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Appendix A – Abbreviations list 
AUC  area under the curve 

BNP  brain-type natriuretic peptide 

cBM  cardiac biomarker 

CI  95%-confidence interval 

CK-MB  creatine kinase muscle-brain-type 

CV  coefficient of variation 

EDTA  ethylenediaminetetraacetic acid 

(hs) cTn(I/T) (high sensitivity) cardiac Troponin (T/I) 

HF  heart failure 

LH(+/-)  (positive/negative) likelihood ratio 

LoA  limit of agreement 

Myo  myoglobin 

NPV  negative predictive value 

NT-proBNP N-terminal pro-brain-type natriuretic peptide 

PMI  postmortem interval 

POCT  point-of-care-testing 

PPV  positive predictive value 

ROC  receiver operating characteristics 

SD  standard deviation 

SOB  shortness of breath.  
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Appendix B – Systematic literature search 

Database: Pubmed 
Last database query: 5th March 2025 09:55am 

========================================================================= 

Search algorithm 1: (postmortem) AND (cardiac biomarkers) AND (quality) 

Identification of 14 publications (txt output of PubMed): 

1: Ding Z, Wei Q, Liu C, Zhang H, Huang F. The Quality Changes and Proteomic Analysis of Cattle Muscle 

Postmortem during Rigor Mortis. Foods. 2022 Jan 13;11(2):217. doi: 10.3390/foods11020217. PMID: 

35053949; PMCID: PMC8775072. 

2: Xu C, Zhang T, Zhu B, Cao Z. Diagnostic role of postmortem CK-MB in cardiac death: a systematic review 

and meta-analysis. Forensic Sci Med Pathol. 2020 Jun;16(2):287-294. doi: 10.1007/s12024-020-00232-5. Epub 

2020 Mar 19. PMID: 32193705. 

3: Cao Z, Zhao M, Xu C, Zhang T, Jia Y, Wang T, Zhu B. Evaluation of Agonal Cardiac Function for Sudden 

Cardiac Death in Forensic Medicine with Postmortem Brain Natriuretic Peptide (BNP) and NT-proBNP: A Meta-

analysis. J Forensic Sci. 2020 May;65(3):686-691. doi: 10.1111/1556-4029.14232. Epub 2019 Nov 18. PMID: 

31738462. 

4: Gross AL, Gray-Edwards HL, Bebout CN, Ta NL, Nielsen K, Brunson BL, Lopez Mercado KR, Osterhoudt 

DE, Batista AR, Maitland S, Seyfried TN, Sena-Esteves M, Martin DR. Intravenous delivery of adeno-associated 

viral gene therapy in feline GM1 gangliosidosis. Brain. 2022 Apr 18;145(2):655-669. doi: 

10.1093/brain/awab309. PMID: 34410345. 

5: Montanari E, Giorgetti R, Busardò FP, Giorgetti A, Tagliabracci A, Alessandrini F. Suitability of miRNA 

assessment in postmortem interval estimation. Eur Rev Med Pharmacol Sci. 2021 Feb;25(4):1774-1787. doi: 

10.26355/eurrev_202102_25069. PMID: 33660786. 

6: Kami D, Kitani T, Nakata M, Gojo S. Cardiac mesenchymal progenitors from postmortem cardiac tissues 

retained cellular characterization. Transplant Proc. 2014 May;46(4):1194-7. doi: 

10.1016/j.transproceed.2013.11.110. PMID: 24815158. 

7: Jangaard N, Sarkisian L, Saaby L, Mikkelsen S, Lassen AM, Marcussen N, Thomsen JL, Diederichsen ACP, 

Thygesen K, Mickley H. Incidence, Frequency, and Clinical Characteristics of Type 3 Myocardial Infarction in 

Clinical Practice. Am J Med. 2017 Jul;130(7):862.e9-862.e14. doi: 10.1016/j.amjmed.2016.12.034. Epub 2017 

Feb 1. PMID: 28159605. 

8: Zwirner J, Anders S, Bohnert S, Burkhardt R, Da Broi U, Hammer N, Pohlers D, Tse R, Ondruschka B. 

Screening for Fatal Traumatic Brain Injuries in Cerebrospinal Fluid Using Blood-Validated CK and CK-MB 

Immunoassays. Biomolecules. 2021 Jul 20;11(7):1061. doi: 10.3390/biom11071061. PMID: 34356685; PMCID: 

PMC8301791. 

9: Woydt L, Bernhard M, Kirsten H, Burkhardt R, Hammer N, Gries A, Dreßler J, Ondruschka B. Intra-

individual alterations of serum markers routinely used in forensic pathology depending on increasing 

postmortem interval. Sci Rep. 2018 Aug 24;8(1):12811. doi: 10.1038/s41598-018-31252-5. PMID: 30143737; 

PMCID: PMC6109050. 

10: Mora-Ortiz M, Trichard M, Oregioni A, Claus SP. Thanatometabolomics: introducing NMR-based 

metabolomics to identify metabolic biomarkers of the time of death. Metabolomics. 2019 Mar 5;15(3):37. doi: 

10.1007/s11306-019-1498-1. PMID: 30834988; PMCID: PMC6476858. 

11: Rużycka M, Giebułtowicz J, Fudalej M, Krajewski P, Wroczyński P. Application of 2-Aminothiazoline-4-

carboxylic Acid as a Forensic Marker of Cyanide Exposure. Chem Res Toxicol. 2017 Feb 20;30(2):516-523. doi: 

10.1021/acs.chemrestox.6b00219. Epub 2017 Feb 7. PMID: 28080046.  



Supplement – Federspiel JM, et al. - Postmortem cardiac biomarker “point-of-care” testing 

 

IV 
 

12: Noutsias M, Pauschinger M, Ostermann K, Escher F, Blohm JH, Schultheiss H, Kühl U. Digital image 

analysis system for the quantification of infiltrates and cell adhesion molecules in inflammatory cardiomyopathy. 

Med Sci Monit. 2002 May;8(5):MT59-71. PMID: 12011783. 

13: Casas E, Keele JW, Shackelford SD, Koohmaraie M, Sonstegard TS, Smith TP, Kappes SM, Stone RT. 

Association of the muscle hypertrophy locus with carcass traits in beef cattle. J Anim Sci. 1998 Feb;76(2):468-

73. doi: 10.2527/1998.762468x. PMID: 9498354. 

14: Hoffman JI, Thorne MA, Trathan PN, Forcada J. Transcriptome of the dead: characterisation of immune 

genes and marker development from necropsy samples in a free-ranging marine mammal. BMC Genomics. 2013 

Jan 24;14:52. doi: 10.1186/1471-2164-14-52. PMID: 23347513; PMCID: PMC3563519. 

Summary: No study is available covering quality control and establishment of the postmortem cardiac 

biomarker analysis. 

========================================================================= 

Search algorithm 2: (postmortem) AND (cardiac biomarkers) AND (establish)  

Identification of 86 publications (txt output of PubMed): 

1: Charidimou A, Boulouis G, Frosch MP, Baron JC, Pasi M, Albucher JF, Banerjee G, Barbato C, Bonneville F, 

Brandner S, Calviere L, Caparros F, Casolla B, Cordonnier C, Delisle MB, Deramecourt V, Dichgans M, Gokcal 

E, Herms J, Hernandez-Guillamon M, Jäger HR, Jaunmuktane Z, Linn J, Martinez-Ramirez S, Martínez-Sáez E, 

Mawrin C, Montaner J, Moulin S, Olivot JM, Piazza F, Puy L, Raposo N, Rodrigues MA, Roeber S, Romero JR, 

Samarasekera N, Schneider JA, Schreiber S, Schreiber F, Schwall C, Smith C, Szalardy L, Varlet P, Viguier A, 

Wardlaw JM, Warren A, Wollenweber FA, Zedde M, van Buchem MA, Gurol ME, Viswanathan A, Al-Shahi 

Salman R, Smith EE, Werring DJ, Greenberg SM. The Boston criteria version 2.0 for cerebral amyloid 

angiopathy: a multicentre, retrospective, MRI-neuropathology diagnostic accuracy study. Lancet Neurol. 2022 

Aug;21(8):714-725. doi: 10.1016/S1474-4422(22)00208-3. PMID: 35841910; PMCID: PMC9389452. 

2: Barberi C, van den Hondel KE. The use of cardiac troponin T (cTnT) in the postmortem diagnosis of acute 

myocardial infarction and sudden cardiac death: A systematic review. Forensic Sci Int. 2018 Nov;292:27-38. doi: 

10.1016/j.forsciint.2018.09.002. Epub 2018 Sep 17. PMID: 30269044. 

3: Nusair SD, Joukhan AN, Rashaid AB, Rababa'h AM. Methomyl induced effect on fortilin and S100A1 in 

serum and cardiac tissue: Potential biomarkers of toxicity. Hum Exp Toxicol. 2019 Mar;38(3):371-377. doi: 

10.1177/0960327118814153. Epub 2018 Nov 25. PMID: 30472887. 

4: Huang Y, Qiu H, Chen W, Meng Z, Cai Y, Qiao D, Yue X. Identification of TRAF2, CAMK2G, and 

TIMM17A as biomarkers distinguishing mechanical asphyxia from sudden cardiac death base on 4D-DIA 

Proteomics: A pilot study. J Pharm Biomed Anal. 2025 Feb 3;258:116730. doi: 10.1016/j.jpba.2025.116730. 

Epub ahead of 

print. PMID: 39921950. 

5: Bañón R, Hernández-Romero D, Navarro E, Pérez-Cárceles MD, Noguera-Velasco JA, Osuna E. Combined 

determination of B-type natriuretic peptide and high-sensitivity troponin I in the postmortem diagnosis of cardiac 

disease. ForensicSci Med Pathol. 2019 Dec;15(4):528-535. doi: 10.1007/s12024-019-00150-1. Epub 2019 Aug 

30. PMID: 31471870. 

6: Hernández-Romero D, Valverde-Vázquez MDR, Hernández Del Rincón JP, Noguera-Velasco JA, Pérez-

Cárceles MD, Osuna E. Diagnostic Application of Postmortem Cardiac Troponin I Pericardial Fluid/Serum Ratio 

in Sudden Cardiac Death. Diagnostics (Basel). 2021 Mar 30;11(4):614. doi: 10.3390/diagnostics11040614. 

PMID: 33808170; PMCID: PMC8067238. 

7: Finn AV, Nakano M, Narula J, Kolodgie FD, Virmani R. Concept of vulnerable/unstable plaque. Arterioscler 

Thromb Vasc Biol. 2010 Jul;30(7):1282-92. doi: 10.1161/ATVBAHA.108.179739. PMID: 20554950. 

8: Moridi M, Magnusson C, Zilg B. Cardiac troponin T as a postmortem biomarker for acute myocardial 

infarction. Forensic Sci Int. 2022 Dec;341:111506. doi: 10.1016/j.forsciint.2022.111506. Epub 2022 Oct 28. 

PMID: 36368163. 
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9: Tsamourgelis A, Swann P, Chouliaras L, O'Brien JT. From protein biomarkers to proteomics in dementia with 

Lewy Bodies. Ageing Res Rev. 2023 Jan;83:101771. doi: 10.1016/j.arr.2022.101771. Epub 2022 Nov 1. PMID: 

36328346.  

10: Sacco MA, Gualtieri S, Grimaldi G, Monterossi MD, Aquila VR, Tarallo AP, Verrina MC, Ranno F, Gratteri 

S, Aquila I. The Role of Cardiac Troponins in Postmortem Diagnosis of Myocardial Ischemia: A Systematic 

Review. Int J Mol Sci. 2024 Dec 26;26(1):105. doi: 10.3390/ijms26010105. PMID: 39795962; PMCID: 

PMC11719723. 

11: Durcan R, Donaghy P, Osborne C, Taylor JP, Thomas AJ. Imaging in prodromal dementia with Lewy bodies: 

Where do we stand? Int J Geriatr Psychiatry. 2019 May;34(5):635-646. doi: 10.1002/gps.5071. Epub 2019 Mar  

15. PMID: 30714199. 

12: Kobayashi R, Iwata-Endo K, Fujishiro H. Clinical presentations and diagnostic application of proposed 

biomarkers in psychiatric-onset prodromal dementia with Lewy bodies. Psychogeriatrics. 2024 Jul;24(4):1004-

1022. doi: 10.1111/psyg.13147. Epub 2024 Jun 4. PMID: 38837629. 

13: Cut TG, Ciocan V, Novacescu D, Voicu A, Marinescu AR, Lazureanu VE, Muresan CO, Enache A, Dumache 

R. Autopsy Findings and Inflammatory Markers in SARS-CoV-2: A Single-Center Experience. Int J Gen Med. 

2022 Dec 28;15:8743-8753. doi: 10.2147/IJGM.S389300. PMID: 36597439; PMCID: PMC9805743. 

14: Tu C, Du T, Ye X, Shao C, Xie J, Shen Y. Using miRNAs and circRNAs to estimate PMI in advanced stage. 

Leg Med (Tokyo). 2019 May;38:51-57. doi: 10.1016/j.legalmed.2019.04.002. Epub 2019 Apr 2. PMID: 

30986695. 

15: Takahashi M, Ikemura M, Oka T, Uchihara T, Wakabayashi K, Kakita A, Takahashi H, Yoshida M, Toru S, 

Kobayashi T, Orimo S. Quantitative correlation between cardiac MIBG uptake and remaining axons in the 

cardiac sympathetic nerve in Lewy body disease. J Neurol Neurosurg Psychiatry. 2015 Sep;86(9):939-44. doi: 

10.1136/jnnp-2015-310686. Epub 2015 May 2. PMID: 25935891. 

16: Cousins KAQ, Shaw LM, Chen-Plotkin A, Wolk DA, Van Deerlin VM, Lee EB, McMillan CT, Grossman M, 

Irwin DJ. Distinguishing Frontotemporal Lobar Degeneration Tau From TDP-43 Using Plasma Biomarkers. 

JAMA Neurol. 2022 Nov 1;79(11):1155-1164. doi: 10.1001/jamaneurol.2022.3265. PMID: 36215050; PMCID: 

PMC9552044. 

17: Martínez-Jiménez D, Hernández Del Rincón JP, Sabater-Molina M, Pérez-Martínez C, Torres C, Pérez-

Cárceles MD, Luna A. Postmortem study of adrenomedullin and cortisol in femoral serum and pericardial fluid 

related to acute pulmonary edema. Int J Legal Med. 2025 Jan;139(1):353-359. doi: 10.1007/s00414-024-03337-

6. Epub 2024 Sep 26. PMID: 39325159; PMCID: PMC11732926. 

18: Kim SY, Lee S, Park JT, Lee SJ, Kim HS. Postmortem-Derived Exosomal MicroRNA 486-5p as Potential 

Biomarkers for Ischemic Heart Disease Diagnosis. Int J Mol Sci. 2024 Sep 5;25(17):9619. doi: 

10.3390/ijms25179619. PMID: 39273565; PMCID: PMC11395318. 

19: Liu N, Xie L, Xiao P, Chen X, Kong W, Lou Q, Chen F, Lu X. Cardiac fibroblasts secrete exosome 

microRNA to suppress cardiomyocyte pyroptosis in myocardial ischemia/reperfusion injury. Mol Cell Biochem. 

2022 Apr;477(4):1249-1260. doi: 10.1007/s11010-021-04343-7. Epub 2022 Feb 4. PMID: 35119583; PMCID: 

PMC8913441. 

20: Djoussé L, Biggs ML, Ix JH, Kizer JR, Lemaitre RN, Sotoodehnia N, Zieman SJ, Mozaffarian D, Tracy RP, 

Mukamal KJ, Siscovick DS. Nonesterified fatty acids and risk of sudden cardiac death in older adults. Circ 

Arrhythm Electrophysiol. 2012 Apr;5(2):273-8. doi: 10.1161/CIRCEP.111.967661. Epub 2012 Jan 26. PMID: 

22281952; PMCID: PMC3329563. 

21: Buja LM, Zehr B, Lelenwa L, Ogechukwu E, Zhao B, Dasgupta A, Barth RF. Clinicopathological 

complexity in the application of the universal definition of myocardial infarction. Cardiovasc Pathol. 2020 Jan-

Feb;44:107153. doi: 10.1016/j.carpath.2019.107153. Epub 2019 Oct 10. PMID: 31760238. 

22: Peng D, Lv M, Li Z, Tian H, Qu S, Jin B, Long B, Liang W, Zhang L. Postmortem interval determination 

using mRNA markers and DNA normalization. Int J Legal Med. 2020 Jan;134(1):149-157. doi: 10.1007/s00414-

019-02199-7. Epub 2019 Nov 26. PMID: 31773316. 
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Trial: 
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