

[image: Characteristics of cardiac involvement in Immune-mediated Necrotizing Myopathy]
Characteristics of cardiac involvement in immune-mediated necrotizing myopathy





ORIGINAL RESEARCH

published: 28 February 2023

doi: 10.3389/fimmu.2023.1094611

[image: image2]


Characteristics of cardiac involvement in immune-mediated necrotizing myopathy


Mengyang Liu 1, Ying Lin 1, Lingya Qiao 1,2, Juan Chen 1 and Qiang Shi 1*


1 Department of Neurology, The First Medical Centre, Chinese PLA General Hospital, Beijing, China, 2 School of Medicine, Nankai University, Tianjin, China




Edited by: 

Ryusuke Yoshimi, Yokohama City University, Japan

Reviewed by: 

Eleni Tiniakou, Johns Hopkins University, United States

Harikrishnan Gangadharan, Government Medical College, Kottayam, India

*Correspondence: 

Qiang Shi
 shiq301@163.com

Specialty section: 
 This article was submitted to Autoimmune and Autoinflammatory Disorders : Autoimmune Disorders, a section of the journal Frontiers in Immunology


Received: 10 November 2022

Accepted: 10 February 2023

Published: 28 February 2023

Citation:
Liu M, Lin Y, Qiao L, Chen J and Shi Q (2023) Characteristics of cardiac involvement in immune-mediated necrotizing myopathy. Front. Immunol. 14:1094611. doi: 10.3389/fimmu.2023.1094611




Objective

To investigate the characteristics of cardiac involvement due to Immune-mediated Necrotizing Myopathy (IMNM).



Methods

Patients diagnosed with Immune-mediated Necrotizing Myopathy (IMNM) who attended the Department of Neurology and the Department of Rheumatology and Immunology at the First Medical Center of the PLA General Hospital between February 2011 and June 2022 were collected. Clinicopathological diagnosis of IMNM was performed according to the criteria established by the European Neuromuscular Center (ENMC). All patients underwent muscle biopsy and Myositis-specific antibodies (MSAs) testing. Information included age, gender, disease duration, intramuscular and extramuscular manifestations, laboratory findings (including creatine kinase, lactate dehydrogenase levels, troponin T, myoglobin and atrial natriuretic peptide), electromyography, skeletal muscle pathology and immunohistochemical staining.



Results

A total of 57 patients were included in this study. Of the serological tests, 56.1% (32/57) were positive for SRP, 21.1% (12/57) were positive for HMGCR and 22.8% (13/57) were seronegative. Thirty patients (52.6%, 30/57) presented with varying degrees of cardiac involvement. We performed ECG in 23 patients and found 6 patients with arrhythmia (26.1%), 12 patients with myocardial ischemia (52.2%), and 7 patients with acute coronary syndrome (ST elevation and non-ST elevation myocardial infarction) (30.4%), and 4 patients with left axis deviation or left ventricular high voltage, suggesting left ventricular hypertrophy (17.4%). Cardiac ultrasound was performed in 14 patients and 3 showed pericardial effusion (21.4%); Decreased left ventricular ejection fraction and atrial enlargement were 2 each; 8 showed a decrease in left ventricular diastolic function (57.1%). In addition, one patient had myocardial edema.



Conclusion

Cardiac involvement is not uncommon in IMNM. However, besides clearly statistically significant differences in the disease course, and in the values of troponin T and myoglobin, our data did not show any statistically significant difference in other features of cardiac involvement between patients with different subtypes of IMNM.
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1 Introduction

Immune-mediated Necrotizing Myopathy (IMNM) is a rare subgroup of idiopathic inflammatory myopathies manifested by severe proximal limb muscle weakness and elevated serum creatine kinase (CK) levels (1, 2). The concept was first introduced by the European Neuromuscular Centre (ENMC) in 2003 and subdivided in 2016 to include anti- 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR) antibody IMNM, anti-signal recognition particle (SRP) antibody IMNM and serum antibody-negative (Namely, the anti-SRP antibody and the anti-HMGCR antibody were negative) IMNM (3, 4).

IMNM is currently considered to be an autoimmune disease with predominantly muscular lesions, as it rarely presents with extra-muscular involvement (5). However, some believe that in addition to symptoms of skeletal muscle involvement such as muscle weakness and myalgia, IMNM can also present with extra-muscular manifestations such as rash, myocarditis, interstitial lung disease and arthritis. In particular, cardiac involvement is the more common extra-muscular manifestation in anti-SRP antibody myopathies (6). Chest pain, palpitations, congestive heart failure, and changes in the electrocardiogram and echocardiogram were found in 2-40% of patients with anti-SRP-positive myopathy. In contrast, cardiac involvement was rarely reported in patients with anti-HMGCR-positive antibody myopathy as well as antibody-negative myopathy (7–9). Therefore, in this study, we aimed to retrospectively characterize cardiac involvement in a large cohort of IMNM patients from China to draw attention to cardiac involvement in IMNM.



2 Information and methods


2.1 Clinical information

We collected a total of 1,098 patients diagnosed with idiopathic inflammatory myopathy (IIM) patients seen in the Department of Neurology and Rheumatology Department of the First Medical Center of the PLA General Hospital between February 2011 and June 2022, and a total of 57 patients (5.2%) were further diagnosed with Immune-mediated Necrotizing Myopathy (IMNM). All the clinicopathological diagnoses were according to the European Neuromuscular Center (ENMC) IMNM criteria (3), including age, gender, disease duration, intramuscular and extramuscular manifestations, laboratory findings (including creatine kinase, lactate dehydrogenase, troponin T, myoglobin and brain natriuretic peptide), electromyography, skeletal muscle pathology and immunohistochemical staining. The study was approved by our hospital ethics committee and all patients signed an informed consent form.



2.2 Myositis antibody test

Serum samples were collected from patients and stored in a refrigerator at -80°C until testing, myositis-specific antibodies (MSAs) and myositis-associated antibodies (MAAs) was detected by Western blot (Western blot Reference results are shown in Supplementary Figure 1). Results according to the colour of antigen band: colourless 0: negative; Very weak colouring (+): critical value; Weak staining +: weak positive; Strong staining ++: positive; The intensity of staining was the same as that of the quality control strip.



2.3 Skeletal muscle biopsy

After the informed consent was signed, an open skeletal muscle biopsy was performed under local anaesthesia. The muscle samples were frozen and fixed in liquid nitrogen after being pre-cooled with isopentane. The frozen sections were 8μm thick. Routine histological and enzyme histochemical staining were performed, including hematoxylin-eosin (H&E), modified Gomori staining (MGT), reduced coenzyme I (NADH-TR), succinate dehydrogenase (SDH), adenosine triphosphatase (ATPase), acid phosphatase (ACP), oil red O, Sudan black B (SBB) staining Glycogen staining (PAS), non-specific esterase staining (NSE) and so on. In addition, immunohistochemical staining was performed in some muscle samples, including membrane attack complex (MAC) staining and major histocompatibility complex class I (MHC-1) staining.



2.4 Statistical analysis

Spss26.0 software (IBM Corp, Armonk, USA) was used to analyze the data. Categorical variables are expressed as percentages and absolute frequencies, and continuous features are represented by mean ± standard deviation or median (quartile range). Chi-square test or Fisher’s exact test were used to compare categorical data; The quantitative variables of two independent samples were compared by Mann Whitney test or Student t test (double-tailed). The quantitative variables of multiple independent samples were compared by ANOVA, and the significance level was p=0.05. If P<0.05, a pairwise comparison was made and the Bonferroni method was used for correction.




3 Results


3.1 Demographic and clinical information

Demographic and clinical information for all IMNM patients is shown in Table 1. 56.1% (32/57) of the serological tests were positive for SRP, 21.1% (12/57) were positive for HMGCR and 22.8% (13/57) were seronegative. In addition, we detected other myositis-specific and myositis-associated antibodies in these patients, including 13 anti-Ro52 antibody positive (10 were anti-SRP common-positive, and 1 was anti-HMGCR common-positive), 2 anti-Ku antibody positive, and 1 anti-RNP, SAE1 and PL-12 antibody positive respective. The mean age of onset was 49.0 years old (range 18-76 years old) in patients who were also accepted into the group, with no statistically significant difference in age between all groups. The ratio of males to females was 1:2.8 (15:42), with females predominating over all subtype groups.


Table 1 | Demographic and clinical characteristics of different MSA types in IMNM.



In terms of clinical symptoms, We performed a detailed physical examination on all of the patients, and the results were shown 40.4% (23/57) had symptoms of myalgia and 86.0% (49/57) had symptoms of muscle weakness, particularly proximal, which tended to develop symmetrically. The median disease duration was 5 months (range 0.25-204 months) and a mean duration was 15.2 months, 70% had a disease course of more than 3 months. Patients in the antibody-negative group had a shorter disease duration compared to those in the antibody-positive group (4.2 vs 29.7 vs 14.3, p=0.02). In addition, 26.3% (15/57) had joint pain and 10.5% (6/57) had Raynaud’s phenomenon. However, the differences in these symptoms were not statistically significant in any of the groups.

Laboratory results showed a median creatine kinase (CK) level of 3417 U/L (range 667.8-26588 U/L, the normal value is 25-200U/L) with a mean of 6068.9 U/L and a mean lactate dehydrogenase (LDH) level of 868.5 U/L (range 293-4825 U/L, the normal value is 109-245U/L). All patients were examined for laboratory indicators related to cardiac involvement, and among the laboratory indicators of cardiac involvement, the median troponin T was 0.478 ng/ml with a mean value of 0.712 ng/ml (range 0.108-2.800 ng/ml, the normal value is under 0.014ng/ml). Troponin-T levels in anti-SRP antibody myopathy were significantly higher than anti-HMGCR antibody myopathy as well as antibody-negative myopathy (0.932 vs 0.229 vs 0.406 ng/ml, p=0.005); the median myoglobin was 1035.0 ng/ml with a mean value of 1773.1 ng/ml (range 100.0-22366 ng/ml, the normal value is under 72ng/ml), the MSAs-negative myopathy had a higher myoglobin level than other two MSAs positive myopathy (1342.4 vs 594.9 vs 3786.3 ng/ml, p=0.02); and the brain natriuretic peptide median was 365.2 pg/ml with a mean of 760.7 pg/ml (range 164.3-3393 pg/ml, the normal value is under 88pg/ml). Electromyography results showed myogenic damage in all patients.



3.2 Skeletal muscle pathology

To validate the pathological diagnosis of necrotizing myopathy, muscle biopsies were performed on all patients in our cohort (Figure 1), and the muscle specimens were pathologically evaluated. It showed that all the muscle specimens (100%) were characterized by IMNM with varying degrees: H&E staining indicated significant muscle fiber necrosis and muscle fiber regeneration with little or no inflammatory cell infiltration; in addition, We performed immunohistochemical staining of muscle samples from three of these patients, showed positive membrane attack complex (MAC) deposition in non-necrotic muscle fibers and endomysial capillaries in two of them (66.7%), as well as diffused expression of major histocompatibility complex (MHC) class I in non-necrotic muscle fibers in another patient (33.3%).




Figure 1 | Muscle pathology. (A) Hematoxylin and Eosin staining (H&E), original magnifification x200. The image shows necrotic fibers (arrow) and the regenerated muscle fibers (arrow head). (B, C) Immnunochemical staining, original magnifification x200. (B) shows MAC deposition in sarcolemma of non-necrotic fiber (arrow) and endomysial capillaries (arrow head), While (C) indicates diffused expression of MHC class I in sarcolemma of necrotic fiber.





3.3 Clinical features of cardiac involvement

Details of all the IMNM patients with cardiac involvement are listed in the Supplementary Table. Statistics showed that a total of 30 patients (52.6%, 30/57) showed varying degrees of cardiac involvement. Among these patients, none reported a cardiac-related medical history. We performed an ECG in 23 patients and found 6 patients with arrhythmia (26.1%), including conduction block, bradycardia, atrial fibrillation, escape, 12 patients with myocardial ischemia (52.2%), and 7 patients with acute coronary syndrome (ST elevation and non-ST elevation myocardial infarction) (30.4%), and 4 patients with left axis deviation or left ventricular high voltage, suggesting left ventricular hypertrophy (17.4%). Cardiac ultrasound was performed in 14 patients and 3 showed pericardial effusion (21.4%); Decreased left ventricular ejection fraction and atrial enlargement were 2 each; 8 showed a decrease in left ventricular diastolic function (57.1%). In addition, one patient had myocardial edema (Figure 2). In this study, the incidences of cardiac symptoms between the different antibody subtypes were not significant different.




Figure 2 | Cardiac involvements in IMNM patients. (A) Numbers and types of patients with cardiac symptoms in the IMNM; (B, C) Plain and enhanced myocardial MR scan. (B) The T2 STIR sequence showed diffused long T2 signal in the left ventricular myocardium; (C) No significant myocardial enhancement was seen in the T1 enhancement sequence.






4 Discussion

To date, studies in the literature on IMNM cardiac involvement had been limited to small cohorts with atypical features (5, 9). Researches had shown that the majority of IMNM cardiac involvement was manifested by arrhythmias as well as heart failure (6, 10–13). Therefore, Zhang et al. defined clinically meaningful cardiac involvement as follows (14): Congestive heart failure meeting Framingham’s criteria (15), or conduction abnormalities requiring antiarrhythmic drugs, implanted pacemakers or implantable cardioverter-defibrillators, supraventricular or ventricular arrhythmias; Lilleker et al. added to the criteria for cardiac involvement Lilleker et al. added the criterion of “pericarditis” to the criteria for cardiac involvement (16). Our study was based on the above criteria and integrated the consultation opinions of the Department of Cardiology of the First Medical Center of the PLA General Hospital, according to the electrocardiogram and cardiac ultrasound results, plus the clinical manifestations of patients, finally summarized the specific manifestations of IMNM cardiac involvement including arhythmia, myocardial Ischemia, myocardial Infarction, left ventricular hypertrophy, decreased left ventricular diastolic function, decreased systolic function (decreased left ventricular ejection fraction), pericardial effusion and atrial enlargement.

We reviewed the previous literature on IMNM cardiac involvement and summarized the results in one table (Table 2), found that cardiac involvement in IMNM was mostly present in anti-SRP antibody-positive myopathy (10–13). But the prevalence of cardiac involvement in anti-SRP antibody myopathy was still controversial. Our data showed that the prevalence of cardiac involvement in anti-SRP antibody myopathy was 50% (16/32); in a cohort of 13 patients with anti-SRP antibody positive myopathy, Targoff et al. showed arrhythmias and heart failure in four patients (17); in a study by Hengstman et al. over 50% of patients had abnormal ECGs and a further 12 patients had ultrasound, interestingly, more than half of them also had heart failure (8). A study by Suzuki et al. showed that only 2 patients had cardiac involvement in a cohort of 100 patients (7). And another study showed that the prevalence of cardiac involvement in anti-SRP antibody myopathy was relatively low or almost the same compared to the general population (6).


Table 2 | Results from previous literature studies.



At the same time, cardiac involvement in anti-HMGCR antibody-positive versus seronegative myopathy had been discussed relatively rarely and had mostly focused on case reports. Our study of four previous reports of cardiac involvement in anti-HMGCR antibody myopathy found that all of these patients had heart failure in the form of systolic and diastolic dysfunction, with only one patient presenting with ECG abnormalities and elevated troponin I levels (9, 18–20); a more recent retrospective study found that 11 of 36 anti-HMGCR antibody-positive patients had left ventricular diastolic dysfunction and 6 showed systolic dysfunction. 6 cases showed systolic dysfunction (21). This was in line with our data. As for seronegative myopathy with cardiac involvement, Takumi et al. reported the first patient with antibody-negative IMNM with cardiac involvement in 2021. This patient presented with severe decompensation of diffuse left ventricular function and muscle necrosis and regeneration (22); Tsang et al. reported a case of antibody-negative IMNM in a patient with concurrent fulminant myocarditis leading to cardiogenic shock and cardiac arrest (23); in addition, in a study of a cohort of 117 IMNM patients from China, Ma et al. found that cardiac ultrasound and cardiac MRI (but not ECG) frequently detected seronegative cardiac involvement in IMNM patients. Also in this study, they found that cardiac MRI was more sensitive in detecting cardiac abnormalities in patients with IMNM (24), and such findings will help us in our future research ideas.

Nevertheless, this study still has some limitations. As this was a retrospective study, there may be information bias and selection bias. Also, the relatively high proportion of patients in the anti-SRP antibody-positive group and the relatively low proportion of patients in the anti-HMGCR antibody-positive group, as well as the antibody-negative group, lead to an increased chance in the results of this study and therefore a larger sample size is needed for validation.



5 Conclusion

In conclusion, cardiac involvement is not uncommon in IMNM. However, besides clearly statistically significant differences in the disease course, and in the values of troponin T and myoglobin, our data did not show any statistically significant difference in other features of cardiac involvement between patients with different subtypes of IMNM. Therefore, cardiac screening, assessment, and follow-up should be given more consideration in patients with IMNM, and this in turn will contribute to improved IMNM treatment.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Chinese PLA General Hospital Ethical Review Committee (S2017-070-01) and has therefore been performed in
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. The patients/participants provided their written informed consent to participate in
this study.



Author contributions

All authors contributed to the study conception and design. Material preparation was performed by YL, LQ and JC. The first draft of the manuscript was written by ML and all authors commented on previous versions of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the military training injury prevention research mission (No.21XLS28).



Acknowledgments

The author thanks all the patients who were enrolled, and the Department of Neurology and Department of Rheumatology of the First Medical Center of PLA General Hospital for their support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1094611/full#supplementary-material



References

1. Meyer, A, Meyer, N, Schaeffer, M, Gottenberg, JE, Geny, B, and Sibilia, J. Incidence and prevalence of inflammatory myopathies: A systematic review. Rheumatol (Oxford) (2015) 54:50–63. doi: 10.1093/rheumatology/keu289

2. Day, JA, and Limaye, V. Immune-mediated necrotising myopathy: A critical review of current concepts. Semin Arthritis Rheumatol (2019) 49:420–9. doi: 10.1016/j.semarthrit.2019.04.002

3. Hoogendijk, JE, Amato, AA, Lecky, BR, Choy, EH, Lundberg, IE, Rose, MR, et al. 119th ENMC international workshop: Trial design in adult idiopathic inflammatory myopathies, with the exception of inclusion body myositis, 10-12 October 2003, naarden, the Netherlands. Neuromuscul Disord (2004) 14:337–45. doi: 10.1016/j.nmd.2004.02.006

4. Allenbach, Y, Mammen, AL, Benveniste, O, and Stenzel, W. 224th ENMC international workshop: Clinicoseropathological classification of immune-mediated necrotizing myopathies zandvoort, the Netherlands, 14-16 October 2016. Neuromuscul Disord (2018) 28:87–99. doi: 10.1016/j.nmd.2017.09.016

5. Allenbach, Y, Benveniste, O, Stenzel, W, and Boyer, O. Immune-mediated necrotizing myopathy: clinical features and pathogenesis. Nat Rev Rheumatol (2020) 16:689–701. doi: 10.1038/s41584-020-00515-9

6. Hara, A, Amano, R, Yokote, H, Ijima, M, Zeniya, S, Uchihira, T, et al. Secondary cardiac involvement in anti-SRP-antibody-positive myopathy: An 87-year-old woman with heart failure. BMC Neurol (2020) 20:29. doi: 10.1186/s12883-020-1599-5

7. Suzuki, S, Nishikawa, A, Kuwana, M, Nishimura, H, Watanabe, Y, Nakahara, J, et al. Inflammatory myopathy with anti-signal recognition particle antibodies: case series of 100 patients. Orphanet J Rare Dis (2015) 10:61. doi: 10.1186/s13023-015-0277-y

8. Hengstman, GJ, ter Laak, HJ, Vree Egberts, WT, Lundberg, IE, Moutsopoulos, HM, et al. Anti-signal recognition particle autoantibodies: Marker of a necrotising myopathy. Ann Rheum Dis (2006) 65:1635–8. doi: 10.1136/ard.2006.052191

9. Ghannam, M, and Manousakis, G. Case report: Immune-mediated necrotizing myopathy with IgG antibodies to 3-Hydroxy-3-Methylglutaryl-Coenzyme a reductase ( HMGCR) may present with acute systolic heart failure. Front Neurol (2020) 11:571716. doi: 10.3389/fneur.2020.571716

10. Takeguchi, M, Nanri, K, Okita, M, Morihara, Y, Taguchi, T, Ishiko, T, et al. A case of belated diagnosis of anti-SRP antibody positive polymyositis ocuuring from myocarditis. J New Rem Clin (2006) 55:46–53.

11. Tanaka, M, Gamou, N, Shizukawa, H, Tsuda, E, and Shimohama, S. Myopericarditis in a case of anti-signal recognition particle (anti-SRP) antibody-positive myopathy. rinsho Shinkeigaku. (2016) 56:862–5. doi: 10.5692/clinicalneurol.cn-000916

12. Kassardjian, CD, Lennon, VA, Alfugham, NB, Mahler, M, and Milone, M. Clinical features and treatment outcomes of necrotizing autoimmune myopathy. JAMA Neurol (2015) 72:996–1003. doi: 10.1001/jamaneurol.2015.1207

13. Pinal-Fernandez, I, Casal-Dominguez, M, and Mammen, AL. Immune-mediated necrotizing myopathy. Curr Rheumatol Rep (2018) 20:21. doi: 10.1007/s11926-018-0732-6

14. Zhang, L, Zhu, H, Yang, P, Duan, X, Wei, W, Wu, Z, et al. Myocardial involvement in idiopathic inflammatory myopathies: a multi-center cross-sectional study in the CRDC-MYO registry. Clin Rheumatol (2021) 40:4597–608. doi: 10.1007/s10067-021-05828-y

15. Löfström, U, Hage, C, Savarese, G, Dona, IE, Daubert, JC, Lund, LH, et al. Prognostic impact of framingham heart failure criteria in heart failure with preserved ejection fraction. ESC Heart Fail (2019) 6:830–9. doi: 10.1002/ehf2.12458

16. Lilleker, JB, Vencovsky, J, Wang, G, Wedderburn, LR, Diederichsen, LP, Schmidt, J, et al. The EuroMyositis registry: an international collaborative tool to facilitate myositis research. Ann Rheum Dis (2018) 77:30–9. doi: 10.1136/annrheumdis-2017-211868

17. Targoff, IN, Johnson, AE, and Miller, FW. Antibody to signal recognition particle in polymyositis. Arthritis Rheumatol (1990) 33:1361–70. doi: 10.1002/art.1780330908

18. Liu, L, Tessier, S, Ido, F, Longo, S, and Nanda, S. Anti-3-Hydroxy-3-Methylglutaryl coenzyme a reductase (Anti-HMG CoA) myopathy with cardiac involvement: Presentation, diagnosis, and management. Cureus. (2022) 14:e23125. doi: 10.7759/cureus.23125

19. Pitlick, M, and Ernste, F. Anti-HMGCR myopathy presenting with acute systolic heart failure. BMJ Case Rep (2019) 12(5):e230213. doi: 10.1136/bcr-2019-230213

20. Reddy, P, and Hayes, S. An unusual presentation of heart failure due to immune-mediated necrotizing myopathy in a statin exposed patient. J Am Coll Cardiol (2019) 73:2161–1. doi: 10.1016/S0735-1097(19)32767-6

21. Triplett, J, Kassardjian, CD, Liewluck, T, Tahir, A, Lennon, V, Kopecky, S, et al. Cardiac and respiratory complications of necrotizing autoimmune myopathy. Mayo Clin Proc (2020) 95:2144–9. doi: 10.1016/j.mayocp.2020.03.032

22. Tamura, T, Miyajima, K, Watanabe, K, Ito, K, Kin, F, Okazaki, A, et al. An autopsy case of antibody-negative immune-mediated necrotizing myopathy with severe cardiac involvement. Intern Med (2021) 60:3113–9. doi: 10.2169/internalmedicine.6355-20

23. Tsang, D, Malladi, CL, Patel, K, and Bajaj, P. Seronegative immune-mediated necrotising myopathy complicated by fulminant myocarditis resulting in. BMJ case rep (2022) 15:. doi: 10.1136/bcr-2021-248535

24. Ma, X, Xu, L, Ji, S, Li, Y, and Bu, B. The clinicopathological distinction between seropositive and seronegative immune-mediated necrotizing myopathy in China. Front Neurol (2021) 12:670784. doi: 10.3389/fneur.2021.670784


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Liu, Lin, Qiao, Chen and Shi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2023.1094611_cover.jpg
& frontiers | Frontiers in Immunology

Characteristics of cardiac involvement in
immune-mediated necrotizing myopathy





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Characteristics of cardiac involvement in immune-mediated necrotizing myopathy

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Information and methods

        

          		

            2.1 Clinical information

          



          		

            2.2 Myositis antibody test

          



          		

            2.3 Skeletal muscle biopsy

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Demographic and clinical information

          



          		

            3.2 Skeletal muscle pathology

          



          		

            3.3 Clinical features of cardiac involvement

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Country

Main Cardiac involvement

Number of

patients

Antibody
type

Cardiac involvement
rate

USA

Europe
Japan

USA

1990

2006

2015

2020

2021

Targoff

Hengstman
Suzuki

Triplett

Arrhythmias, Cardiac fibrosis and Congestive
heart failure

Myocardial infarction and Heart failure
Involvement of myocardium

Left ventricular diastolic and systolic
dysfunction

Arrhythmias, Cardiac fibrosis and Heart failure

10

23

100

36

16

Anti-SRP

Anti-SRP
Anti-SRP

Anti-HMGCR

MSAs Negative

40%(4/10)

>50%
2%(2/100)

30.6%(11/36)

68.8%(11/16)





OEBPS/Images/fimmu-14-1094611-g002.jpg





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1094611-g001.jpg





OEBPS/Images/table1.jpg
P-value

Age 49.0 494 457 512 0.59
Female 42 25/32 8/12 9/13 0.69
Disease duration(Month) 15.2 143 29.7 42 0.02

Clinical features

Muscle myalgia 23 13/32 3/12 713 0.33
Muscle weakness 49 27/32 10/12 12/13 073
Joint Pain 15 9/32 2/12 4/13 0.67
Renault Phenomenon 6 3/32 1/12 2/13 0.82

Examination results

Creatine Kinase (U/L) 6661.3 4078.0 4627.4 149837 0.052
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