion may condition many elements of their life, beginning from simple nutrition to the acculturation process 
itself.

Adolescents, particularly those of beyond second generation and of mixed ethnic background couples, seem to be the 
weak link. If we really believe that these young people are citizens of their country of birth, then a way of recognizing 
their belonging to the community starts from a will to better understand their condition, in order to assist them while 
they grow physically and mentally. Thinking about safeguarding the health of this population should be more than a 
health task, rather a goal of social justice.

CONCLUSION
A wealth of data highlight the existence of important differences in CVD burden within the same country, when 
considering different social strata and ethnic groups. Both CV diseases and risk factors have also been shown to be related 
to several SDs of health. Thus, in ethnic minority individuals, a holistic, hermeneutic approach should be considered.

FOOTNOTES
Author contributions: Bamoshmoosh M wrote the editorial.

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

https://creativecommons.org/Licenses/by-nc/4.0/


Bamoshmoosh M. Cardiovascular diseases in European ethnic minorities

WJC https://www.wjgnet.com 102 March 26, 2024 Volume 16 Issue 3

Country/Territory of origin: Yemen

ORCID number: Mohamed Bamoshmoosh 0000-0002-9282-5231.

S-Editor: Li L 
L-Editor: Kerr C 
P-Editor: Zheng XM

REFERENCES
1 Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles WH, Capewell S. Explaining the decrease in U.S. deaths from 

coronary disease, 1980-2000. N Engl J Med 2007; 356: 2388-2398 [PMID: 17554120 DOI: 10.1056/NEJMsa053935]
2 Rechel B, Mladovsky P, Ingleby D, Mackenbach JP, McKee M. Migration and health in an increasingly diverse Europe. Lancet 2013; 381: 

1235-1245 [PMID: 23541058 DOI: 10.1016/S0140-6736(12)62086-8]
3 Harper S, Lynch J, Smith GD. Social determinants and the decline of cardiovascular diseases: understanding the links. Annu Rev Public 

Health 2011; 32: 39-69 [PMID: 21219168 DOI: 10.1146/annurev-publhealth-031210-101234]
4 Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S, Davey-Smith G, Dennison-Himmelfarb CR, Lauer MS, Lockwood 

DW, Rosal M, Yancy CW; American Heart Association Council on Quality of Care and Outcomes Research, Council on Epidemiology and 
Prevention, Council on Cardiovascular and Stroke Nursing, Council on Lifestyle and Cardiometabolic Health, and Stroke Council. Social 
Determinants of Risk and Outcomes for Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation 
2015; 132: 873-898 [PMID: 26240271 DOI: 10.1161/CIR.0000000000000228]

5 Kreatsoulas C, Anand SS. The impact of social determinants on cardiovascular disease. Can J Cardiol 2010; 26: 8C-13C [PMID: 20847985 
DOI: 10.1016/s0828-282x(10)71075-8]

6 Lee H, Kim D, Lee S, Fawcett J. The concepts of health inequality, disparities and equity in the era of population health. Appl Nurs Res 2020; 
56: 151367 [PMID: 33280788 DOI: 10.1016/j.apnr.2020.151367]

7 Martínez-García M, Salinas-Ortega M, Estrada-Arriaga I, Hernández-Lemus E, García-Herrera R, Vallejo M. A systematic approach to 
analyze the social determinants of cardiovascular disease. PLoS One 2018; 13: e0190960 [PMID: 29370200 DOI: 
10.1371/journal.pone.0190960]

8 The Health Foundation.   ‘Black report’ on health inequalities. Aug 30, 1980. [cited 31 January 2024]. Available from: https://navigator.
health.org.uk/theme/black-report-health-inequalities

9 Marmot M; Commission on Social Determinants of Health. Achieving health equity: from root causes to fair outcomes. Lancet 2007; 370: 
1153-1163 [PMID: 17905168 DOI: 10.1016/S0140-6736(07)61385-3]

10 World Health Organization Regional Office for Europe.   Social determinants for health. [cited 31 January 2024]. Available from: https://
www.who.int/health-topics/social-determinants-of-health#tab=tab_1

11 Okwuosa IS, Lewsey SC, Adesiyun T, Blumenthal RS, Yancy CW. Worldwide disparities in cardiovascular disease: Challenges and solutions. 
Int J Cardiol 2016; 202: 433-440 [PMID: 26433167 DOI: 10.1016/j.ijcard.2015.08.172]

12 World Health Organization Regional Office for Europe.   Social determinants of health, The solid facts. Second edition, 2003. [cited 31 
January 2024]. Available from: https://intranet.euro.who.int/__data/assets/pdf_file/0005/98438/e81384.pdf

13 World Health Organization.   Rio Political Declaration on Social Determinants of Health. Oct 21, 2011. [cited 31 January 2024]. Available 
from: https://www.who.int/publications/m/item/rio-political-declaration-on-social-determinants-of-health

14 World Health Organization Regional Office for Europe.   Review of social determinants and the health divide in the WHO European 
Region – final report. [cited 31 January 2024]. Available from: https://www.who.int/publications/i/item/9789289000307

15 Bhopal RS, Humphry RW, Fischbacher CM. Changes in cardiovascular risk factors in relation to increasing ethnic inequalities in 
cardiovascular mortality: comparison of cross-sectional data in the Health Surveys for England 1999 and 2004. BMJ Open 2013; 3: e003485 
[PMID: 24052612 DOI: 10.1136/bmjopen-2013-003485]

16 Ayoubkhani D, Nafilyan V, White C, Goldblatt P, Gaughan C, Blackwell L, Rogers N, Banerjee A, Khunti K, Glickman M, Humberstone B, 
Diamond I. Ethnic-minority groups in England and Wales-factors associated with the size and timing of elevated COVID-19 mortality: a 
retrospective cohort study linking census and death records. Int J Epidemiol 2021; 49: 1951-1962 [PMID: 33349855 DOI: 
10.1093/ije/dyaa208]

17 Duran D, Asada Y, Millum J, Gezmu M. Harmonizing Health Disparities Measurement. Am J Public Health 2019; 109: S25-S27 [PMID: 
30699026 DOI: 10.2105/AJPH.2019.304952]

18 Agyemang C. Lonely and bored stiff: challenging phase for ethnic minority and migrant health in Europe. Eur J Public Health 2016; 26: 898-
899 [PMID: 27742717 DOI: 10.1093/eurpub/ckw112]

19 Bamoshmoosh M.   Social determinants of health, the religiosity and cardiovascular diseases in Italy’s ethnic minority youth. Doctoral Thesis, 
The Sophia University. 2021

20 Authenticated United States Government Information.   One Hundred Third Congress of the United States of America. Joint Resolution 
designating January 16, 1994, as “Religious Freedom Day”. [cited 31 January 2024]. Available from: https://www.congress.gov/103/bills/
sjres154/BILLS-103sjres154enr.pdf

21 Ranganathan M, Bhopal R. Exclusion and inclusion of nonwhite ethnic minority groups in 72 North American and European cardiovascular 
cohort studies. PLoS Med 2006; 3: e44 [PMID: 16379500 DOI: 10.1371/journal.pmed.0030044]

22 Modesti PA, Agostoni P, Agyemang C, Basu S, Benetos A, Cappuccio FP, Ceriello A, Del Prato S, Kalyesubula R, O'Brien E, Kilama MO, 
Perlini S, Picano E, Reboldi G, Remuzzi G, Stuckler D, Twagirumukiza M, Van Bortel LM, Watfa G, Zhao D, Parati G; ESH Working Group 
on Hypertension and Cardiovascular Risk in Low Resource Settings. Cardiovascular risk assessment in low-resource settings: a consensus 
document of the European Society of Hypertension Working Group on Hypertension and Cardiovascular Risk in Low Resource Settings. J 
Hypertens 2014; 32: 951-960 [PMID: 24577410 DOI: 10.1097/HJH.0000000000000125]

http://orcid.org/0000-0002-9282-5231
http://orcid.org/0000-0002-9282-5231
http://www.ncbi.nlm.nih.gov/pubmed/17554120
https://dx.doi.org/10.1056/NEJMsa053935
http://www.ncbi.nlm.nih.gov/pubmed/23541058
https://dx.doi.org/10.1016/S0140-6736(12)62086-8
http://www.ncbi.nlm.nih.gov/pubmed/21219168
https://dx.doi.org/10.1146/annurev-publhealth-031210-101234
http://www.ncbi.nlm.nih.gov/pubmed/26240271
https://dx.doi.org/10.1161/CIR.0000000000000228
http://www.ncbi.nlm.nih.gov/pubmed/20847985
https://dx.doi.org/10.1016/s0828-282x(10)71075-8
http://www.ncbi.nlm.nih.gov/pubmed/33280788
https://dx.doi.org/10.1016/j.apnr.2020.151367
http://www.ncbi.nlm.nih.gov/pubmed/29370200
https://dx.doi.org/10.1371/journal.pone.0190960
https://navigator.health.org.uk/theme/black-report-health-inequalities
https://navigator.health.org.uk/theme/black-report-health-inequalities
http://www.ncbi.nlm.nih.gov/pubmed/17905168
https://dx.doi.org/10.1016/S0140-6736(07)61385-3
https://www.who.int/health-topics/social-determinants-of-health#tab=tab_1
https://www.who.int/health-topics/social-determinants-of-health#tab=tab_1
http://www.ncbi.nlm.nih.gov/pubmed/26433167
https://dx.doi.org/10.1016/j.ijcard.2015.08.172
https://intranet.euro.who.int/__data/assets/pdf_file/0005/98438/e81384.pdf
https://www.who.int/publications/m/item/rio-political-declaration-on-social-determinants-of-health
https://www.who.int/publications/i/item/9789289000307
http://www.ncbi.nlm.nih.gov/pubmed/24052612
https://dx.doi.org/10.1136/bmjopen-2013-003485
http://www.ncbi.nlm.nih.gov/pubmed/33349855
https://dx.doi.org/10.1093/ije/dyaa208
http://www.ncbi.nlm.nih.gov/pubmed/30699026
https://dx.doi.org/10.2105/AJPH.2019.304952
http://www.ncbi.nlm.nih.gov/pubmed/27742717
https://dx.doi.org/10.1093/eurpub/ckw112
https://www.congress.gov/103/bills/sjres154/BILLS-103sjres154enr.pdf
https://www.congress.gov/103/bills/sjres154/BILLS-103sjres154enr.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16379500
https://dx.doi.org/10.1371/journal.pmed.0030044
http://www.ncbi.nlm.nih.gov/pubmed/24577410
https://dx.doi.org/10.1097/HJH.0000000000000125


Bamoshmoosh M. Cardiovascular diseases in European ethnic minorities

WJC https://www.wjgnet.com 103 March 26, 2024 Volume 16 Issue 3

23 Gong Z, Zhao D. Cardiovascular diseases and risk factors among Chinese immigrants. Intern Emerg Med 2016; 11: 307-318 [PMID: 
26350421 DOI: 10.1007/s11739-015-1305-6]

24 Pérez-Stable EJ, Collins FS. Science Visioning in Minority Health and Health Disparities. Am J Public Health 2019; 109: S5 [PMID: 
30699033 DOI: 10.2105/AJPH.2019.304962]

25 Bamoshmoosh M.   Cardiovascular risk factors in migrants: beyond the first-generation. In: Modesti PA, Cappuccio FP, Parati G, eds. Ethnic 
Diversities, Hypertension and Global Cardiovascular Risk. Switzerland: Springer 2018: 271-298 [DOI: 10.1007/978-3-319-93148-7_21]

26 Perini W, Snijder MB, Agyemang C, Peters RJ, Kunst AE, van Valkengoed IG. Eligibility for cardiovascular risk screening among different 
ethnic groups: The HELIUS study. Eur J Prev Cardiol 2020; 27: 1204-1211 [PMID: 31345055 DOI: 10.1177/2047487319866284]

27 Lebano A, Hamed S, Bradby H, Gil-Salmerón A, Durá-Ferrandis E, Garcés-Ferrer J, Azzedine F, Riza E, Karnaki P, Zota D, Linos A. 
Migrants’ and refugees’ health status and healthcare in Europe: a scoping literature review. BMC Public Health 2020; 20: 1039 [PMID: 
32605605 DOI: 10.1186/s12889-020-08749-8]

28 Al-Rousan T, AlHeresh R, Saadi A, El-Sabrout H, Young M, Benmarhnia T, Han BH, Alshawabkeh L. Epidemiology of cardiovascular 
disease and its risk factors among refugees and asylum seekers: Systematic review and meta-analysis. Int J Cardiol Cardiovasc Risk Prev 2022; 
12: 200126 [PMID: 35199106 DOI: 10.1016/j.ijcrp.2022.200126]

29 Bhopal R, Rafnsson S. Global inequalities in assessment of migrant and ethnic variations in health. Public Health 2012; 126: 241-244 [PMID: 
22342833 DOI: 10.1016/j.puhe.2011.11.016]

30 Singh GK, Daus GP, Allender M, Ramey CT, Martin EK, Perry C, Reyes AAL, Vedamuthu IP. Social Determinants of Health in the United 
States: Addressing Major Health Inequality Trends for the Nation, 1935-2016. Int J MCH AIDS 2017; 6: 139-164 [PMID: 29367890 DOI: 
10.21106/ijma.236]

31 Berry JW, Phinney JS, Sam DL, Vedder P. Immigrant youth: acculturation, identity, and adaptation. Appl Psychol 2006; 55: 303-332 [DOI: 
10.1111/j.1464-0597.2006.00256.x]

32 Commodore-Mensah Y, Ukonu N, Cooper LA, Agyemang C, Himmelfarb CD. The Association Between Acculturation and Cardiovascular 
Disease Risk in Ghanaian and Nigerian-born African Immigrants in the United States: The Afro-Cardiac Study. J Immigr Minor Health 2018; 
20: 1137-1146 [PMID: 28852948 DOI: 10.1007/s10903-017-0644-y]

33 Collier KM, James CA, Saint S, Howell JD. Is It Time to More Fully Address Teaching Religion and Spirituality in Medicine? Ann Intern Med 
2020; 172: 817-818 [PMID: 32423346 DOI: 10.7326/M20-0446]

34 Koenig HG. Religion, spirituality, and health: the research and clinical implications. ISRN Psychiatry 2012; 2012: 278730 [PMID: 23762764 
DOI: 10.5402/2012/278730]

http://www.ncbi.nlm.nih.gov/pubmed/26350421
https://dx.doi.org/10.1007/s11739-015-1305-6
http://www.ncbi.nlm.nih.gov/pubmed/30699033
https://dx.doi.org/10.2105/AJPH.2019.304962
https://dx.doi.org/10.1007/978-3-319-93148-7_21
http://www.ncbi.nlm.nih.gov/pubmed/31345055
https://dx.doi.org/10.1177/2047487319866284
http://www.ncbi.nlm.nih.gov/pubmed/32605605
https://dx.doi.org/10.1186/s12889-020-08749-8
http://www.ncbi.nlm.nih.gov/pubmed/35199106
https://dx.doi.org/10.1016/j.ijcrp.2022.200126
http://www.ncbi.nlm.nih.gov/pubmed/22342833
https://dx.doi.org/10.1016/j.puhe.2011.11.016
http://www.ncbi.nlm.nih.gov/pubmed/29367890
https://dx.doi.org/10.21106/ijma.236
https://dx.doi.org/10.1111/j.1464-0597.2006.00256.x
http://www.ncbi.nlm.nih.gov/pubmed/28852948
https://dx.doi.org/10.1007/s10903-017-0644-y
http://www.ncbi.nlm.nih.gov/pubmed/32423346
https://dx.doi.org/10.7326/M20-0446
http://www.ncbi.nlm.nih.gov/pubmed/23762764
https://dx.doi.org/10.5402/2012/278730


WJC https://www.wjgnet.com 104 March 26, 2024 Volume 16 Issue 3

World Journal of 

CardiologyW J C
Submit a Manuscript: https://www.f6publishing.com World J Cardiol 2024 March 26; 16(3): 104-108

DOI: 10.4330/wjc.v16.i3.104 ISSN 1949-8462 (online)

EDITORIAL

Predictors of permanent pacemaker implantation following 
transcatheter aortic valve replacement-the search is still on!

Sudesh Prajapathi, Akshyaya Pradhan

Specialty type: Cardiac and 
cardiovascular systems

Provenance and peer review: 
Invited 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, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Demola P, Italy; Inoue 
N, Japan

Received: November 21, 2023 
Peer-review started: November 21, 
2023 
First decision: December 29, 2023 
Revised: January 12, 2024 
Accepted: February 18, 2024 
Article in press: February 18, 2024 
Published online: March 26, 2024

Sudesh Prajapathi, Akshyaya Pradhan, Department of Cardiology, King George's Medical 
University, Lucknow 226003, Uttar Pradesh, India

Corresponding author: Akshyaya Pradhan, FACC, FESC, FSCAI, FAPSIC, MBBS, MD, 
Professor, Department of Cardiology, King George's Medical University, Shahmina Road, 
Chowk, Lucknow 226003, Uttar Pradesh, India. akshyaya33@gmail.com

Abstract
Several anatomical, demographic, clinical, electrocardiographic, procedural, and 
valve-related variables can be used to predict the probability of developing con-
duction abnormalities after transcatheter aortic valve replacement (TAVR) that 
necessitate permanent pacemaker (PPM) implantation. These variables include 
calcifications around the device landing zone and in the mitral annulus; pre-
existing electrocardiographic abnormalities such as left and right bundle branch 
blocks (BBB), first- and second-degree atrioventricular blocks, as well as bifas-
cicular and trifascicular blocks; male sex; diabetes mellitus (DM); hypertension; 
history of atrial fibrillation; renal failure; dementia; and use of self-expanding 
valves. The current study supports existing literature by demonstrating that type 
2 DM and baseline right BBB are significant predictors of PPM implantation post-
TAVR. Regardless of the side of the BBB, this study demonstrated, for the first 
time, a linear association between the incidence of PPM implantation post-TAVR 
and every 20 ms increase in baseline QRS duration (above 100 ms). After a 1-year 
follow-up, patients who received PPM post-TAVR had a higher rate of hospital-
ization for heart failure and nonfatal myocardial infarction.

Key Words: Bundle branch block; Self expanding aortic valve; Atrioventricular node; 
Diabetes mellitus; QRS duration
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Core Tip: Several anatomical, demographic, clinical, electrocardiographic, procedural, and valve-related variables predict the 
probability of developing conduction abnormalities after transcatheter aortic valve replacement (TAVR) that necessitate 
permanent pacemaker placement. The current study reinforces the existing literature by demonstrating that type 2 diabetes 
mellitus and baseline right bundle branch block are significant predictors of pacemaker implantation post-TAVR. The study 
investigators also revealed a novel linear relationship between the post-TAVR incidence of pacemaker implantation with 
every 20 ms increase in baseline QRS duration. Interestingly, pacemaker implantation following TAVR was predictive of 
future cardiovascular events at 1 year.

Citation: Prajapathi S, Pradhan A. Predictors of permanent pacemaker implantation following transcatheter aortic valve replacement-
the search is still on! World J Cardiol 2024; 16(3): 104-108
URL: https://www.wjgnet.com/1949-8462/full/v16/i3/104.htm
DOI: https://dx.doi.org/10.4330/wjc.v16.i3.104

INTRODUCTION
High-grade atrioventricular (AV) block and new-onset left bundle branch block (BBB) are the most common conduction 
abnormalities that occur after transcatheter aortic valve replacement (TAVR). However, almost 50% of these may improve 
with the resolution of perivalvular edema and inflammation post-TAVR. Previous studies have demonstrated that 
approximately 60%–96% and 2%–7% of patients develop high-degree AV block within 24 and 48 h, respectively[1]. At 
present, a trend toward early discharge from the hospital post-TAVR (median day 2) has led to an increase in the 
incidence of permanent pacemaker (PPM) implantation post-TAVR. However, the overall rates of PPM implantation 
within 30 d of TAVR have remained constant (11%) since 2012[2]. Various anatomical, demographic, clinical, electrocardi-
ographic, procedural, and valve-related factors contribute to post-TAVR conduction blocks and have been previously 
reported. The anatomical proximity of the bundle of His and AV nodes to the aortic valve (Figure 1) and the direct 
mechanical injury to this conduction system during valve deployment, along with individual variation in the anteropos-
terior positioning of the AV node and His bundle close to the AV valve, increase the risk of developing post-TAVR heart 
block[3]. Mitral annular calcifications and calcifications near the device landing zone further increase this risk[4]. In 
addition, pre-existing electrocardiographic abnormalities, such as right and left BBB, first- and second-degree AV blocks, 
as well as bifascicular and trifascicular blocks, increase the necessity for PPM implantation during or after the procedure. 
Anatomically, the left bundle is anterior and closer to the aortic annulus and is prone to injury during valve deployment; 
this makes pre-existing right BBB among the most significant risk factors[4], aside from the patients’ clinical and 
demographic traits. A study that analyzed 62083 patients who underwent TAVR from 2012 to 2017 reported that male 
sex, diabetes mellitus (DM), hypertension, history of atrial fibrillation (AF), renal dysfunction, and dementia were 
significant predictors of PPM implantation within 30 d post-TAVR[2,5]. Both a history of AF and new-onset AF were 
found to be independently associated with an increased risk of PPM implantation post-TAVR. A meta-analysis revealed 
that new-onset AF is associated with mortality, stroke, major bleeding, PPM implantation, and longer in-hospital stay[6]. 
The use of self-expandable valves (SEV) was also found to pose a higher risk of conduction abnormalities post-TAVR 
than the use of balloon-expandable valves (BEV). In previous studies, the incidence rate of new-onset left BBB was found 
to be higher in patients who received a self-expandable CoreValve (Medtronic Inc., Minneapolis, MN, United States) 
(27%, range 9%–65%) than those who received the balloon-expandable Sapien valve (Edwards Lifesciences Inc., Irvine, 
CA, United States) (11%, range 4%–18%)[4]. However, there is a scarcity of data to compare new-generation SEVs with 
BEVs. A recent trial that compared the two valves demonstrated equivalence for primary valve-related efficacy endpoints 
of all-cause mortality, stroke, moderate or severe prosthetic valve regurgitation, and PPM implantation within 30 d post-
TAVR[7].

Various procedural factors such as transapical access, balloon pre- and post-dilation, prosthesis oversizing (more than 
15%–20%), and lower implantation depth also add to the risk (Figure 2)[4].

In a retrospective cohort study published in the journal by Nwaedozie et al[8], patients undergoing TAVR between 
2012 and 2019, were followed for 1 year. The effect of baseline DM, supraventricular arrhythmia, and pre-existing 
nonspecific interventricular conduction delay (QRS duration > 120 ms without any right BBB or left BBB morphology) on 
the incidence of PPM implantation post-TAVR was analyzed[8]. The study included 357 patients with a mean age of 80 
years. Of these patients, 57 (16%) required PPM implantation post-TAVR whereas the remainder did not. With the 
exception of type 2 DM, which predominated in the pacemaker group, baseline variables such as cardiac risk factors and 
valve type were similar across the two groups. In this study, the frequency of pacemaker implantation was significantly 
greater in individuals with pre-existing DM, pre-existing right BBB, QRS duration > 120 ms, and prolonged QTc interval. 
Furthermore, the incidence of pacemaker implantation continuously increased for every 20-ms increase in duration of 
baseline QRS segment (above 100 ms). A marginally significant finding was the association between preoperative 
supraventricular arrhythmia (AF, atrial flutter, junctional rhythm) and a higher incidence of PPM implantation. The 
association between DM and the risk of PPM implantation post-TAVR was also previously reported, although not 
extensively studied. The present study reported baseline DM as a significant predictor of pacemaker implantation post-
TAVR [adjusted odds ratio (OR) = 2.16]. Furthermore, a previous study has reported that pre-existing right BBB and QRS 
duration > 120 ms predict the need for PPM implantation post-TAVR[4]. However, this study vehemently indicated the 
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Figure 1 Anatomical proximity of the transcatheter aortic valve replacement valve to the cardiac conduction system. SA: Sino-atrial; AV: 
Atrio-ventricular.

Figure 2 Predictors of permanent pacemaker implantation after transcatheter aortic valve replacement[1-5]. RCC: Right coronary cusp; LCC: 
Left coronary cusp; NCC: Non-coronary cusp; AV: Atrioventricular; BBB: Bundle branch block.

increasing OR for the incidence of pacemaker implantation for every 20-ms increase in duration of QRS segment greater 
than 100 ms. No previous study has demonstrated such a collinear association between QRS duration and an increased 
risk of PPM implantation post-TAVR. Moreover, only a few studies in the literature have demonstrated the association of 
pre-existing nonspecific interventricular conduction delay, defined as QRS duration > 120 ms without any right BBB or 
left BBB morphology, with the risk of PPM implantation post-TAVR. Patients with a longer QTC interval had an OR of 
2.94 for PPM placement compared with those with a normal QTc interval due to the collinearity between the QRS and 
QTc intervals. The authors reported that QTc intervals and PPM implantation did not significantly correlate after strati-



Prajapathi S et al. Pacing risk prediction post TAVR

WJC https://www.wjgnet.com 107 March 26, 2024 Volume 16 Issue 3

fication by abnormal QRS intervals. In previous studies, a history of AF was found to be consistently associated with the 
incidence of PPM implantation post-TAVR. However, the present study reported that a history of supraventricular 
arrhythmia (composite of AF, atrial flutter, and junctional rhythm) is marginally associated with the risk of PPM 
implantation post-TAVR (P = 0.54), which appears to be a novel finding in the existing literature. This finding in the 
present study seems to have been driven by a higher number of patients with AF than those with atrial flutter and 
junctional rhythm in the supraventricular arrhythmia group. Contrary to the existing literature, this study did not show a 
statistically significant increase in the risk of PPM implantation with SEVs compared with BEVs. The authors owe this to 
the long experience of operators with SEV in their institution. Additionally, manufacturer-assisted changes in SEV 
implantation techniques such as usage of cusp overlap technique and shallower implantation of TAVR valve in the left 
ventricular outflow tract possibly avoid the anatomical proximity with the conduction system during TAVR. The invest-
igators reported a higher incidence of hospitalization for heart failure and nonfatal myocardial infarction (MI) at 1-year 
follow-up in the PPM cohort, with no difference in mortality. As this study is a retrospective review conducted in a single 
center, it might not accurately represent the situation in other geographical areas. Furthermore, the valves were not 
randomly assigned to the patients according to any predetermined criteria; rather, the assignment was decided by the 
multidisciplinary TAVR team. Although an equal distribution of valves in both groups was observed, the author claimed 
that this factor might not have affected the study results. This study supports the existing literature by demonstrating that 
type 2 DM and baseline right BBB are significant predictors of PPM implantation post-TAVR. For the first time, this study 
demonstrated a linear association between the incidence of PPM implantation post-TAVR and every 20-ms increase in 
duration of baseline QRS segment (above 100 ms). Thus, regardless of the side of BBB morphology, patients with a QRS 
duration above 100 ms are more likely to require permanent PPM implantation post-TAVR. The post-TAVR PPM cohort 
was also reported to have a higher rate of hospitalization for heart failure and nonfatal MI at 1-year follow-up, although 
no significant difference in mortality was observed. However, future studies are warranted to validate these findings, and 
the pathophysiological basis needs to be elucidated.

CONCLUSION
In summary, this study adds several unique predictors to the existing ones, such as a history of supraventricular 
arrhythmia and increased QRS duration above 100 ms. Interestingly, the use of SEV in this study did not result in a 
higher risk of PPM implantation compared with BEV, as previously reported. This could be due to manufacture-assisted 
changes in SEV implantation techniques, allowing shallow implantation depth. The present study supports the existing 
literature by demonstrating that type 2 DM and baseline right BBB are significant predictors of PPM implantation post-
TAVR.
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Abstract
Autophagy is a prosurvival mechanism for the clearance of accumulated 
abnormal proteins, damaged organelles, and excessive lipids within mammalian 
cells. A growing body of data indicates that autophagy is reduced in aging cells. 
This reduction leads to various diseases, such as myocardial hypertrophy, 
infarction, and atherosclerosis. Recent studies in animal models of an aging heart 
showed that fasting-induced autophagy improved cardiac function and longevity. 
This improvement is related to autophagic clearance of damaged cellular 
components via either bulk or selective autophagy (such as mitophagy). In this 
editorial, we summarize the mechanisms of autophagy in normal and aging 
hearts. In addition, the protective effect of fasting-induced autophagy in cardiac 
aging has been highlighted.
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Core Tip: Autophagy is an essential mechanism for the clearance of harmful cellular components, which accumulate with 
age. However, autophagic machinery decreases with age, resulting in various diseases, such as cardiac hypertrophy. 
Recently, fasting-induced autophagy has been reported to improve cardiac function in animal models of aging via normal-
ization of defective autophagic machinery. Therefore, autophagy is an important target for the prevention of cardiac 
pathologies in the geriatric population.

Citation: Parvaresh H, Paczek K, Al-Bari MAA, Eid N. Mechanistic insights into fasting-induced autophagy in the aging heart. World 
J Cardiol 2024; 16(3): 109-117
URL: https://www.wjgnet.com/1949-8462/full/v16/i3/109.htm
DOI: https://dx.doi.org/10.4330/wjc.v16.i3.109

INTRODUCTION
Cardiac aging
Improvements in treatment procedures have contributed to increased life expectancy and growth in the aged population, 
especially in industrialized countries[1]. Aging is associated with a structural and functional decline in multiple organs, 
such as the heart. A sedentary lifestyle can also accelerate the incidence of aging-related diseases, including cardio-
vascular disease (CVD)[2-5].

Cardiovascular aging affects both the heart and the blood circulation system through slow and progressive alterations 
that can result in the development of left ventricular hypertrophy, diastolic dysfunction, coronary artery disease, stroke, 
hypertension, atherosclerosis, atrial fibrillation, and heart failure[6-9]. Aortic valve sclerosis is a valvulopathy associated 
with aging and is characterized by myxomatous degeneration, collagen deposition, and progression to aortic stenosis 
(AS)[10]. AS is an indicator of increased CVD risk and is mainly defined as increased leaflet calcification and decreased 
leaflet mobility[11]. Moreover, approximately 13%-16% of elderly people suffer from aortic regurgitation[12], which 
results in left ventricular dilation and dysfunction over time. Another valvular change related to aging is mitral annular 
calcification, which usually accompanies aortic valve sclerosis[13].

The free radical theory of aging and the mitochondrial theory have been suggested to explain the cellular deterioration 
observed in aging and suggest that the age-related decline in mitochondrial function and structure is a major driver of 
cardiomyocyte senescence, which causes endothelial dysfunction, alteration in the vasculature, and/or vascular injury
[14].

Cellular senescence is activated following multiple stressors, including the elevation of reactive oxygen species (ROSs); 
proinflammatory cytokines; and metabolic, mechanical, and chemical toxicity. Cellular senescence impairs the repair and 
regeneration of damaged cells in cardiovascular tissues[15-17]. Cellular senescence is characterized by genome instability, 
telomere attrition, and mitochondrial dysfunction[18].

Dysfunctional mitochondria produce less ATP while also generating increased amounts of ROS[19], exposing aged 
cardiomyocytes to high levels of oxidative stress. Autophagic and proteasomal degradation are the main mechanisms for 
the removal of damaged mitochondria and abnormal proteins in aged postmitotic cardiomyocytes. However, these 
mechanisms decline with age[20]. Eventually, when these mechanisms are unable to compensate for the accumulated 
cellular damage, stem-cell exhaustion and altered intercellular communication occur, further contributing to aging[18].

Autophagy in cardiac aging: Reduced autophagy accelerates cardiac aging
Autophagy activity is usually reduced with age[21]. A decrease in autophagy in the hearts of aged flies[22] and aged 
C57BL/6 mice (20-26 months old) has been reported[23,24].

Autophagy is a protective housekeeping mechanism critical for cellular homeostasis and survival. Long-lived, 
damaged, and dysfunctional organelles; misfolded proteins; and invading pathogens are eliminated through this 
degradation process, providing building components for cellular renovation to effectively adapt cells to stressful 
conditions, such as nutrient deprivation, hypoxia, or oxidative stress[25,26].

Autophagy can be selective or nonselective. Under starvation conditions, the protein and any cytoplasmic content can 
be non-selectively targeted for catabolic recycling to maintain cellular energy production. However, there are also 
selective forms of autophagy that specifically target damaged organelles. For instance, mitophagy is a type of autophagy 
that selectively removes damaged mitochondria[27]. Mitochondria play a substantial role in cellular functions as well as 
cellular death. Thus, mitochondrial dysfunction is a crucial determinant of lifespan across species[28,29].

Three types of autophagy have been recognized: Macroautophagy, microautophagy, and chaperone-mediated 
autophagy, all of which lead to the turnover of intracellular components via various mechanisms. “Autophagy” is a term 
that generally refers to macroautophagy, which is the most prevalent form of autophagy[30,31].

Molecular machinery of autophagy
Autophagy is initiated when several autophagy-related gene products (Atg1-Atg12) and other proteins are organized to 
form a phagophore. These proteins consist of at least five molecular components that mediate fusion between autopha-
gosome (AP) and lysosomes: (1) The Atg1/unc-51-like kinase complex; (2) the Beclin 1/class III phosphatidylinositol 3-
kinase (PI3K) complex; (3) Atg9 and vacuole membrane protein 1; (4) two ubiquitin-like proteins (Atg12 and Atg8/LC3) 

https://www.wjgnet.com/1949-8462/full/v16/i3/109.htm
https://dx.doi.org/10.4330/wjc.v16.i3.109


Parvaresh H et al. Fasting-induced autophagy in the aging heart

WJC https://www.wjgnet.com 111 March 26, 2024 Volume 16 Issue 3

conjugation systems; and (5) proteins that mediate fusion between APs and lysosomes[25,32].
The initial step of AP formation starts with Beclin1 (Atg6) and class III PI3K, which play crucial roles in vesicle 

isolation. Other Atg proteins are involved in Beclin-1-mediated formation of the Class III PI3K complex. In the next step, 
the AP undergoes elongation via two conjugation systems. First, Atg12 is conjugated to Atg5 with the help of Atg7 and 
Atg10[33,34], followed by the conjugation of phosphatidylethanolamine to microtubule-associated protein 1 LC3 via Atg4, 
Atg7 and Atg3. Consequently, the cytoplasmic LC3 (LC3-I) is converted to membranous (LC3-II) form, which is 
responsible for formation and maturation of the AP[35]. In the end, fusion of APs and lysosomes occurs with the 
formation of autolysosome (AL) for degradation and recycling[36].

The protein kinases mammalian target of rapamycin (mTOR) and AMP-activated protein kinase (AMPK) are 
implicated in the regulatory mechanisms of autophagy. Autophagy is inhibited by the mTOR. Phosphorylation of Unc-51 
Like autophagy activating kinase-1 (ULK1) by AMPK is involved in autophagy promotion, although mTOR represses this 
process[37]. Figure 1 demonstrates the various mechanisms of autophagy in mammalian cells.

Autophagy in the heart
Accumulating evidence reveals that autophagy plays essential homeostatic roles in the heart under normal physiological 
conditions and during the aging process; additionally, it has an essential role in improving the immune response and 
reducing inflammation[38]. Consequently, any perturbations to this process in the cardiovascular system can elicit 
harmful effects on health.

Autophagy attenuates with age and has serious implications for heart structure and function. A decrease in autophagy 
causes the development of heart failure, hypertension, atherosclerosis, and ischemic heart disease[39].

Mitophagy is the selective autophagic clearance of damaged mitochondria and is crucial for the bioenergetics of the 
cardiovascular system; thus, mitophagy dysfunction is generally accompanied by cardiac disorders[27,40,41]. In addition, 
studies have suggested that autophagic degradation of damaged mitochondria decelerates cardiovascular senescence and 
has a positive effect on the healthy lifespan of animals[42-44].

Age-induced impairment of autophagy
Cardiomyocytes undergo age-related changes in proteostasis pathways, resulting in calcium homeostasis impairment, 
ROSs induction, hypertrophy and fibrosis, and eventual structural damage and diminished cardiac function. Moreover, 
with age, the MTOR-1 complex is significantly upregulated, and the AMPK pathway is downregulated. In addition, 
transcription factors involved in autophagy and lysosomal proteins such as TFEB and Forkhead transcription factor 
(FOXO) 3 are deactivated with advanced aging, resulting in reduced expression of autophagy genes[28-31].

Any defect in the autophagy process accelerates aging; likewise, aging is suppressed when autophagy is stimulated. 
Deletion of atg5, a cardiac-specific autophagy-related gene, in adult mice leads to an accelerated aging phenotype, 
including the development of cardiac hypertrophy, left ventricular dilatation, and contractile dysfunction[20,45].

Mutations in the atg4c gene increase the risk of heart disease in elderly patients and eventually death[46]. 
Cardiomyocyte-specific deletion of glycogen synthase kinase-3 in mice reduced basal autophagy levels and accelerated 
cardiac aging[47]. Dysfunction of autophagy with age slows the turnover of damaged proteasomes and contributes to 
age-associated CVD and cardiomyocyte senescence[48]. Mitophagy is impaired in aged mice, and mitophagy induction 
improves mitochondrial function and reduces arterial wall stiffness[49].

Acyl-coenzyme A binding protein (ACBP), which is encoded by a diazepambinding inhibitor (DBI), acts as an 
extracellular feedback inhibitor of autophagy[50]. It appears that high ACBP/DBI values correlate with future 
cardiovascular events (such as heart surgery, myocardial infarction, and stroke), suggesting that ACBP/DBI is indeed a 
biomarker of biological aging[39].

Mechanisms underlying age-related cardiac remodeling: involvement of autophagy
Although there are many potential causes underlying the decline in cardiovascular function with age, a major 
determinant of the aging process is likely the progressive loss of quality control due to reduced autophagy.

Hyperactivation of mTOR and reduced AMPK activity[51] in old age can directly inhibit autophagy by inactivating the 
pro-autophagic ULK1 complex[52], contributing to the downregulation of autophagy activity.

It is conceivable that exposure to excessive ROS during aging promotes the accumulation of oxidized proteins, 
mitochondrial DNA mutations, and protein misfolding[53]. Additionally, several cytosolic and mitochondrion-localized 
proteins involved in autophagy regulation become dysfunctional, thus contributing to abnormal mitochondrial turnover 
and the removal of damaged mitochondria[54]. This chain of events results in impaired autophagy due to exhaustion of 
the aged autophagic machinery.

In addition, it has been proposed that a hallmark of aging in postmitotic cells, such as cardiomyocytes, is the 
aggregation of nondegradable structures inside lysosomes, termed lipofuscin, which impedes lysosomal function and 
therefore can likely inhibit autophagy[55].

It has been shown that intracellular calcium has a key regulatory effect on cardiomyocyte autophagy. Inositol 1,4,5-
trisphosphate (IP3) receptors mediate calcium release and transfer to mitochondria. This process inhibits autophagy by 
suppressing AMPK activation[56]. Since evidence has shown that IP3 receptors are upregulated in the aged, hyper-
trophied, and failing myocardium of rodents[57] and humans[58], increased IP3 receptor-mediated calcium signaling 
likely exacerbates autophagy in the aging heart[59].

FOXO and sirtuin proteins are also major metabolic regulators that mediate age-related vascular changes, particularly 
endothelial dysfunction[9].
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Figure 1 Molecular mechanisms of various stages of autophagy. Autophagy is activated in response to various cellular stresses and is triggered by a 
decrease in rapamycin complex 1 (mTORC1) activity due to the activation of AMP-activated protein kinase (AMPK) or p53 signaling. mTORC1 suppresses the activity 
of Unc-51-like autophagy activating kinase 1 (ULK1) complex. Therefore, inhibition of mTORC1 causes the initialization of the ULK1-mediated formation of the 
isolation (autophagosomal) membrane (IM) in association with the class III phosphatidylinositide 3-kinase complex. The IM expands into an autophagosome (AP) with 
a double-layer membrane, which can engulf any cellular component, including proteins, damaged organelles, and lipid droplets. The AP merges with the lysosome (
via LAMP-1, 2), forming autophagolysosome or autolysosome (AL), and resulting in the degradation of the cargo by cathepsins and the autophagic lysosome 
reformation. The nucleation, elongation and maturation of the IM are dependent on two ubiquitin-like conjugation systems (ATG12 and ATG8), which involve multiple 
autophagy proteins, including Beclin1, ATG5, ATG16 and MT-associated protein 1 LC3. The AL provides an acidic milieu for hydrolytic enzymes to digest the 
engulfed components. Nuclear localization of transcription factor EB is critical to the formation of lysosomes and to the enhanced expression of autophagy proteins. 
Importantly, autophagy could be selective of mitochondria (mitophagy) or ER (ER-phagy). However, the detailed mechanisms of this selected autophagy are beyond 
the scope of this study[28]. AMPK: AMP-activated protein kinase; PI3KC3: Phosphatidylinositide 3-kinase complex; APL: Autophagolysosome; AL: Autolysosome; 
ALR: Autophagic lysosome reformation; IM: Isolation (autophagosomal) membrane; TFEB: Transcription factor EB; mTORC1: Rapamycin complex 1. Citation: Al-Bari 
MAA, Ito Y, Ahmed S, Radwan N, Ahmed HS, Eid N. Targeting Autophagy with Natural Products as a Potential Therapeutic Approach for Cancer. Int J Mol Sci 2021; 
22: 9807. Copyright ©The Author(s) 2021. Published by MDPI.

Dietary activation of autophagy in the heart via caloric restriction or fasting
Dietary interventions involving caloric restriction (CR) and fasting are among several stress stimuli that can induce 
autophagy in response to food deprivation[60-62]. CR was defined as a reduction in caloric intake using a diet containing 
adequate amounts of protein, vitamins, and minerals[63]. CR is a potent inducer of autophagy in the heart[64], and its 
positive impacts on health and lifespan in various model organisms, primates and humans have been studied[65-67]. CR 
is the most potent physiological stimulus of autophagy and ameliorates cardiac dysfunction (systolic and diastolic) and 
attenuates myocardial hypertrophy and fibrosis at the cardiomyocyte level. CR reduces mitochondrial damage, lipid 
accumulation, oxidative stress, apoptosis, telomere shortening, senescence marker levels, and circulating proinflam-
matory cytokine levels[68].

Autophagy plays an important role in CR-mediated longevity[69] via clearance of damaged mitochondria, reduction of 
oxidative stress, improvement of insulin sensitivity and suppression of inflammatory responses[61,62].

Short-term CR for 10 wk in mice rejuvenated symptoms of the aging heart, such as significant improvement in diastolic 
function and regression of age-dependent cardiac hypertrophy[70]. Moreover, CR reversed age-dependent cardiac 
proteome remodeling and mitigated oxidative damage and ubiquitination in these mice.

In aged animals, hypertrophy, and fibrosis, as well as systolic and diastolic dysfunctions, improved after CR[68,71]. 
The beneficial effects of CR observed in cardiomyocytes include enhanced mitochondrial fitness and reduced oxidative 
stress, apoptotic cell death, inflammation, and importantly, senescence[68]. In vasculature, CR helps improve endothelial 
cell function and attenuates collagen deposition, elastin remodeling, and oxidative stress; as a result, CR reduces arterial 
stiffness[72]. Another study revealed improvements in numerous markers of cardiovascular health in humans after short-
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term periodic fasting, which is also a pro-autophagic dietary regimen[73].
Intermittent fasting (IF) has attracted the attention of researchers as a dietary intervention associated with better 

compliance and long-term adherence than CR in recent years[74]. IF consists of regular cycles of times with no or minimal 
caloric intake interrupted by periods of normal food consumption. Alternate day fasting delays cardiac aging in rats, as 
determined by reduced hypertrophy and fibrosis[75,76] and extended lifespan[77]. The advantageous effects of life-long 
alternate-day fasting were attributed to reduced phosphoinositide 3-kinase signaling, which was associated with reduced 
myocardial collagen deposition, oxidative stress, inflammatory markers, and B-type natriuretic peptide levels[75,78].

A fasting-mimicking diet (FMD) is considered another form of dietary intervention in which individuals consume low 
amounts of calories, sugars, and proteins but high amounts of unsaturated fats. Studies of FMD effects in mice have 
shown improved cognitive function and a rejuvenated immune system, in addition to promoting lifespan and health 
factors by reducing cancer incidence, obesity, and inflammation[79]. FMD was investigated in humans, and the findings 
showed reduced age-related CVD risk factors, including reduced blood pressure, body mass index, fasting glucose, and 
inflammation, as well as an improved lipid profile[80].

The efficacy of fasting on autophagy in the heart was assessed in male FBN rats by randomly dividing them into 
different groups of equal amounts of protein, vitamin, and mineral intake, while the CR groups received 20% less food 
from a 125% fortified diet for six weeks. Additionally, in addition to one simple CR group, two other CR groups were 
given 5 or 50 mg/kg/day resveratrol. Compared with AL group, a marked reduction of expression of p62 (autophagy 
substrate) in the left ventricle was observed in the CR and Resv-50 rats, indicating enhanced cardiac autophagy in the CR 
group. Similarly, a significant overexpression of Beclin-1 was found in the Resv-50 and CR animals. The CR + Resv-50 
group of rats showed dramatically attenuated doxorubicin-induced damage, which can be due to enhanced autophagy
[81]. Another study investigated the autophagic response of CR on diabetic rat hearts. Diabetic and nondiabetic rats were 
exposed to a CR diet (30% energy reduction) for 32 wk. Compared with those of diabetic AL rats, diabetic CR rats 
exhibited an increase in the hepatic and cardiac LC3-II/LC3-I ratio (indicating enhanced autophagy)[82].

A high-fat diet (HFD) (fat 60% kcal/100 kcal fat) was given to the FVBN male mice for 4-20 wk, after which they were 
subjected to overnight fasting to study the mechanisms of fasting-induced autophagy in the fatty mice heart. After 24 h of 
fasting, there was a significant conversion of LC3-I conversion to LC3-II in lean mice heart but was not associated with a 
change in diet-induced obesity (DIO) mice. Furthermore, fasting suppressed mTOR in both lean and DIO mice, as 
indicated by increased AMPK phosphorylation and enhanced dephosphorylation of S6. Interestingly, mTOR inhibition 
was greater in obese mice. Taken together, these findings indicate that fasting activates autophagy in the hearts of lean 
mice[83].

Godar et al[84] investigated the impacts of IF on the autophagy-lysosome machinery in the myocardium. The authors 
studied the effects of fasting after 24 h, followed by 24 h of refeeding or 24 and 48 h of fasting for six weeks. The AP 
abundance increased dramatically after 48 h of fasting. Treatment with chloroquine (an autophagy inhibitor) was 
associated with a significant increase in LC3-II and SQSTM1/p62 after 24 h of fasting but not in fed mice. Thus, fasting 
induces autophagy in cardiomyocytes; however, autophagy returns to basal levels on gestational days.

The effects of IF on right ventricular (RV) function in a rat model of pulmonary arterial hypertension (characterized by 
RV mitochondrial dysfunction and resultant lipotoxicity and microbiome dysbiosis) were explored. IF improved RV 
systolic and diastolic function and decreased RV cardiomyocyte hypertrophy and fibrosis, which was likely mediated by 
autophagy activation[85]. These protective effects could be related to autophagy activation.

Recent findings from studies also show that cardiometabolic parameters (e.g., adiposity, insulin sensitivity, and cardiac 
function) can be influenced by the time of day at which food is consumed[86]. To test the hypothesis that fasting during 
the sleep period elicits beneficial adaptation effects on cardiac function, wild-type mice were fasted for 24 h or for either 
the 12-h light/sleep phase or the 12-h dark/awake phase. Repression of myocardial p-mTOR and protein synthesis 
occurred during the dark phase; both parameters remained elevated in the hearts of fasted mice during the light phase. In 
contrast, markers of autophagy (e.g., LC3-II) exhibited peak responses to fasting during the light phase. Collectively, these 
data show that the responsiveness of the heart to fasting is temporally partitioned[86].

IF alleviated HFD-induced obesity cardiomyopathy in male C57BL/6J mice by improving cardiac functional and 
structural impairment and serum lipid metabolic disorders induced by HFD through decreasing lipid deposition, 
apoptosis and m6A methylation in the heart[87].

Researchers compared the effects of alternate day fasting on elderly (aged 24 months) and young (aged 6 months) male 
rats. The results of this study indicated that alternate day fasting protected against inflammation and fibrosis in the heart 
during aging by inhibiting oxidative damage and NF-κB activation[76]. Other studies have shown that fasting precondi-
tioning activates AMPK, induces autophagy, decreases ROS levels, and inhibits NF-κB signaling in the cardiac tissues of 
rats[88]. In addition, compared with fasting controls, IF in human subjects resulted in autophagy upregulation and 
reduced levels of proinflammatory cytokines, indicating the protective effects of fasting on the vascular system. This 
effect is most likely mediated by the anti-inflammatory effects of autophagy[89]. We investigated fasting-induced 
autophagy among large groups of population in the UAE during Ramadan (the holy Islamic fasting month). The results 
of this study will be published shortly in specific journals. Furthermore, these results were presented in part at the 
Sharjah First International Conference on Fasting, February 28-29, 2024, at Sharjah University, United Arab Emirates[90].

CONCLUSION
In conclusion, fasting-induced autophagy is beneficial for ensuring cardiac function, preventing disease, and improving 
longevity. However, additional studies in vivo in animal models of cardiac aging are needed to determine the specific 
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molecular mechanisms involved in normalizing autophagy by fasting. In addition, large-scale studies on humans are 
needed. Ramadan fasting, a type of IF (a common religious practice) in Islamic countries, could be investigated in large 
groups of geriatric people with or without cardiac diseases. Importantly, further in vitro research should be directed 
toward human cardiac tissues to better understand the molecular mechanisms of fasting-induced autophagy and its 
beneficial effects on longevity pathways and prevention of CVDs.

FOOTNOTES
Author contributions: Parvaresh H and Eid N wrote the paper; Al-Bari MAA and Paczek K edited and revised it.

Conflict-of-interest statement: All the authors declare that they have no conflict of interest to disclose.

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

Country/Territory of origin: Malaysia

ORCID number: Md Abdul Alim Al-Bari 0000-0002-1777-3662; Nabil Eid 0000-0002-2938-2618.

S-Editor: Qu XL 
L-Editor: A 
P-Editor: Guo X

REFERENCES
1 Lutz W, Sanderson W, Scherbov S. The coming acceleration of global population ageing. Nature 2008; 451: 716-719 [PMID: 18204438 DOI: 

10.1038/nature06516]
2 Mattson MP. Lifelong brain health is a lifelong challenge: from evolutionary principles to empirical evidence. Ageing Res Rev 2015; 20: 37-45 

[PMID: 25576651 DOI: 10.1016/j.arr.2014.12.011]
3 Mattson MP, Arumugam TV. Hallmarks of Brain Aging: Adaptive and Pathological Modification by Metabolic States. Cell Metab 2018; 27: 

1176-1199 [PMID: 29874566 DOI: 10.1016/j.cmet.2018.05.011]
4 Evans MA, Sano S, Walsh K. Cardiovascular Disease, Aging, and Clonal Hematopoiesis. Annu Rev Pathol 2020; 15: 419-438 [PMID: 

31689371 DOI: 10.1146/annurev-pathmechdis-012419-032544]
5 Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM, Chang AR, Cheng S, Delling FN, Djousse 

L, Elkind MSV, Ferguson JF, Fornage M, Khan SS, Kissela BM, Knutson KL, Kwan TW, Lackland DT, Lewis TT, Lichtman JH, Longenecker 
CT, Loop MS, Lutsey PL, Martin SS, Matsushita K, Moran AE, Mussolino ME, Perak AM, Rosamond WD, Roth GA, Sampson UKA, Satou 
GM, Schroeder EB, Shah SH, Shay CM, Spartano NL, Stokes A, Tirschwell DL, VanWagner LB, Tsao CW; American Heart Association 
Council on Epidemiology and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart Disease and Stroke Statistics-2020 
Update: A Report From the American Heart Association. Circulation 2020; 141: e139-e596 [PMID: 31992061 DOI: 
10.1161/CIR.0000000000000757]

6 Cai Y, Liu H, Song E, Wang L, Xu J, He Y, Zhang D, Zhang L, Cheng KK, Jin L, Wu M, Liu S, Qi D, Lopaschuk GD, Wang S, Xu A, Xia Z. 
Deficiency of telomere-associated repressor activator protein 1 precipitates cardiac aging in mice via p53/PPARα signaling. Theranostics 2021; 
11: 4710-4727 [PMID: 33754023 DOI: 10.7150/thno.51739]

7 Hu C, Zhang X, Teng T, Ma ZG, Tang QZ. Cellular Senescence in Cardiovascular Diseases: A Systematic Review. Aging Dis 2022; 13: 103-
128 [PMID: 35111365 DOI: 10.14336/AD.2021.0927]

8 Lakatta EG, Levy D. Arterial and cardiac aging: major shareholders in cardiovascular disease enterprises: Part I: aging arteries: a "set up" for 
vascular disease. Circulation 2003; 107: 139-146 [PMID: 12515756 DOI: 10.1161/01.cir.0000048892.83521.58]

9 North BJ, Sinclair DA. The intersection between aging and cardiovascular disease. Circ Res 2012; 110: 1097-1108 [PMID: 22499900 DOI: 
10.1161/CIRCRESAHA.111.246876]

10 Otto CM. Why is aortic sclerosis associated with adverse clinical outcomes? J Am Coll Cardiol 2004; 43: 176-178 [PMID: 14736433 DOI: 
10.1016/j.jacc.2003.10.027]

11 Dai DF, Chen T, Johnson SC, Szeto H, Rabinovitch PS. Cardiac aging: from molecular mechanisms to significance in human health and 
disease. Antioxid Redox Signal 2012; 16: 1492-1526 [PMID: 22229339 DOI: 10.1089/ars.2011.4179]

12 Nassimiha D, Aronow WS, Ahn C, Goldman ME. Association of coronary risk factors with progression of valvular aortic stenosis in older 
persons. Am J Cardiol 2001; 87: 1313-1314 [PMID: 11377366 DOI: 10.1016/s0002-9149(01)01531-4]

13 Jeon DS, Atar S, Brasch AV, Luo H, Mirocha J, Naqvi TZ, Kraus R, Berman DS, Siegel RJ. Association of mitral annulus calcification, aortic 
valve sclerosis and aortic root calcification with abnormal myocardial perfusion single photon emission tomography in subjects age < or =65 
years old. J Am Coll Cardiol 2001; 38: 1988-1993 [PMID: 11738305 DOI: 10.1016/s0735-1097(01)01678-3]

14 Zhao RZ, Jiang S, Zhang L, Yu ZB. Mitochondrial electron transport chain, ROS generation and uncoupling (Review). Int J Mol Med 2019; 
44: 3-15 [PMID: 31115493 DOI: 10.3892/ijmm.2019.4188]

15 Colavitti R, Finkel T. Reactive oxygen species as mediators of cellular senescence. IUBMB Life 2005; 57: 277-281 [PMID: 16036611 DOI: 
10.1080/15216540500091890]
Olivieri F, Prattichizzo F, Grillari J, Balistreri CR. Cellular Senescence and Inflammaging in Age-Related Diseases. Mediators Inflamm 2018; 16

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-1777-3662
http://orcid.org/0000-0002-1777-3662
http://orcid.org/0000-0002-2938-2618
http://orcid.org/0000-0002-2938-2618
http://www.ncbi.nlm.nih.gov/pubmed/18204438
https://dx.doi.org/10.1038/nature06516
http://www.ncbi.nlm.nih.gov/pubmed/25576651
https://dx.doi.org/10.1016/j.arr.2014.12.011
http://www.ncbi.nlm.nih.gov/pubmed/29874566
https://dx.doi.org/10.1016/j.cmet.2018.05.011
http://www.ncbi.nlm.nih.gov/pubmed/31689371
https://dx.doi.org/10.1146/annurev-pathmechdis-012419-032544
http://www.ncbi.nlm.nih.gov/pubmed/31992061
https://dx.doi.org/10.1161/CIR.0000000000000757
http://www.ncbi.nlm.nih.gov/pubmed/33754023
https://dx.doi.org/10.7150/thno.51739
http://www.ncbi.nlm.nih.gov/pubmed/35111365
https://dx.doi.org/10.14336/AD.2021.0927
http://www.ncbi.nlm.nih.gov/pubmed/12515756
https://dx.doi.org/10.1161/01.cir.0000048892.83521.58
http://www.ncbi.nlm.nih.gov/pubmed/22499900
https://dx.doi.org/10.1161/CIRCRESAHA.111.246876
http://www.ncbi.nlm.nih.gov/pubmed/14736433
https://dx.doi.org/10.1016/j.jacc.2003.10.027
http://www.ncbi.nlm.nih.gov/pubmed/22229339
https://dx.doi.org/10.1089/ars.2011.4179
http://www.ncbi.nlm.nih.gov/pubmed/11377366
https://dx.doi.org/10.1016/s0002-9149(01)01531-4
http://www.ncbi.nlm.nih.gov/pubmed/11738305
https://dx.doi.org/10.1016/s0735-1097(01)01678-3
http://www.ncbi.nlm.nih.gov/pubmed/31115493
https://dx.doi.org/10.3892/ijmm.2019.4188
http://www.ncbi.nlm.nih.gov/pubmed/16036611
https://dx.doi.org/10.1080/15216540500091890


Parvaresh H et al. Fasting-induced autophagy in the aging heart

WJC https://www.wjgnet.com 115 March 26, 2024 Volume 16 Issue 3

2018: 9076485 [PMID: 29849499 DOI: 10.1155/2018/9076485]
17 Lewis-McDougall FC, Ruchaya PJ, Domenjo-Vila E, Shin Teoh T, Prata L, Cottle BJ, Clark JE, Punjabi PP, Awad W, Torella D, Tchkonia T, 

Kirkland JL, Ellison-Hughes GM. Aged-senescent cells contribute to impaired heart regeneration. Aging Cell 2019; 18: e12931 [PMID: 
30854802 DOI: 10.1111/acel.12931]

18 López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of aging. Cell 2013; 153: 1194-1217 [PMID: 23746838 DOI: 
10.1016/j.cell.2013.05.039]

19 Lesnefsky EJ, Chen Q, Hoppel CL. Mitochondrial Metabolism in Aging Heart. Circ Res 2016; 118: 1593-1611 [PMID: 27174952 DOI: 
10.1161/CIRCRESAHA.116.307505]

20 Taneike M, Yamaguchi O, Nakai A, Hikoso S, Takeda T, Mizote I, Oka T, Tamai T, Oyabu J, Murakawa T, Nishida K, Shimizu T, Hori M, 
Komuro I, Takuji Shirasawa TS, Mizushima N, Otsu K. Inhibition of autophagy in the heart induces age-related cardiomyopathy. Autophagy 
2010; 6: 600-606 [PMID: 20431347 DOI: 10.4161/auto.6.5.11947]

21 Russ DW, Boyd IM, McCoy KM, McCorkle KW. Muscle-specificity of age-related changes in markers of autophagy and sphingolipid 
metabolism. Biogerontology 2015; 16: 747-759 [PMID: 26296420 DOI: 10.1007/s10522-015-9598-4]

22 Chang C, Kang P, Liu Y, Huang K, Taylor E, Sagona AP, Nezis IP, Bodmer R, Ocorr K, Bai H. Activin Signaling Regulates Autophagy and 
Cardiac Aging through mTORC2. BioRxiv 2017; 139360 [DOI: 10.1101/139360]

23 Ren J, Yang L, Zhu L, Xu X, Ceylan AF, Guo W, Yang J, Zhang Y. Akt2 ablation prolongs life span and improves myocardial contractile 
function with adaptive cardiac remodeling: role of Sirt1-mediated autophagy regulation. Aging Cell 2017; 16: 976-987 [PMID: 28681509 DOI: 
10.1111/acel.12616]

24 Linton PJ, Gurney M, Sengstock D, Mentzer RM Jr, Gottlieb RA. This old heart: Cardiac aging and autophagy. J Mol Cell Cardiol 2015; 83: 
44-54 [PMID: 25543002 DOI: 10.1016/j.yjmcc.2014.12.017]

25 Kroemer G, Mariño G, Levine B. Autophagy and the integrated stress response. Mol Cell 2010; 40: 280-293 [PMID: 20965422 DOI: 
10.1016/j.molcel.2010.09.023]

26 He C, Bassik MC, Moresi V, Sun K, Wei Y, Zou Z, An Z, Loh J, Fisher J, Sun Q, Korsmeyer S, Packer M, May HI, Hill JA, Virgin HW, 
Gilpin C, Xiao G, Bassel-Duby R, Scherer PE, Levine B. Exercise-induced BCL2-regulated autophagy is required for muscle glucose 
homeostasis. Nature 2012; 481: 511-515 [PMID: 22258505 DOI: 10.1038/nature10758]

27 Alim Al-Bari A, Ito Y, Thomes PG, Menon MB, García-Macia M, Fadel R, Stadlin A, Peake N, Faris ME, Eid N, Klionsky DJ. Emerging 
mechanistic insights of selective autophagy in hepatic diseases. Front Pharmacol 2023; 14: 1149809 [PMID: 37007026 DOI: 
10.3389/fphar.2023.1149809]

28 Al-Bari MAA, Ito Y, Ahmed S, Radwan N, Ahmed HS, Eid N. Targeting Autophagy with Natural Products as a Potential Therapeutic 
Approach for Cancer. Int J Mol Sci 2021; 22 [PMID: 34575981 DOI: 10.3390/ijms22189807]

29 Eid N, Ito Y, Otsuki Y. The autophagic response to alcohol toxicity: the missing layer. J Hepatol 2013; 59: 398 [PMID: 23624249 DOI: 
10.1016/j.jhep.2013.03.038]

30 Parzych KR, Klionsky DJ. An overview of autophagy: morphology, mechanism, and regulation. Antioxid Redox Signal 2014; 20: 460-473 
[PMID: 23725295 DOI: 10.1089/ars.2013.5371]

31 Koutouroushis C, Sarkar O. Role of Autophagy in Cardiovascular Disease and Aging. Cureus 2021; 13: e20042 [PMID: 34873555 DOI: 
10.7759/cureus.20042]

32 Wang L, Ye X, Zhao T. The physiological roles of autophagy in the mammalian life cycle. Biol Rev Camb Philos Soc 2019; 94: 503-516 
[PMID: 30239126 DOI: 10.1111/brv.12464]

33 Meijer AJ, Codogno P. Regulation and role of autophagy in mammalian cells. Int J Biochem Cell Biol 2004; 36: 2445-2462 [PMID: 15325584 
DOI: 10.1016/j.biocel.2004.02.002]

34 Sun Q, Fan W, Chen K, Ding X, Chen S, Zhong Q. Identification of Barkor as a mammalian autophagy-specific factor for Beclin 1 and class 
III phosphatidylinositol 3-kinase. Proc Natl Acad Sci U S A 2008; 105: 19211-19216 [PMID: 19050071 DOI: 10.1073/pnas.0810452105]

35 Nishida K, Kyoi S, Yamaguchi O, Sadoshima J, Otsu K. The role of autophagy in the heart. Cell Death Differ 2009; 16: 31-38 [PMID: 
19008922 DOI: 10.1038/cdd.2008.163]

36 Gatica D, Chiong M, Lavandero S, Klionsky DJ. Molecular mechanisms of autophagy in the cardiovascular system. Circ Res 2015; 116: 456-
467 [PMID: 25634969 DOI: 10.1161/CIRCRESAHA.114.303788]

37 Russell RC, Tian Y, Yuan H, Park HW, Chang YY, Kim J, Kim H, Neufeld TP, Dillin A, Guan KL. ULK1 induces autophagy by 
phosphorylating Beclin-1 and activating VPS34 lipid kinase. Nat Cell Biol 2013; 15: 741-750 [PMID: 23685627 DOI: 10.1038/ncb2757]

38 Rubinsztein DC, Mariño G, Kroemer G. Autophagy and aging. Cell 2011; 146: 682-695 [PMID: 21884931 DOI: 10.1016/j.cell.2011.07.030]
39 Sasaki Y, Ikeda Y, Iwabayashi M, Akasaki Y, Ohishi M. The Impact of Autophagy on Cardiovascular Senescence and Diseases. Int Heart J 

2017; 58: 666-673 [PMID: 28966332 DOI: 10.1536/ihj.17-246]
40 Bravo-San Pedro JM, Kroemer G, Galluzzi L. Autophagy and Mitophagy in Cardiovascular Disease. Circ Res 2017; 120: 1812-1824 [PMID: 

28546358 DOI: 10.1161/CIRCRESAHA.117.311082]
41 Nicolás-Ávila JA, Lechuga-Vieco AV, Esteban-Martínez L, Sánchez-Díaz M, Díaz-García E, Santiago DJ, Rubio-Ponce A, Li JL, 

Balachander A, Quintana JA, Martínez-de-Mena R, Castejón-Vega B, Pun-García A, Través PG, Bonzón-Kulichenko E, García-Marqués F, 
Cussó L, A-González N, González-Guerra A, Roche-Molina M, Martin-Salamanca S, Crainiciuc G, Guzmán G, Larrazabal J, Herrero-Galán E, 
Alegre-Cebollada J, Lemke G, Rothlin CV, Jimenez-Borreguero LJ, Reyes G, Castrillo A, Desco M, Muñoz-Cánoves P, Ibáñez B, Torres M, 
Ng LG, Priori SG, Bueno H, Vázquez J, Cordero MD, Bernal JA, Enríquez JA, Hidalgo A. A Network of Macrophages Supports 
Mitochondrial Homeostasis in the Heart. Cell 2020; 183: 94-109.e23 [PMID: 32937105 DOI: 10.1016/j.cell.2020.08.031]

42 Zaglia T, Milan G, Ruhs A, Franzoso M, Bertaggia E, Pianca N, Carpi A, Carullo P, Pesce P, Sacerdoti D, Sarais C, Catalucci D, Krüger M, 
Mongillo M, Sandri M. Atrogin-1 deficiency promotes cardiomyopathy and premature death via impaired autophagy. J Clin Invest 2014; 124: 
2410-2424 [PMID: 24789905 DOI: 10.1172/JCI66339]

43 Gong G, Song M, Csordas G, Kelly DP, Matkovich SJ, Dorn GW 2nd. Parkin-mediated mitophagy directs perinatal cardiac metabolic 
maturation in mice. Science 2015; 350: aad2459 [PMID: 26785495 DOI: 10.1126/science.aad2459]
Eisenberg T, Abdellatif M, Schroeder S, Primessnig U, Stekovic S, Pendl T, Harger A, Schipke J, Zimmermann A, Schmidt A, Tong M, 
Ruckenstuhl C, Dammbrueck C, Gross AS, Herbst V, Magnes C, Trausinger G, Narath S, Meinitzer A, Hu Z, Kirsch A, Eller K, Carmona-
Gutierrez D, Büttner S, Pietrocola F, Knittelfelder O, Schrepfer E, Rockenfeller P, Simonini C, Rahn A, Horsch M, Moreth K, Beckers J, Fuchs 
H, Gailus-Durner V, Neff F, Janik D, Rathkolb B, Rozman J, de Angelis MH, Moustafa T, Haemmerle G, Mayr M, Willeit P, von Frieling-
Salewsky M, Pieske B, Scorrano L, Pieber T, Pechlaner R, Willeit J, Sigrist SJ, Linke WA, Mühlfeld C, Sadoshima J, Dengjel J, Kiechl S, 

44

http://www.ncbi.nlm.nih.gov/pubmed/29849499
https://dx.doi.org/10.1155/2018/9076485
http://www.ncbi.nlm.nih.gov/pubmed/30854802
https://dx.doi.org/10.1111/acel.12931
http://www.ncbi.nlm.nih.gov/pubmed/23746838
https://dx.doi.org/10.1016/j.cell.2013.05.039
http://www.ncbi.nlm.nih.gov/pubmed/27174952
https://dx.doi.org/10.1161/CIRCRESAHA.116.307505
http://www.ncbi.nlm.nih.gov/pubmed/20431347
https://dx.doi.org/10.4161/auto.6.5.11947
http://www.ncbi.nlm.nih.gov/pubmed/26296420
https://dx.doi.org/10.1007/s10522-015-9598-4
https://dx.doi.org/10.1101/139360
http://www.ncbi.nlm.nih.gov/pubmed/28681509
https://dx.doi.org/10.1111/acel.12616
http://www.ncbi.nlm.nih.gov/pubmed/25543002
https://dx.doi.org/10.1016/j.yjmcc.2014.12.017
http://www.ncbi.nlm.nih.gov/pubmed/20965422
https://dx.doi.org/10.1016/j.molcel.2010.09.023
http://www.ncbi.nlm.nih.gov/pubmed/22258505
https://dx.doi.org/10.1038/nature10758
http://www.ncbi.nlm.nih.gov/pubmed/37007026
https://dx.doi.org/10.3389/fphar.2023.1149809
http://www.ncbi.nlm.nih.gov/pubmed/34575981
https://dx.doi.org/10.3390/ijms22189807
http://www.ncbi.nlm.nih.gov/pubmed/23624249
https://dx.doi.org/10.1016/j.jhep.2013.03.038
http://www.ncbi.nlm.nih.gov/pubmed/23725295
https://dx.doi.org/10.1089/ars.2013.5371
http://www.ncbi.nlm.nih.gov/pubmed/34873555
https://dx.doi.org/10.7759/cureus.20042
http://www.ncbi.nlm.nih.gov/pubmed/30239126
https://dx.doi.org/10.1111/brv.12464
http://www.ncbi.nlm.nih.gov/pubmed/15325584
https://dx.doi.org/10.1016/j.biocel.2004.02.002
http://www.ncbi.nlm.nih.gov/pubmed/19050071
https://dx.doi.org/10.1073/pnas.0810452105
http://www.ncbi.nlm.nih.gov/pubmed/19008922
https://dx.doi.org/10.1038/cdd.2008.163
http://www.ncbi.nlm.nih.gov/pubmed/25634969
https://dx.doi.org/10.1161/CIRCRESAHA.114.303788
http://www.ncbi.nlm.nih.gov/pubmed/23685627
https://dx.doi.org/10.1038/ncb2757
http://www.ncbi.nlm.nih.gov/pubmed/21884931
https://dx.doi.org/10.1016/j.cell.2011.07.030
http://www.ncbi.nlm.nih.gov/pubmed/28966332
https://dx.doi.org/10.1536/ihj.17-246
http://www.ncbi.nlm.nih.gov/pubmed/28546358
https://dx.doi.org/10.1161/CIRCRESAHA.117.311082
http://www.ncbi.nlm.nih.gov/pubmed/32937105
https://dx.doi.org/10.1016/j.cell.2020.08.031
http://www.ncbi.nlm.nih.gov/pubmed/24789905
https://dx.doi.org/10.1172/JCI66339
http://www.ncbi.nlm.nih.gov/pubmed/26785495
https://dx.doi.org/10.1126/science.aad2459


Parvaresh H et al. Fasting-induced autophagy in the aging heart

WJC https://www.wjgnet.com 116 March 26, 2024 Volume 16 Issue 3

Kroemer G, Sedej S, Madeo F. Cardioprotection and lifespan extension by the natural polyamine spermidine. Nat Med 2016; 22: 1428-1438 
[PMID: 27841876 DOI: 10.1038/nm.4222]

45 Nakai A, Yamaguchi O, Takeda T, Higuchi Y, Hikoso S, Taniike M, Omiya S, Mizote I, Matsumura Y, Asahi M, Nishida K, Hori M, 
Mizushima N, Otsu K. The role of autophagy in cardiomyocytes in the basal state and in response to hemodynamic stress. Nat Med 2007; 13: 
619-624 [PMID: 17450150 DOI: 10.1038/nm1574]

46 Walter S, Atzmon G, Demerath EW, Garcia ME, Kaplan RC, Kumari M, Lunetta KL, Milaneschi Y, Tanaka T, Tranah GJ, Völker U, Yu L, 
Arnold A, Benjamin EJ, Biffar R, Buchman AS, Boerwinkle E, Couper D, De Jager PL, Evans DA, Harris TB, Hoffmann W, Hofman A, 
Karasik D, Kiel DP, Kocher T, Kuningas M, Launer LJ, Lohman KK, Lutsey PL, Mackenbach J, Marciante K, Psaty BM, Reiman EM, Rotter 
JI, Seshadri S, Shardell MD, Smith AV, van Duijn C, Walston J, Zillikens MC, Bandinelli S, Baumeister SE, Bennett DA, Ferrucci L, 
Gudnason V, Kivimaki M, Liu Y, Murabito JM, Newman AB, Tiemeier H, Franceschini N. A genome-wide association study of aging. 
Neurobiol Aging 2011; 32: 2109.e15-2109.e28 [PMID: 21782286 DOI: 10.1016/j.neurobiolaging.2011.05.026]

47 Zhou J, Force T. Focusing the spotlight on GSK-3 in aging. Aging (Albany NY) 2013; 5: 388-389 [PMID: 23804600 DOI: 
10.18632/aging.100568]

48 Korolchuk VI, Menzies FM, Rubinsztein DC. A novel link between autophagy and the ubiquitin-proteasome system. Autophagy 2009; 5: 862-
863 [PMID: 19458478 DOI: 10.4161/auto.8840]

49 LaRocca TJ, Hearon CM Jr, Henson GD, Seals DR. Mitochondrial quality control and age-associated arterial stiffening. Exp Gerontol 2014; 
58: 78-82 [PMID: 25034910 DOI: 10.1016/j.exger.2014.07.008]

50 Bravo-San Pedro JM, Sica V, Martins I, Anagnostopoulos G, Maiuri C, Kroemer G. Cell-autonomous, paracrine and neuroendocrine 
feedback regulation of autophagy by DBI/ACBP (diazepam binding inhibitor, acyl-CoA binding protein): the obesity factor. Autophagy 2019; 
15: 2036-2038 [PMID: 31470770 DOI: 10.1080/15548627.2019.1662585]

51 Johnson SC, Rabinovitch PS, Kaeberlein M. mTOR is a key modulator of ageing and age-related disease. Nature 2013; 493: 338-345 [PMID: 
23325216 DOI: 10.1038/nature11861]

52 Kim J, Kundu M, Viollet B, Guan KL. AMPK and mTOR regulate autophagy through direct phosphorylation of Ulk1. Nat Cell Biol 2011; 13: 
132-141 [PMID: 21258367 DOI: 10.1038/ncb2152]

53 Dai DF, Rabinovitch PS, Ungvari Z. Mitochondria and cardiovascular aging. Circ Res 2012; 110: 1109-1124 [PMID: 22499901 DOI: 
10.1161/CIRCRESAHA.111.246140]

54 Ikeda Y, Sciarretta S, Nagarajan N, Rubattu S, Volpe M, Frati G, Sadoshima J. New insights into the role of mitochondrial dynamics and 
autophagy during oxidative stress and aging in the heart. Oxid Med Cell Longev 2014; 2014: 210934 [PMID: 25132912 DOI: 
10.1155/2014/210934]

55 Brunk UT, Terman A. Lipofuscin: mechanisms of age-related accumulation and influence on cell function. Free Radic Biol Med 2002; 33: 
611-619 [PMID: 12208347 DOI: 10.1016/s0891-5849(02)00959-0]

56 Cárdenas C, Miller RA, Smith I, Bui T, Molgó J, Müller M, Vais H, Cheung KH, Yang J, Parker I, Thompson CB, Birnbaum MJ, Hallows 
KR, Foskett JK. Essential regulation of cell bioenergetics by constitutive InsP3 receptor Ca2+ transfer to mitochondria. Cell 2010; 142: 270-
283 [PMID: 20655468 DOI: 10.1016/j.cell.2010.06.007]

57 Wu X, Zhang T, Bossuyt J, Li X, McKinsey TA, Dedman JR, Olson EN, Chen J, Brown JH, Bers DM. Local InsP3-dependent perinuclear 
Ca2+ signaling in cardiac myocyte excitation-transcription coupling. J Clin Invest 2006; 116: 675-682 [PMID: 16511602 DOI: 
10.1172/JCI27374]

58 Yamda J, Ohkusa T, Nao T, Ueyama T, Yano M, Kobayashi S, Hamano K, Esato K, Matsuzaki M. Up-regulation of inositol 1,4,5 
trisphosphate receptor expression in atrial tissue in patients with chronic atrial fibrillation. J Am Coll Cardiol 2001; 37: 1111-1119 [PMID: 
11263617 DOI: 10.1016/s0735-1097(01)01144-5]

59 Decuypere JP, Welkenhuyzen K, Luyten T, Ponsaerts R, Dewaele M, Molgó J, Agostinis P, Missiaen L, De Smedt H, Parys JB, Bultynck G. 
Ins(1,4,5)P3 receptor-mediated Ca2+ signaling and autophagy induction are interrelated. Autophagy 2011; 7: 1472-1489 [PMID: 22082873 
DOI: 10.4161/auto.7.12.17909]

60 Aris JP, Alvers AL, Ferraiuolo RA, Fishwick LK, Hanvivatpong A, Hu D, Kirlew C, Leonard MT, Losin KJ, Marraffini M, Seo AY, 
Swanberg V, Westcott JL, Wood MS, Leeuwenburgh C, Dunn WA Jr. Autophagy and leucine promote chronological longevity and respiration 
proficiency during calorie restriction in yeast. Exp Gerontol 2013; 48: 1107-1119 [PMID: 23337777 DOI: 10.1016/j.exger.2013.01.006]

61 Libert S, Guarente L. Metabolic and neuropsychiatric effects of calorie restriction and sirtuins. Annu Rev Physiol 2013; 75: 669-684 [PMID: 
23043250 DOI: 10.1146/annurev-physiol-030212-183800]

62 Rickenbacher A, Jang JH, Limani P, Ungethüm U, Lehmann K, Oberkofler CE, Weber A, Graf R, Humar B, Clavien PA. Fasting protects 
liver from ischemic injury through Sirt1-mediated downregulation of circulating HMGB1 in mice. J Hepatol 2014; 61: 301-308 [PMID: 
24751831 DOI: 10.1016/j.jhep.2014.04.010]

63 Most J, Tosti V, Redman LM, Fontana L. Calorie restriction in humans: An update. Ageing Res Rev 2017; 39: 36-45 [PMID: 27544442 DOI: 
10.1016/j.arr.2016.08.005]

64 Wohlgemuth SE, Julian D, Akin DE, Fried J, Toscano K, Leeuwenburgh C, Dunn WA Jr. Autophagy in the heart and liver during normal 
aging and calorie restriction. Rejuvenation Res 2007; 10: 281-292 [PMID: 17665967 DOI: 10.1089/rej.2006.0535]

65 Roth GS, Mattison JA, Ottinger MA, Chachich ME, Lane MA, Ingram DK. Aging in rhesus monkeys: relevance to human health 
interventions. Science 2004; 305: 1423-1426 [PMID: 15353793 DOI: 10.1126/science.1102541]

66 Fontana L, Meyer TE, Klein S, Holloszy JO. Long-term calorie restriction is highly effective in reducing the risk for atherosclerosis in 
humans. Proc Natl Acad Sci U S A 2004; 101: 6659-6663 [PMID: 15096581 DOI: 10.1073/pnas.0308291101]

67 Postnikoff SDL, Johnson JE, Tyler JK. The integrated stress response in budding yeast lifespan extension. Microb Cell 2017; 4: 368-375 
[PMID: 29167799 DOI: 10.15698/mic2017.11.597]

68 Sheng Y, Lv S, Huang M, Lv Y, Yu J, Liu J, Tang T, Qi H, Di W, Ding G. Opposing effects on cardiac function by calorie restriction in 
different-aged mice. Aging Cell 2017; 16: 1155-1167 [PMID: 28799249 DOI: 10.1111/acel.12652]

69 Ntsapi C, Loos B. Caloric restriction and the precision-control of autophagy: A strategy for delaying neurodegenerative disease progression. 
Exp Gerontol 2016; 83: 97-111 [PMID: 27473756 DOI: 10.1016/j.exger.2016.07.014]

70 Dai DF, Karunadharma PP, Chiao YA, Basisty N, Crispin D, Hsieh EJ, Chen T, Gu H, Djukovic D, Raftery D, Beyer RP, MacCoss MJ, 
Rabinovitch PS. Altered proteome turnover and remodeling by short-term caloric restriction or rapamycin rejuvenate the aging heart. Aging 
Cell 2014; 13: 529-539 [PMID: 24612461 DOI: 10.1111/acel.12203]
Shinmura K, Tamaki K, Sano M, Murata M, Yamakawa H, Ishida H, Fukuda K. Impact of long-term caloric restriction on cardiac senescence: 71

http://www.ncbi.nlm.nih.gov/pubmed/27841876
https://dx.doi.org/10.1038/nm.4222
http://www.ncbi.nlm.nih.gov/pubmed/17450150
https://dx.doi.org/10.1038/nm1574
http://www.ncbi.nlm.nih.gov/pubmed/21782286
https://dx.doi.org/10.1016/j.neurobiolaging.2011.05.026
http://www.ncbi.nlm.nih.gov/pubmed/23804600
https://dx.doi.org/10.18632/aging.100568
http://www.ncbi.nlm.nih.gov/pubmed/19458478
https://dx.doi.org/10.4161/auto.8840
http://www.ncbi.nlm.nih.gov/pubmed/25034910
https://dx.doi.org/10.1016/j.exger.2014.07.008
http://www.ncbi.nlm.nih.gov/pubmed/31470770
https://dx.doi.org/10.1080/15548627.2019.1662585
http://www.ncbi.nlm.nih.gov/pubmed/23325216
https://dx.doi.org/10.1038/nature11861
http://www.ncbi.nlm.nih.gov/pubmed/21258367
https://dx.doi.org/10.1038/ncb2152
http://www.ncbi.nlm.nih.gov/pubmed/22499901
https://dx.doi.org/10.1161/CIRCRESAHA.111.246140
http://www.ncbi.nlm.nih.gov/pubmed/25132912
https://dx.doi.org/10.1155/2014/210934
http://www.ncbi.nlm.nih.gov/pubmed/12208347
https://dx.doi.org/10.1016/s0891-5849(02)00959-0
http://www.ncbi.nlm.nih.gov/pubmed/20655468
https://dx.doi.org/10.1016/j.cell.2010.06.007
http://www.ncbi.nlm.nih.gov/pubmed/16511602
https://dx.doi.org/10.1172/JCI27374
http://www.ncbi.nlm.nih.gov/pubmed/11263617
https://dx.doi.org/10.1016/s0735-1097(01)01144-5
http://www.ncbi.nlm.nih.gov/pubmed/22082873
https://dx.doi.org/10.4161/auto.7.12.17909
http://www.ncbi.nlm.nih.gov/pubmed/23337777
https://dx.doi.org/10.1016/j.exger.2013.01.006
http://www.ncbi.nlm.nih.gov/pubmed/23043250
https://dx.doi.org/10.1146/annurev-physiol-030212-183800
http://www.ncbi.nlm.nih.gov/pubmed/24751831
https://dx.doi.org/10.1016/j.jhep.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/27544442
https://dx.doi.org/10.1016/j.arr.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/17665967
https://dx.doi.org/10.1089/rej.2006.0535
http://www.ncbi.nlm.nih.gov/pubmed/15353793
https://dx.doi.org/10.1126/science.1102541
http://www.ncbi.nlm.nih.gov/pubmed/15096581
https://dx.doi.org/10.1073/pnas.0308291101
http://www.ncbi.nlm.nih.gov/pubmed/29167799
https://dx.doi.org/10.15698/mic2017.11.597
http://www.ncbi.nlm.nih.gov/pubmed/28799249
https://dx.doi.org/10.1111/acel.12652
http://www.ncbi.nlm.nih.gov/pubmed/27473756
https://dx.doi.org/10.1016/j.exger.2016.07.014
http://www.ncbi.nlm.nih.gov/pubmed/24612461
https://dx.doi.org/10.1111/acel.12203


Parvaresh H et al. Fasting-induced autophagy in the aging heart

WJC https://www.wjgnet.com 117 March 26, 2024 Volume 16 Issue 3

caloric restriction ameliorates cardiac diastolic dysfunction associated with aging. J Mol Cell Cardiol 2011; 50: 117-127 [PMID: 20977912 
DOI: 10.1016/j.yjmcc.2010.10.018]

72 Donato AJ, Walker AE, Magerko KA, Bramwell RC, Black AD, Henson GD, Lawson BR, Lesniewski LA, Seals DR. Life-long caloric 
restriction reduces oxidative stress and preserves nitric oxide bioavailability and function in arteries of old mice. Aging Cell 2013; 12: 772-783 
[PMID: 23714110 DOI: 10.1111/acel.12103]

73 Stekovic S, Hofer SJ, Tripolt N, Aon MA, Royer P, Pein L, Stadler JT, Pendl T, Prietl B, Url J, Schroeder S, Tadic J, Eisenberg T, Magnes C, 
Stumpe M, Zuegner E, Bordag N, Riedl R, Schmidt A, Kolesnik E, Verheyen N, Springer A, Madl T, Sinner F, de Cabo R, Kroemer G, 
Obermayer-Pietsch B, Dengjel J, Sourij H, Pieber TR, Madeo F. Alternate Day Fasting Improves Physiological and Molecular Markers of 
Aging in Healthy, Non-obese Humans. Cell Metab 2019; 30: 462-476.e6 [PMID: 31471173 DOI: 10.1016/j.cmet.2019.07.016]

74 Johnstone A. Fasting for weight loss: an effective strategy or latest dieting trend? Int J Obes (Lond) 2015; 39: 727-733 [PMID: 25540982 
DOI: 10.1038/ijo.2014.214]

75 Castello L, Maina M, Testa G, Cavallini G, Biasi F, Donati A, Leonarduzzi G, Bergamini E, Poli G, Chiarpotto E. Alternate-day fasting 
reverses the age-associated hypertrophy phenotype in rat heart by influencing the ERK and PI3K signaling pathways. Mech Ageing Dev 2011; 
132: 305-314 [PMID: 21741396 DOI: 10.1016/j.mad.2011.06.006]

76 Castello L, Froio T, Maina M, Cavallini G, Biasi F, Leonarduzzi G, Donati A, Bergamini E, Poli G, Chiarpotto E. Alternate-day fasting 
protects the rat heart against age-induced inflammation and fibrosis by inhibiting oxidative damage and NF-kB activation. Free Radic Biol Med 
2010; 48: 47-54 [PMID: 19818847 DOI: 10.1016/j.freeradbiomed.2009.10.003]

77 Goodrick CL, Ingram DK, Reynolds MA, Freeman JR, Cider NL. Effects of intermittent feeding upon growth and life span in rats. 
Gerontology 1982; 28: 233-241 [PMID: 7117847 DOI: 10.1159/000212538]

78 Inuzuka Y, Okuda J, Kawashima T, Kato T, Niizuma S, Tamaki Y, Iwanaga Y, Yoshida Y, Kosugi R, Watanabe-Maeda K, Machida Y, Tsuji 
S, Aburatani H, Izumi T, Kita T, Shioi T. Suppression of phosphoinositide 3-kinase prevents cardiac aging in mice. Circulation 2009; 120: 
1695-1703 [PMID: 19822807 DOI: 10.1161/CIRCULATIONAHA.109.871137]

79 Brandhorst S, Choi IY, Wei M, Cheng CW, Sedrakyan S, Navarrete G, Dubeau L, Yap LP, Park R, Vinciguerra M, Di Biase S, Mirzaei H, 
Mirisola MG, Childress P, Ji L, Groshen S, Penna F, Odetti P, Perin L, Conti PS, Ikeno Y, Kennedy BK, Cohen P, Morgan TE, Dorff TB, 
Longo VD. A Periodic Diet that Mimics Fasting Promotes Multi-System Regeneration, Enhanced Cognitive Performance, and Healthspan. Cell 
Metab 2015; 22: 86-99 [PMID: 26094889 DOI: 10.1016/j.cmet.2015.05.012]

80 Wei M, Brandhorst S, Shelehchi M, Mirzaei H, Cheng CW, Budniak J, Groshen S, Mack WJ, Guen E, Di Biase S, Cohen P, Morgan TE, Dorff 
T, Hong K, Michalsen A, Laviano A, Longo VD. Fasting-mimicking diet and markers/risk factors for aging, diabetes, cancer, and 
cardiovascular disease. Sci Transl Med 2017; 9 [PMID: 28202779 DOI: 10.1126/scitranslmed.aai8700]

81 Dutta D, Xu J, Dirain ML, Leeuwenburgh C. Calorie restriction combined with resveratrol induces autophagy and protects 26-month-old rat 
hearts from doxorubicin-induced toxicity. Free Radic Biol Med 2014; 74: 252-262 [PMID: 24975655 DOI: 
10.1016/j.freeradbiomed.2014.06.011]

82 Makino N, Oyama J, Maeda T, Koyanagi M, Higuchi Y, Tsuchida K. Calorie restriction increases telomerase activity, enhances autophagy, 
and improves diastolic dysfunction in diabetic rat hearts. Mol Cell Biochem 2015; 403: 1-11 [PMID: 25662949 DOI: 
10.1007/s11010-015-2327-0]

83 Andres AM, Kooren JA, Parker SJ, Tucker KC, Ravindran N, Ito BR, Huang C, Venkatraman V, Van Eyk JE, Gottlieb RA, Mentzer RM Jr. 
Discordant signaling and autophagy response to fasting in hearts of obese mice: Implications for ischemia tolerance. Am J Physiol Heart Circ 
Physiol 2016; 311: H219-H228 [PMID: 27199111 DOI: 10.1152/ajpheart.00041.2016]

84 Godar RJ, Ma X, Liu H, Murphy JT, Weinheimer CJ, Kovacs A, Crosby SD, Saftig P, Diwan A. Repetitive stimulation of autophagy-
lysosome machinery by intermittent fasting preconditions the myocardium to ischemia-reperfusion injury. Autophagy 2015; 11: 1537-1560 
[PMID: 26103523 DOI: 10.1080/15548627.2015.1063768]

85 Prisco SZ, Eklund M, Moutsoglou DM, Prisco AR, Khoruts A, Weir EK, Thenappan T, Prins KW. Intermittent Fasting Enhances Right 
Ventricular Function in Preclinical Pulmonary Arterial Hypertension. J Am Heart Assoc 2021; 10: e022722 [PMID: 34747187 DOI: 
10.1161/JAHA.121.022722]

86 Brewer RA, Collins HE, Berry RD, Brahma MK, Tirado BA, Peliciari-Garcia RA, Stanley HL, Wende AR, Taegtmeyer H, Rajasekaran NS, 
Darley-Usmar V, Zhang J, Frank SJ, Chatham JC, Young ME. Temporal partitioning of adaptive responses of the murine heart to fasting. Life 
Sci 2018; 197: 30-39 [PMID: 29410090 DOI: 10.1016/j.lfs.2018.01.031]

87 Xu Z, Qin Y, Lv B, Tian Z, Zhang B. Intermittent Fasting Improves High-Fat Diet-Induced Obesity Cardiomyopathy via Alleviating Lipid 
Deposition and Apoptosis and Decreasing m6A Methylation in the Heart. Nutrients 2022; 14 [PMID: 35057432 DOI: 10.3390/nu14020251]

88 Yue XY, Wang XB, Zhao RZ, Jiang S, Zhou X, Jiao B, Zhang L, Yu ZB. Fasting improves tolerance to acute hypoxia in rats. Biochem Biophys 
Res Commun 2021; 569: 161-166 [PMID: 34252588 DOI: 10.1016/j.bbrc.2021.06.099]

89 Malinowski B, Zalewska K, Węsierska A, Sokołowska MM, Socha M, Liczner G, Pawlak-Osińska K, Wiciński M. Intermittent Fasting in 
Cardiovascular Disorders-An Overview. Nutrients 2019; 11 [PMID: 30897855 DOI: 10.3390/nu11030673]

90 Eid N, Al-Bari MAA, Menon MB.   Fasting-induced autophagy in health and disease: history, mechanisms, and benefits. Sharjah First 
International Conference on Fasting. 2024. Available from: https://www.sharjah.ac.ae/en/Media/Conferences/1FR/Pages/default.aspx

http://www.ncbi.nlm.nih.gov/pubmed/20977912
https://dx.doi.org/10.1016/j.yjmcc.2010.10.018
http://www.ncbi.nlm.nih.gov/pubmed/23714110
https://dx.doi.org/10.1111/acel.12103
http://www.ncbi.nlm.nih.gov/pubmed/31471173
https://dx.doi.org/10.1016/j.cmet.2019.07.016
http://www.ncbi.nlm.nih.gov/pubmed/25540982
https://dx.doi.org/10.1038/ijo.2014.214
http://www.ncbi.nlm.nih.gov/pubmed/21741396
https://dx.doi.org/10.1016/j.mad.2011.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19818847
https://dx.doi.org/10.1016/j.freeradbiomed.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/7117847
https://dx.doi.org/10.1159/000212538
http://www.ncbi.nlm.nih.gov/pubmed/19822807
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.871137
http://www.ncbi.nlm.nih.gov/pubmed/26094889
https://dx.doi.org/10.1016/j.cmet.2015.05.012
http://www.ncbi.nlm.nih.gov/pubmed/28202779
https://dx.doi.org/10.1126/scitranslmed.aai8700
http://www.ncbi.nlm.nih.gov/pubmed/24975655
https://dx.doi.org/10.1016/j.freeradbiomed.2014.06.011
http://www.ncbi.nlm.nih.gov/pubmed/25662949
https://dx.doi.org/10.1007/s11010-015-2327-0
http://www.ncbi.nlm.nih.gov/pubmed/27199111
https://dx.doi.org/10.1152/ajpheart.00041.2016
http://www.ncbi.nlm.nih.gov/pubmed/26103523
https://dx.doi.org/10.1080/15548627.2015.1063768
http://www.ncbi.nlm.nih.gov/pubmed/34747187
https://dx.doi.org/10.1161/JAHA.121.022722
http://www.ncbi.nlm.nih.gov/pubmed/29410090
https://dx.doi.org/10.1016/j.lfs.2018.01.031
http://www.ncbi.nlm.nih.gov/pubmed/35057432
https://dx.doi.org/10.3390/nu14020251
http://www.ncbi.nlm.nih.gov/pubmed/34252588
https://dx.doi.org/10.1016/j.bbrc.2021.06.099
http://www.ncbi.nlm.nih.gov/pubmed/30897855
https://dx.doi.org/10.3390/nu11030673
https://www.sharjah.ac.ae/en/Media/Conferences/1FR/Pages/default.aspx


WJC https://www.wjgnet.com 118 March 26, 2024 Volume 16 Issue 3

World Journal of 

CardiologyW J C
Submit a Manuscript: https://www.f6publishing.com World J Cardiol 2024 March 26; 16(3): 118-125

DOI: 10.4330/wjc.v16.i3.118 ISSN 1949-8462 (online)

EDITORIAL

Interest of thoracic ultrasound after cardiac surgery or interventional 
cardiology

Martin Boussuges, Philippe Blanc, Fabienne Bregeon, Alain Boussuges

Specialty type: Cardiac and 
cardiovascular systems

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

Peer-review model: Single blind

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

P-Reviewer: Lee SS, South Korea

Received: December 22, 2023 
Peer-review started: December 22, 
2023 
First decision: January 17, 2024 
Revised: January 19, 2024 
Accepted: February 20, 2024 
Article in press: February 20, 2024 
Published online: March 26, 2024

Martin Boussuges, Service de Pneumologie, Centre Hospitalier Universitaire Sud Reunion, 
Saint Pierre 97410, Ile de la Reunion, France

Philippe Blanc, Department of Cardiac and Pulmonary Rehabilitation, Ste Clotilde & 
YlangYlang Rehabilitation Center, Sainte Clotilde 97491, Ile de la Reunion, France

Fabienne Bregeon, Alain Boussuges, Service d’Explorations Fonctionnelles Respiratoires, 
Centre Hospitalier Universitaire Nord, Assistance Publique des Hôpitaux de Marseille, 
Marseille 13015, France

Fabienne Bregeon, Institut Hospitalo-Universitaire-Méditerranée Infection, Aix Marseille 
Université, Marseille 13005, France

Alain Boussuges, Center for Cardiovascular and Nutrition Research, Aix Marseille Université, 
Institut National de la Santé et de la Recherche Médicale, Institut National de Recherche pour 
l’Agriculture, l’Alimentation et l’Environnement, Marseille 13005, France

Corresponding author: Alain Boussuges, MD, PhD, Professor, Center for Cardiovascular and 
Nutrition Research, Aix Marseille Université, Faculté des Sciences Médicales et Paramédicales, 
27 bd Jean Moulin, Marseille 13005, France. alain.boussuges@univ-amu.fr

Abstract
Thoracic ultrasound has attracted much interest in detecting pleural effusion or 
pulmonary consolidation after cardiac surgery. In 2016, Trovato reported, in the 
World Journal of Cardiology, the interest of using, in addition to echocardiography, 
thoracic ultrasound. In this editorial, we highlight the value of assessing 
diaphragm function after cardiac surgery and interventional cardiology pro-
cedures. Various factors are able to impair diaphragm function after such 
interventions. Diaphragm motion may be decreased by chest pain secondary to 
sternotomy, pleural effusion or impaired muscle function. Hemidiaphragmatic 
paralysis may be secondary to phrenic nerve damage complicating cardiac 
surgery or atrial fibrillation ablation. Diagnosis may be delayed. Indeed, respi-
ratory troubles induced by diaphragm dysfunction are frequently attributed to 
pre-existing heart disease or pulmonary complications secondary to surgery. In 
addition, elevated hemidiaphragm secondary to diaphragm dysfunction is 
sometimes not observed on chest X-ray performed in supine position in the 
intensive care unit. Analysis of diaphragm function by ultrasound during the 
recovery period appears essential. Both hemidiaphragms can be studied by two 
complementary ultrasound methods. The mobility of each hemidiaphragms is 
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measured by M-mode ultrasonography. In addition, recording the percentage of inspiratory thickening provides 
important information about the quality of muscle function. These two approaches make it possible to detect 
hemidiaphragm paralysis or dysfunction. Such a diagnosis is important because persistent diaphragm dysfunction 
after cardiac surgery has been shown to be associated with adverse respiratory outcome. Early respiratory physio-
therapy is able to improve respiratory function through strengthening of the inspiratory muscles i.e. diaphragm 
and accessory inspiratory muscles.

Key Words: Ultrasonography; Diaphragm; Phrenic nerve; Hemidiaphragm; Thickening fraction; Physiotherapy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diaphragm dysfunction can be secondary to cardiac surgery or atrial fibrillation ablation via phrenic nerve injury. 
In patients with comorbidities such as obesity and cardiac or respiratory diseases, unilateral diaphragm paralysis may be 
poorly tolerated. Diaphragm ultrasound is the most appropriate tool for early diagnosis.

Citation: Boussuges M, Blanc P, Bregeon F, Boussuges A. Interest of thoracic ultrasound after cardiac surgery or interventional 
cardiology. World J Cardiol 2024; 16(3): 118-125
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INTRODUCTION
The diaphragm is the main inspiratory muscle and contributes to 60%-70% of the total ventilation at rest. It is a 
musculotendinous structure (2-4 mm) with a central tendinous portion and a peripheral muscular portion. It includes two 
hemidiaphragms: The right with a dome positioned higher than the left. Motor innervation of the diaphragm comes from 
two phrenic nerves formed from the C3-C5 nerve roots. The left and right phrenic nerves cross the neck and thorax 
between the mediastinal surface of the parietal pleura and the fibrous pericardium to reach the corresponding hemidia-
phragm. The left phrenic nerve is close to the subclavian artery and passes in front of the pericardial sac of the left 
ventricle. The right phrenic nerve runs superficial to the anterior scalene muscle and right subclavian artery and passes 
over the right atrium and right ventricle. Arterial blood flow to the diaphragm comes from collaterals of the internal 
mammary artery, collaterals of the abdominal aorta, and vessels originating from intercostal arteries. During contraction, 
the diaphragm shortens and moves caudally, leading to an expansion of the thoracic cavity. This phenomenon increases 
abdominal pressure and decreases alveolar pressure below atmospheric pressure resulting in airflow into the lungs[1]. 
Various procedures used in patients with heart diseases can impair diaphragmatic function. Diaphragm dysfunction was 
exceptionally reported after central vein cannulation and pacemaker battery change[2,3]. In contrast, this was regularly 
observed after cardiac surgery and atrial fibrillation ablation[4,5]. We underline in this editorial the interest of assessing 
diaphragm function after such procedures.

DIAPHRAGM DYSFUNCTION AFTER CARDIAC SURGERY
Impaired diaphragmatic function was reported in a significant percentage of patients after cardiac surgery. Depending on 
the detection method and the delay from the surgery, diaphragm dysfunction has been variously estimated: 21% for 
Dimopoulou et al[6], 38% for Bruni et al[7], 46% for DeVita et al[8], and 75% for Moury et al[9]. In a recent observational 
study[10], symptomatic diaphragm dysfunction was found in 272 out of 3577 patients (7.6%). In our experience 
(unpublished study), the percentage of diaphragm dysfunction in patients admitted in a cardiac rehabilitation center after 
cardiac surgery was 15% (39 out of 264 patients). Diaphragm ultrasound detected weakness in 10% of cases and hemidia-
phragm paralysis in 5%. Various mechanisms may explain diaphragm dysfunction in these patients. Diaphragmatic 
motion may be reduced by chest pain secondary to sternotomy, pleural effusion or impaired muscle function[11]. 
Furthermore, phrenic nerve damage is a well-known, complication of cardiac surgery. It has been shown that the phrenic 
nerve can be injured through thermal lesions secondary to topical cardiac cooling with ice-cold solution in the 
pericardium. To reduce the risk of injury, the use of insulation pads placed between the heart and the left pericardium 
has been proposed to protect the phrenic nerve from hypothermic surgery[12,13]. The use of warm-blood cardioplegia 
has also demonstrated its interest in reducing the risk of diaphragm paralysis[14]. However, other mechanisms may 
explain phrenic nerve damage during cardiac surgery. During coronary artery bypass grafting, phrenic nerve injury may 
be secondary to direct surgical trauma during dissection of the internal mammary artery (IMA) or indirect injury due to 
stretching by the sternal retractor[15]. In addition, IMA harvesting may result in decreased blood flow to the phrenic 
nerve through ligation of some branches such as the pericardiacophrenic artery. These mechanisms could explain the 
increased risk of phrenic nerve dysfunction in patiens who underwent IMA harvesting compared to the group that did 
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not undergo IMA harvesting[16]. Inflammation secondary to cardiopulmonary bypass surgery may also be involved in 
the development of diaphragm dysfunction via significant production of reactive oxygen species and proinflammatory 
and pro-apoptotic signaling pathways activation[17].

DIAPHRAGM DYSFUNCTION INDUCED BY ATRIAL FIBRILLATION ABLATION
Minimally invasive treatment of atrial fibrillation appeared in the late 1990s and is now widely used as a safe alternative 
to antiarrhythmic drugs. Procedures have improved while the number of patients eligible for such treatments has 
increased.

The most commonly used fibrillation ablation techniques are thermal energy sources with cold (cryoablation around -
55°C) or heat (radiofrequency heating around +55°C). Due to the short distance between the ablation site and the phrenic 
nerve, thermal injury is not uncommon (mainly on the right side) resulting in diaphragmatic dysfunction. Electro-
myography-guided phrenic nerve monitoring has been proposed to prevent serious phrenic nerve injury during superior 
vena cava isolation. Detection of reduced contraction of the diaphragm during the procedure leads to the change in the 
ablation trajectory[18,19]. Despite the development of prevention strategies, new sophisticated devices and experienced 
operators, phrenic nerve injuries remain a possible outcome of up to 15% for early transient paralysis of the diaphragm, 
which usually disappears at the end of the procedure. Persistent symptomatic diaphragmatic paralysis is rare (reported in 
less than 1% of cases). A large population study from the "Netherlands Heart Registration" focused on persistent 
diaphragm dysfunction (> 24 h) among 7433 procedures performed between 2016 and 2017[20]. The incidence of 
persistent diaphragm paralysis was 0.7%, the risk being increased in womens. In a recent prospective, multicenter study 
conducted in 375 subjects comparing cryoballoon to radiofrequency, data showed that cryoablation has the highest level 
of phrenic nerve injury with 7.20% transient paralysis compared to 3.20% for radiofrequency[21]. Today, a new non-
thermal energy modality, called pulse field ablation (PFA) therapy has emerged. PFA therapy involves the application of 
high voltage levels to tissues in order to induce hyperpermeabilization of cell membranes and cell death through the 
mechanism of irreversible electroporation. This procedure is believed to be more selective than thermal procedures and 
may be less damaging to the phrenic nerve[22].

DETECTION OF DIAPHRAGM DYSFUNCTION BY ULTRASOUND
Chest ultrasound has gained much interest in detecting pleural effusion and pulmonary consolidation or edema after 
cardiac surgery. In 2016, Trovato[23] reported, in the World Journal of Cardiology, the interest of using, in addition to 
echocardiography, thoracic ultrasound for cardiologists. Since the frequency of diaphragm dysfunction is significant after 
cardiac surgery and atrial fibrillation ablation, the ultrasound analysis of diaphragm function is important.

Ultrasound methods
The two hemidiaphragms can be studied by two complementary ultrasound methods. Diaphragm mobility can be 
recorded by a sub-costal approach using a cardiac probe[24-26]. Excursions of both hemidiaphragms are measured by M-
mode ultrasonography during various volitional maneuvers such as quiet breathing (Figure 1) voluntary sniffing and 
deep inspiration. In addition, it is useful to measure the thickness changes at the zone of apposition during breathing 
(Figure 2, Video) by a superficial probe using B-mode[27]. The percentage of thickening during inspiration provides 
important information about the quality of the muscle function of the diaphragm[28]. These two approaches make it 
possible to detect paralysis or weakness of hemidiaphragm.

Diagnosis of hemidiaphragm paralysis
In patients with unilateral diaphragmatic paralysis, hemidiaphragm movement is absent or paradoxical when breathing 
at rest[29,30]. During voluntary sniffing, a paradoxical movement (i.e. cranial) of the hemidiaphragm (Figure 3) is 
reported using M-mode ultrasonography[29,30]. During deep inspiration, a biphasic movement can be recorded with a 
first paradoxical movement followed by a cranio-caudal excursion[30]. The study of inspiratory thickening is important 
to support the results of the diaphragm excursion analysis. The failure of the paralyzed diaphragm to thicken results in a 
decrease in the thickening fraction (TF) calculated as the difference between the diaphragm thickness measured at the end 
of maximal inspiration and the diaphragm thickness at the end of expiration divided by the diaphragm thickness at the 
end of expiration×100. No significant thickening (TF less than 20%) or thinning of paralyzed hemidiaphragm is observed
[31].

Diagnosis of diaphragm weakness
In some patients, diaphragm dysfunction occurred without complete paralysis i.e. diaphragm weakness. Diaphragm 
weakness can be detected using normal values of excursions and thickening previously determined from the study of 
healthy controls[32,33]. First, no criteria for complete paralysis should be recorded by ultrasound: No paradoxical 
movement should be observed during the various maneuvers and the TF should be greater than 20%. Secondly, 
excursions during deep inspiration should be below the lower limit of normal (LLN) depending on the side and gender 
according to the reference values[32].
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Figure 1 Diaphragmatic motion recorded by M-mode ultrasonography during quiet breathing d: Measurement of diaphragm excursion = 
1.6 cm.

Severity of the weakness may be based on the decrease of the excursion from the lower limit of the normal and the 
measurement of the thickening fraction[34].

Patients can be classified as follows: (1) Mild hemidiaphragm dysfunction when the excursion is slightly below the 
lower limit of normal during deep inspiration (excursion > LLN – 1 cm) and a normal or slightly decreased thickening 
fraction (> 40%); (2) Severe hemidiaphragm dysfunction in patients with a marked decrease in hemidiaphragm excursion 
(< LLN – 1 cm) associated with a marked decrease in thickening fraction (< 40%).

CLINICAL CONSEQUENCES OF DIAPHRAGM DYSFUNCTION
The complete loss of function of one hemidiaphragm leads to a restrictive syndrome with a decrease in vital capacity of 
about 25%. After unilateral diaphragm paralysis, a compensatory increase in neural drive to the functioning hemidia-
phragm was demonstrated[35], leading to large excursions to the healthy side[36]. The activity of accessory inspiratory 
muscles is also increased[37].

Disorders induced by diaphragm paralysis can take a wide variety of clinical pictures[38]. Bilateral diaphragm 
paralysis leads to respiratory failure most often requiring ventilatory support. In case of unilateral hemidiaphragm 
dysfunction, the compensatory mechanism is effective in patients without severe comorbidities and clinical disorders 
remain weak. Most often, dyspnea is mild and appears during exercise or in supine position. In contrast, in patients with 
obesity or with severe pre-existing cardiac or respiratory disease, the impairment in respiratory function leads to clinical 
disorders that can reach respiratory failure. After cardiac surgery, diaphragm dysfunction is associated with a risk of 
postoperative pneumonia, mechanical ventilation (non-invasive and invasive ventilation) and increased length of stay in 
the intensive care unit[39].

Diagnosis may be delayed, indeed, respiratory disorders induced by diaphragm dysfunction are frequently attributed 
to pre-existing heart disease or pulmonary complications secondary to the procedure. Furthermore, elevated hemidia-
phragm secondary to diaphragm dysfunction is sometimes not seen on chest X-ray perfomed in supine position in the 
intensive care unit. Diagnosis is sometimes made later, for exemple when admitted to a cardiac rehabilitation center[40]. 
It remains important because persistent diaphragm dysfunction is associated with late respiratory complications[39].
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Figure 2 Measurement of thickening fraction using B mode ultrasonography. A: End of expiration (1.7 mm); B: End of maximal inspiration (3.8 mm). 
Measurement of diaphragm thickness at expiration (1.7 mm), and at deep inspiration (3.8 mm) – here thickening fraction = (3.8–1.7)/ 1.7 = 123%.

In addition, high frequency of obstructive sleep apnea (OSA) has been reported in patients with diaphragm dys-
function[41]. It is therefore important to seek sleep apnea in these patients because it is recognized that OSA is a risk 
factor for cardiovascular disease[42].

Less frequently, right-to-left shunt was associated with right hemidiaphragm paralysis[43,44]. The mechanism was a 
redirection of blood flow from the inferior vena cava directly through the patent foramen ovale secondary to a distortion 
of cardiac anatomy induced by hemidiaphragmatic paralysis. In patients with hypoxemia, closure of the patent foramen 
ovale may be necessary[45].

TREATMENT
Treatment of diaphragm dysfunction is mainly based on respiratory physiotherapy. In unilateral diaphragm paralysis, 
inspiratory muscle training improves clinical condition through strengthening of healthy hemidiaphragm and accessory 
inspiratory muscles[46,47]. The long-term prognosis of hemidiaphragm paralysis is usually favorable with a decrease in 
respiratory disorders due either to the adaptation of healthy inspiratory muscles, or to the spontaneous improvement of 
diaphragmatic function.

In a population of patients with diaphragm paralysis of various etiologies, Gayan-Ramirez et al[48] reported functional 
recovery in the first year after diagnosis in 43% of cases and in two years in 52% of cases. After pediatric cardiac surgery 
complicated by phrenic nerve injury, recovery was documented in about 55% of children over a median follow-up period 
of 353 d[49]. In patients with hemidiaphragm paralysis secondary to atrial fibrillation ablation, after a mean follow-up of 
3 years, 66% of the study population had complete recovery, 17% had partial recovery, and 17% had no recovery[5]. The 
average recovery time was 4 months after injury. In cases of poor tolerance of diaphragm paralysis, mechanical 
ventilatory support such as non-invasive ventilation may be required[50]. In patients with hemidiaphragm paralysis 
having no recovery and suffering from disabling respiratory disorders, diaphragm plication can be proposed. Surgery is 
performed through open thoracotomy or video-assisted thoracoscopy[51]. Plication of hemidiaphragm reduces dyspnea, 
and increases both lung function test and exercise capacity[52,53]. The improvement in quality of life persists for a long 
time. It is therefore recommended to consider diaphragm plication in patients with unilateral diaphragm paralysis who 
have an impairment of quality of life secondary to chronic dyspnea.
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Figure 3 Diaphragmatic motion recorded by M-mode ultrasonography during voluntary sniffing. A: Normal motion; B: Paradoxical movement 
(arrow) in patient with hemidiaphragm paralysis.

CONCLUSION
Cardiac surgery and atrial fibrillation ablation can damage the phrenic nerve causing diaphragm dysfunction. Clinical 
disorders can be wrongly attributed to pre-existing heart or respiratory diseases, so systematic evaluation of diaphragm 
function by ultrasound after a procedure at risk of phrenic nerve injury is particularly useful. In such patients, respiratory 
physiotherapy is able to improve respiratory function through the strengthening of inspiratory muscles. Repeated 
ultrasound examinations should be performed to monitor potential recovery of diaphragm function. In case of lack of 
recovery and persistent disabling respiratory disorders, diaphragm plication can be proposed.

FOOTNOTES
Author contributions: The article project was designed by Boussuges A; Boussuges M, Blanc P, Bregeon F, and Boussuges A contributed 
equally to the article by conducting a literature review, drafting the article, making critical revisions and approving the final version.

Conflict-of-interest statement: All authors have no conflicts of interest to disclose.

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

Country/Territory of origin: France

ORCID number: Martin Boussuges 0009-0004-6253-4929; Philippe Blanc 0009-0005-2219-7881; Fabienne Bregeon 0000-0002-9244-5474; Alain 
Boussuges 0000-0001-6176-6200.

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0004-6253-4929
http://orcid.org/0009-0004-6253-4929
http://orcid.org/0009-0005-2219-7881
http://orcid.org/0009-0005-2219-7881
http://orcid.org/0000-0002-9244-5474
http://orcid.org/0000-0002-9244-5474
http://orcid.org/0000-0001-6176-6200
http://orcid.org/0000-0001-6176-6200


Boussuges M et al. Interest of diaphragm ultrasound in cardiology

WJC https://www.wjgnet.com 124 March 26, 2024 Volume 16 Issue 3

S-Editor: Liu JH 
L-Editor: A 
P-Editor: Zhao S

REFERENCES
1 Benditt JO. Esophageal and gastric pressure measurements. Respir Care 2005; 50: 68-75; discussion 75 [PMID: 15636646]
2 Shawyer A, Chippington S, Quyam S, Schulze-Neick I, Roebuck D. Phrenic nerve injury after image-guided insertion of a tunnelled right 

internal jugular central venous catheter. Pediatr Radiol 2012; 42: 875-877 [PMID: 22057361 DOI: 10.1007/s00247-011-2269-y]
3 Harris K, Maniatis G, Siddiqui F, Maniatis T. Phrenic nerve injury and diaphragmatic paralysis following pacemaker pulse generator 

replacement. Heart Lung 2013; 42: 65-66 [PMID: 23083538 DOI: 10.1016/j.hrtlng.2012.09.002]
4 Aguirre VJ, Sinha P, Zimmet A, Lee GA, Kwa L, Rosenfeldt F. Phrenic nerve injury during cardiac surgery: mechanisms, management and 

prevention. Heart Lung Circ 2013; 22: 895-902 [PMID: 23948287 DOI: 10.1016/j.hlc.2013.06.010]
5 Sacher F, Monahan KH, Thomas SP, Davidson N, Adragao P, Sanders P, Hocini M, Takahashi Y, Rotter M, Rostock T, Hsu LF, Clémenty J, 

Haïssaguerre M, Ross DL, Packer DL, Jaïs P. Phrenic nerve injury after atrial fibrillation catheter ablation: characterization and outcome in a 
multicenter study. J Am Coll Cardiol 2006; 47: 2498-2503 [PMID: 16781380 DOI: 10.1016/j.jacc.2006.02.050]

6 Dimopoulou I, Daganou M, Dafni U, Karakatsani A, Khoury M, Geroulanos S, Jordanoglou J. Phrenic nerve dysfunction after cardiac 
operations: electrophysiologic evaluation of risk factors. Chest 1998; 113: 8-14 [PMID: 9440560 DOI: 10.1378/chest.113.1.8]

7 Bruni A, Garofalo E, Pasin L, Serraino GF, Cammarota G, Longhini F, Landoni G, Lembo R, Mastroroberto P, Navalesi P; MaGIC (Magna 
Graecia Intensive care and Cardiac surgery) Group. Diaphragmatic Dysfunction After Elective Cardiac Surgery: A Prospective Observational 
Study. J Cardiothorac Vasc Anesth 2020; 34: 3336-3344 [PMID: 32653270 DOI: 10.1053/j.jvca.2020.06.038]

8 DeVita MA, Robinson LR, Rehder J, Hattler B, Cohen C. Incidence and natural history of phrenic neuropathy occurring during open heart 
surgery. Chest 1993; 103: 850-856 [PMID: 8449080 DOI: 10.1378/chest.103.3.850]

9 Moury PH, Cuisinier A, Durand M, Bosson JL, Chavanon O, Payen JF, Jaber S, Albaladejo P. Diaphragm thickening in cardiac surgery: A 
perioperative prospective ultrasound study. Ann Intensive Care 2019; 9: 50 [PMID: 31016412 DOI: 10.1186/s13613-019-0521-z]

10 Laghlam D, Lê MP, Srour A, Monsonego R, Estagnasié P, Brusset A, Squara P. Diaphragm Dysfunction After Cardiac Surgery: Reappraisal. J 
Cardiothorac Vasc Anesth 2021; 35: 3241-3247 [PMID: 33736912 DOI: 10.1053/j.jvca.2021.02.023]

11 Mali S, Haghaninejad H. Pulmonary complications following cardiac surgery. Arch Med Sci Atheroscler Dis 2019; 4: e280-e285 [PMID: 
32368683 DOI: 10.5114/amsad.2019.91432]

12 Esposito RA, Spencer FC. The effect of pericardial insulation on hypothermic phrenic nerve injury during open-heart surgery. Ann Thorac 
Surg 1987; 43: 303-308 [PMID: 3827375 DOI: 10.1016/s0003-4975(10)60619-4]

13 Wheeler WE, Rubis LJ, Jones CW, Harrah JD. Etiology and prevention of topical cardiac hypothermia-induced phrenic nerve injury and left 
lower lobe atelectasis during cardiac surgery. Chest 1985; 88: 680-683 [PMID: 4053709 DOI: 10.1378/chest.88.5.680]

14 Maccherini M, Davoli G, Sani G, Rossi P, Giani S, Lisi G, Mazzesi G, Toscano M. Warm heart surgery eliminates diaphragmatic paralysis. J 
Card Surg 1995; 10: 257-261 [PMID: 7626876]

15 Lerolle N, Guérot E, Dimassi S, Zegdi R, Faisy C, Fagon JY, Diehl JL. Ultrasonographic diagnostic criterion for severe diaphragmatic 
dysfunction after cardiac surgery. Chest 2009; 135: 401-407 [PMID: 18753469 DOI: 10.1378/chest.08-1531]

16 Tripp HF, Sees DW, Lisagor PG, Cohen DJ. Is phrenic nerve dysfunction after cardiac surgery related to internal mammary harvesting? J 
Card Surg 2001; 16: 228-231 [PMID: 11824668 DOI: 10.1111/j.1540-8191.2001.tb00512.x]

17 Zakkar M, Guida G, Suleiman MS, Angelini GD. Cardiopulmonary bypass and oxidative stress. Oxid Med Cell Longev 2015; 2015: 189863 
[PMID: 25722792 DOI: 10.1155/2015/189863]

18 Lakhani M, Saiful F, Parikh V, Goyal N, Bekheit S, Kowalski M. Recordings of diaphragmatic electromyograms during cryoballoon ablation 
for atrial fibrillation accurately predict phrenic nerve injury. Heart Rhythm 2014; 11: 369-374 [PMID: 24252287 DOI: 
10.1016/j.hrthm.2013.11.015]

19 Miyazaki S, Ichihara N, Nakamura H, Taniguchi H, Hachiya H, Araki M, Takagi T, Iwasawa J, Kuroi A, Hirao K, Iesaka Y. Prospective 
Evaluation of Electromyography-Guided Phrenic Nerve Monitoring During Superior Vena Cava Isolation to Anticipate Phrenic Nerve Injury. J 
Cardiovasc Electrophysiol 2016; 27: 390-395 [PMID: 27074774 DOI: 10.1111/jce.12912]

20 Mol D, Renskers L, Balt JC, Bhagwandien RE, Blaauw Y, van Driel VJHM, Driessen AHG, Elvan A, Folkeringa R, Hassink RJ, Hooft van 
Huysduynen B, Luermans JGLM, Stevenhagen JY, van der Voort PH, Westra SW, de Groot JR, de Jong JSSG; Netherlands Heart Registration 
Ablation Committee. Persistent phrenic nerve palsy after atrial fibrillation ablation: Follow-up data from The Netherlands Heart Registration. J 
Cardiovasc Electrophysiol 2022; 33: 559-564 [PMID: 35040534 DOI: 10.1111/jce.15368]

21 Almorad A, Del Monte A, Della Rocca DG, Pannone L, Ramak R, Overeinder I, Bala G, Ströker E, Sieira J, Dubois A, Sorgente A, El Haddad 
M, Iacopino S, Boveda S, de Asmundis C, Chierchia GB. Outcomes of pulmonary vein isolation with radiofrequency balloon vs. cryoballoon 
ablation: a multi-centric study. Europace 2023; 25 [PMID: 37671682 DOI: 10.1093/europace/euad252]

22 Urbanek L, Bordignon S, Schaack D, Chen S, Tohoku S, Efe TH, Ebrahimi R, Pansera F, Hirokami J, Plank K, Koch A, Schulte-Hahn B, 
Schmidt B, Chun KJ. Pulsed Field Versus Cryoballoon Pulmonary Vein Isolation for Atrial Fibrillation: Efficacy, Safety, and Long-Term 
Follow-Up in a 400-Patient Cohort. Circ Arrhythm Electrophysiol 2023; 16: 389-398 [PMID: 37254781 DOI: 10.1161/CIRCEP.123.011920]

23 Trovato GM. Thoracic ultrasound: A complementary diagnostic tool in cardiology. World J Cardiol 2016; 8: 566-574 [PMID: 27847557 DOI: 
10.4330/wjc.v8.i10.566]

24 Targhetta R, Chavagneux R, Ayoub J, Lemerre C, Préfaut C, Bourgeois JM, Balmes P. [Right diaphragmatic kinetics measured by TM-mode 
ultrasonography with concomitant spirometry in normal subjects and asthmatic patients. Preliminary results]. Rev Med Interne 1995; 16: 819-
826 [PMID: 8570938 DOI: 10.1016/0248-8663(96)80796-x]

25 Kantarci F, Mihmanli I, Demirel MK, Harmanci K, Akman C, Aydogan F, Mihmanli A, Uysal O. Normal diaphragmatic motion and the 
effects of body composition: determination with M-mode sonography. J Ultrasound Med 2004; 23: 255-260 [PMID: 14992363 DOI: 
10.7863/jum.2004.23.2.255]

http://www.ncbi.nlm.nih.gov/pubmed/15636646
http://www.ncbi.nlm.nih.gov/pubmed/22057361
https://dx.doi.org/10.1007/s00247-011-2269-y
http://www.ncbi.nlm.nih.gov/pubmed/23083538
https://dx.doi.org/10.1016/j.hrtlng.2012.09.002
http://www.ncbi.nlm.nih.gov/pubmed/23948287
https://dx.doi.org/10.1016/j.hlc.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/16781380
https://dx.doi.org/10.1016/j.jacc.2006.02.050
http://www.ncbi.nlm.nih.gov/pubmed/9440560
https://dx.doi.org/10.1378/chest.113.1.8
http://www.ncbi.nlm.nih.gov/pubmed/32653270
https://dx.doi.org/10.1053/j.jvca.2020.06.038
http://www.ncbi.nlm.nih.gov/pubmed/8449080
https://dx.doi.org/10.1378/chest.103.3.850
http://www.ncbi.nlm.nih.gov/pubmed/31016412
https://dx.doi.org/10.1186/s13613-019-0521-z
http://www.ncbi.nlm.nih.gov/pubmed/33736912
https://dx.doi.org/10.1053/j.jvca.2021.02.023
http://www.ncbi.nlm.nih.gov/pubmed/32368683
https://dx.doi.org/10.5114/amsad.2019.91432
http://www.ncbi.nlm.nih.gov/pubmed/3827375
https://dx.doi.org/10.1016/s0003-4975(10)60619-4
http://www.ncbi.nlm.nih.gov/pubmed/4053709
https://dx.doi.org/10.1378/chest.88.5.680
http://www.ncbi.nlm.nih.gov/pubmed/7626876
http://www.ncbi.nlm.nih.gov/pubmed/18753469
https://dx.doi.org/10.1378/chest.08-1531
http://www.ncbi.nlm.nih.gov/pubmed/11824668
https://dx.doi.org/10.1111/j.1540-8191.2001.tb00512.x
http://www.ncbi.nlm.nih.gov/pubmed/25722792
https://dx.doi.org/10.1155/2015/189863
http://www.ncbi.nlm.nih.gov/pubmed/24252287
https://dx.doi.org/10.1016/j.hrthm.2013.11.015
http://www.ncbi.nlm.nih.gov/pubmed/27074774
https://dx.doi.org/10.1111/jce.12912
http://www.ncbi.nlm.nih.gov/pubmed/35040534
https://dx.doi.org/10.1111/jce.15368
http://www.ncbi.nlm.nih.gov/pubmed/37671682
https://dx.doi.org/10.1093/europace/euad252
http://www.ncbi.nlm.nih.gov/pubmed/37254781
https://dx.doi.org/10.1161/CIRCEP.123.011920
http://www.ncbi.nlm.nih.gov/pubmed/27847557
https://dx.doi.org/10.4330/wjc.v8.i10.566
http://www.ncbi.nlm.nih.gov/pubmed/8570938
https://dx.doi.org/10.1016/0248-8663(96)80796-x
http://www.ncbi.nlm.nih.gov/pubmed/14992363
https://dx.doi.org/10.7863/jum.2004.23.2.255


Boussuges M et al. Interest of diaphragm ultrasound in cardiology

WJC https://www.wjgnet.com 125 March 26, 2024 Volume 16 Issue 3

26 Epelman M, Navarro OM, Daneman A, Miller SF. M-mode sonography of diaphragmatic motion: description of technique and experience in 
278 pediatric patients. Pediatr Radiol 2005; 35: 661-667 [PMID: 15776227 DOI: 10.1007/s00247-005-1433-7]

27 Boon AJ, Harper CJ, Ghahfarokhi LS, Strommen JA, Watson JC, Sorenson EJ. Two-dimensional ultrasound imaging of the diaphragm: 
quantitative values in normal subjects. Muscle Nerve 2013; 47: 884-889 [PMID: 23625789 DOI: 10.1002/mus.23702]

28 Summerhill EM, Angov N, Garber C, McCool FD. Respiratory muscle strength in the physically active elderly. Lung 2007; 185: 315-320 
[PMID: 17917778 DOI: 10.1007/s00408-007-9027-9]

29 Lloyd T, Tang YM, Benson MD, King S. Diaphragmatic paralysis: the use of M mode ultrasound for diagnosis in adults. Spinal Cord 2006; 
44: 505-508 [PMID: 16331304 DOI: 10.1038/sj.sc.3101889]

30 Boussuges A, Brégeon F, Blanc P, Gil JM, Poirette L. Characteristics of the paralysed diaphragm studied by M-mode ultrasonography. Clin 
Physiol Funct Imaging 2019; 39: 143-149 [PMID: 30325572 DOI: 10.1111/cpf.12549]

31 Gottesman E, McCool FD. Ultrasound evaluation of the paralyzed diaphragm. Am J Respir Crit Care Med 1997; 155: 1570-1574 [PMID: 
9154859 DOI: 10.1164/ajrccm.155.5.9154859]

32 Boussuges A, Finance J, Chaumet G, Brégeon F. Diaphragmatic motion recorded by M-mode ultrasonography: limits of normality. ERJ Open 
Res 2021; 7 [PMID: 33778044 DOI: 10.1183/23120541.00714-2020]

33 Boussuges A, Rives S, Finance J, Chaumet G, Vallée N, Risso JJ, Brégeon F. Ultrasound Assessment of Diaphragm Thickness and 
Thickening: Reference Values and Limits of Normality When in a Seated Position. Front Med (Lausanne) 2021; 8: 742703 [PMID: 34778304 
DOI: 10.3389/fmed.2021.742703]

34 Boussuges A, Habert P, Chaumet G, Rouibah R, Delorme L, Menard A, Million M, Bartoli A, Guedj E, Gouitaa M, Zieleskiewicz L, Finance 
J, Coiffard B, Delliaux S, Brégeon F. Diaphragm dysfunction after severe COVID-19: An ultrasound study. Front Med (Lausanne) 2022; 9: 
949281 [PMID: 36091672 DOI: 10.3389/fmed.2022.949281]

35 Katagiri M, Young RN, Platt RS, Kieser TM, Easton PA. Respiratory muscle compensation for unilateral or bilateral hemidiaphragm paralysis 
in awake canines. J Appl Physiol (1985) 1994; 77: 1972-1982 [PMID: 7836225 DOI: 10.1152/jappl.1994.77.4.1972]

36 Houston JG, Fleet M, Cowan MD, McMillan NC. Comparison of ultrasound with fluoroscopy in the assessment of suspected 
hemidiaphragmatic movement abnormality. Clin Radiol 1995; 50: 95-98 [PMID: 7867276 DOI: 10.1016/s0009-9260(05)82987-3]

37 LoMauro A, Aliverti A, Perchiazzi G, Frykholm P. Physiological changes and compensatory mechanisms by the action of respiratory muscles 
in a porcine model of phrenic nerve injury. J Appl Physiol (1985) 2021; 130: 813-826 [PMID: 33444121 DOI: 
10.1152/japplphysiol.00781.2020]

38 Ben-Dov I, Kaminski N, Reichert N, Rosenman J, Shulimzon T. Diaphragmatic paralysis: a clinical imitator of cardiorespiratory diseases. Isr 
Med Assoc J 2008; 10: 579-583 [PMID: 18847154]

39 Laghlam D, Naudin C, Srour A, Monsonego R, Malvy J, Rahoual G, Squara P, Nguyen LS, Estagnasié P. Persistent diaphragm dysfunction 
after cardiac surgery is associated with adverse respiratory outcomes: a prospective observational ultrasound study. Can J Anaesth 2023; 70: 
228-236 [PMID: 36513852 DOI: 10.1007/s12630-022-02360-8]

40 Boussuges A, Chaumet G, Poirette L. Interest of ultrasonographic assessment of diaphragmatic function in cardiac rehabilitation center: a case 
report. Medicine (Baltimore) 2015; 94: e801 [PMID: 25984664 DOI: 10.1097/MD.0000000000000801]

41 Sarac S, Salturk C, Oruc O, Metin SK, Bayram S, Karakurt Z, Yalcınkaya I. Sleep-related breathing disorders in diaphragmatic pathologies. 
Sleep Breath 2022; 26: 959-963 [PMID: 34191224 DOI: 10.1007/s11325-021-02422-z]

42 Javaheri S, Barbe F, Campos-Rodriguez F, Dempsey JA, Khayat R, Javaheri S, Malhotra A, Martinez-Garcia MA, Mehra R, Pack AI, 
Polotsky VY, Redline S, Somers VK. Sleep Apnea: Types, Mechanisms, and Clinical Cardiovascular Consequences. J Am Coll Cardiol 2017; 
69: 841-858 [PMID: 28209226 DOI: 10.1016/j.jacc.2016.11.069]

43 Darchis JS, Ennezat PV, Charbonnel C, Aubert JM, Gonin X, Auffray JL, Bauchart JJ, Le Tourneau T, Rey C, Godart F, Goldstein P, 
Asseman P. Hemidiaphragmatic paralysis: an underestimated etiology of right-to-left shunt through patent foramen ovale? Eur J Echocardiogr 
2007; 8: 259-264 [PMID: 16824802 DOI: 10.1016/j.euje.2006.05.003]

44 Wiertsema MH, Dickinson MG, Hoendermis ES, Geluk CA. Platypnea orthodeoxia syndrome after recent stroke: a case report of a 
sandwiched right atrium. Eur Heart J Case Rep 2022; 6: ytac275 [PMID: 35854888 DOI: 10.1093/ehjcr/ytac275]

45 Fabris T, Buja P, Cucchini U, D'Amico G, Cazzuffi R, Balestro E, Tarantini G. Right-to-left interatrial shunt secondary to right 
hemidiaphragmatic paralysis: an unusual scenario for urgent percutaneous closure of patent foramen ovale. Heart Lung Circ 2015; 24: e56-e59 
[PMID: 25499594 DOI: 10.1016/j.hlc.2014.11.003]

46 Kodric M, Trevisan R, Torregiani C, Cifaldi R, Longo C, Cantarutti F, Confalonieri M. Inspiratory muscle training for diaphragm dysfunction 
after cardiac surgery. J Thorac Cardiovasc Surg 2013; 145: 819-823 [PMID: 22938776 DOI: 10.1016/j.jtcvs.2012.07.087]

47 Schaeffer MR, Louvaris Z, Rodrigues A, Poddighe D, Gayan-Ramirez G, Gojevic T, Geerts L, Heyndrickx E, Van Hollebeke M, Janssens L, 
Gosselink R, Testelmans D, Langer D. Effects of inspiratory muscle training on exertional breathlessness in patients with unilateral diaphragm 
dysfunction: a randomised trial. ERJ Open Res 2023; 9 [PMID: 37868146 DOI: 10.1183/23120541.00300-2023]

48 Gayan-Ramirez G, Gosselin N, Troosters T, Bruyninckx F, Gosselink R, Decramer M. Functional recovery of diaphragm paralysis: a long-
term follow-up study. Respir Med 2008; 102: 690-698 [PMID: 18276128 DOI: 10.1016/j.rmed.2008.01.001]

49 Smith BM, Ezeokoli NJ, Kipps AK, Azakie A, Meadows JJ. Course, predictors of diaphragm recovery after phrenic nerve injury during 
pediatric cardiac surgery. Ann Thorac Surg 2013; 96: 938-942 [PMID: 23932321 DOI: 10.1016/j.athoracsur.2013.05.057]

50 Carlson CS, Brown SR, Wilson MW, Choi PJ. Noninvasive ventilation: An important option in the management of hemidiaphragm paralysis. 
J Card Surg 2021; 36: 3921-3923 [PMID: 34260766 DOI: 10.1111/jocs.15824]

51 Beshay M, Abdel Bary M, Kösek V, Vordemvenne T, Mertzlufft F, Schulte Am Esch J. Minimally-Invasive Diaphragmatic Plication in 
Patients with Unilateral Diaphragmatic Paralysis. J Clin Med 2023; 12 [PMID: 37629343 DOI: 10.3390/jcm12165301]

52 Freeman RK, Van Woerkom J, Vyverberg A, Ascioti AJ. Long-term follow-up of the functional and physiologic results of diaphragm 
plication in adults with unilateral diaphragm paralysis. Ann Thorac Surg 2009; 88: 1112-1117 [PMID: 19766791 DOI: 
10.1016/j.athoracsur.2009.05.027]

53 Hunt AR, Stuart CM, Gergen AK, Bang TJ, Reihman AE, Helmkamp LJ, Lin Y, Mitchell JD, Meguid RA, Scott CD, Wojcik BM. Long-Term 
Patient-Reported Symptom Improvement and Quality of Life after Transthoracic Diaphragm Plication in Adults. J Am Coll Surg 2023; 237: 
533-544 [PMID: 37194947 DOI: 10.1097/XCS.0000000000000762]

http://www.ncbi.nlm.nih.gov/pubmed/15776227
https://dx.doi.org/10.1007/s00247-005-1433-7
http://www.ncbi.nlm.nih.gov/pubmed/23625789
https://dx.doi.org/10.1002/mus.23702
http://www.ncbi.nlm.nih.gov/pubmed/17917778
https://dx.doi.org/10.1007/s00408-007-9027-9
http://www.ncbi.nlm.nih.gov/pubmed/16331304
https://dx.doi.org/10.1038/sj.sc.3101889
http://www.ncbi.nlm.nih.gov/pubmed/30325572
https://dx.doi.org/10.1111/cpf.12549
http://www.ncbi.nlm.nih.gov/pubmed/9154859
https://dx.doi.org/10.1164/ajrccm.155.5.9154859
http://www.ncbi.nlm.nih.gov/pubmed/33778044
https://dx.doi.org/10.1183/23120541.00714-2020
http://www.ncbi.nlm.nih.gov/pubmed/34778304
https://dx.doi.org/10.3389/fmed.2021.742703
http://www.ncbi.nlm.nih.gov/pubmed/36091672
https://dx.doi.org/10.3389/fmed.2022.949281
http://www.ncbi.nlm.nih.gov/pubmed/7836225
https://dx.doi.org/10.1152/jappl.1994.77.4.1972
http://www.ncbi.nlm.nih.gov/pubmed/7867276
https://dx.doi.org/10.1016/s0009-9260(05)82987-3
http://www.ncbi.nlm.nih.gov/pubmed/33444121
https://dx.doi.org/10.1152/japplphysiol.00781.2020
http://www.ncbi.nlm.nih.gov/pubmed/18847154
http://www.ncbi.nlm.nih.gov/pubmed/36513852
https://dx.doi.org/10.1007/s12630-022-02360-8
http://www.ncbi.nlm.nih.gov/pubmed/25984664
https://dx.doi.org/10.1097/MD.0000000000000801
http://www.ncbi.nlm.nih.gov/pubmed/34191224
https://dx.doi.org/10.1007/s11325-021-02422-z
http://www.ncbi.nlm.nih.gov/pubmed/28209226
https://dx.doi.org/10.1016/j.jacc.2016.11.069
http://www.ncbi.nlm.nih.gov/pubmed/16824802
https://dx.doi.org/10.1016/j.euje.2006.05.003
http://www.ncbi.nlm.nih.gov/pubmed/35854888
https://dx.doi.org/10.1093/ehjcr/ytac275
http://www.ncbi.nlm.nih.gov/pubmed/25499594
https://dx.doi.org/10.1016/j.hlc.2014.11.003
http://www.ncbi.nlm.nih.gov/pubmed/22938776
https://dx.doi.org/10.1016/j.jtcvs.2012.07.087
http://www.ncbi.nlm.nih.gov/pubmed/37868146
https://dx.doi.org/10.1183/23120541.00300-2023
http://www.ncbi.nlm.nih.gov/pubmed/18276128
https://dx.doi.org/10.1016/j.rmed.2008.01.001
http://www.ncbi.nlm.nih.gov/pubmed/23932321
https://dx.doi.org/10.1016/j.athoracsur.2013.05.057
http://www.ncbi.nlm.nih.gov/pubmed/34260766
https://dx.doi.org/10.1111/jocs.15824
http://www.ncbi.nlm.nih.gov/pubmed/37629343
https://dx.doi.org/10.3390/jcm12165301
http://www.ncbi.nlm.nih.gov/pubmed/19766791
https://dx.doi.org/10.1016/j.athoracsur.2009.05.027
http://www.ncbi.nlm.nih.gov/pubmed/37194947
https://dx.doi.org/10.1097/XCS.0000000000000762


WJC https://www.wjgnet.com 126 March 26, 2024 Volume 16 Issue 3

World Journal of 

CardiologyW J C
Submit a Manuscript: https://www.f6publishing.com World J Cardiol 2024 March 26; 16(3): 126-136

DOI: 10.4330/wjc.v16.i3.126 ISSN 1949-8462 (online)

MINIREVIEWS

Cardiac arrest, stony heart, and cardiopulmonary resuscitation: An 
updated revisit

Ayman El-Menyar, Bianca M Wahlen

Specialty type: Cardiac and 
cardiovascular systems

Provenance and peer review: 
Invited 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: Jha AK, United States

Received: December 28, 2023 
Peer-review started: December 28, 
2023 
First decision: January 17, 2024 
Revised: January 17, 2024 
Accepted: February 26, 2024 
Article in press: February 26, 2024 
Published online: March 26, 2024

Ayman El-Menyar, Department of Trauma and Vascular Surgery, Clinical Research, Hamad 
Medical Corporation, Doha 3050, Qatar

Ayman El-Menyar, Department of Clinical Medicine, Weill Cornell Medical College, Doha 
24144, Qatar

Bianca M Wahlen, Department of Anesthesiology, Hamad Medical Corporation, Doha 3050, 
Qatar

Corresponding author: Ayman El-Menyar, MBChB, MSc, FACC, FESC, Professor, Director, 
Senior Scientist, Department of Trauma and Vascular Surgery, Clinical Research, Hamad 
Medical Corporation, Al-Rayyan Street, Doha 3050, Qatar. aymanco65@yahoo.com

Abstract
The post-resuscitation period is recognized as the main predictor of cardiopul-
monary resuscitation (CPR) outcomes. The first description of post-resuscitation 
syndrome and stony heart was published over 50 years ago. Major manifestations 
may include but are not limited to, persistent precipitating pathology, systemic 
ischemia/reperfusion response, post-cardiac arrest brain injury, and finally, post-
cardiac arrest myocardial dysfunction (PAMD) after successful resuscitation. Why 
do some patients initially survive successful resuscitation, and others do not? 
Also, why does the myocardium response vary after resuscitation? These ques-
tions have kept scientists busy for several decades since the first successful 
resuscitation was described. By modifying the conventional modalities of resu-
scitation together with new promising agents, rescuers will be able to salvage the 
jeopardized post-resuscitation myocardium and prevent its progression to a 
dismal, stony heart. Community awareness and staff education are crucial for 
shortening the resuscitation time and improving short- and long-term outcomes. 
Awareness of these components before and early after the restoration of 
circulation will enhance the resuscitation outcomes. This review extensively 
addresses the underlying pathophysiology, management, and outcomes of post-
resuscitation syndrome. The pattern, management, and outcome of PAMD and 
post-cardiac arrest shock are different based on many factors, including in-
hospital cardiac arrest vs out-of-hospital cardiac arrest (OHCA), witnessed vs 
unwitnessed cardiac arrest, the underlying cause of arrest, the duration, and 
protocol used for CPR. Although restoring spontaneous circulation is a vital sign, 
it should not be the end of the game or lone primary outcome; it calls for better 
understanding and aggressive multi-disciplinary interventions and care. The 
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development of stony heart post-CPR and OHCA remain the main challenges in emergency and critical care 
medicine.

Key Words: Cardiac arrest; Out-of-hospital cardiac arrest; In-hospital cardiac arrest; Post-resuscitation; Myocardial 
dysfunction; Cardiopulmonary resuscitation; Stony heart
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Core Tip: Despite the advances in emergency and critical care management, the outcomes post-cardiac arrest (in-hospital or 
out-of-hospital) remain challenging. Post-cardiac arrest myocardial dysfunction and circulatory failure are the main 
predictors of cardiopulmonary resuscitation outcomes. The pattern, management, and outcome of these predictors differ 
between subjects based on many factors. A better understanding of the pathophysiology of these two predictors is of utmost 
importance to achieve better post-cardiac arrest outcomes. Although restoring spontaneous circulation is a vital sign, it 
should not be the end of the game or lone primary outcome; it calls for aggressive multi-disciplinary interventions and care.
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INTRODUCTION
Cardiac arrest and cardiopulmonary resuscitation: An estimated 17.7 million people died due to cardiovascular disease 
(CVD), and this number represents about 31% of the global deaths[1]. Sudden cardiac arrest (SCD) occurs in more than 
800000 patients per year[2]. More than 100000 SCD have been noticed among the American female population, indicating 
this is a significant issue in health care[3]. It has been shown that outcomes after cardiac arrest improve significantly 
when cardiopulmonary resuscitation (CPR) is performed promptly at a high-quality level[4]. Interestingly, remarkable 
regional and interindividual differences exist in the survival rates of cardiac arrest incidence and outcomes[5,6]. 
However, the incidence of SCD depends on its definition[7]. The quality of CPR has changed over time, and accordingly, 
the likelihood of restoration of spontaneous circulation (ROSC) and survival after cardiac arrest is expected to be 
improved[8]. Despite advances in CPR, poor survival rates remain challenging, even with the ROSC. Almost one-tenth 
and one-quarter of the out-of-hospital (OHCA) and in-hospital (IHCA) cardiac arrests survive hospital discharge[9]. The 
survival rate after IHCA is approximately twice that of OHCA, as the earlier ROSC is achieved in almost 50% of the IHCA
[10,11]. The post-resuscitation period is the main predictor of CPR outcomes, as during this period, a multi-systemic 
insult phenomenon called post-cardiac arrest syndrome (PCAS) occurs, including four elements of variable degrees and 
intensity[12,13]. This phenomenon may happen in five phases post-ROSC in terms of immediate (20 min), early (within 
12 h), intermediate (within 72 h), recovery (after three days), and rehabilitation phase[14,15]. These elements include 
hypoxic brain injury, systemic ischemia–reperfusion injury (IRI), myocardial dysfunction, and the persistent underlying 
cause of cardiac arrest[12,13]. This phenomenon results from initial systemic ischemia and no-flow local circulations 
followed by reperfusion injury during resuscitation and the ROSC. During cardiac arrest, the brain and cardiac injuries 
occur and play a critical role in the patient's survival and quality of life. Secondary brain injury could lead to late death in 
approximately two-thirds and one-quarter of patients who sustained OHCA and IHCA, respectively. Whereas early 
death, which may occur within the first three days, is mainly related to post-cardiac arrest myocardial dysfunction 
(PAMD)[16]. PAMD is a commonly reversible sort of myocardial stunning that often responds to small doses of 
inotropes. Therefore, if detected and treated early, PAMD could reach its base level eight hours following ROSC, 
potentially improving on the first day and normalizing by the third day. Otherwise, in addition to the systemic IRI and 
vasodilation, multiorgan failure takes place and leads to death. Such IRI results in oxidative stress that causes cardiac 
injury and ventricular dysfunction, which peaks at 8-24 h after cardiac arrest. The systematic inflammatory response of 
IRI leads to several detrimental sequences such as vasoplegia, microcirculatory dysfunction, hypercoagulability, relative 
adrenal and Vasopressin insufficiency, immunosuppression, hyperglycemia, transient bacteremia, and eventually 
multiorgan failure[13]. The persistence of tissue hypoxia during cardiac arrest leads to the activation of immune, 
complement, and coagulation pathways. It ends up with systemic inflammatory response syndrome (SIRS) within three 
hours post-resuscitation[9]. Furthermore, the body organs' metabolism switches to anaerobic status due to the minimal 
cellular reserve and insufficient tissue oxygen delivery. The latter condition, in addition to the ongoing myocardial 
stunning (or PAMD), activated dysfunctional vascular endothelium, and microcirculatory failure, exaggerates the 
hemodynamic instability and organ failure[9].
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PAMD DIAGNOSIS
The diagnosis of PAMD requires the presence of low cardiac index (CI), decreased left ventricular systolic and diastolic 
function, and right ventricular dysfunction after cardiac arrest and ROSC. Studies in patients with post-cardiac arrest 
provided evidence of reduced left ventricular ejection fraction (LVEF) within the first day after ROSC in two-thirds or 
more of cases[17-19]. Vasopressor dependence or the presence of shock is not an indicator of PAMD after cardiac arrest, 
as each or both may arise from vascular dysfunction in the absence of myocardial involvement[20]. On the other hand, 
the presence of myocardial dysfunction after cardiac arrest is not a forecast for the necessity of vasopressors or worse 
outcomes, at least when adjusted for the severity of cardiac arrest, shock, and vasopressor use. Nevertheless, experts still 
assume that the likelihood of PAMD is a significant cause of death after successful CPR[21]. Why do some patients 
initially survive successful resuscitation, and others do not? Also, why does the myocardium response vary after 
resuscitation? These questions have kept scientists busy for several decades. By modifying the conventional modalities of 
resuscitation together with new promising agents, rescuers will be able to salvage the jeopardized post-resuscitation 
myocardium and prevent its progression to a dismal, stony heart, which is the extreme form of PAMD[22]. The actual 
incidence of PAMD is still unclear in the literature because of the use of different definitions, small studies population, 
and diversity of cardiac function assessment[17]. Community awareness and staff education are crucial for improving 
and shortening the resuscitation time and attaining optimal short- and long-term outcomes. Awareness of PCAS 
components before and early after the restoration of circulation will improve the outcomes of CPR[23]. Restoration of 
adequate circulation and favorable long-term outcomes should be the main aim of resuscitation[24]. Several factors are 
associated with the development and impact of PAMD. These factors help healthcare providers anticipate which person 
would need early diagnostic evaluation, such as serial electrocardiogram, echocardiography, and specific treatments. Yao 
et al[25] have shown that almost 50% of OHCA is followed by myocardial dysfunction and that early myocardial 
dysfunction is not always associated with neurologically intact survival. The reversibility of PAMD reflects an aggressive 
on-time treatment strategy, and such dysfunction and the hemodynamic status should not affect the decision to 
discontinue treatment as both are usually reversible. After the initial phases of the ROSC, the neurologic status 
determines the patient's resuscitation outcome[26].

Furthermore, post-resuscitation shock, which is a complex pathophysiological condition occurring in 50%-70% of 
patients who experienced a cardiac arrest, is an early and transient complication of the post-resuscitation phase[27]. The 
optimal mean arterial pressure target during post-resuscitation shock needs further elaboration, and mechanical 
circulatory support could be required in selected cases whenever the neurological prognosis is expected to be favorable
[27]. PAMD plays a role in early re-arrest after post-ROSC; it was reported in six percent of transported post-ROSC 
survivors[17,28]. Patients who develop re-arrest or another critical event (23%) are less likely to survive[28]. Of note, as a 
part of PAMD, the diastolic dysfunction measured by the isovolumetric relaxation time on echocardiography was found 
to be an independent predictor of mortality regardless of the patient's age, initial rhythm, duration of CPR, and doses of 
epinephrine[29].

ELECTRICAL SHOCK AND PAMD
Although defibrillation of a shockable rhythm as early as possible is the most critical factor in this sensitive period, the 
times before and after defibrillation and thoracic compressions (peri-shock) should be as short as possible[30,31]. A study 
showed that electrical shock of prolonged VF had an unfavorable outcome if a non-perfusing rhythm followed it 
compared to a primary asystole; this difference was attributed to the myocardial electrical injury[32]. Myocardial 
stunning and PAMD could also arise due to the use of defibrillators during resuscitation depending on the shock timing, 
frequency, amount of delivered energy, and waveform[33,34]. The electrical shock causes a decrease in the CI and 
contractility in addition to an increase in the ventricular end-diastolic pressure[17,34]. A prior study showed that the 
survival rate to hospital discharge was higher in patients presenting with pulseless electrical activity (PEA)/asystole 
without subsequent VT/VF than in patients with PEA/asystole with subsequent VT/VF[35]. Therefore, early defibril-
lation with concurrent high-quality CPR is critical for VF/pulseless VT, whereas epinephrine use with high-quality CPR 
is essential for better outcomes for non-shockable rhythms[36]. A meta-analysis showed that shockable rhythm 
conversion from asystole was associated with pre-hospital ROSC and survival to hospital discharge compared to PEA
[37]. Also, earlier shockable rhythm conversion was associated with higher favorable neurological outcomes in OHCA 
patients within one month compared to late conversion.

HEMODYNAMIC STATUS AND PAMD
More than a decade ago, Laurent et al[20] evaluated 165 survivors of OHCA and found that the higher the dosages of 
epinephrine and the number of defibrillations during CPR, the higher the likelihood of cardio-circulatory instability and 
the need for more vasopressor support, which was necessary for more than half of the patients. The mean LVEF is lower 
in patients with hemodynamic instability. Patients who presented with a low CI on the first day after a cardiac arrest are 
more likely to die in the hospital due to multiorgan failure. In patients who survived cardiac arrest, efforts and multi-
disciplinary care could regain normal hemodynamic parameters within the first three days. Of note, the hemodynamic 
status did not influence the neurologic outcomes in some cases[20]. However, the autoregulation of the cerebral 
circulation is disrupted after ROSC, and therefore, up to three-thirds of cases require inotropic support cases due to 



El-Menyar A et al. Post-cardiopulmonary resuscitation syndrome

WJC https://www.wjgnet.com 129 March 26, 2024 Volume 16 Issue 3

microvascular impairment and PAMD-induced hypotension[17,38].
An interesting study on more than 600 patients in whom echocardiogram findings were recorded within three months 

before the occurrence of IHCA[21]. The authors found a 25% reduction of the LVEF from its baseline values within 72 h 
post-IHCA in 14% of the cohort. The likelihood of survival was lower in patients whose LVEF before their cardiac arrest 
was less than 45%.

In the targeted temperature management (TTM) study, the LVEF on the first-day post-OHCA was severely reduced in 
28% of patients and moderately reduced in 48% of patients[19]. The LVEF patterns did not distinguish patients with 
higher and lower vasopressor requirements or those with different target temperatures (36 oC vs 33 oC), which precluded 
the association between PAMD and systemic hemodynamics.

Post-cardiac arrest shock
Hypotension and shock in terms of SBP less than 90-100 mmHg or mean arterial pressure of less than 60-65 mmHg and 
the need for vasopressor use were reported in more than half of patients with ROSC in different studies. However, these 
factors were associated with adverse neurological outcomes and recurrence of cardiac arrest[17,39]. Furthermore, the 
mean arterial pressure and survival rate were inversely correlated after ROSC.

The pathophysiological processes after ROSC were described as initial low CI followed by vasodilation and subnormal 
systemic vascular resistance. The preliminary end stage is a capillary leak from the SIRS, which is responsible for drawing 
parallels to the septic shock-like states[20,40]. This period, with extreme vasoplegia, necessitates a continuous and rising 
need for vasopressors and peaks after one day, including an initial 6-hour period of apparent stabilization[20,40]. 
Following ROSC, endocrine dysfunctions occur in terms of pituitary-adrenal axis activation and functional adrenal 
abnormality with low cortisol secretion, which was more evident in non-survivor patients in some studies[41,42]. Also, 
relatively low vasopressin levels after cardiac arrest could contribute to the vasoplegia condition[43]. This was supported 
by an experimental study demonstrating that Vasopressin may prevent, to some extent, the cellular toxicity that could 
happen from excessive beta-adrenergic stimulation[17]. An RCT on IHCA showed that administration of vasopressin and 
epinephrine, methylprednisolone (during CPR), and a stress dose of hydrocortisone (during a shock stage of ROSC 
requiring vasopressors) is associated with better outcomes in terms of survival to discharge and favorable neurological 
status than epinephrine without Vasopressin[44]. A more recent study showed improvement occurred only in the ROSC 
in the vasopressin-methylprednisolone group rather than in the placebo group[45]. However, animal studies indicated 
that any vasopressin and/or epinephrine during resuscitation of OHCA is associated with reduced microcirculatory 
cerebral blood flow (CBF)[46,47]. During cardiac arrest, CBF is already losing 60% during chest compression only, and it 
needs at least 3 min of ROSC to be normalized[48]. The current Western guidelines do not recommend using Vasopressin 
and glucocorticoids in IHCA and OHCA[45,49]. However, few studies attributed the improvement of PAMD and peri-
arrest cerebral ischemia to the impact of Vasopressin on the early improved post-arrest mean arterial pressure and central 
venous oxygen saturation, the use of less dosages of epinephrine, the shorter duration of CPR, and the use of methylpred-
nisolone during resuscitation[36,44,50].

THE MULTIFACTORIAL POST-CARDIAC ARREST SYNDROME
The main pathways that could explain the development of PAMD include the IRI, catecholamine-induced myocardial 
injury, cytokine-mediated cardiac dysfunction, microvascular dysfunction, adrenal insufficiency, mitochondrial 
dysfunction, cardiac stunning related to the harmful effect of direct-current countershock, and iatrogenic interventions 
like therapeutic hypothermia (TH), propofol, remifentanil, and vasopressors in some instances[17,51,52]. The 
cardiovascular IRI represents the primary chain between cardiac arrest and the development of PAMD, shock, and 
multiorgan failure; it initiates the release of pro-inflammatory cytokines, SIRS, and sepsis-like status[19,53,54]. The 
intensity of this inflammatory response is a determinant of the mortality post-ROSC. The intense cytokine activity directly 
depresses the myocardium and induces mitochondrial dysfunction with further lactic acidosis[55]. Excess catecholamines 
during CPR may lead to myocardial dysfunction by several mechanisms, including calcium overload, beta-receptor 
downregulation and desensitization, and overproduction of toxic reactive oxygen species (ROS); the latter may end up 
with ischemic myocardial contracture and stony heart[17,22,56]. Figure 1 shows the mechanism and pathophysiology of 
post-cardiac arrest myocardial dysfunction and stony heart.

Coagulofibrinolytic changes in the post-cardiac arrest syndrome
IRI-induced coagulofibrinolytic changes mimic sepsis-like constellations but are less distinctive and accused of worse 
outcomes post-cardiac arrest as the coagulation and fibrinolysis are not adequately balanced during resuscitation[54,57]. 
The imbalance occurs during the early phase of cardiac resuscitation, as the resultant hyperfibrinolysis (t-PA release) is 
tracked by less endogenous fibrinolysis and fibrinolytic shutdown[57]. Augmented coagulation, followed by dissem-
inated intravascular coagulation, leads to disturbances at the microcirculatory level, like the "no-reflow" phenomenon in 
the brain, and, finally, a multiorgan dysfunction[54].

The extension of the no-reflow phenomenon is multifactorial and mainly depends on the ischemic/hypoxia time and 
the coagulation system response[57,58].

As a result of the systemic IRI, the damage-associated molecular patterns (DAMPs) are substantially produced from 
the stressed cells and enhance the pro-inflammatory cytokines released from the immune and endothelial cells[59]. These 
DAMPs exaggerate the tissue factor-dependent coagulation and factor XII- and factor XI-dependent activation, and they 
inhibit the fibrinolysis process through the effects of the cell-free DNA, which is a form of the DAMP. Fibrinolytic 
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Figure 1 Mechanism, pathophysiology, and outcome of post-cardiac arrest myocardial dysfunction and stony heart (illustration created 
using Biorender.com). CPR: Cardiopulmonary resuscitation.

shutdown occurs post-cardiac arrest secondary to the marked increases in PAI-1 after the first 24 h and DAMPs release. 
Studies showed that, during the post-arrest period, patients had higher plasma levels of DAMPs, including cell-free 
DNA, which were associated with higher hospital mortality as well[60].

It is not surprising that the severity of hyperfibrinolysis differs according to the underlying cause of arrest[61]. 
Previous studies indicated that the time from the onset of cardiac arrest to the first CPR and the duration of CPR are 
primary causes of hyperfibrinolysis[62].

MULTI-DISCIPLINARY APPROACH FOR PAMD AND CIRCULATORY FAILURE
The role of cytokine removal
Studies have shown that IL-6 Levels could predict the need for vasopressors, multiorgan failure, and mortality post-
cardiac arrest[63,64]. A significant mediator of cytokine-induced cardiac dysfunction is the TNF-α; it directly affects 
myocardial inotropy, responsiveness to beta-adrenergic stimulation, and mitochondria function[65,66]. Therefore, trials 
aim to remove inevitably appearing cytokines after cardiac arrest that could impact the outcome after ROSC. For instance, 
Infliximab administered during the peri-arrest period showed some improvement in animal studies, whereas etanercept 
failed[67]. Unfortunately, there are limited animal and human studies, predominantly on cyclosporine and corticosteroids 
after cardiac arrest[67,68].

Restoration of blood flow
There is also a shadow when there is light. ROSC usually goes hand in hand with a flood of toxic ROS, leading to a 
second wave of injury. Energy depletion caused by cardiac arrest leads to muscle contraction like tetanic stimulation, 
consecutively to the thickening of the wall and a reduction in the cavity volume. Depending on its extent, this 
phenomenon can result in irreversible stony heart[56]. An initially promising NHE inhibitor (e.g., Cariporide) has shown, 
in animal studies, a reduction in PAMD, dysrhythmias, and mortality through its potential preventing effect on the 
cellular injury during the IRI[69,70].
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TH and TTM
The effects of TH and TTM on the neurological outcomes post-cardiac arrest have been demonstrated in various studies
[71]. Mild TH affects hemodynamics by improving the inotropic property of the myocardium, preserving diastolic 
relaxation, reducing heart rate, and increasing the systemic vascular resistance (SVR), induction of ‘cold diuresis,' stabil-
ization of MAP, and reducing the vasopressor dosages[72-74]. A prior study showed that TH displayed in the first 12 h a 
lower CI, lower heart rate, and higher SVR with no effect on the MAP and stroke volume[75]. However, Annborn et al[76] 
demonstrated no benefit on the survival or shock status after OHCA in patients treated with TTM at 33 °C compared to 
36 °C. Nevertheless, after rewarming, a more extended period of vasopressor support is still needed in patients with 
OHCA[77]. The 2022 International Consensus on Cardiopulmonary Resuscitation recommended not to routinely use pre-
hospital cooling with a rapid infusion of large volumes of cold intravenous fluid immediately after ROSC and suggested 
active fever prevention for at least 72 h for patients who remain comatose after ROSC[49]. Also, patients who remained in 
a coma and had mild hypothermia after ROSC should not be actively rewarmed to attain normal body temperature[49].

Preload, arterial pressure, and organ perfusion optimization
Low cardiac output requires volume replacement, possibly due to systemic capillary leakage from systemic IRI and 
cytokine release after ROSC. Therefore, administering at least 1 Liter of isotonic fluid should be standard in patients with 
low blood pressure after successful CPR to keep central venous pressure between 8 and 12 mmHg[17,78]. For close 
monitoring, invasive blood pressure monitoring is of utmost importance in hypotensive patients requiring vasopressors 
and or inotropes. Among various vasopressors that can be used to restore SBP ≥ 90 mmHg and MAP ≥ 70 mmHg in the 
first 72 h, norepinephrine is commonly used with a lower risk of arrhythmia. In contrast, vasopressors like dopamine 
increases the risk of arrhythmia and may increase mortality[78-80]. Epinephrine and Vasopressin with or without low-
dose hydrocortisone are other choices to overcome refractory vasoplegia[17,44,81].

Inotropic support (i.e., dobutamine) benefits patients with pending end-organ perfusion impairment in terms of low 
urine output after fluid resuscitation, low cardiac output, low central venous oxygen saturation, refractory acidosis, and 
warranting PAC insertion[72,82]. There were two sides of the inotropic support after cardiac arrest. On the one hand, 
protocols that utilize goal-directed therapy suggest inotropic agents improve cardiac output and tissue oxygen delivery. 
On the other hand, it is known that inotropes cause dysrhythmias, and the optimal cardiac output may vary from patient 
to patient. The efficacy and use of vasopressors and inotropic agents are based on the relative receptor potency. There is 
diversity in their potency, reflecting the variation in the circulatory effects and the potential side effects. Thus, there is not 
enough evidence to point out which vasopressor or inotrope is superior to another in terms of survival and neurological 
outcome[82-86]. Therefore, the decision to use it should be taken carefully, and it is better to be used only for patients 
with a combination of low cardiac output plus evidence of inadequate tissue perfusion.

The PPOO is crucial after ROSC, particularly in IHCA patients, as most of the deaths in this group are related to 
refractory shock, recurrent arrest, and multiorgan failure, in contrast to neurological injury in addition to shock in OHCA 
patients[87,88]. However, the optimal MAP and mixed venous oxygen saturation values ensure acceptable cerebral 
perfusion without burdening other tissues like the myocardium, which remains unchanged. In this regard, Ameloot et al
[89] proposed a range of 80 mmHg and 70% of these two parameters, respectively, to keep cerebral perfusion at 65%. To 
attain better organ perfusion, the global body ischemia post-cardiac arrest reflecting the mitochondrial dysfunction and 
oxidative phosphorylation impairment[90] needs further elaboration in both IHCA and OHCA in large sample-sized 
research.

Mechanical support
In selected patients, mechanical circulatory support can restore hemodynamic stability and end-organ perfusion; it acts as 
a bridge to definitive therapy in patients with refractory shock to maximal medical treatment. This can be achieved using 
an intra-aortic balloon pump, Impella, left ventricular assist device, and venoarterial extracorporeal membrane 
oxygenator[91-93].

Coronary intervention
The decision to do and timing of coronary intervention after cardiac arrest due to myocardial infarction is an ongoing 
discussion. A recent meta-analysis showed that early intervention (within the first 24 h) was associated with significantly 
better survival and neurologic outcomes. However, it was graded as low-quality[94]. Moreover, this beneficial outcome 
was observed in patients without ST-segment elevation myocardial infarction, in contrast to non-statistically significant 
results in patients with ST-segment elevation myocardial infarction.

OUTCOMES OF IHCA AND OHCA
In a multicenter study including 2075 admissions with IHCA and OHCA, the IHCA patients had significantly higher 
comorbidities, lower lactate, greater utilization of invasive hemodynamics and mechanical circulatory support, lesser 
TTM and lesser in-hospital mortality (36.1% vs 44.1%) than IHCA patients[95]. Another study on 779 post-cardiac arrest 
patients[96] revealed that IHCA patients were older, less frequently male, and less frequently without comorbidity. The 
initial cardiac rhythm was more often non-shockable, all delay-times such as ROSC and no-flow, and time to advanced 
life support were shorter in IHCA. Cardiac cause of the arrest was less common, long-term neurological outcome was 
better, and the mortality at 30 d was lower in the IHCA than OHCA patients.
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CONCLUSION
The pattern, management, and outcome of PAMD and post-cardiac arrest shock are different based on many factors, 
including IHCA vs OHCA, witnessed vs unwitnessed cardiac arrest, the underlying cause of arrest, and the duration of 
and protocol used for CPR. Although ROSC is a vital sign, it should not be the end of the game or lone primary outcome; 
it calls for aggressive multi-disciplinary interventions and care. The development of stony heart post-CPR and OHCA 
remain the main challenges in emergency and critical care medicine. A better understanding of the pathophysiology of 
PAMD and circulatory failure after ROSC is of utmost importance to achieve better post-cardiac arrest outcomes.
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Abstract
BACKGROUND 
Non-alcoholic fatty liver disease (NAFLD) increases cardiovascular disease (CVD) 
risk irrespective of other risk factors. However, large-scale cardiovascular sex and 
race differences are poorly understood.

AIM 
To investigate the relationship between NAFLD and major cardiovascular and 
cerebrovascular events (MACCE) in subgroups using a nationally representative 
United States inpatient sample.

https://www.f6publishing.com
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METHODS 
We examined National Inpatient Sample (2019) to identify adult hospitalizations with NAFLD by age, sex, and race 
using ICD-10-CM codes. Clinical and demographic characteristics, comorbidities, and MACCE-related mortality, 
acute myocardial infarction (AMI), cardiac arrest, and stroke were compared in NAFLD cohorts by sex and race. 
Multivariable regression analyses were adjusted for sociodemographic characteristics, hospitalization features, and 
comorbidities.

RESULTS 
We examined 409130 hospitalizations [median 55 (IQR 43-66) years] with NFALD. NAFLD was more common in 
females (1.2%), Hispanics (2%), and Native Americans (1.9%) than whites. Females often reported non-elective 
admissions, Medicare enrolment, the median age of 55 (IQR 42-67), and poor income. Females had higher obesity 
and uncomplicated diabetes but lower hypertension, hyperlipidemia, and complicated diabetes than males. 
Hispanics had a median age of 48 (IQR 37-60), were Medicaid enrollees, and had non-elective admissions. 
Hispanics had greater diabetes and obesity rates than whites but lower hypertension and hyperlipidemia. MACCE, 
all-cause mortality, AMI, cardiac arrest, and stroke were all greater in elderly individuals (P < 0.001). MACCE, 
AMI, and cardiac arrest were more common in men (P < 0.001). Native Americans (aOR 1.64) and Asian Pacific 
Islanders (aOR 1.18) had higher all-cause death risks than whites.

CONCLUSION 
Increasing age and male sex link NAFLD with adverse MACCE outcomes; Native Americans and Asian Pacific 
Islanders face higher mortality, highlighting a need for tailored interventions and care.

Key Words: Non-alcoholic fatty liver disease; Cardiovascular disease; Major cardiovascular and cerebrovascular events; 
Sex/gender disparities; Mortality

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Non-alcoholic fatty liver disease is associated with adverse major cardiovascular and cerebrovascular events, 
especially with increasing age and male sex. Native Americans and Asian Pacific Islanders had higher all-cause mortality.
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INTRODUCTION
With the global rise in obesity and metabolic diseases, non-alcoholic fatty liver disease (NAFLD) has become a prevalent 
condition. It is now widely recognized that NAFLD has numerous extrahepatic consequences[1] including an increased 
risk of cardiovascular disease (CVD) independent of traditional cardiovascular risk factors[2,3]. Understanding NAFLD 
and its impact on patient outcomes is of utmost importance, given its intricate underlying mechanisms. This is partic-
ularly significant because various modifiable behavioral factors play a role in the development and progression of the 
condition. Therefore, gaining insight into NAFLD and exploring the potential effects of lifestyle interventions can 
significantly enhance patient outcomes[4]. Risk factors for NAFLD are well-established and can be categorized as 
modifiable, such as smoking, sedentary lifestyle, poor nutrition habits, and physical inactivity, or non-modifiable, 
including genetic background, fat metabolism, and age[5]. The exploration of sex and racial disparities in cardiovascular 
outcomes related to NAFLD is an area that has received limited attention and remains largely unexplored on a broader 
scale. The current body of evidence in this regard is lacking, highlighting the need for further research to address these 
gaps in knowledge[6]. Therefore, this study was conducted to investigate the association between NAFLD and major 
cardiovascular and cerebrovascular events (MACCE) using a nationally representative sample in the United States.

MATERIALS AND METHODS
Source of data
The 2019 National Inpatient Sample (NIS) database of the Healthcare Cost and Utilization Project (HCUP) sponsored by 
the Agency for Healthcare Research and Quality was examined. The NIS is the largest all-payer inpatient healthcare 
dataset accessible to the public in the United States. With an annual average of 7 million unweighted discharges (and 

https://www.wjgnet.com/1949-8462/full/v16/i3/137.htm
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about 35 million weighted nationwide discharges), the dataset comprises around 20% of United States hospitalizations 
across 50 states. For each inpatient admission, the NIS includes one primary diagnosis and up to 24 sary discharge 
diagnoses. Due to the de-identified nature of NIS data, permission from the IRB is not mandatory. The HCUP website 
provides additional information regarding the database[7].

Study population
We identified all hospitalizations with NAFLD in the 2019 NIS database using the K76.0 ICD-10-CM code. We included 
hospitalizations of adults (18 years and older) with a primary or secondary diagnosis of NAFLD. The latter code has been 
demonstrated to have a positive predictive value of over 91% for identifying NAFLD and has been previously 
recommended for use by an expert panel consensus statement for identifying NAFLD in administrative health databases 
or electronic health records, allowing researchers to ensure accurate identification and classification of NAFLD cases[8,9].

Study outcomes
The primary outcome of interest was to identify gender and racial disparities in NAFLD- related MACCE, including all-
cause mortality, acute myocardial infarction (AMI), cardiac arrest, and stroke. Secondary outcomes included clinical, 
demographic, and hospital-level characteristics, and comorbidities associated with NAFLD hospitalizations by ethnicity 
and gender. Last, we evaluated and compared across subgroups of gender and race the median duration of hospital stay 
(in days) and total hospital charges (in USD) due to NAFLD-related MACCE in NAFLD hospitalizations.

Statistical analyses
The prevalence of NAFLD was calculated per sex and race categories. Using Pearson’s Chi-square test for categorical 
variables and the Mann Whitney U test for continuous variables, we compared the clinical, demographic and hospital-
level characteristics of NAFLD hospitalizations between subgroups of interest: sex and race. Discharge records with 
missing data for sex or race (< 5% of data) were excluded from analysis. The continuous and categorical variables were 
expressed as medians and percentages, respectively. To determine statistical significance, a two-tailed alpha level of less 
than 0.05 was used. The NIS database discharge weight (DISCWT) was utilized to derive national estimates and complex 
survey modules were used to perform analyses. Multivariate logistic regression analyses were performed to evaluate the 
independent associations of sex and race with NAFLD-related MACCE, while adjusting for social-demographic and 
hospitalization characteristics and comorbidities: age, sex, race, household income quartile, payer status, type of 
admission, hospital bed size, location/teaching status, region, comorbidities including hypertension, diabetes mellitus, 
hyperlipidemia, obesity, smoking, peripheral vascular disease, prior myocardial infarction, prior percutaneous coronary 
intervention, prior coronary artery bypass graft (CABG), drug abuse, prior stroke or transient ischemic attack, and prior 
venous thromboembolism (VTE). The results of logistic regressions were reported using adjusted odds ratios (aOR), 
95%CI, and P values. The SPSS statistics 25.0 software package (IBM Corp, Armonk, New York, United States) was used 
for all statistical analyses.

RESULTS
Participant characteristics
Our study included 409130 NAFLD hospitalizations [median age = 55 years (IQR = 43-66)]. Social-demographic and 
clinical characteristics, comorbidities and outcomes were stratified based on sex and race independently.

Prevalence of NAFLD
The prevalence of NAFLD was higher in males compared to females (1.5% vs 1.2%). Among races, the prevalence of 
NAFLD was highest in Hispanic (2.0%) and Native American (1.9%) patients, compared to White (1.3%), Black (1.0%), 
Asian-Pacific Islander (1.2) and Other (1.5%). Blacks had the lowest prevalence of NAFLD (all P < 0.001, Table 1).

Sex disparities in social-demographic and clinical characteristics, comorbidities and outcomes
The females had a median age of 55 years (IQR 42-67). Despite a similar length of stay between genders, females were 
charged higher costs associated with the admission (41695 USD vs 40952 USD). Female patients were more often from 
lowest income quartile, Medicare enrollees, and had non-elective admissions. Compared to males, females demonstrated 
lower rates of hypertension, hyperlipidemia, complicated diabetes but higher rates of obesity and uncomplicated diabetes 
(Table 2).

Racial disparities in social-demographic and clinical characteristics, comorbidities and outcomes
Despite a similar length of stay across all races, the Hispanics [median age: 48 years (IQR 37-60)] and the Asian-Pacific 
Islanders (median age: 56 years) were charged the highest median costs (48351 USD and 51003 USD). The majority of the 
Hispanic patients came from the lowest income quartile (37.3%), were Medicaid enrollees (33.5%), and underwent non-
elective admissions (85.7%). The Hispanics exhibited lower prevalence rates of hypertension, hyperlipidemia, but higher 
rates of diabetes and obesity compared to Whites (Table 3).

Odds of MACCE, all-cause mortality, AMI, cardiac arrest, and stroke
Males had a greater risk of MACCE (aOR 1.22) (P < 0.001), AMI (aOR 1.35) (P < 0.001) and Cardiac arrest (aOR 1.54) (P < 
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Table 1 Prevalence of non-alcoholic fatty liver disease based on gender and race from the national inpatient sample analysis (2019)

Prevalence of NAFLD Count % Total hospitalizations

Sex NAFLD diagnoses

    Male 195475 1.5% 12978685

    Female 213655 1.2% 17236228

Race NAFLD-related diagnoses

    White 264475 1.3% 19851043

    Black 43875 1.0% 4519150

    Hispanic 66265 2.0% 3262700

    Asian-Pacific Islander 9995 1.2% 826270

    Native American 3745 1.9% 201155

    Others 13250 1.5% 858436

NAFLD: Non-alcoholic fatty liver disease.

0.001). Native Americans (aOR 1.64) (P < 0.001) followed by Asian Pacific Islanders (aOR 1.18) (P < 0.001) had 
significantly higher odds of all-cause mortality compared to whites (aOR 1.00) (P < 0.001) (Table 4). Older patients had 
significantly higher odds of MACCE (aOR 3.01) (P < 0.001), all-cause mortality (aOR 4.13) (P < 0.001), AMI (aOR 2.81) (P < 
0.001), cardiac arrest (aOR 2.24) (P < 0.001) and stroke (aOR 2.58) (P < 0.001) (Table 4).

DISCUSSION
NAFLD is associated with obesity and insulin resistance as comorbidities. In obese individuals, the expansion of adipose 
tissue results in adipocyte dysfunction and increased insulin resistance, thereby leading to lipolysis. This results in 
elevated levels of circulating free fatty acids and leptin, with decreasing adiponectin levels, ultimately leading to 
intrahepatic fat accumulation. The situation is exacerbated by a diet high in carbohydrates and fat, which further 
contributes to fat accumulation in the liver[10]. Additionally, the expansion of adipose tissue promotes infiltration of 
immune cells into both adipocytes and the liver, leading to chronic inflammation. Prolonged inflammation triggers 
hepatic stellate cells to mediate fibrosis, ultimately resulting in cirrhosis. Obesity is an independent risk factor for 
cardiovascular events, as it can also contribute to the development of diabetes mellitus, hyperlipidemia, hypertension, 
and sleep disorders, thereby indirectly exacerbating cardiovascular risks[11].

Strong evidence indicates that NAFLD causes chronic inflammation through the release of pro-inflammatory cytokines 
(IL-6, TNF-a, CRP), hepatokines (FGF-21, fetuin-A), adhesion molecules, and procoagulant factors from the liver, 
resulting in endothelial dysfunction with systemic atherosclerosis, which makes the NAFLD an independent risk factor 
for cardiovascular disease[12-14]. Additionally, NAFLD is associated with a higher risk of left ventricular hypertrophy
[15], left ventricular diastolic dysfunction[16], and atrial fibrillation[17], all of which contribute to adverse cardiovascular 
outcomes. It has also been reported that the presence of NAFLD is associated with poor clinical outcomes in STEMI 
patients and that greater severity of NAFLD is associated with higher mortality rates in such patients[18]. We intended to 
examine the differences in cardiac and cerebrovascular outcomes (MACCE) between different sex and racial groups of 
NAFLD patients. This was a large-scale retrospective cross-sectional study comparing NAFLD outcomes by ethnicity and 
gender.

The social-demographic and clinical characteristics and comorbidities of the patients were compared over groups of 
sex and race. The comorbidities studied in these groups included hypertension, DM, hyperlipidemia, obesity, PVD, prior 
MI, prior stroke, prior VTE, chronic pulmonary disease, tobacco use, and drug use. An analysis conducted in 2015 as part 
of the Framingham Heart Study revealed a strong independent association between hepatic steatosis and subclinical 
cardiovascular disease outcomes, regardless of other metabolic risk factors[19]. Furthermore, In a study using data from 
NHANES, patients with NAFLD demonstrated to develop increased odds of developing cardiovascular disease[20]. Their 
study lacked to control for conditions like hyperlipidemia or systemic hypertension. However, this limitation was 
addressed in our study through adjustments for a comprehensive range of comorbid conditions, including hyperlip-
idemia and hypertension, thereby enhancing the robustness of our findings. Patients with NAFLD often have one or more 
components of the metabolic syndrome, which is a known risk factor for cardiovascular disease[21]. This makes NAFLD 
independently associated with cardiovascular disease. Moreover, our study revealed that the prevalence of hypertension, 
diabetes with and without chronic complications, hyperlipidemia, and obesity were significantly higher in all racial 
groups among NAFLD patients. While the relationship between NAFLD and diabetic complications remains unclear, it is 
worth noting that individuals with steatosis and type 1 diabetes may be at a heightened risk of developing cardiovascular 
disease and subsequent cardiovascular complications[22]. Therefore, it is of utmost importance to screen high-risk groups 
for NAFLD-related fibrosis, and the American Association of clinical endocrinology clinical practice guideline for the 
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Table 2 Baseline characteristics, comorbidities and outcomes in non-alcoholic fatty liver disease hospitalizations by sex, 2019, n (%)

Male Female P value

Age (yr) at admission, median [IQR] 55 [43-65] 55 [42-67]

White 67.0 64.8 < 0.001

Black 10.1 11.7 < 0.001

Hispanic 15.9 17.0 < 0.001

Asian-Pacific Islander 2.7 2.3 < 0.001

Native American 0.9 1.0 < 0.001

Race

Others 3.4 3.2 < 0.001

0-25 28.3 30.3 < 0.001

25-50 25.4 26.1 < 0.001

50-75 25.6 24.8 < 0.001

Median household income national quartile 
for patient ZIP code

75-100 20.7 18.7 < 0.001

Medicare 32.6 36.2 < 0.001

Medicaid 20.2 22.2 < 0.001

Private including HMO 34.0 33.0 < 0.001

Self-pay 8.6 5.9 < 0.001

No charges 0.9 0.5 < 0.001

Primary expected payer

Others 3.8 2.2 < 0.001

Non-elective 88.2 80.4 < 0.001Elective versus non-elective admission

Elective 11.8 19.6 < 0.001

Northeast 17.3 16.5 < 0.001

Midwest 21.4 20.6 < 0.001

South 38.1 39.3 < 0.001

Region of hospital

West 23.2 23.6 < 0.001

Rural 6.0 6.2 < 0.001

Urban non-teaching 18.0 18.9 < 0.001

Location/teaching status of hospital

Urban teaching 76.0 74.8 < 0.001

Comorbidities

Hypertension, complicated 18.5 16.3 < 0.001

Hypertension, uncomplicated 45.1 42.5 < 0.001

Diabetes with chronic complications 21.7 21.0 < 0.001

Diabetes without chronic complications 13.5 15.8 < 0.001

Hyperlipidaemia 41.5 38.6 < 0.001

Obesity 32.3 43.6 < 0.001

Peripheral vascular disease 6.8 4.9 < 0.001

Prior MI 5.8 3.4 < 0.001

Drug abuse 6.5 4.4 < 0.001

Tobacco use disorder 25.3 17.5 < 0.001

Chronic pulmonary disease 18.7 25.0 < 0.001

Prior TIA/stroke without neurologic deficit 4.2 4.6 < 0.001

Prior VTE 4.7 5.2 < 0.001

In-hospital outcomes
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MACCE (ACM/AMI/CA/stroke) 6.2 4.6 < 0.001

All-cause mortality 1.4 1.3 0.001

AMI - all diagnoses T1/T2MI combined 3.4 2.2 < 0.001

Acute VTE 2.8 2.2 < 0.001

Dysrhythmia 15.1 10.7 < 0.001

Cardiac arrest 0.7 0.5 < 0.001

Stroke 1.5 1.3 < 0.001

Routine discharge 73.3 73.2 < 0.001

Transfers to short term 
facilities

2.4 1.8 < 0.001

Other: Includes SNF, ICF, 
another type of facility

9.4 10.1 < 0.001

HHC 10.7 12.0 < 0.001

Disposition of patient

AMA 2.8 1.5 < 0.001

Length of stay (d), median [IQR] 3 [2-6] 3 [2-5] < 0.001

Total charges (USD), median [IQR] 40952 [23123-75209] 41695 [24443-72705] < 0.001

P < 0.05 indicates statistical significance. NAFLD: Non-alcoholic fatty liver disease; HMO: Health Maintenance Organization; MACCE: Major adverse 
cardiovascular and cerebrovascular events; ACM: All-cause mortality; MI: Myocardial infarction; AMI: Acute myocardial infarction; CA: Cardiac arrest; 
T2MI: Type 2 myocardial infarction; TIA: Transient ischemic attack; VTE: Venous thromboembolism; SNF: Skilled Nursing Facility; ICF: Intermediate Care 
Facility; HHC: Home Health Care; AMA: Against medical advice.

diagnosis and management of NAFLD strongly recommend screening patients with type 2 diabetes using the Fibrosis 
(FIB)-4 index[23]. Other metrics such as the NAFLD activity score, a validated grading system for disease activity[24] and 
noninvasive assessments of hepatic fibrosis, like the NAFLD fibrosis score, are specific to NAFLD. The NAFLD fibrosis 
score considers factors such as age, body mass index, hyperglycemia, aminotransferase levels, platelet count, and albumin
[25]. Elevated NAFLD fibrosis scores may correlate with heightened cardiovascular disease mortality[26]. These 
assessment tools are essential for stratifying the NAFLD population into distinct grading categories, enabling targeted 
screening for adverse cardiovascular outcomes. Establishing a causal relationship between NAFLD and cardiovascular 
disease will be challenging due to the complex interplay of overlapping metabolic disturbances in these individuals, such 
as obesity, diabetes, hypertension, atherogenic dyslipidemia, and visceral adiposity. Further research is necessary to 
clarify this mechanistic link. Nevertheless, regardless of causality, it is crucial for endocrinology and primary care 
clinicians to recognize individuals with NAFLD as being at a heightened risk of cardiovascular complications.

Our findings showed that males had greater risk of MACCE, AMI, and cardiac arrest compared to females. Native 
Americans, followed by Asian Pacific Islanders, were found to have significantly higher odds of all-cause mortality 
compared to other racial groups. The literature offers multiple studies demonstrating higher prevalence of NAFLD 
among males compared to females[27,28], which could be attributable to greater consumption of high-calorie drinks and 
alcohol, and higher frequency of insulin resistance[29]. To improve this poor trend among male population, public health 
measures should be implemented targeting optimal control of comorbidities among males in the community. The higher 
prevalence of NAFLD among Hispanics is also consistent with prior studies[30]. This could be attributed to a higher 
prevalence of chronic diseases such diabetes or metabolic syndrome, genetic and lifestyle differences, or access to 
healthcare among this racial group[30]. Regarding genetic factors, one of the most researched genes is the Patatin-like 
phospholipase domain-containing protein 3 (PNPLA3), which is responsible for encoding a membrane-bound 
phospholipase protein that regulates the use and storage of energy resources. Hispanics more often have an allele of 
PNPLA3 (rs738409[G]) that causes an increased hepatic accumulation of fat compared to Blacks, who have a different 
allele of PNPLA3 (rs6006460[T]) that in turn results in lower hepatic fat accumulation[31]. In a striking revelation, a study 
focusing on Native American patients with Medicare in the United States uncovered that nearly half of the patients 
grappled with severe cardiovascular conditions, while also bearing a heightened load of cardiovascular risk factors such 
as hypertension, diabetes, and hyperlipidemia[32]. These alarming findings parallel our own study, which demonstrated 
that Native Americans faced elevated odds of in-hospital mortality. This stark correlation underscores the profound and 
widespread racial disparities in cardiovascular health across the United States[33]. Consequently, there is a pressing need 
for the implementation of comprehensive multilevel interventions in healthcare, encompassing individual- and commu-
nity-level factors for Native Americans and Asian/Pacific Islanders diagnosed with NAFLD, to enhance cardiovascular 
health. This approach must be complemented by strategic investments in communities to tackle the socioeconomic 
determinants of health, ultimately leading to improved cardiovascular outcomes within these populations.

Clinical implications
It is crucial to understand the implications of NAFLD, the increasing worldwide incidence of hepatic disease caused by 
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Table 3 Baseline characteristics, comorbidities and outcomes in non-alcoholic fatty liver disease hospitalizations by race, 2019

Variables White Black Hispanic Pacific 
Islander

Native 
American Others Total P value

Age at admission 57 53 48 56 48 52 55

Male 48.6 44.2 46 51 44.3 49.8 47.8 < 0.001Sex

Female 51.4 55.8 54 49 55.7 50.2 52.2 < 0.001

0-25 24.6 48.7 37.3 12.6 47.4 29.1 29.4 < 0.001

25-50 26.6 22.5 25.5 16.9 26.6 23.6 25.7 < 0.001

50-75 26.8 17.8 23.6 28.1 19.2 24.5 25.2 < 0.001

Median household income 
national quartile for patient ZIP 
code

75-100 21.9 11.1 13.6 42.4 6.7 22.8 19.8 < 0.001

Medicare 38.8 32.1 21.8 31 23.8 25 34.5 < 0.001

Medicaid 16.4 28.5 33.5 19.3 45.8 26.8 21.2 < 0.001

Private 
including 
HMO

35.4 27.8 28.7 41.5 18.8 33.4 33.4 < 0.001

Self-pay 5.9 8 11.9 5 5.4 10.6 7.2 < 0.001

No charges 0.5 0.7 1.5 0.6 0.1 0.7 0.7 < 0.001

Primary expected payer

Others 3 2.8 2.6 2.6 6 3.5 2.9 < 0.001

Non-elective 83.4 86 85.7 86.5 88 83.7 84.2 < 0.001Elective versus non-elective 
admission

Elective 16.6 14 14.3 13.5 12 16.3 15.8 < 0.001

Northeast 17.6 16.1 13.9 15.8 2.9 28.9 17 < 0.001

Midwest 24.8 21 7.2 9.6 17.9 10.3 20.6 < 0.001

South 39.1 51.2 35.1 17.6 19 36.7 39 < 0.001

Region of hospital

West 18.5 11.7 43.7 57.1 60.2 24.2 23.4 < 0.001

Rural 7.8 3.5 1.7 1 15.2 2.5 6.1 < 0.001

Urban non-
teaching

19.1 14.4 19.4 18.2 16.3 16.9 18.5 < 0.001

Location/teaching status of 
hospital

Urban teaching 73.1 82.1 78.9 80.8 68.5 80.6 75.5 < 0.001

Comorbidities

Hypertension, complicated 17.9 23.5 12 18.6 15.5 12.6 17.4 < 0.001

Hypertension, uncomplicated 45.3 45.7 37.6 40.9 36 40.8 43.7 < 0.001

Diabetes with chronic complic-
ations

20.6 24.3 22.2 26 22.2 18.5 21.4 < 0.001

Diabetes without chronic 
complications

14 14.3 16.7 18.4 16.3 15.9 14.6 < 0.001

Hyperlipidaemia 42.3 35 34.4 49.9 25 36.4 40 < 0.001

Obesity 38 39.7 40.5 23.1 35.4 36.2 38.2 < 0.001

Peripheral vascular disease 6.6 4.9 3.8 8.4 2.1 3.9 5.8 < 0.001

Prior MI 5.2 4.3 2.6 3.9 3.7 2.8 4.6 < 0.001

Drug abuse 5.4 7.3 4.3 3 9.3 4.3 5.4 < 0.001

Tobacco use disorder 22.9 26 13.1 12.2 25.9 16.7 21.2 < 0.001

Chronic pulmonary disease 24.3 23.7 14.4 14.2 20.7 16.7 22.1 < 0.001

Prior TIA/stroke 4.6 5.7 3.3 4 2.9 3.1 4.4 < 0.001

Prior VTE 5.5 6.3 2.8 2 1.7 3.5 5 < 0.001

In-hospital outcomes
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MACCE 
(ACM/AMI/CA/stroke)

5.6 5.5 4.2 6.6 4.9 5.3 5.3 < 0.001

All-cause mortality 1.4 1.4 0.9 1.7 2.1 1.2 1.3 < 0.001

AMI 2.9 2.6 2.2 3.4 1.9 3.1 2.7 < 0.001

Acute VTE 2.6 2.8 1.9 1.8 0.9 2 2.5 < 0.001

Dysrhythmia 15 10.7 6.6 11.5 6.9 9.3 12.8 < 0.001

Cardiac arrest 0.6 0.7 0.4 0.5 0.4 0.6 0.6 < 0.001

Stroke 1.3 1.7 1.3 1.8 0.9 1.2 1.4 < 0.001

Routine 
discharge

70.9 73.1 81.2 74.6 78.1 78 73.2 < 0.001

Transfers to 
short term 
facilities

2.2 1.7 1.7 2.2 2.8 2.1 2.1 < 0.001

Other1 11.2 9.8 5.2 8.5 7.2 6.3 9.8 < 0.001

HHC 12.3 11 9.1 11.7 5.9 9.7 11.4 < 0.001

Disposition of patient 

AMA 2 3 1.9 1.3 3.9 2.7 2.1 < 0.001

Length of stay (d), median 3 4 3 3 3 3 3 < 0.001

Total charges (USD), median 39745 39028 48351 51003 35127 45309 41448 < 0.001

1Includes Skilled Nursing Facility, Intermediate Care Facility, Another Type of Facility.
P < 0.05 indicates statistical significance. NAFLD: Non-alcoholic fatty liver disease; HMO: Health Maintenance Organization; MACCE: Major adverse 
cardiovascular and cerebrovascular events; ACM: All-cause mortality; MI: Myocardial infarction; AMI: Acute myocardial infarction; CA: Cardiac arrest; 
TIA: Transient ischemic attack; VTE: Venous thromboembolism; AMA: Against medical advice.

Table 4 Adjusted odds of major cardiovascular and cerebrovascular events, all-cause mortality, acute myocardial infarction, cardiac 
arrest, stroke by age, gender and race

MACCE All-cause mortality AMI Cardiac arrest Stroke
Groups aOR 

(95%CI) P value aOR 
(95%CI) P value aOR 

(95%CI) P value aOR 
(95%CI) P value aOR 

(95%CI) P value

18-44 Reference < 0.001 Reference < 0.001 Reference < 0.001 Reference < 0.001 Reference < 0.001

45-64 2.31 (2.06-
2.59)

3.00 (2.42-
3.72)

2.23 (1.87-
2.66)

2.08 (1.55-
2.80)

1.90 (1.52-
2.38)

≥ 65 3.01 (2.61-
3.47)

4.13 (3.11-
5.48)

2.81 (2.29-
3.45)

2.24 (1.52-
3.31)

2.58 (1.96-
3.39)

Male vs female 1.22 (1.14-
1.30)

1.04 (0.92-
1.18)

0.539 1.35 (1.24-
1.48)

< 0.001 1.54 (1.26-
1.88)

< 0.001 1.04 (0.01-
1.19)

0.579

White Reference 0.125 Reference 0.001 Reference 0.121 Reference 0.272 Reference 0.377

Black 1.00 (0.90-
1.11)

0.89 (0.72-
1.10)

0.95 (0.81-
1.11)

1.16 (0.86-
1.57)

1.25 (1.03-
1.53)

Hispanic 0.88 (0.79-
0.98)

0.69 (0.56-
0.85)

0.93 (0.81-
1.08)

0.75 (0.55-
1.02)

1.07 (0.87-
1.31)

Asian/Pacific 
Islander

1.06 (0.86-
1.30)

1.18 (0.82-
1.69)

1.06 (0.81-
1.38)

0.77 (0.42-
1.43)

0.99 (0.69-
1.42)

NA 1.14 (0.81-
1.61)

1.64 (1.04-
2.60)

0.91 (0.53-
1.56)

0.74 (0.25-
2.15)

0.86 (0.41-
1.81)

Others 1.11 (0.92-
1.34)

0.91 (0.62-
1.33)

1.33 (1.06-
1.67)

1.05 (0.62-
1.78)

0.99 (0.68-
1.45)

Multivariable logistic regression was adjusted for baseline patient and hospital level characteristics, and relevant pre-existing cardiovascular and extra-
cardiac comorbidities. AMI: Acute myocardial infarction; aOR: Adjusted odds ratio; MACCE: Major adverse cardiac and cerebrovascular events.
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NAFLD, aggressive public health measures are needed to target optimal control of comorbidities among the general 
population. This can be achieved through education on lifestyle modification, exercise, and dietary changes, including 
low calorie and high glycemic index foods, increased consumption of omega 3 and monounsaturated fatty acids. If 
lifestyle and dietary changes are unsuccessful, bariatric surgery may be considered[34]. Early diagnosis and proper 
management of NAFLD and related risk factors are essential to prevent atherosclerosis and other cardiovascular 
outcomes, particularly in high risk and underserved racial and ethnic groups. Furthermore, comprehensive multilevel 
interventions in healthcare, addressing individual and community level factors, are urgently needed for Native 
Americans and Asian/Pacific Islanders diagnosed with NAFLD to enhance cardiovascular health and reduce disparities. 
These efforts must be complemented by strategic investments in communities to address the socioeconomic determinants 
of health, ultimately leading to improved cardiovascular outcomes within these populations and promoting health 
equity.

Limitations
This retrospective cross-sectional study has limitations tied to its reliance on ICD-10 codes for identifying NAFLD hospit-
alizations, potentially influenced by coding accuracy and completeness. Because it focused solely on hospitalized 
patients, the findings may not fully capture NAFLD characteristics in the general population. The study's use of a 2019 
sample might not be entirely representative of the broader NAFLD patient population over time. The study design 
doesn't provide insights into causality, and unmeasured confounding variables may impact observed associations. 
Generalizability is confined to the United States population and may not extend to regions with different demographics 
or healthcare systems. Notably, the study did not consider the severity of NAFLD, including crucial factors such as NAS 
score, NAFLD fibrosis score, FIB-4 index, and ultrasonography findings. The absence of this information in the NIS 
database hinders a comprehensive understanding of the disease's nuances. Furthermore, the lack of established screening 
guidelines for NAFLD exacerbates the issue, as its asymptomatic nature and the absence of a correlation with elevated 
liver function enzymes make it easily overlooked in clinical settings. Hence, our results are only representative of a small 
group of patients already diagnosed with NAFLD and may not reflect the actual disease burden[13,18,35]. This could be 
crucial when considering that certain racial groups may not have access to ideal healthcare services and meticulous 
laboratory evaluation and may not be aware of the severity of their NAFLD, thereby being underrepresented in the 
included data. Additional potential limitations may include limited availability of thorough clinical data, potential 
misclassification or underreporting of comorbid conditions, lack of long-term follow-up data, conceivable changes in 
coding practices over time, and inability to account for lifestyle and behavioral factors that could influence NAFLD and 
cardiovascular outcomes.

CONCLUSION
The findings from this study indicated that NAFLD is linked to a greater risk of major cardiovascular events, especially 
among older males, and that Native Americans and Asian Pacific Islanders with NAFLD have higher all-cause mortality. 
These results emphasize the need for early detection and comprehensive management of cardiovascular risk factors in 
NAFLD patients, as well as the significance of addressing racial and gender disparities in outcomes. Future research 
directions may include investigating the mechanisms involved in contributing to the increased cardiovascular risk in 
individuals with NAFLD, exploring sex- and race-specific risk factors, and assessing the effectiveness of targeted 
interventions in improving cardiovascular outcomes. Strategies enhancing access to healthcare and addressing the 
disparities in NAFLD-related outcomes across sexes and racial/ethnic groups may also be a subject of future research.

ARTICLE HIGHLIGHTS
Research background
This study delves into the impact of non-alcoholic fatty liver disease (NAFLD) on cardiovascular disease risk, focusing on 
the underexplored variances in cardiovascular outcomes across different sexes and races within a large, nationally repres-
entative United States inpatient sample.

Research motivation
The motivation for this research was to elucidate the relationship between NAFLD and major cardiovascular and 
cerebrovascular events (MACCE), particularly investigating the sex and racial disparities, to inform future healthcare 
strategies and interventions.

Research objectives
The objective was to examine the association of NAFLD with MACCE across various subgroups by age, sex, and race, 
aiming to highlight specific population needs and guiding tailored healthcare approaches.

Research methods
The study utilized a thorough analysis of the National Inpatient Sample, with multivariable regression models adjusted 
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for sociodemographic and clinical factors, to compare MACCE-related outcomes in patients with NAFLD.

Research results
It found that NAFLD prevalence varies by sex and race, with adverse MACCE outcomes more common in older age 
groups and males, and higher all-cause mortality observed in Native Americans and Asian Pacific Islanders.

Research conclusions
The study revealed critical links between NAFLD, MACCE, age, and sex, as well as significant racial disparities in 
mortality rates, underscoring the necessity for customized care to improve health outcomes.

Research perspectives
This research paves the way for future studies focused on individualized patient care and highlights the importance of 
considering demographic variables in medical research and healthcare provision.
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Abstract
BACKGROUND 
Obesity has become a serious public health issue, significantly elevating the risk 
of various complications. It is a well-established contributor to Heart failure with 
preserved ejection fraction (HFpEF). Evaluating HFpEF in obesity is crucial. 
Epicardial adipose tissue (EAT) has emerged as a valuable tool for validating 
prognostic biomarkers and guiding treatment targets. Hence, assessing EAT is of 
paramount importance. Cardiovascular magnetic resonance (CMR) imaging is 
acknowledged as the gold standard for analyzing cardiac function and mor-
phology. We hope to use CMR to assess EAT as a bioimaging marker to evaluate 
HFpEF in obese patients.

AIM 
To assess the diagnostic utility of CMR for evaluating heart failure with preserved 
ejection fraction [HFpEF; left ventricular (LV) ejection fraction ≥ 50%] by 
measuring the epicardial adipose tissue (EAT) volumes and EAT mass in obese 
patients.
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METHODS 
Sixty-two obese patients were divided into two groups for a case-control study based on whether or not they had 
heart failure with HFpEF. The two groups were defined as HFpEF+ and HFpEF-. LV geometry, global systolic 
function, EAT volumes and EAT mass of all subjects were obtained using cine magnetic resonance sequences.

RESULTS 
Forty-five patients of HFpEF- group and seventeen patients of HFpEF+ group were included. LV mass index 
(g/m2) of HFpEF+ group was higher than HFpEF- group (P < 0.05). In HFpEF+ group, EAT volumes, EAT volume 
index, EAT mass, EAT mass index and the ratio of EAT/[left atrial (LA) left-right (LR) diameter] were higher 
compared to HFpEF- group (P < 0.05). In multivariate analysis, Higher EAT/LA LR diameter ratio was associated 
with higher odds ratio of HFpEF.

CONCLUSION 
EAT/LA LR diameter ratio is highly associated with HFpEF in obese patients. It is plausible that there may be 
utility in CMR for assessing obese patients for HFpEF using EAT/LA LR diameter ratio as a diagnostic biomarker. 
Further prospective studies, are needed to validate these proof-of-concept findings.

Key Words: Heart failure with preserved ejection fraction; Epicardial adipose tissue; Obesity; Cardiac magnetic resonance
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Core Tip: The purpose of this research is to assess the diagnostic utility of cardiovascular magnetic resonance for evaluating 
heart failure with preserved ejection fraction (HFpEF) by measuring the epicardial adipose tissue (EAT) volumes in obesity. 
There is a strong correlation between increased EAT volumes and HFpEF in obesity. Moreover, EAT/Left atrial left-right 
(LA LR) diameter ratio is highly associated with HFpEF in obesity. Given the significant findings, there may be some 
diagnostic utility in cardiac magnetic resonance for assessing obesity for HFpEF.

Citation: Shao JW, Chen BH, Abu-Shaban K, Baiyasi A, Wu LM, Ma J. Epicardial adipose tissue in obesity with heart failure with 
preserved ejection fraction: Cardiovascular magnetic resonance biomarker study. World J Cardiol 2024; 16(3): 149-160
URL: https://www.wjgnet.com/1949-8462/full/v16/i3/149.htm
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INTRODUCTION
Obesity has become a serious public health issue, significantly elevating the risk of various complications, including heart 
disease, type 2 diabetes, and hypertension[1]. It is a well-established contributor to heart failure (HF)[2]. Heart failure 
with preserved ejection fraction (HFpEF) is a prevalent and deadly clinical syndrome characterized by HF with a left 
ventricular ejection fraction (LVEF) ≥ 50%. Within the broader HFpEF population, the obesity-HFpEF phenotype has been 
identified as a distinct subset, potentially necessitating specific treatments[3]. Recently, there is growing recognition of the 
importance of anti-atherogenic and anti-inflammatory effects, known as 'meta-inflammatory' mechanisms, in the 
treatment of "obese HFpEF"[4]. Therefore, evaluating HFpEF in obesity is crucial.

Epicardial adipose tissue (EAT) refers to the fat surrounding the heart in the epicardium, also known as visceral fat[5]. 
Studies have linked EAT with HF, revealing higher EAT volume in HF patients with HFpEF[6,7]. Consequently, EAT has 
emerged as a valuable tool for validating prognostic biomarkers and guiding treatment targets[8,9]. Hence, assessing EAT 
is of paramount importance.

Accurate detection and quantification of EAT can be accomplished through 2-dimensional (2D) echocardiography, 
contrast-free computed tomography (CT), and magnetic resonance imaging (MRI)[10]. Echocardiography, a widely used 
cardiac imaging method for EAT measurement, does not expose patients to ionizing radiation[11,12]. However, it 
predominantly provides 2D cardiac images, measuring only the thickness, not the volume or mass of EAT[13]. 
Additionally, echocardiography-derived measurements may be more prone to inter-observer errors compared to cross-
sectional modalities. Consequently, echocardiography is only accurate for measuring the maximum EAT thickness[14]. 
Nevertheless, the definitive EAT thickness threshold for use as a prognostic biomarker is yet to be determined[15]. 
Moreover, the applicability of EAT thickness is often constrained by suboptimal acoustic windows in obese patients.

More recently, the heightened EAT in patients exhibiting the HFpEF phenotype can be assessed through CT, 
potentially indicating adverse cardiac function[16]. Evaluation of cardiac function is feasible. However, CT is constrained 
by radiation exposure. Cardiovascular magnetic resonance (CMR) imaging is acknowledged as the gold standard for 
analyzing cardiac function and morphology[17]. Utilizing three-dimensional cine images, CMR enables accurate and 
reproducible quantification of EAT thickness, volume, and mass. Some recent CMR studies have compared EAT 
quantities in HFpEF groups with controls, emphasizing the need to focus on EAT beyond an individual's overall body fat 
concerning HFpEF[18,19]. However, it is conceivable that obesity could confound such findings due to the general 
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Figure 1 The study flow diagram. HFrEF: Heart failure with reduced ejection fraction; HFmrEF: Heart failure with mid-range ejection fraction; MRI: Magnetic 
resonance imaging.

increase in adipose tissue throughout the body. To our knowledge, no studies have investigated EAT metrics (including 
volume or mass) in obese patients using CMR to determine the association with HFpEF and whether EAT metrics could 
serve as a biomarker for predicting HFpEF in the obese population. Therefore, this study aims to employ CMR to 
examine EAT in the obese population with and without HFpEF, considering the association with co-morbidities, 
biomarkers, contractility parameters, and myocardial function assessed by CMR.

MATERIALS AND METHODS
Study participants
The study followed a case-control, prospective clinical design, enrolling 69 obese individuals from October 2019 to 
August 2020 at Shanghai Jiao Tong University School of Medicine Affiliated Renji Hospital. HFpEF patients meeting 
specific criteria were included: (1) Left ventricular (LV) ejection fraction ≥ 50%, assessed by echocardiography; (2) New 
York Heart Association class ≥ II, with either E/e′ > 13 and mean e′septal and lateral wall < 9 cm/s on echocardiography; 
(3) plasma brain natriuretic peptide (BNP) > 35 pg/mL[20]. Exclusion criteria were: (1) general contraindication to CMR; 
(2) poor imaging quality; (3) heart failure with mid-range ejection fraction (HFmrEF) and heart failure with reduced 
ejection fraction (HFrEF); (4) congenital heart disease; (5) acute ischemic cardiac injury; (6) hypertrophic cardiomyopathy; 
(7) greater than moderate valvular disease; (8) sarcoidosis; (9) amyloidosis; (10) thalassemia; and (11) hemochromatosis. 
The study complied with the 1964 Declaration of Helsinki and subsequent amendments.

Five patients were excluded due to exclusion criteria, and 2 were excluded for poor image quality and MRI contrain-
dications. Seventeen obese patients with HFpEF and 45 obese patients without HFpEF, meeting inclusion criteria with 
matched gender and age, were recruited. Obesity was defined as a body mass index (BMI) ≥ 30.0 kg/m2, following Asian-
Pacific cutoff points[21]. All participants provided written, informed consent. BMI (kg/m2) was calculated, and 
measurements included blood pressure, serum cholesterol, serum triglycerides, serum high-density lipoprotein 
cholesterol, and serum low-density lipoprotein cholesterol. Fasting glucose and hemoglobin A1c levels were also 
assessed. The study flow diagram is depicted in Figure 1.

Magnetic resonance protocol
All examination data were obtained using a 3.0 Tesla magnetic resonance scanner (Prisma, Siemens, Erlangen, Germany) 
equipped with a 32-channel cardiac coil. Cine imaging was acquired through retrospective ECG gating with balanced 
steady-state free-precession during horizontal and vertical long-axis views, and in 16 short-axis slices covering the entire 
left ventricle to evaluate left ventricular function and cardiac mechanics. Data in the short-axis plane were collected at the 
mid-ventricular level. Imaging parameters comprised a repetition time of 326.6 ms, echo time of 1.09 ms, flip angle of 35°, 
field of view of 385 × 385 mm2, matrix of 156 × 192, slice thickness of 8 mm, slice gap of 4 mm, receiver bandwidth of 1085 
Hz/px, GRAPPA acceleration factor 2, linear phase-encoding ordering, and 25 cardiac phases.

Data analysis
EAT was defined as the fat between the myocardium and the visceral pericardium. The borders of the EAT image were 
manually delineated on contiguous end-diastolic short-axis slices from the base to the apex using commercially available 
software (cvi42, Circle Cardiovascular Imaging Inc., Calgary, Canada) (Figure 2). Additionally, LV endocardial and 
epicardial borders were manually outlined slice by slice based on the initial contour set at end-diastole. EAT mass was 
estimated by multiplying the EAT volume by 0.92[22]. CMR image analyses were independently conducted by two 
experienced radiologists who were blinded to the study. LV end-diastolic volume (LVEDV), LV end-systolic volume 
(LVESV), and LV mass were measured and normalized to body surface area. LV stroke volume (LVSV) was calculated by 
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Figure 2 Epicardial adipose tissue image. A: Volume measurement of epicardial adipose tissue outlining the contours of the myocardium in short-axis images 
of end-diastole; B: The visceral pericardium (green line), myocardium (red line) and the parietal (blue line) in the same short-axis image; C: EAT: Epicardial adipose 
tissue (laurel-green area).

subtracting LVESV from LVEDV. LVEF was computed as LVSV/LVEDV × 100%. The measurement of left atrial anterior-
posterior (LA AP) diameter and left atrial left-right (LA LR) diameter followed a previously reported method[23].

Statistical analysis
The normality of continuous samples was assessed using the Kolmogorov-Smirnov test for normal distribution. Group 
comparisons were conducted using Student’s t-test for continuous variables or Fisher’s exact test for categorical variables. 
Initial univariate analyses and stepwise multivariate linear regression analyses were executed to identify predictors of the 
odds of HFpEF in the obese population. Covariates with a univariate P value < 0.10 were included in the multivariate 
logistic regression analysis[24,25]. Pearson’s correlation coefficient was employed for correlation analyses. A P value < 
0.05 was considered significant. Intra- and inter-observer repeatability of parameters derived from CMR were assessed 
using the intra-class correlation coefficient (ICC) in 30 randomly selected patients from the same cohort[26]. An ICC > 
0.75 was considered indicative of good agreement[27]. Descriptive and comparative statistical analyses were carried out 
using SPSS version 23.0 (IBM Corp., Armonk, United States) and GraphPad Prism v. 8.0 (GraphPad Software, Inc., CA, 
United States).

RESULTS
Baseline characteristics
Table 1 summarizes the baseline characteristics. The mean ages of the obese populations with HFpEF (HFpEF+) and 
without HFpEF (HFpEF-) were 42.94 ± 3.37 years and 36.60 ± 1.80 years, respectively (P > 0.05). In the HFpEF+ group, 
17.6% were older than 60 years, compared to 0.02% in the HFpEF- group. Among HFpEF+ patients, 64.7% were males, 
while 55.6% of HFpEF- patients were males. No significant differences were observed in body surface area (BSA), BMI, 
BNP, and resting diastolic blood pressure, but there were significant differences between the two groups (P < 0.05). The 
prevalence of fatty liver was higher in the HFpEF- group (58.8%) compared to the HFpEF+ group (28.9%) (P = 0.0253), 
with no significant differences in other complications. Resting systolic blood pressure (SBP), regardless of medication 
control, was significantly higher in HFpEF+ patients than in the HFpEF- group (P = 0.0370).

CMR parameters of left ventricular morphology and function epicardial adipose tissue of the obesity in populations 
with and without HFpEF
The measurements' results are detailed in Table 2. In terms of morphological characteristics, the HFpEF+ group displayed 
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Table 1 Baseline characteristics and laboratory findings of the obesity in populations with and without heart failure with preserved 
ejection fraction, n (%)

Parameter HFpEF+ (n = 17) HFpEF- (n = 45) P value

Age (yr) 42.94 ± 3.37 36.60 ± 1.80 0.0819

> 60A 3 (17.6) 1 (0.02) 0.0275a

Male gender 11 (64.7) 25 (55.6) 0.5227

BSA (m2) 2.17 ± 0.07 2.13 ± 0.04 0.639

Weight (kg) 102.60 ± 5.49 103.00 ± 4.37 0.9667

BMI (kg/m2) 35.78 ± 1.28 33.5 ± 0.99 0.2093

Systolic blood pressure (mmHg) 139.80 ± 4.73 130.90 ± 1.84 0.0370a

Diastolic blood pressure (mmHg) 86.59 ± 3.21 82.51 ± 1.61 0.2174

Complications

Diabetes 9 (20.0) 4 (23.5) 0.7653

Hypertension 6 (35.3) 6 (13.3) 0.052

Hyperlipidemia 8 (47.1) 13 (28.9) 0.1652

Hyperuricemia 4 (23.5) 12 (26.7) 0.8051

Fatty liver 10 (58.8) 13 (28.9) 0.0253a

Biomarkers

BNP (pg/mL) 22.67 ± 5.21 21.63 ± 2.95 0.86

Laboratory investigations

Serum cholesterol (mmol/L) 5.01 ± 0.26 5.06 ± 0.16 0.8666

Serum triglycerides (mmol/L) 2.13 ± 0.21 1.85 ± 0.17 0.3609

Serum HDL (mmol/L) 1.06 ± 0.06 1.17 ± 0.03 0.0766

Serum LDL (mmol/L) 3.05 ± 0.20 3.12 ± 0.13 0.7818

aP < 0.05.
Data were given as means ± standard deviations. HFpEF: Heart failure with preserved ejection fraction; BSA: Body surface area; BMI: Body mass index; 
BNP: Brain natriuretic peptide; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.

significant remodeling with a greater LV mass index compared to the HFpEF- group. No significant differences were 
observed in other morphological and functional parameters between the two groups. Regarding epicardial adipose tissue, 
both EAT volume and EAT mass were significantly larger in HFpEF+ individuals, and these differences persisted after 
adjustment for BSA (P = 0.04 for EAT volume/BSA and P = 0.04 for EAT mass/BSA). A significant difference in the EAT/
LA LR diameter ratio was observed between the two groups (P = 0.02) (Figure 3).

Associations of epicardial adipose tissue and morphological and functional parameters in HFpEF+ group
The correlation analysis results of all four epicardial adipose tissue parameters (EAT volume, EATi, EAT mass, EAT mass 
index) with eight CMR-measured LV morphological and functional parameters are presented in Table 3. No significant 
correlations were observed.

Logistic regression analysis
In univariate logistic regression analysis, EAT mass index [odds ratio (OR) = 1.05, P = 0.04, 95%CI: 1.00-1.10], EATi (OR = 
1.05, P = 0.04, 95%CI: 1.00-1.09), and EAT/LA LR diameter ratio (OR = 3.99, P = 0.03, 95%CI: 1.17-13.58) showed 
significant associations with HFpEF. EAT volume (OR = 1.02, P = 0.051, 95%CI: 1.00-1.04) trended toward an association 
with HFpEF. In multivariate analysis, the variable associated with HFpEF in the obese population was the EAT/LA LR 
diameter ratio (OR = 4.60, P = 0.02, 95%CI: 1.22-17.35) (Table 4).

Intraobserver and interobserver variability
Table 5 summarizes the ICC values for both intraobserver and interobserver reproducibility. The eight CMR-measured 
parameters demonstrated high reproducibility, ranging from 0.71 to 0.93 for intra-observer and 0.88 to 0.98 for inter-
observer, respectively.
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Table 2 Cardiac magnetic resonance parameters of chamber size, function, epicardial adipose tissue volume of the obesity in 
populations with and without heart failure with preserved ejection fraction

CMR parameters HFpEF+ (n = 17) HFpEF- (n = 45) P value

Conventional parameters

LVEF (%) 0.60 ± 0.03 0.64 ± 0.01 0.0797

LV mass index (g/m2) 61.38 ± 4.55 52.68 ± 1.40 0.0181a

LVEDD (mm) 52.74 ± 1.80 50.20 ± 0.57 0.0833

LVMWT (mm) 10.32 ± 0.40 9.66 ± 0.25 0.1765

LVEDVi (mL/m2) 74.00 ± 5.52 69.16 ± 1.72 0.2716

LVESVi (mL/m2) 32.12 ± 5.87 24.84 ± 0.78 0.0592

LA AP diameter (mm) 41.37 ± 1.53 42.15 ± 0.87 0.6518

LA LR diameter (mm) 67.85 ± 2.55 70.63 ± 1.18 0.2686

Epicardial adipose tissue

EAT volume (mL) 160.00 ± 7.13 139.80 ± 5.39 0.0449a

EATi (mL/m2) 74.20 ± 3.16 65.37 ± 2.23 0.0360a

EAT mass (g) 147.20 ± 6.56 128.60 ± 4.98 0.0451a

EAT mass index (g/m2) 68.26 ± 2.91 60.10 ± 2.06 0.0359a

EAT/LA AP diameter ratio 3.56 ± 0.18 3.11 ± 0.14 0.0843

EAT/LA LR diameter ratio 2.19 ± 0.11 1.84 ± 0.08 0.0203a

EAT/LV mass ratio 1.21 ± 0.09 1.17 ± 0.06 0.7737

EAT/LV volume ratio 0.99 ± 0.08 0.92 ± 0.04 0.4158

aP < 0.05.
Data were given as means ± standard deviations. AP: Anterior-posterior diameter; CMR: Cardiovascular magnetic resonance; LA: Left atrial; LR: left-right 
diameter; LVEDVi: Left ventricular end-diastolic volume index; LVEF: Left ventricular ejection fraction; LVESVi: Left ventricular end-systolic volume 
index; LVMWT: LV maximal wall thickness; LVEDD: Left ventricular end-diastolic diameter; EAT: Epicardial adipose tissue; EATi: Epicardial adipose 
tissue index.

Figure 3 Comparison of different epicardial adipose tissue parameters in obese population with and without heart failure with preserved 
ejection fraction. A: Epicardial adipose tissue volume group; B: Epicardial adipose tissue index group; C: Epicardial adipose tissue mass group; D: Epicardial 
adipose tissue mass index group; E: Epicardial adipose tissue/left atrial left-right diameter ratio group. EAT: Epicardial adipose tissue; LA: Left atrial; LR: Left-right 
diameter; HFpEF: Heart failure with preserved ejection fraction.
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Table 3 Relationships between epicardial adipose tissue and morphological and functional parameters in heart failure with preserved 
ejection fraction positive group

Pearson’s correlation (r, P) EAT volume (mL) EATi (mL/m2) EAT mass (g) EAT mass index (g/m2)

LVEF (%) -0.101, 0.698 0.245, 0.343 -0.101, 0.698 0.245, 0.343

LV mass index (g/m2) 0.286, 0.265 -0.039, 0.881 0.286, 0.265 -0.039, 0.882

LVEDD (mm) 0.083, 0.751 -0.102, 0.696 0.083, 0.751 -0.102, 0.697

LVMWT (mm) 0.022, 0.932 -0.314, 0.219 0.022, 0.932 -0.314, 0.219

LVEDVi (mL/m2) -0.018, 0.946 -0.213, 0.412 -0.018, 0.946 -0.213, 0.412

LVESVi (mL/m2) 0.028, 0.916 -0.213, 0.411 0.028, 0.916 -0.213, 0.411

LA AP diameter (mm) 0.354, 0.179 0.158, 0.558 0.354, 0.179 0.158, 0.558

LA LR diameter (mm) 0.231, 0.389 0.193, 0.474 0.231, 0.389 0.193, 0.474

All P > 0.05. AP: Anterior-posterior diameter; CMR: Cardiovascular magnetic resonance; LA: Left atrial; LR, Left-right diameter; LVEDVi: Left ventricular 
end-diastolic volume index; LVEF: Left ventricular ejection fraction; LVESVi: Left ventricular end-systolic volume index; LVMWT: LV maximal wall 
thickness; LVEDD: Left ventricular end-diastolic diameter; EAT: Epicardial adipose tissue; EATi: Epicardial adipose tissue index.

Table 4 Variables associated with the heart failure with preserved ejection fraction in obesity population

Lower/upper
Variables

Univariate analysis (OR, 95%CI, P value) Multivariate analysis (OR, 95%CI, P value)

Age (yr) 1.040 (0.994, 1.088) 0.087 1.046 (0.979, 1.117) 0.183

BMI (kg/m2) 1.057 (0.969, 1.154) 0.213

BMI > 35 kg/m2 2.812 (0.558, 14.179) 0.210

Diabetes 1.231 (0.323, 4.689) 0.761

Hypertension 3.545 (0.952, 13.201) 0.059 4.580 (1.008, 20.803) 0.049a

LVEF (%) 0.002 (0.000, 7.482) 0.136

LVEDVi (mL/m2) 1.020 (0.984, 1.058) 0.288

LVESVi (mL/m2) 1.063 (0.958, 1.178) 0.249

LA AP diameter (mm) 0.977 (0.884, 1.080) 0.646

LA LR diameter (mm) 0.963 (0.900, 1.030) 0.267

EAT mass index (g/m2) 1.049 (1.002, 1.098) 0.042a 0.963 (1.054, 0.880) 0.416

EAT mass (g) 1.020 (1.000, 1.041) 0.051

EATi (mL/m2) 1.045 (1.002, 1.090) 0.042a

EAT volume (mL) 1.019 (1.000, 1.038) 0.051

EAT/LA AP diameter ratio 1.794 (0.915, 3.519) 0.089

EAT/LA LR diameter ratio 3.989 (1.171, 13.584) 0.027a 9.226 (1.070, 79.512) 0.043a

EAT/LV mass ratio 1.236 (0.300, 5.098) 0.770

EAT/LV volume ratio 2.299 (0.317, 16.658) 0.410

aP < 0.05.
HDL: High-density lipoprotein; LDL: Low-density lipoprotein; EAT: Epicardial adipose tissue; EATi: Epicardial adipose tissue index; CI: Confidence 
interval; OR: Odds ratio.

DISCUSSION
In this study, we conducted a comprehensive comparison of EAT volume, mass, and functional characteristics, as 
determined by CMR, among individuals with obesity in the absence of HFpEF (HFpEF-) and HFpEF+ groups. The main 
findings of our study are as follows: (1) EAT volume and EAT mass were significantly increased in the obese HFpEF+ 
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Table 5 Intra-observer and inter-observer reproducibility for epicardial adipose tissue parameters

Intra-observer Inter-observer

CV (%) ICC 95%CI CV (%) ICC 95%CI

EAT volume (mL) 24.6 0.929 (0.885, 0.939) 18.4 0.900 (0.746, 0.963)

EATi (mL/m2) 23.0 0.913 (0.846, 0.951) 17.6 0.903 (0.753, 0.964)

EAT mass (g) 26.3 0.931 (0.878, 0.962) 17.9 0.900 (0.746, 0.963)

EAT mass index (g/m2) 23.7 0.913 (0.846, 0.951) 31.0 0.978 (0.941, 0.992)

EAT/LA AP diameter ratio 35.9 0.734 (0.561, 0.846) 18.5 0.882 (0.696, 0.957)

EAT/LA LR diameter ratio 28.4 0.710 (0.526, 0.831) 19.9 0.928 (0.807, 0.974)

EAT/LV mass ratio 34.7 0.870 (0.774, 0.927) 31.3 0.978 (0.941, 0.992)

EAT/LV volume ratio 29.4 0.929 (0.874, 0.961) 31.6 0.973 (0.928, 0.963)

EAT: Epicardial adipose tissue; EATi: Epicardial adipose tissue index; LA: Left atrial; AP: Anterior-posterior; LR: Left-right; LV: Left ventricular; ICC: Intra-
class correlation coefficient.

group compared to the obese HFpEF- group, and these differences persisted after adjustment for BSA; (2) in the obese 
population, the EAT/LA LR diameter ratio can serve as an alternative method to differentiate between HFpEF+ and 
HFpEF- groups; and (3) a higher EAT/LA LR diameter ratio was associated with a higher risk of HFpEF after adjusting 
for potential confounders.

The utilization of CMR for EAT measurement in our study provides a comprehensive assessment of cardiac structure 
and function in individuals with HFpEF[28]. Additionally, our study contributes to the existing literature by 
implementing and evaluating the quantification of EAT using MRI during diastole[29]. In a prior study, we demonstrated 
CMR's sensitivity and accuracy in detecting conventional atrial geometry in dialysis patients with HFpEF[30]. The 
present study, employing CMR to measure EAT, holds significant strengths over prior investigations examining the 
association between EAT and HFpEF in an obese population.

Our findings revealed that EAT volume and EAT mass, determined by CMR, were significantly higher in the HFpEF+ 
group compared to the HFpEF- group, with significant differences in EATi and EAT mass index as well. EAT, recognized 
as a risk factor for heart failure, particularly in the obese population[30,31], is implicated as an independent risk factor for 
HFpEF[32,33]. EAT's invasion into and around coronary arteries contributes to microvascular dysfunction, ventricular 
dilatation, and heart failure[12]. Adipocytes within EAT possess endocrine functions, synthesizing aldosterone and 
angiotensinogen[34]. Moreover, EAT serves as a marker for inflammatory factors[35]. Consistent with previous echocar-
diographic studies associating EAT thickness with HFpEF[36], our results further support this relationship.

In our study, there was a significant increase in LV mass index in the HFpEF+ group compared to the HFpEF- group. 
The space between the myocardial surface and the visceral pericardium may be filled with EAT, potentially covering the 
entire epicardium[37]. In the obese population, the excess EAT could impose an increased burden on both ventricles, 
ultimately leading to left ventricular hypertrophy[38]. These findings are consistent with prior investigations into obesity. 
A previous study utilizing CMR demonstrated that individuals with uncomplicated obesity and HFpEF exhibited 
extensive LV geometric remodeling, impaired ventricular function, and increased myocardial thickness[39].

Our research revealed that the EAT/LA LR diameter ratio was higher in the HFpEF+ group compared to the HFpEF- 
group, and this ratio was significantly associated with HFpEF. While no prior study has specifically investigated changes 
in the EAT/LA LR diameter ratio, it has been demonstrated to be impaired before left atrial enlargement in obese patients 
with HFpEF experiencing diastolic heart failure[40]. A recent study utilizing transthoracic echocardiography indicated 
that increased EAT thickness was linked to poorer left atrial function in HFpEF[41]. Additionally, another echocardio-
graphy-related study suggested that the presence of increased EAT is associated with a greater increase in cardiac filling 
pressures in patients with the obese phenotype of HFpEF[11]. Thus, the utilization of EAT/LA LR, assessed through 
CMR, could play a crucial role in the differentiation and diagnosis of obese HFpEF in clinical practice in the future. The 
EAT/LA LR diameter ratio may serve as a novel imaging biomarker.

Our study demonstrated no correlation between the four epicardial adipose tissue parameters (EAT volume, EATi, 
EAT mass, EAT mass index) and CMR-measured LV morphological and functional parameters. This finding aligns with 
some of the current studies[39]. It is plausible that our sample size is relatively small, and more conclusive results may 
emerge in the future with a larger sample size.

According to prior studies, age significantly contributes to EAT accumulation and may exert a substantial influence on 
its buildup[42]. In our study, there was no significant difference in age between the two groups, indicating that the effect 
of age on EAT was excluded. Despite the lack of statistical significance, there appears to be a trend towards older age in 
patients with HFpEF, supported by a higher proportion of subjects aged over 60 years in the HFpEF+ cohort. 
Additionally, resting SBP was significantly higher in HFpEF+ patients than in the HFpEF- group. Patients with HFpEF 
exhibit reduced aortic distensibility and increased systolic blood pressure[43]. Previous findings suggest that obesity has 
a detrimental impact on prehypertension and hypertension, irrespective of general obesity or abdominal obesity presence
[44].



Shao JW et al. EAT in obesity HFpEF using CMR

WJC https://www.wjgnet.com 157 March 26, 2024 Volume 16 Issue 3

CONCLUSION
EAT/LA LR diameter ratio is highly associated with HFpEF in obese patients. It is plausible that there may be utility in 
CMR for assessing obese patients for HFpEF using EAT/LA LR diameter ratio as a diagnostic biomarker. Further 
prospective studies, are needed to validate these proof-of-concept findings.

ARTICLE HIGHLIGHTS
Research background
Obesity has become a serious public health issue, significantly elevating the risk of various complications. It is a well-
established contributor to Heart failure with preserved ejection fraction (HFpEF). Evaluating HFpEF in obesity is crucial. 
Epicardial adipose tissue (EAT) has emerged as a valuable tool for validating prognostic biomarkers and guiding 
treatment targets. Hence, assessing EAT is of paramount importance. Cardiovascular magnetic resonance (CMR) imaging 
is acknowledged as the gold standard for analyzing cardiac function and morphology. We hope to use CMR to assess 
EAT as a bioimaging marker to evaluate HFpEF in obese patients.

Research motivation
The aim of this study was to clarify the utility of using CMR-measured EAT as a diagnostic biomarker for assessing 
HFpEF in obese patients.

Research objectives
This study aims to employ CMR to examine EAT in the obese population with and without HFpEF, considering the 
association with co-morbidities, biomarkers, contractility parameters, and myocardial function assessed by CMR.

Research methods
The study was designed as a case-control, prospective clinical study. Obese patients were divided into two groups for a 
case-control study based on whether or not they had heart failure with HFpEF. The two groups were defined as HFpEF+ 
and HFpEF-. LV geometry, global systolic function, EAT volumes and EAT mass of all subjects were obtained using cine 
magnetic resonance sequences. The novelty of this study is to investigate EAT metrics (including volume or mass) in 
obese patients using CMR to determine whether or not EAT metrics are associated with HFpEF and whether EAT metrics 
appear to be a biomarker for predicting HFpEF in the obese population.

Research results
Forty-five patients of HFpEF- group and seventeen patients of HFpEF+ group were included. LV mass index (g/m2) of 
HFpEF+ group was higher than HFpEF- group (P < 0.05). In HFpEF+ group, EAT volumes, EAT volume index, EAT 
mass, EAT mass index and EAT/ left atrial (LA) left-right (LR) diameter ratio were higher compared to HFpEF- group. In 
multivariate analysis, higher EAT/LA LR diameter ratio was independently associated with higher odds ratio (OR = 
4.597) of HFpEF.

Research conclusions
There was a strong correlation between increased EAT volumes and HFpEF in the obese. EAT/LA LR diameter ratio is 
highly associated with HFpEF in the obese.

Research perspectives
Given the significant findings, there may be some diagnostic utility in CMR for assessing the obese for HFpEF.
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Abstract
BACKGROUND 
Patients with tetralogy of Fallot (TOF) often have arrhythmias, commonly being 
atrial fibrillation (AF). Radiofrequency ablation is an effective treatment for AF 
and does not usually cause severe postoperative hypoxemia, but the risk of 
complications may increase in patients with conditions such as TOF.

CASE SUMMARY 
We report a young male patient with a history of TOF repair who developed 
severe hypoxemia after radiofrequency ablation for AF and was ultimately 
confirmed to have a new right-to-left shunt. The patient subsequently underwent 
atrial septal occlusion and eventually recovered.

CONCLUSION 
Radiofrequency ablation may cause iatrogenic atrial septal injury; thus possible 
complications should be predicted in order to ensure successful treatment and 
patient safety.

Key Words: Atrial fibrillation; Radiofrequency ablation; Tetralogy of Fallot; Right-to-left 
shunt; Hypoxemia; Medical decision; Case report
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Core Tip: More attention should be paid to patient hemodynamics before and after radiofrequency ablation in those with a 
potential risk of right-to-left shunt such as tetralogy of Fallot patients. These patients may need to be further evaluated before 
or during surgery to make safer treatment decisions. This case may provide an important reference for the proper preparation 
and perioperative management of atrial fibrillation under special circumstances.
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INTRODUCTION
Tetralogy of Fallot (TOF) has been reported to be the most common cyanotic congenital heart disease with an incidence of 
0.34 per 1000 Live births[1,2]. With the development of medical technology, the survival rate of patients with TOF has 
significantly increased; however, long-term complications can occur. Atrial arrhythmia is one of the most common late 
complications after the repair of TOF (and is generally related to myopathy caused by atrial surgical scarring, right atrial 
dilatation, and valve reflux[3,4]). However, rhythm control and heart rate control are not effective in preventing atrial 
fibrillation (AF) in patients with TOF[4], and radiofrequency ablation has become an important method of treating these 
patients[5]. Multiple studies have confirmed the safety and feasibility of this treatment[6,7], but few reports have focused 
on the risk of transatrial septal puncture in patients with TOF. Here, we report a case of severe hypoxemia in a patient 
with TOF who developed a right-to-left shunt after radiofrequency ablation for AF. This case provides an important 
reference for the surgical risk assessment and final decision in the treatment of similar patients, and may effectively 
prevent the occurrence of serious complications.

CASE PRESENTATION
Chief complaints
A 32-year-old man visited our center due to “heart palpitations for 2 mo”.

History of present illness
In the past 2 mo, the patient had persistent palpitations without obvious inducement, but there was no discomfort such as 
chest pain and dyspnea.

History of past illness
The patient had sustained palpitations recently and had a history of similar attacks in the past. He completed a 12-lead 
electrocardiogram (ECG) in the outpatient clinic and was diagnosed with AF. The patient still had palpitations and 
discomfort after taking metoprolol sustained-release tablets for heart rate control, and was admitted to the hospital for 
catheter ablation of AF. He had a history of TOF, and underwent palliative correction surgery 20 years ago, involving 
correction of complex congenital heart disease and pulmonary artery artificial vascular implantation.

Personal and family history
The patient denied any family history of congenital heart disease and AF.

Physical examination
Surgical scars were seen on the chest, arrhythmia was present, a systolic murmur was heard in the auscultation area of 
the pulmonary valve, and the cardiac boundary was enlarged.

Laboratory examinations
No obvious abnormalities were found during preoperative examinations such as routine blood and liver and kidney 
function tests.

Imaging examinations
The 12-lead ECG showed AF (Figure 1). Transthoracic echocardiography confirmed the changes after TOF correction and 
pulmonary artery implantation, with the formation of collateral circulation between the descending aorta and the left 
pulmonary artery, no shunt at the ventricular septum level, enlargement of the right heart, and moderate to severe 
tricuspid regurgitation (Figure 2). Transesophageal echocardiography did not show the atrial septal shunt, which ruled 
out the possibility of “pentalogy of Fallot” in this patient. In addition, pulmonary venous computed tomography 
angiography (CTA) was performed preoperatively to evaluate pulmonary venous structure and function, showing that 
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Figure 1 The patient’s admission electrocardiogram indicating atrial fibrillation.

the right heart was significantly enlarged, and no obvious filling defect was found in the lumen. An artificial blood vessel 
shadow was seen between the right pulmonary artery and the right ventricle. The left side of the descending aorta was 
connected to the left pulmonary artery by another artificial blood vessel (Figure 3). These two artificial vessels may have 
reduced the symptoms of right ventricular outflow tract obstruction.

FINAL DIAGNOSIS
Based on the clinical manifestations and imaging findings, the patient was initially diagnosed with AF, and post-repair 
for TOF.

TREATMENT
After completing the evaluation, pulmonary vein isolation and BOX isolation were performed under the guidance of the 
CARTO® system, and an ablation catheter was delivered to the bilateral pulmonary veins by an atrial septal puncture 
method under the guidance of ultrasound to complete electrical isolation during the operation. Intraoperative oxygen 
saturation was maintained at 90%-93%. No obvious complications were observed following catheter withdrawal. After 
ablation, the ECG showed sinus rhythm and dual-source atrial premature contractions. The outcome of the operation was 
satisfactory and met our expectations.

On the second day after ablation, the patient complained of chest tightness and shortness of breath without obvious 
inducement, and blood oxygen saturation decreased gradually, reaching a minimum of 50%. Oxygen saturation was only 
maintained at 70%-75% by oxygen inhalation. Physical examination revealed poor mental status, distention of the jugular 
vein, cyanosis of the mouth and lips, and decreased temperature in the extremities. Arterial blood gas analysis showed 
that the partial pressure of carbon dioxide was 25 mmHg, the partial pressure of oxygen was 42 mmHg, and the blood pH 
and bicarbonate concentration were within the normal range. Blood tests showed a brain natriuretic peptide level of 2716 
ng/mL. In light of the patient’s history of congenital heart disease, acute heart failure was considered, an echocardiogram 
was performed, and a new right-to-left shunt approximately 9 mm wide was identified (Figure 4). After multidisciplinary 
consultation, hypoxemia due to circulatory hypoxia caused by an arteriovenous shunt, and atrial septal defect repair 
surgery were considered. However, blood oxygen saturation should be maintained before surgery to prevent damage to 
important organs, while endotracheal intubation was of little help to correct hypoxemia in this patient and may even 
have aggravated hypoxia. Therefore, the patient was transferred to the intensive care unit and a veno-venous extracor-
poreal membrane oxygenation intubation was performed. Postoperative oxygen saturation was maintained above 90%. 
Arterial blood gas analysis showed 29 mmHg of carbon dioxide and 85 mmHg of oxygen.
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Figure 2 Preoperative echocardiography. A and B: Artificial blood vessel shadow and blood flow signal can be seen between the descending aorta and the 
left pulmonary artery; C: Moderate to severe tricuspid regurgitation can be seen during cardiac systole; D: No significant residual shunt was observed at the 
interventricular septal level.

When the patient’s vital signs became stable, we communicated with his family and an atrial defect closure was 
subsequently performed with insertion of a 14 mm occluder (Figure 5). Oxygen saturation was maintained above 90% in 
the shutdown state of extracorporeal membrane oxygenation after occlusion. Following administration of anti-infection 
and anticoagulation therapy, the patient’s condition improved and he was discharged.

OUTCOME AND FOLLOW-UP
The patient’s oxygen saturation was normal and there were no episodes of AF after the operation.

DISCUSSION
AF has been reported with a higher probability in patients with TOF and occurs at a younger age than in the general 
population[8]. Ablative therapy has been proved to be an effective curative treatment modality for AF[5]. A previous 
study proved that AF progresses more rapidly in patients with TOF and conventional antiarrhythmic drugs are not 
effective[4]. With the development of electrophysiological techniques, the success rate of ablation at the lesion site in the 
presence of complex arrhythmogenic scarring and substrate in patients with TOF has improved. Current reports focus on 
the recurrence of postoperative arrhythmias and the quality of life of patients, and have confirmed the efficacy of 
radiofrequency ablation in the treatment of AF after repair of TOF[7,9]. However, there have been few reports on the risks 
of radiofrequency ablation in patients with TOF. Due to congenital abnormalities, patients with TOF may not be able to 
tolerate atrial septal puncture during radiofrequency ablation in terms of cardiac infrastructure and hemodynamics.

Typically, transseptal puncture for radiofrequency ablation of AF does not cause serious complications and does not 
require special treatment[9]. However, in this report, atrial septal puncture resulted in severe hypoxemia. It is known that 
patients with TOF usually develop right ventricular outflow tract obstruction, and this hemodynamic abnormality may 
still be present even after surgical treatment. In this case, the patient underwent TOF palliative surgery, in which the 
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Figure 3 Preoperative pulmonary venous computed tomography angiography imaging. A: The right heart was significantly enlarged; B: Artificial 
blood vessel shadow can be seen on computed tomography angiography (orange arrow); C: The left side of the descending aorta is connected to the left pulmonary 
artery by an artificial vessel (blue arrow); D: The artificial blood vessel is visible between the right pulmonary artery and the right ventricle (yellow arrow).

Figure 4 Postoperative cardiac ultrasound. A: Doppler ultrasound showed multicolored blood flow between the left and right atria, indicating the presence of 
atrial septal defect; B: The diameter of the atrial septal defect was about 0.88 cm.

implantation of artificial blood vessels relieved some, but not all, of the pulmonary hypertension. In addition, during the 
preoperative ECG examination, the right heart was enlarged and the tricuspid valve showed medium-severe 
regurgitation, which suggested that during the systolic period, a large amount of blood flow regurgitated into the right 
atrium, resulting in high pressure in the right atrium. If an atrial septal defect is present at the same time, a right-to-left 
shunt is likely to form, resulting in hypoxemia. Transatrial septal puncture during radiofrequency ablation resulted in 
this condition followed by the subsequent development of hypoxemia. Unfortunately, we failed to accurately assess the 
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Figure 5 Postoperative pulmonary imaging showed implantation of the atrial septal occluder.

right atrial pressure and predict the risk of atrial septal puncture leading to subsequent disease.
Usually, no serious pulmonary hypertension occurs after correction of TOF[10], but there are still a small number of 

patients with significantly increased pressure in the right ventricular outflow tract[11,12]. This long-term complication 
not only affects the quality of life of patients, but also increases the potential risk of atrial septal puncture therapy. 
Preoperative elevated pulmonary artery pressure has been shown to promote the risk of right-to-left shunt in iatrogenic 
atrial septal defects[13]. In addition, the persistence of an iatrogenic atrial septal defect leading to refractory hypoxemia 
has been reported in several cases[14,15], and studies have shown that patients with iatrogenic atrial septal defects are 
more likely to have hemodynamic abnormalities, heart failure, and other conditions[16,17]. These results suggest that 
patients with right ventricular outflow tract abnormalities and iatrogenic atrial septal defects are more likely to develop 
hypoxemia. Following the diagnosis and treatment of this critically ill patient, we believe that it may be possible to 
effectively reduce the occurrence of postoperative hypoxemia by accurately detecting the right heart pressure through the 
right cardiac catheter in advance for patients with right-to-left shunt risk. This method is not only suitable for TOF, but 
can also be used for preoperative evaluation of patients with pulmonary malformation, pulmonary embolism, chronic 
obstructive pulmonary disease, and other diseases to reduce the risk of surgery.

CONCLUSION
More attention should be paid to patient hemodynamics before and after radiofrequency ablation in those with a 
potential risk of right-to-left shunt such as TOF patients. These patients may need to be further evaluated before or 
during surgery to make safer treatment decisions. This case provides an important reference for appropriate treatment 
decisions and perioperative management of AF under special circumstances.
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