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Laboratory biochemical markers of cardiac injury by
COVID-19: an integrative review.

Marcadores bioquimicos laboratoriais de leséo cardiaca
por COVID-19: uma revis@o integrativa.

Wagner Rodrigues de Assis Soares, Mayra Beatriz Alves Andrade, Anne Araujo de
Jesus Oliveira, Pedro Gabriel Santos Brito, Gabriel Novaes Miranda,
Diego Rocha Cardoso, Naiane Oliveira Santos, Bruno Silva Andrade

ABSTRACT

The damaging effects of Sars-CoV-2 on cardiac tissue may be intensified with the presence of
cardiocirculatory pathologies. The use of clinical biomarkers has grown, in order to monitor this
cardiotoxicity early. In this sense, this study aimed to investigate, through an integrative review,
the main biomarkers of cardiac injury associated with comorbidities in patients with COVID-19. A
systematic bibliographic search was conducted on July 26, 2020, in the Scopus database. Of the total
of 669 publications purchased, only 40 articles were eligible for this review. From the content of these
publications, 16 systemic cardiac and inflammatory biomarkers that are part of the clinical findings of
critically ill patients with COVID-19 were identified. Most of these patients were male, had a mean age
of 63 years, and pre-existing comorbidities, such as were hypertension, diabetes mellitus, coronary
artery disease, cerebrovascular disease, and chronic obstructive pulmonary disease. Cardiac injuries
in patients infected with COVID-19 are related to the increase in cardiac and systemic biomarkers
observed in most of these individuals. Finally, it is expected to increase physicians’ awareness
of biochemical markers of non-invasive cardiac injury, for diagnosis and prognosis, of unusual
extrapulmonary pathophysiological presentations during infection by COVID-19.

KEYWORDS: Biomarkers; Cardiac tissue; Comorbidities; COVID-19; Myocardial injury; SARS-CoV-2.

RESUMO

Os efeitos nocivos do Sars-CoV-2 no tecido cardiaco podem ser intensificados com a presenga de
patologias cardiocirculatérias. O uso de biomarcadores clinicos tem crescido, a fim de monitorar essa
cardiotoxicidade precocemente. Nesse sentido, este estudo teve como objetivo investigar, por meio
de revisdo integrativa, os principais biomarcadores de leséo cardiaca associados a comorbidades
em pacientes com COVID-19. Uma pesquisa bibliografica sistematica foi realizada em 26 de julho
de 2020, no banco de dados do Scopus. Do total de 669 publicagdes adquiridas, apenas 40 artigos
foram elegiveis para esta revisdo. A partir do contetido dessas publicagdes, foram identificados 16
biomarcadores cardiacos e inflamatorios sistémicos que fazem parte dos achados clinicos de pacientes
gravemente doentes com COVID-19. A maioria desses pacientes era do sexo masculino, tinha idade
média de 63 anos, e comorbidades pré-existentes, como hipertensdo arterial, diabetes mellitus,
doenga arterial coronariana, doenga cerebrovascular € doenga pulmonar obstrutiva crénica. Lesdes
cardiacas em pacientes infectados com COVID-19 estéo relacionadas ao aumento de biomarcadores
cardiacos e sistémicos observados na maioria desses individuos. Finalmente, espera-se aumentar
a conscientizagdo dos médicos sobre marcadores bioquimicos de lesdo cardiaca ndo invasiva, para
diagndstico e prognostico, de apresentagdes fisiopatologicas extrapulmonares incomuns durante a
infeccédo pelo COVID-19.

PALAVRAS-CHAVE: Biomarcadores; Tecido cardiaco; Comorbidades; COVID-19; Lesdo miocardica;
SARS-CoV-2.
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INTRODUCTION

COVID-19 is a rapidly spreading infectious-contagious disease, with a direct impact on worldwide public health'.
In parallel with the increased morbi-mortality due to this pandemic situation, an unprecedented race was carried out in
several fields of research to search for new alternatives for clinical diagnosis, as well as treatments with better cost-
benefit-effectiveness for patients affected by this virus?. Previous studies described the general clinical characteristics,
and epidemiological findings of patients with MERS and SARS-Cov showing that both are associated with myocardial
injury, myocarditis, and heart failure**. Additionally, clinical evidence has shown that the condition of the patients with
comorbidities such as diabetes and hypertension may be associated with an increased risk of death caused by COVID-19°%,

The increasing number of cases and the clinical experience acquired about the disease has evidenced that
it can affect the pulmonary system, and inducing severe respiratory failure” accompanied by extrapulmonary clinical
manifestations®®. In these cases, cardiovascular changes have generated great concern and leading to a negative
prognosis for patients in risk groups, in addition to possible morpho-functional impairment of the myocardium™. An
increasing spectrum of cardiac complications includes myocarditis, heart failure, cardiac arrhythmias, and myocardial
infarction have been described in clinical findings of hospitalized patients with COVID-19""". The acute cardiac injury
(ACL), is one of the main complications, and it has been described in over 20% of patients, as well as seems to be related
to an increased mortality®'2. Although the injury mechanism of ACL is not fully understood, its main forms of diagnosis
involve clinical indicators, cardiac imaging and biomarkers of acute cardiac damage™. In addition, biochemical markers
can be useful as non-invasive tools for the early diagnosis and prognosis of patients with severe COVID-19". Give these
findings, we conducted an integrative review study to investigate the main cardiac injury biomarkers, which are found in

COVID-19 patients, as well as the associated comorbidities.

METHODS

This bibliographic review was carried out by searching with the following terms: “Covid-19”, “Sars-CoV-2”,
“‘myocardial injuries* “biomarkers*, “cardiac injuries®, “cardiac risks”, myocardium, “cardiac function”, “Troponin I”, “Ferritin®,
“Transaminases” and “creatine kinase” and Boolean operators (“ OR "and“ AND ") using the Scopus Database, on July
26, 2020. The returned publications were imported in BIBTEX format with the software StArt (State of the Art through
Systematic Review), and excluding duplicated records between different search strings.

The initial selection criteria were based on the article titles, and followed by abstracts and methodology. In
addition, it was considered publications written in English only, and related to levels of evidence | through VI™. (Table 1

of supplementary material). Thus, we selected all publications, including their data such as study sample (n), objectives,
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methodology, publication date, country where the research was conducted, main results, conclusions and related cardiac
injury biomarkers. The selection process steps are described in Figure 1.
Figure 1: Detailed protocol for the identification, selection, exclusion and inclusion of publications included in this

integrative review.

Search the Scopus database

Duplicate exclusion
(n=669) (n=137)

l

Excluded based on
Number of Puhliﬂatiﬂns for the selection levels of evidence

stage (n=532) (n=492)

|

Articles included in the review (n=40)

e ey

Level of Level of Level of
Evidence | Evidence IV | Evidence VI
(n=08) (n=25) (n=07)

RESULTS

669 publications were obtained from the bibliographic search, and only 40 articles were eligible for this review
after applying the exclusion and selection criteria. Within this set of publications, only three levels of evidence have been
identified: |, IV, and VI. Thus, the included publications are corresponding to observational case studies (29), a meta-
analysis (06), systematic reviews (03), and experimental studies (02) published in scientific journals that present impact
factors ranging from 0.8 to 60.392.

From the studies included in this review, 16 systemic biomarkers were identified as part of the clinical findings
of critically ill patients with COVID-19, which the most cited are Creatine Kinase-MB (CK-MB), High Sensitive Troponin |
(hsTnl), N-terminal Pro-Hormone Brain Natriuretic Peptide (NT-proBNP), MYO (myoglobin), High Sensitive Troponin T
(hs-TnT), CRP (C-Reactive Protein), Dimer D (D-dimer), LDH (Lactate Dehydrogenase), and SF (Serum Ferritin). On the
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other hand, some studies have not specified the biomarkers which were part of the publications’ content. In this sense, a

total of nine biomarkers were not identified and discussed in this review (Table 1).

Table 1: Cardiac injury markers selected as the main biomarkers used in the diagnosis of cardiac function, its corresponding

number of citations and the main system of the human body where biomarkers can be located.

Biochemical marker ' Citations? Human body system?®
Creatine Kinase-MB (CK-MB) 15 Cardiocirculatory system
High Sensitive Troponin | (hsTnl) 15 Cardiocirculatory system
N-Terminal Pro-Hormone Brain Circulatory system
Matriuretic Peptide (NT-proBNFP) 12

Unspecified biomarkar” 9

Myohemoglobin (MYO) 8 Muscle system
High Sensitive Troponin T (hs-TnT) 7 Cardiocirculatory system

Digestive system
Circulatory systam
Circulatory systam

C reactive protein (CRP)

D-dimer

Lactate dehydrogenase (LDH) Others systems

Serum ferritin (SF) Hematological system

Interleukin-6 (IL-6) Systemic inflammation

Transaminase enzyme (AST/ALT) Enterohepatic system

B type natriuretic peptide (BNP) Circulatory system

Procalcitonin (PCT) Others systems

Aspartate aminotransferase (AspAT) Enterohepatic systam

PN P W W s = gy

Blood urea nitrogen (BUN) Imune System

Interleukin-10 (IL-10) Imune System

—h

'Covid-19 associated cardiac injury biomarkers that were cited in publications included in this review.
2Number of publications that cited the biomarkers present in table 1.

*Human body systems where the biochemical marker can be located.

“Biomarkers not specified within the studies.

In summary, the studies addressed in this review report clinical analyzes performed with patients affected by
COVID-19, mostly hospitalized. Among these patients, the most frequent were mean 63 years age male with pre-existing
comorbidities, which were the most common: hypertension, diabetes mellitus, coronary artery disease, cerebrovascular
disease, and chronic obstructive pulmonary disease. Clinical findings revealed that several of these patients had a

myocardial injury, defined by elevated cardiac biomarkers, which were the most reported: hsTnl, CK-MB and NT-proBNP.
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Among the publications included in this review, there was greater representativeness of observational studies
and meta-analyses. For these studies, the most addressed biomarkers were CK-MB (for observational studies only) and
hsTnl (for both cases). Six Meta-analyses were identified with a higher prevalence of studies focusing on hsTnl, and
only two experimental studies. Additionally, only one of these studies discussed a single biomarker, the BNP (Table Il of
Supplementary Material).

According to the global geographic distribution of research institutions that were involved with the selected studies
on biomarkers of cardiac injuries associated with Covid-19, the publications were conducted in 12 countries, with China,
ltaly, and the United States as the most representative. The most frequent biomarkers among the studies, and with the
greatest distribution among the countries were CK-MB, hsTnl, and NT-proBNP. Regarding the temporal analysis of the
included studies, it was identified that they were published in the month of March more frequently, mainly in the months

of June and July 2020 (Figure 2).

Figure 2: Geographical distribution of the studies included in this review. Map of biomarkers of cardiac injuries showing
the locations where the studies were performed and the *number of biomarkers that were included in each study. Number

of articles published between the months of 2020.

EXTRACTED CARDIAG

EM| IISE
TLR RESPECTIVELY

“mwfﬁﬁ'ﬁ'&ﬁ EE Assnnln'l'in MYOCARDITISRETRACTION T s
SYSTEMATIC,, &2 :.'.:',::f.z =
e PATIENTS =] Sones-.

Sll
=STIIIII META e
o .,.,95},'5",! , HIGHER
IlllSI'I'I'Al
..I'#.I.ﬁ.'.'-;‘;..‘.';m - BACKGROUND n M“" A': l:AIIlIlIWAg!EIl'!!hﬂTﬂ
SEVERITY METHODS - LEAAEIED

NALPR3 'OOLED  RELATIONSHI
e METAR: SEVERE

MAINLY

SEARCHED
IITIIII

INISTRATION

E[ITENSIIIN

Based on the titles and abstracts of all publications included in this review, a word cloud was constructed to reflect
the fifty most cited terms. The most prominent words are COVID-19, Patients, Coronavirus, Disease, Myocardial, Injury,
Biomarkers, and Troponin. These data suggest that the research and selection strategy was efficient and consistent with

the proposed objectives of this study (Figure 3).
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Figure 3: Word map that reflects the most cited terms within the set of articles included in this review.
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More recently, the interest in non-invasive biomarkers diagnoses has grown, in order to early predict and monitor
the aggressive pathophysiological effects induced by COVID-19 on the patients’ myocardium'®. Using biomarkers are less
costly than cardiac imaging techniques, as well as this is easily repeated without the irradiation effects to the patient. Thus,

the main cardiac markers most cited in this study are described below.

High Sensitive Troponin I (hsTnl)

Troponin (cTn) is an extremely sensitive and specific clinical biomarker to assess myocardial injury!”. Due to its
importance, it has become a standardized marker for ischemic heart injury. Currently it has been associated with other
diseases with cardiocirculatory repercussions such as left ventricular hypertrophy, congestive heart failure, pulmonary
embolism, blunt trauma, sepsis, moderate renal failure, diabetes mellitus and cardiotoxicity associated with antitumor
drugs™. This biomarker was found in patients with cardiac comorbidities hospitalized with COVID-19 in hospitals™.

Patients admitted with COVID-19 are noteworthy due to a large number of clinical abnormalities, many of them
associated with the increase or unevenness of cardiac and inflammatory biomarkers'. The hsTnl can be found in altered
levels in a clinical condition of patients who have a basic epidemiological profile involved with cardiovascular disease, and
including advanced age and male gender (between 50-80 years), with some of them progressing to the aggravation of the
clinical condition'®?. In all situations analyzed the hsTnl was at altered levels, including after patients’ death’?".

The HsTnl is considered the gold standard for assessing associated myocardial lesions, especially for pre-existing

cardiac comorbidities?. In patients with COVID-19, its changes are also related to the elevated level of other biomarkers
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such as BNP, CK-MB, CRP, neutrophilia, and urea®2. The strong correlation between the risk of death from COVID-19
and underlying cardiovascular diseases further increases the importance of diagnosis using this biomarker?. In this
way, monitoring its plasma concentrations could guide doctors in conducting a faster and more effective drug treatment,

avoiding or minimizing bad prognosis.

Cerebral Natriuretic Peptide (NT-proBNP)

Cerebral Natriuretic Peptide is a potent hormone released by the heart into the systemic circulation, and this is
used as a biomarker for assessing the risk of future cardiac events (prognosis)*. Furthermore, when this hormone is
enzymatically cleaved it produces an active compound, the BNP, and one inactive, the NT-proBNP, and it has been related
that both have their concentration elevated in cases of increased myocardial tension®. Patients with a severe COVID-19
clinical condition and cardiac injury have a higher level of NT-proBNP, and it have been shown a significantly increased
rates in non-survivors when compared to the survivors”'®. Thus, the elevation of this biomarker, together with other risk
variables, such as: age, female gender, hypertension and coronary heart disease, is related to heart complications and
shorter patient survival time?. Therefore, monitoring is an important careful by using NT-proBNP profiles as a parameter
with high sensitivity (100%) and relative specificity (66.67%) to predict hospital death in low doses (88.64 pg/mL), although
it cannot be used to exclude or suggest cardiac dysfunction? 22, Therefore, in the current pandemic situation, where

resources are scarce, this biomarker can be used for risk stratification in infected patients?.

Creatine kinase (CK-MB)

CK-MB is found predominantly in the cardiac muscle, representing about 15% of the total CK in this tissue¥. It is
used as a biomarker of cardiac injury, as it is elevated in cases of ischemia and tissue hypoxia®'. In large-scale infarctions,
for example, this isoenzyme shows high correlation between the size of the cardiac damage and its global fraction ejection
after myocardial injury®2. Thus, CK-MB is an important marker for monitoring and identifying patients with COVID-19 who
developed cardiac injury and predict clinical complications™. In addition, CK-MB has greater sensitivity and specificity for
predicting mortality from cardiac damage in a hospital environment®, such it was demonstrated in a study that included a
total of 4,189 patients confirmed with COVID-19 which pointed out that CK-MB was among the cardiac injury biomarkers
that increased above the normal range (0-5 ng/mL) at the midpoint of hospitalization and immediately before death®.

Furthermore, these results demonstrated a remarkable value for the prognosis of cardiac injury.

Other Biomarkers

Serum Ferritin (FS), is an intracellular iron storage protein, and an important parameter for quantifying this metal
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in the body. Its elevation is not specific, however it is related to inflammatory states34, such as those observed in severe
cases of COVID-192-3+

C-reactive protein (CRP) is mainly produced in the liver and is traditionally associated with acute inflammation and
cardiovascular events, as well as it is one of the markers involved in the “cytokine storm” once it seems to be associated
with cardiac injury® and directly related to the increase in mortality, its values being higher in patients with this outcome
than in survivors®.

Lactate dehydrogenase (LDH)is an enzyme related to the use of intracellular glucose, released into the bloodstream
as an effect of cell damage. Different organs have different types of the isoenzyme LDH allowing, therefore, the location
of the cell lesion¥. In this case, the enzyme blood concentration is high at the beginning of the inflammatory process and
decreases as the inflammation progresses, being an important, highly sensitive, but not very specific instrument®. The
increase of LDH rates in patients with COVID-19 is compatible with other cardiac markers (CRP, PCT, NT-proBNP and
CK-MB), as those related for patients with a higher prevalence of pre-existing cardiovascular disease, advanced age, as
well as cardiac comorbidities with progression to death*-4,

D-Dimer is a biomarker derivative of the blood coagulation and decomposition process*'. The persistent activation
of the coagulation cascade can induce the disseminated intravascular coagulation (DIC) process, which is very common
in patients with significantly high D-Dimer values** and mainly caused by infection, inflammation, and surgery®. The
hypoxia commonly associated with DIC is considered to be one of the most related factors generated by COVID-19,
which is related to ischemic damage to the myocardium*. It was observed that patients with severe COVID-19, presented
ischemic changes in the fingers, which may develop DIC, elevated D-Dimer level, and prolonged prothrombin time,
as well as suggesting an excessive activation of coagulation, leading to increased mortality*. In addition, coagulative
abnormalities linked to the viral infectious inflammatory process are directly associated with cardiac injury®.

The bibliographic material analyzed in this review related an increase in inflammatory markers and an evolution
in the levels of cardiac markers, and it can be inferred that inflammation may be one of the main causes of complications
in the clinical condition of patients with comorbidities, being a risk factor for death*. The other biomarkers associated with
systemic changes caused by the “cytokine storm” may indirectly signal future damage to the myocardium. The increase
of transaminase ratios (AST/ALT), as well as the C-reactive protein, suggests a possibility of liver dysfunction and acute
inflammation*’, the latter being an important additional biomarker to assess the risk of future cardiac events.

The elevated serum levels of the interleukins IL-6, IL-10, IL-8, and interleukin-2 receptor, as well as plasma
urea, were observed in non-surviving patients, which implies that “cytokine storm” is associated bad prognostics for
COVID-19%. IL-1 and TNF-alpha are cytokines produced in the early response to viral infection, interleukin-1 in particular

has its production reduced in a late inflammatory process*. The cytokines and chemokines produced by the infected cells
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imply not only the extensive infiltration of neutrophils and macrophages, but it also leads to tissue damage, both locally
and systemically*®. Furthermore, when released in the hyperinflammatory response, they activate various organ systems
and tissues that respond by producing other biomarkers such as procalcitonin, which is find elevated together with CRP,
and it is strongly suggestive of secondary bacterial infection, observed in the weakened immune system of patients with
severe COVID-19%. This biomarker is directly related to lower airway infections affected by SARS-CoV-2 and is also
released with thyroid neuroendocrine cells, hepatocytes, renal cells, adipocytes, and myocytes®.

Myoglobin (MYO) is the main intracellular oxygen transport protein in muscle tissues (skeletal and cardiac). This
protein works as an indicator of myocardial injury risk, and it has been observed in high serum concentrations in patients
with severe COVID-19% % Additionally, in patients with cardiac comorbidities, it may be directly associated with the
lethality rate of COVID-19%". However, in many cases the myoglobin does not appears altered, so its analysis is associated
with other biomarkers such as troponin, CK-MB, and NT-proBNP, and it has become necessary for accurately identifying

severe cases of myocardial injury as a secondary consequence of SARS-CoV-2%,

FINAL CONSIDERATIONS

Patients infected with COVID-19 may have cardiac lesions. These changes are related to the increase in cardiac
and systemic inflammatory biomarkers observed in most of these individuals. Thus, directly or indirectly, cardiomyocytes
can be affected by SARS-CoV-2. Finally, it is expected to increase awareness among physicians about biochemical

markers, mainly of cardiac injury, and about unusual extra-pulmonary pathophysiological presentations during infection.

REFERENCIAS

1. Lu H, Stratton CW, Tang YW. Outbreak of pneumonia of unknown etiology in Wuhan, China: the mystery and
the miracle. J Med Virol. 2020; 92(4):401-402. https://doi.org/10.1002/jmv.25678

2. Vellingiri B, Jayaramayya K, lyer M, Narayanasamy A, Govindasamy V, Giridharan, B. et al: A promising cure
for the global panic. Sci Total Environ. 2020; 725: 1-18. https://doi.org/10.1016/).scitotenv.2020.138277.

3. Booth CM, Matukas LM, Tomlinson GA, Rachlis AR, Rose DB, Dwosh HA,

et al. Clinical features and short-term outcomes of 144 patients with SARS in the greater Toronto area. 2003;
JAMA 289: 2801-2809. https://doi.org/10.1001/jama.289.21. JOC30885.

4. Badawi A & Ryoo SG. Prevalence of comorbidities in the middle east respiratory syndrome coronavirus

(MERS-CoV): a systematic review and meta-analysis. Int J Infect Dis. 2016; 49:129-133. https://doi.org/10.1016/j.

ISSN 2236-5834 9



Laboratory biochemical markers of cardiac injury by COVID-19: an integrative review.

ijid.2016.06.015.

5.Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular Implications of Fatal Outcomes of Pa-
tients with Coronavirus Disease 2019 (COVID-19). JAMA Cardiol 2020; 5(7): 811-818. https://doi.org/10.1001/jamacar-
di0.2020.1017

6. LiB, Yang J, Zhao F, Zhi L, Wang X, Liu L, et al.. Prevalence and impact of cardiovascular metabolic diseases
on COVID-19 in China. Clin Res Cardiol. 2020a 109: 531-538. https://doi.org/10.1007/s00392-020-01626-9.

7.5Shi S, Qin M, Cai Y, Liu T, Shen B, Yang F, et al. Characteristics and clinical significance of myocardial injury
in patients with severe coronavirus disease 2019. Eur Heart J. 2020; 41: 2070-2079. https://doi.org/10.1093/eurheartj/
ehaa408.

8. Peiris J, Lai S, Poon L, Guan Y, Yam L, Lim W, et al. Coronavirus as a possible cause of severe acute respira-
tory syndrome. Lancet. 2003; 361:1319-1325. https://doi.org/10.1016/s0140-6736(03)13077-2.

9. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang j, et al. Clinical characteristics of 138 hospitalized patients with
2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA. 2020, 323: 1061-1069. https://doi.org/10.1001/
jama.2020.1585.

10. Tavazzi G, Pellegrini C, Maurelli M, Belliato M, Sciutti F, Bottazzi A, et al. Myocardial localization of coronavi-
rus in COVIDI19 cardiogenic shock. Eur J Heart Fail. 2020; 22(5): 911-915. https://doi.org/10.1002/ejhf.1828.

11. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality due to COVID-19 based on an
analysis of data of 150 patients from Wuhan, China. Intensive Care Med. 2020; 46: 846-848. https://doi.org/10.1007/
s00134-020-05991-x.

12. Huang |, Pranata R, Lim MA, Oehadian A, Alisjahbana B. C-reactive protein, procalcitonin, D-dimer,
and ferritin in severe coronavirus disease-2019: a meta-analysis. Ther Adv Respir Dis. 2020; 14: 1-14. https://doi.
org/10.1177/1753466620937175.

13. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpa-
tients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020; 395(10229): 1054-1062. https://doi.
org/10.1016/S0140-6736(20)30566-3

14. Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac troponin | in patients with coronavirus disease 2019 (COVID-19):
Evidence from a meta-analysis. Prog Cardiovasc Dis. 2020; 63(3):390-391. https://doi.org/10.1016/j.pcad.2020.03.001

15. Stillwell SB, Fineout-Overholt E, Melnyk BM, Williamson KM. Evidence-based practice, step by step: asking
the clinical question: a key step in evidence-based practice. Am J Nurs. 2010; 110(3): 58-61. https://doi.org/10.1097/01.
NAJ.0000368959.11129.79.

16. Cardinale D, Sandri MT. Role of Biomarkers in Chemotherapy-Induced Cardiotoxicity. Prog Cardiovasc Dis.

10 Saude (Santa Maria). 2021, v. 47, n. 1: e63082



2010; 53: 121-129. https://doi.org/10.1016/j.pcad.2010.04.002.

17. Reagan WJ. Troponin as a Biomarker of Cardiac Toxicity: Past, Present, and Future. Toxicol Pathol. 2010; 38:
1134-1137. https://doi.org/10.1177/0192623310382438.

18. O'Brien, PJ. Cardiac troponin is the most effective translational safety biomarker for myocardial injury in car-
diotoxicity. Toxicol. 2008; 245: 206-18. https://doi.org/10.1016 / j.tox.2007.12.006.

19. Chen Q, Lili XU, DaiY, LingY, MaoJ, QianJ, etal. Cardiovascular manifestations in severe and critical
patients with COVIDI19. Clin Cardiol, 2020a; 43(7): 796-802. https://doi.org/10.1002/clc.23384.

20. Chibane S, Gibeau G, Poulin F, Tessier P, Goulet M, Carrier M, et al. Hyperacute multi-organ thromboembolic
storm in COVID-19: a case report. J Thromb Thrombolysis. 2020; 00: 1-4. https://doi.org/10.1007/s11239-020-0217 3w.

21. Khatri A, Wallach F. Coronavirus disease 2019 (Covid-19) presenting as purulent fulminant myopericarditis
and cardiac tamponade: A case report and literature review. Heart Lung. 2020; 000: p.1-6. https://doi.org/10.1016/j.hrtl-
ng.2020.06.003.

22. Alpert JS, Thygesen K, Antman, Bassand JP. Myocardial infarction redefined—a consensus document of
The Joint European Society of Cardiology/American College of Cardiology Committee for the redefinition of myocardial
infarction. J Am Coll Cardiol. 2000; 36: 959-69. https://doi.org/10.1016/s0735-1097(00)00804-4.

23.Chen X, Yan L, Fei Y, Zhang C. Laboratory abnormalities and risk factors associated with in hospital death in
patients with severe COVID-19. J Clin Lab Anal. 2020b; 00: 1-7. https://doi.org/10.1002/jcla.23467.

24. Akpinar EE, Hosgtin D, Akpinar S, Ates C, Baha A, Gulensoy SE. Os niveis de pro-peptideo natriurético ce-
rebral N-terminal determinam o prognostico de pneumonia adquirida na comunidade? J Bras Pneumol. 2019; 45(4): 1-6.
https://doi.org/10.1590/1806-3713/e20180417.

25. Vivekanandan S, Swaminathan R. Clinically effective CK-MB reporting: How to do it? J Postgrad Med. 2010;
56(3): 226. https://doi.org/10.4103/0022-3859.68646.

26. Deng P, Ke Z, Ying B, Qiao B, Yuan L. The diagnostic and prognostic role of myocardial injury biomarkers
in hospitalized patients with COVID-19. Clin Chim Acta. 2020; 510:186-190. https://doi.org/10.1016/j.cca.2020.07.018.

27. Han H, Xie L, Liu R, Yang J, Liu F, Wu K. Analysis of heart injury laboratory parameters in 273 COVIDI19
patients in one hospital in Wuhan, China. J Med Virol. 2020; 92(7): 819-823. https://doi.org/10.1002/jmv.25809.

28. Van den Heuvel FMA, Vos JL, Koop Y, Van Dijk APJ, Duijnhouwer AL, de Mast Q, et al. Cardiac function in
relation to myocardial injury in hospitalized patients with COVID-19. Neth Heart J. 2020; 28(7-8):410-417. https://doi.
0rg/10.1007/s12471-020-01458-2.

29. Gao L, Jiang D, Wen X, Cheng X, Sun M, He B, et al. Prognostic value of NT-proBNP in patients with severe
COVID-19. Respir Res. 2020; 21: 83. https://doi.org/10.1186/s12931-020-01352-w.

ISSN 2236-5834 M



Laboratory biochemical markers of cardiac injury by COVID-19: an integrative review.

30. Pranata R, Huang |, Lukito AA, Raharjo SB. Elevated N-terminal pro-brain natriuretic peptide is associa-
ted with increased mortality in patients with COVID-19: systematic review and meta-analysis. Postgrad Med J. 2020;
96(1137): 387-391. https://doi.org/10.1136/postgradmed;j-2020-137884.

31.LiL, Zhou Q, Xu J. Changes of Laboratory Cardiac Markers and Mechanisms of Cardiac Injury in Coronavirus
Disease 2019. Biomed Res Int. 2020b; 00:1-7. https://doi.org/10.1155/2020/7413673.

32. Péyhdnen P, Kylmala M, Vesterinen P, Kivistd S, Holmstrom M, Lauerma K et al. Peak CK-MB has a strong
association with chronic scar size and wall motion abnormalities after revascularized non-transmural myocardial infarction
— a prospective CMR study. BMC Cardiovasc Disord. 2018; 18(1):27. https://doi.org/10.1186/s12872-018-0767-7.

33. Li J-W, Han T-W, Woodward M, Anderson CS, Zhou H, Chen Y-D et al. The impact of 2019 novel corona-
virus on heart injury: A Systematic review and Meta-analysis. Prog Cardiovasc Dis. 2020c; 63: 518-524. https://doi.
org/10.1016/j.pcad.2020.04.008.

34. Koperdanova M, Cullis JO. Interpreting raised serum ferritin levels. BMJ, 2015; 351:h3692. https://doi.
org/10.1136/bmj.h3692.

35. Sproston NR, Ashworth JJ. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front Immunol.
2018; 9:754. https://doi.org/10.3389/fimmu.2018.00754.

36. Fan H, Zhang L, Huang B, Zhu M, Zhou Y, Zhang H, et al. Cardiac injuries in patients with coronavirus disease
2019: Not to be ignored. Int J Infect Dis. 2020; 96: 294-297. https://doi.org/10.1016/).ijid.2020.05.024.

37.Yu S, Xu L, Qi Q, Geng Y-W, Chen H, Meng Z-Q, et al. Serum lactate dehydrogenase predicts prognosis and
correlates with systemic inflammatory response in patients with advanced pancreatic cancer after gemcitabine-based
chemotherapy. Sci Rep. 2017; 7:45194. https://doi.org/10.1038/srep45194.

38. Drent M, Cobben NA, Henderson RF, Wouters EF, Dieijen-Visser M. Usefulness of lactate dehydrogenase
and its isoenzymes as indicators of lung damage or inflammation. Eur Respir J. 1996; 9(8): 1736-1742. https://doi.org/
10.1183/09031936.96.09081736.

39 Wei F-J, Huang Y-F, Xiong Y-T, Liu Qi, Chen H, Wang H. et al. Acute myocardial injury is common in patients
with covid-19 and impairs their prognosis. Heart. 2020; 106(15):1154-1159. https://doi.org/10.1136/heartjnl-2020-317007

40. SuM, Wang Y, Peng J, Wu MJ, Deng W, Yang YS. Elevated cardiac biomarkers are associated with increased
mortality for inpatients with COVID-19: A retrospective case-control study. J Clin Anesth. 2020; 65: 109894. https://doi.
org/10.1016/j.jclinane.2020.109894

41. Michel L, Rassaf T, Totzeck M.Biomarkers for the detection of apparent and subclinical cancer therapy-related
cardiotoxicity. J Thorac Dis 10. 2018; (Suppl 35): S4282-S4295. https://doi.org/10.21037/jtd.2018.08.15.

42. Bounds EJ, Kok SJ. Dimer D. In: StatPearls [updated March 14, 2019].In; StatPearls [Internet]. Treasure

12 Saude (Santa Maria). 2021, v. 47, n. 1: 63082



Island (FL): StatPearls Publishing; Jan Available from: https://www.ncbi.nlm.nih.gov/books/NBK431064/ [accessed 26
August 2020].

43. Favresse J, Lippi G, Roy PM, Chatelain B, jacgmin H, Cate HT, et al. D-dimer: Preanalytical, analytical, pos-
tanalytical variables, and clinical applications. Crit Rev Clin Lab Sci. 2018; 55(8): 548-577. https://doi.org/10.1080/10408
363.2018.1529734

44. Wu J, Stefaniak J, Hafner C, Schramel JP, Kaun C, Wojta J, et al. Intermittent hypoxia causes in-
flammation and injury to human adult cardiac myocytes. Anesth Analg. 2016; 122(2):373-380. https://doi.org/10.1213/
ANE.0000000000001048

45. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated with poor prognosis in pa-
tients with novel coronavirus pneumonia. J Thromb Haemost. 2020; 18(4): 844-847. https://doi.org/10.1111/jth.14768

46. Channappanavar R, Perlman S. Pathogenic human coronavirus infections: causes and consequences of
cytokine storm and immunopathology. Semin Immunopathol. 2017; 39(5): 529-539. https://doi.org/10.1007/s00281-017-
0629-x.

47. Henry BM, Oliveira MHS, Benoit S, Plebani M, Lippi G. Hematologic, biochemical and immune biomarker
abnormalities associated with severe illness and mortality in coronavirus disease 2019 (COVID-19): a meta-analysis. Clin
Chem Lab Med. 2020; 58(7): 1021-1028. https://doi.org/10.1515/cclm-2020-0369

48. Wong CK, Lam CWK, Wu AKL, Ip WK, Lee NLS, Chan IHS, et al. Plasma inflammatory cytokines and
chemokines in severe acute respiratory syndrome. Clin Exp Immunol. 2004; 136(1):95-103. https://doi.org/10.1111/.
1365-2249.2004.02415 x.

49. Nobre V, Borges |. Nucleo Interdisciplinar de Investigacdo em Medicina Intensiva (NIIMI). Prognostic value of
procalcitonin in hospitalized patients with lower respiratory tract infections. Rev Bras Ter Intensiva. 2016; 28(2): 179-189.
https://doi.org/10.5935/0103-507X.20160019

50. Bonnet M, Craighero F, Harbaoui B. Acute Myocarditis with Ventricular Noncompaction in a COVID-19 Pa-
tient. JACC Heart Fail. 2020; 8(7): 599-600. https://doi.org/10.1016/j.jchf.2020.05.004

51. Shafi AMA, Shaikh SA, Shirke MM, Iddawela S, Harky A. Cardiac manifestations in COVID-19 patients—A
systematic review. J Card Surg. 2020; 35(8): 1988-2008. https://doi.org/10.1111/jocs.14808

52. Trojahn MM, Barrilli SLS, Bernardes DS, Pedraza LL, Aliti GB, Rabelo-Silva ER. Niveis do peptideo natriuréti-
co tipo B e acuréacia diagnéstica: volume de liquidos excessivo. Rev Gaucha Enferm. 2020; 41(esp): €20190095. https://

doi.org/10.1590/1983-1447.2020.20190095

ISSN 2236-5834 13



