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SARS-CoV-2 virus can not only damage the respiratory system but may also pose a threat to other organs, such
as the heart or vessels. It was focused on cardiovascular complications of COVID-19, including acute cardiac
injury, arrhythmias, biomarkers, accompanying comorbidities and outcomes in patients diagnosed with SARS-CoV-
2 infection. The results show that cardiac injury is present in about 1 in 4 patients with COVID-19 disease, and it is
an independent risk factor, which multiplies the death rate several times in comparison to infected patients without
myocardial injury.

coronavirus disease 2019 cardiac injury cardiac complications

| 1. Cardiac Injury

1.1. Frequency and Characteristic
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Figure 1. Cardiac injury amongst COVID-19-infected patients [L2EI4516],

Critical or severe patients have higher levels of troponin during hospitalisation and are more likely to have a cardiac
injury with the range from 28.3% to 51% WEIRILY For 330 patients, cardiac injury (based on hs-cTnl levels) was
diagnosed in 32.4% of patients (104), and the whole group consisted of only severe and critically ill COVID-19-
positive patients [&. In the multi-centre one of 2878 SARS-CoV-2-positive critical patients in France, troponin was
elevated above each centre’s threshold in 32.4% and in 58.5% of the deceased group 19. For 243 intubated
COVID-19-positive patients from five different hospitals, 51% had troponin levels above the upper limit . Another
for 201 SARS-CoV-2-positive patients with myocardial injury (based on cTnl) shows that troponin was elevated
above the normal level of 0.04 ng/mL in mild patients and three times over the threshold (>0.12 ng/mL) in critical
patients (28.3%, p < 0.001, critical patients were those who needed mechanical ventilation) . In another article of
218 patients with myocardial injury, there were also major differences in troponin elevation between critical and
mild COVID-19-positive patients (28.8% critical vs. 4.8% non-critical, p < 0.0001) (1],

The situation is different when speaking of first-detected cardiac injury. Here the numbers are lower with a range:
2.9-10.8%. A Chinese one has revealed that hs-cTnl (high-sensitivity cardiac troponin type I) was elevated in
COVID-19-positive patients in 10.8% of 218 enrolled patients (mean age was 62 (IQR: 55, 69) years). These
patients presented without previous cardiovascular symptoms or past medical history involving cardiovascular

disease and were admitted to the hospital because of typical SARS-CoV-2 symptoms 11, In the American one, 179
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patients (mean age 59.8 + 16.9 years), myocardial injury was present in only 7% of patients (significant troponin
level elevation accompanied by new ventricular dysfunction or electrocardiographic abnormalities) [12l. Scientists
from the King’s College of London conducted a randomised one of 172 SARS-CoV-2-positive patients (mean age
55.1 + 13.9 years), which showed that 10.2% developed a major cardiac injury (peak hs-cTnT >20x ULN) 13l |n
the previously presented analysis, new cardiac abnormalities occurred in 3.9% of 434 COVID-19-positive patients
[l Concerning athletes, a study showed that only 2.9% had abnormal newly-detected cTnl levels with no serious
symptoms (laboratory 99th percentile, 0.035 ng/mL.). All these athletes were referred for CMR. No athlete had
abnormal findings detected by CMR: no ventricular dysfunction, delayed myocardial enhancement, abnormal T2
weighted imaging or pericardial pathology. Limitations is that it did not use hs-cTnl 4. The four previously
mentioned ones BILHI2I13] 5re agssembled in the figure below (Figure 2). The information from 241 is not included

in the figure because it concerns athletes.
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Figure 2. New cardiac injury amongst COVID-19-infected patients [“4I[LLI121[13]

Critical or severe patients have higher levels of troponin during hospitalisation. In Wuhan, 40 (30.3%) consecutive
patients displayed acute cardiac injury (based on hs-Tnl above the 99th-percentile upper reference limit, mean age

61 + 13 years) 15, These could be due to more critical cases (62.1% severe or critical).

1.2. Hospitalisation and Outcome
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23 articles was used in this section. Cardiac injury was a crucial and independent risk factor for mortality in COVID-
19-infected patients BI22I18I17] and mortality was usually higher in the cardiac injury group RIBIZIL8IIY  patients
with cardiac injury were older WEI16I201 had more comorbidities 26191201 \were mostly male 418 had more
serious disease WIEILT or were more likely to require mechanical ventilation 2326l Age is an independent
predictor of myocardial injury in COVID-19-positive patients [l Critical patients with myocardial injury (serum
troponin | > 99th percentile ULN) are more likely to die & (17 times more likely) or develop ARDS & (11.5 times
more likely) than those without myocardial injury. Critical patients with higher troponin levels (>10 ULN) were more
likely &I (2.7 times more likely) to die than those with any troponin elevation (< ULN). Critical patients with high hs-
cTnl (>28 pg/mL) levels were more likely to die 211 (2.637 times more likely, 95% CI, 1.058-6.570, p = 0.037)) than
those with low levels, as well, hs-cTnl was an independent risk factor of mortality (21l in these patients, which
indicates that hs-cTnl levels may be useful in assessing mortality risk in critically ill patients with COVID-19.
Elevation of cardiac biomarkers is an independent predictor of mortality [LI2[10I12][13][22][231[24][25] o severity of
illness M, even in patients with no previous history of CAD or heart insufficiency 29, These are myoglobin [, CK-
MB [ and troponin [2l[4I12][13]22][23][24]125][26] | ength of stay at the hospital in days is shorter for patients with
negative troponin levels . For 196 COVID-19-positive patients that showed that cTnl (=21 ng/L) is a better
prognostic value for 30-day all-cause mortality in comparison with CRP, LDH and D-Dimer 23, A previously
presented one of 181 COVID-19-positive patients showed patients with cardiac injury were older and had more
comorbidities (most common were hypertension, coronary heart disease and arrhythmias), and the cardiac injury
group (42 patients) required noninvasive ventilation more often (20 (47.6%) vs. 14 (10.1%), p < 0.001), more often
had severe disease (36 (85.7%) vs. 47 (33.8%), p < 0.001) and mortality was much higher in the cardiac injury
group (22 (52.4%) vs. 12 (8.6%), p < 0.001) . The situation is no different in another one where the COVID-19-
positive group was associated with a more severe presentation of SARS-CoV-2-infection (critically severe, 26.0%
vs. 7.2%, all p < 0.001). Compared with those without myocardial injury, more COVID-19-positive patients with
myocardial injury required oxygen inhalation, non-invasive ventilation, invasive mechanical ventilation, antibiotic
treatment and hemoperfusion therapy (all p < 0.001). Mortality rate was significantly higher in patients with
myocardial injury (63.5% vs. 13.0%, p < 0.001) (28], For 400 COVID-19-positive patients show that those with
cardiac injury (troponin >99" percentile) were older (52.5 (42.8-68.0) vs. 49.0 (36.0-0.0) years), myocardial injury
event was much higher in patients with comorbidities: hypertension (12/46 (26.1%) vs. 50/354 (14.1%)),
hyperlipidemia (4/46 (8.7%) vs. 7/354 (2.0%)) and chronic kidney insufficiency (3/46 (6.5%) vs. 2/354 (0.6%)) (22,
For 226 patients, the rate of myocardial injury and myocardial infarction were significantly higher among deceased
patients as compared with those who recovered (54.4% vs. 20.3%, p < 0.001; 20.6% vs. 6.3%, p = 0.003) 28] For
367 patients showed that patients with myocardial injury have more comorbidities than patients without myocardial
injury (hypertension: 78% vs. 42%, diabetes 44% vs. 21%, coronary artery disease 17% vs. 5.1%). Patients with
myocardial injury had a higher risk for short-term mortality than those without myocardial injury (20% vs. 12%, p <
0.0001; unadjusted HR 4.44, 95% CI 2.13-9.25, p < 0.001) and for major adverse events (35% vs. 11%, p <
0.0001; unadjusted OR 4.29, 95% 2.50-7.40, p < 0.0001) 22l |n another research of 324 COVID-19-positive
patients, death occurred in 54.5% and 3.2% of the patients with and without myocardial injury, respectively.
Notably, 75.3% of patients with myocardial injury and 6.5% without myocardial injury developed ARDS. The median

serum troponin | levels were 306 (72-852) and 2.5 ng/mL (1.3-5.5) in the deceased and surviving patients,
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respectively (p < 0.001) . In the group of 243 critical patients, mortality was listed at the level of 22.7% among
patients with COVID-19 and troponin over the upper limit of normal value (0.04 ng/mL) and 61.5% for those
COVID-19-positive and troponin levels >10 times the upper limit of normal value (p < 0.001) &. Hs-cTnl was an
independent marker for a critical outcome in a group of 726 COVID-19-positive patients (>28 pg/mL) (OR, 2.899;
95% CI, 1.743-4.822, p < 0.0001) [2, For 2873 SARS-CoV2-infected patients, indicated that nine variables were
independent predictors for in-hospital mortality, including troponin (HR: 2.150; 95% CI: 1.155-4.001; p = 0.016) [22],
Next, research of 880 COVID-19-positive patients pointed out that initial hs-cTnT (high-sensitivity cardiac troponin
type T) was associated with composite adverse outcomes with a median hs-cTnT of 11 ng/L in patients who were
living and did not require mechanical ventilation versus 31 ng/L in patients who expired or required mechanical

ventilation 22,

An interesting one showed that there is no association between the initial viral load (iVL) and cardiac injury (based
on increased >100 ng/L hs-cTnl level); however, both iVL and cardiac injury were independent predictors of

mortality €.

1.3. Myocardial Infarction

Myocardial infarction in COVID-19-positive patients is not common BI22l28] For 346 patients with elevated hs-cTnT
conducted in the UK has demonstrated that there were no COVID-19-positive patients in the group of 115 patients
with Type 1 MI, and in the group of 231 patients with Type 2 MI/myocardial Injury there were 36 (16%) patients who
were COVID-19-positive. Cardiac causes of Ml were more common in patients without SARS-CoV-2 virus (positive:
11.1% vs. negative: 33.3%, p = 0.22), of which tachyarrhythmia and heart failure were the most likely mechanisms
(15.7% and 15.1%) [28], Next, for 313 patients of whom elevation was present in 85 patients (27.2%) and of those
85 patients, only 11.7% had criteria for MI: 7% had type 2 MI, and 4.7% had type 1 MI Bl In another of 367
patients, only 5% of patients with elevated troponin (169) were adjudicated as acute MI, with three patients

classified as type 1 MI and five patients as type 2 MI 12,

1.4. Myocarditis

Acute myocarditis occurred in some COVID-19 patients and was usually focal but not common 1229 Wwith the
biggest number of patients (1160) showed that acute myocarditis in COVID-19 patients developed in only 1% of
cases 29, pericardial effusion was seen more frequently 23! (9%), 8% (9%). Another work of 367 patients showed
that myocarditis was rare with clinical suspicion in only three patients in whom there was no definite confirmatory

testing with cardiac magnetic resonance imaging or biopsy 19,

In the population of athletes, myocarditis or pericarditis was not common. Only 0.4% of athletes had myocarditis
after COVID-19 infection B, and 0.26% had pericarditis B1.For another, 3% had myocarditis 2, and 1.5% had

pericarditis 22, usually without symptoms.

The situation is different in severe and critical COVID-19 patients. In UK, concerning 148 severe COVID-19-

positive and troponin(+) patients who underwent CMR (cardiac magnetic resonance), pericardial effusion was seen
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in 8/148 (5%). A total of 47/148 patients had a non-ischaemic pattern of myocardial injury, and 40/148 patients had
a myocarditis-pattern injury (including four with coexisting inducible ischaemia and three with coexisting myocardial
infarction). In the group of patients with myocarditis-pattern injury, only 12 (8% from the whole population) had
findings consistent with active myocarditis (8 with a regional elevation of both native T1 and T2, 4 with a regional

elevation of T2 only) B9,

| 2. Arrhythmias
2.1. Hospitalisation and Outcome

Eight articles were used in this section. Patients with new-onset arrhythmias were older B313940 gnd presented
more frequently with some comorbidities (hypertension, diabetes, cardiovascular artery disease or valvular heart
disease) at admission [B3I39140 gnd stayed longer in hospital in comparison with the non-arrhythmia group 2.
Patients with arrhythmias were in general more likely to have some comorbidities “2: hypertension (153 (38.6%)
vs. 17 (25.4%); p = 0.04), coronary heart disease (21 (24.7%) vs. 29 (7.7%); p < 0.001) and diabetes mellitus (20
(23.5%) vs. 52 (13.8%); p = 0.025). It was mentioned before of 517 patients, those with new arrhythmias were
older (81.6 vs. 66.5 years old, p < 0.001) and more frequently presented hypertension (74% vs. 47%, p < 0.001),
cardiomyopathy (9% vs. 1%, p = 0.002), previous heart failure admission (9% vs. 0.4%, p < 0.001), previous
episodes of atrial fibrillation (83% vs. 1%, p < 0.001) and bigger left atrium (47.8 vs. 39.9 mm, p < 0.001) B2,
However, there was one of 1029 COVID-19-positive patients that demonstrated that patients with new-onset
arrhythmias were significantly younger compared to patients with previous arrhythmia or without, and also had
higher BMIs (p < 0.05). Patients with new-onset atrial arrhythmia less often had a history of heart failure and
coronary artery disease compared with recurrent and chronic persistent atrial arrhythmias patients (p < 0.05) 42,
More critical COVID-19-positive patients developed more arrhythmias compared to patients with mild or without
symptoms 23143144 - \hilst in one of these, 28.6% of patients (critical) and 17.9% of patients (severe) presented
with arrhythmia in the new arrhythmia group compared with 7.2% (critical) and 8.8% (severe) in the non-arrhythmia
group (p <0.001) B3], For 463 COVID-19-positive patients, the proportion of critically ill patients was higher among
patients with arrhythmias than those without arrhythmias (38 (44.7%) vs. 80 (21.2%); p < 0.001), suggesting an
association between arrhythmias and adverse COVID-19 outcomes, and the all-cause mortality rate was higher in
patients with arrhythmias than in those without arrhythmias (22 (25.9%) vs. 38 (10.1%); p < 0.001). Survival
analyses showed that arrhythmias were associated with a high mortality rate (p < 0.001) 1. In Bologna, Italy,
106/216 COVID-19-positive patients had abnormal ECG at the beginning of hospitalisation and increased troponin
values occurred more often in patients who developed major adverse events (p = 0.04 and p = 0.02). Concerning
ECGs after 7 days (159), abnormal findings were reported in 53.5% of patients, and they were more frequent in
those with major adverse events (MAE, p = 0.001). The multivariable analysis showed the presence of abnormal
ECG at 7 days of hospitalisation was an independent prediction factor of a major adverse event (HR 3.2; 95% CI
1.2-8.7; p = 0.02) [43],

2.2. Accompanying Comorbidities
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Twenty-nine articles were used in this section. COVID-19-positive patients with more comorbidities are associated
with a more severe duration of illness 2, more often require intensive care 43 or are at a higher risk of death RI19]
(18]46] Male sex is prevalent among patients who died during hospitalisation [XZI18121I[47]148] gnd is associated with
higher mortality 1146l Age is an independent predictor of higher mortality in COVID-19-positive patients [1245][46]
(491501 increasing the risk of intensive care necessity 42 or illness severity 2. Cardiovascular artery disease 43
(48] " diabetes mellitus and hypertension 3 are associated with higher mortality amongst COVID-19-positive
patients and associated with intensive care or mechanical ventilation 22, Critical patients are more likely to have
the underlying cardiac disease 2, more comorbidities [, to be male W7 and older [L7E4] About one-quarter of
patients with heart failure die when they get infected with the SARS-CoV-2 virus ¥4, There was a large one of
1,212,153 patients with a history of HF (heart failure), 8383 of which were COVID-19-positive (The Premier
Healthcare Database), which concluded that patients with HF hospitalised with COVID-19 are at high risk for
complications, with 24.2% dying during hospitalisation. Those who suffered from COVID-19 and had a past history
of HF were more likely to have post-hospitalisation care (41% vs. 13%) or were referred to hospice (6.7% vs. 4.1%)
than COVID-19-negative patients with HF. Patients with a previous history of HF and COVID-19 had significantly
greater in-hospital resource use (mechanical ventilation, central venous catheter insertion) compared with patients
hospitalised with acute HF and without COVID-19 (Intensive Care Unit care 29% vs. 15%, mechanical ventilation
17% vs. 6%, venous catheter 19% vs. 7%) Mortality amongst COVID-19 patients was greater in patients with acute
heart failure 24.2% vs. 2.6% 47,

For 324 COVID-19-positive patients shows us that hypertension and chronic kidney disease were significantly
more common among the deceased compared with surviving patients. Myocardial injury was present in 84% of the
deceased group, whereas 12.8% of the surviving patients had a myocardial injury (p < 0.001) &. One interesting
one for 320 COVID-19-positive patients showed that predictors for elevated troponin levels were age (odds ratio
(OR), 1.04; 95% confidence interval (Cl), 1.01-1.06), female sex (OR, 3.03; 95% CI 1.54-6.25), low systolic blood
pressure (OR, 5.91; 95% Cl 2.42-14.44) and increased creatinine level (OR, 2.88; 95% CI 1.44-5.73) 28], For
2878 COVID-19-positive hospitalised patients conducted in France showed 72.6% had at least one, 41.6% had at
least two and 19.9% had at least three cardiovascular risk factors, as well, it showed that male sex (HR 1.69, 95%
Cl 1.11-2.57; p = 0.01), older age (hazard ratio (HR) 1.05, 95% confidence interval (Cl) 1.03-1.06; p < 0.001),
diabetes (HR 1.72, 95% CIl 1.12-2.63; p = 0.01), chronic kidney failure (HR 1.57, 95% CI 1.02-2.41; p = 0.04) and
elevated troponin (HR 1.66, 95% CI 1.11-2.49; p = 0.01) were independently associated with in-hospital death 19,
In the next, 29% of 1169 COVID-19-positive patients in Italy had a previous history of some cardiac disease. Of
these 29%, 60% had hypertension, 40% heart failure, 35% coronary artery disease and 25% atrial fibrillation. Only
18% had no comorbidities 22, In a group of 1034 COVID-19-positive patients, these with some cardiovascular
problems (who according to American Society of Echocardiography needed trans-thoracic echocardiogram) were
more often admitted to ICU than those without any implications for examination (58.3% vs 18.9%) B, For 355
individuals demonstrated that patients with cardiovascular artery disease are at significantly higher risk of inpatient
death than patients without cardiovascular artery disease (31% vs. 20%, p = 0.046), also age is significantly
associated with higher mortality (1.041, 95% CI: 1.017-1.066, p = 0.001) in COVID-19 infected patients [“€l,

Another was previously presented that 226 patients demonstrated male sex was significantly dominant in patients
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who died during hospital stay compared to those who recovered (75% vs. 57%, p = 0.016), and thirty-six patients
underwent percutaneous coronary intervention, which was significantly prevalent in the deceased cohort (11.8%
vs. 3.2%, p = 0.025) 18 |n Korea, 2269 COVID-19-positive patients demonstrated that diabetes mellitus (p <
0.001) and hypertension (p < 0.001) were associated with the increased requirement of intensive care and invasive
MV (mechanical ventilation) and in-hospital death. Coronary artery disease (22.2% vs. 2.7%; p < 0.001) was
associated with invasive MV. Coronary artery disease (33.3% vs. 7.1%; p = 0.002) and congestive heart failure
(31.8% vs. 6.3%; p < 0.001) were associated with in-hospital death. Diabetes mellitus (OR, 2.43; 95% CI, 1.51—
3.90; p < 0.001) and congestive heart failure (OR, 2.43; 95% CI, 1.06-5.87; p = 0.049) were independent
predictors of in-hospital death 3], Here was presented the percentage of infected patients with the most common
comorbidities: Hypertension (Figure 3), diabetes (Figure 4), cardiovascular disease (Figure 5).
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Figure 3. Hypertension in COVID-19-infected patients (median—47.8) RITIEI10I18][21][22][24)[27][33][35]36][37][39][41][43]
[45][46][50][51](52][53]
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Figure 4. Diabetes in COVID-19-infected patients (23.7—median) ZIEILAL8][21][22][24][27)[33)[36)[S7][S9[41][45][46][50]51]
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CAD in COVID-19-infected patients
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Figure 5. CAD in COVID-19-infected patients (14.1—median) [BIL7I[18][22][24][26][27][33][35][41][46][48][50][52]

There are some values that are clearly different from the majority. This may be caused by population heterogeneity,
such as higher percentage of male population presented in the study 1827143153l higher age [L8I43146] higher
percentage of black race 748 or |ICU sample 23], In 48] it was selected patients with and without CAD to compare
these two groups. For the highest numbers, four were performed in the USA [ZZB746I53] and two in Italy 28431 |n
an article from Pakistan [8, the mean age of patients is lower than in the vast majority of other articles (44.6 *
15.2).

There are some values that are clearly outstanding and, similar as in Figure 3, this may be caused by population
heterogeneity, such as higher percentage of the male population presented in 2531 higher age 48], the higher
percentage of black race 748l or |CU sample B2, In paper 28], the authors selected patients with and without CAD
to compare these two groups. All five with the highest numbers were performed in the USA [2Z[S6][S7][46](53]
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In paper 8] the percentage of patients with CAD is outstanding due to learn design and chosen population
sample: it was compared SARS-CoV-2-infected patients with CAD to SARS-CoV-2-infected patients without CAD.

References

1. Chen, L.; Hu, W.; Guo, X.; Zhao, P.; Tang, J.; Gu, Y.; Huang, N.; Wang, C.; Cui, A.; Zhang, D.; et
al. Association of coagulation dysfunction with cardiac injury among hospitalized patients with
COVID-19. Sci. Rep. 2021, 11, 4432.

2. Smilowitz, N.R.; Nguy, V.; Aphinyanaphongs, Y.; Newman, J.D.; Xia, Y.; Reynolds, H.R;
Hochman, J.S.; Fishman, G.l.; Berger, J.S. Multiple Biomarker Approach to Risk Stratification in
COVID-19. Circulation 2021, 143, 1338-1340.

3. De Michieli, L.; Babuin, L.; Vigolo, S.; De Marinis, G.B.; Lunardon, A.; Favretto, F.; Lobo, R.;
Sandoval, Y.; Bryant, S.C.; Donato, D.; et al. Using high sensitivity cardiac troponin values in
patients with SARS-CoV-2 infection (COVID-19): The Padova experience. Clin Biochem. 2021,
90, 8-14.

4. Papageorgiou, N.; Sohrabi, C.; Merino, D.P.; Tyrlis, A.; Atieh, A.E.; Saberwal, B.; Lim, W.-Y.;
Creta, A.; Khanji, M.; Rusinova, R.; et al. High sensitivity troponin and COVID-19 outcomes. Acta
Cardiol. 2021, 8, 1-8.

5. Karahan, S.; Katkat, F.; Ozcan, S.; Sahin, I.; Okuyan, E. Impact of acute myocardial injury on
prognosis in patients with COVID-19. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 2425-2434.

6. Chehab, O.; El Zein, S.; Kanj, A.; Moghrabi, A.; Sebastian, J.; Halboni, A.; Alkassis, S.; EI-Hor, N.;
Briasoulis, A.; Liberman, R.; et al. SARS-CoV-2 Viral Load and Cardiac Injury are Independent
and Incremental Predictors of Adverse Outcome. Mayo Clin. Proc. Innov. Qual. Outcomes 2021,
5, 891-897.

7. Liaqgat, A.; Ali-Khan, R.S.; Asad, M.; Rafique, Z. Evaluation of myocardial injury patterns and ST
changes among critical and non-critical patients with coronavirus-19 disease. Sci Rep. 2021, 11,
4828.

8. Xia, G.; Fan, D.; Ma, C.; He, Y.; Wang, M.; Zhu, Y.; Zheng, Q. Hyper-Inflammatory Response
Involves in Cardiac Injury Among Patients With Coronavirus Disease 2019. Am. J. Med. Sci.
2021, 361, 718-724.

9. Metkus, T.S.; Sokoll, L.J.; Barth, A.S.; Czarny, M.J.; Hays, A.G.; Lowenstein, C.J.; Michos, E.D.;
Nolley, E.P.; Post, W.S.; Resar, J.R.; et al. Myocardial Injury in Severe COVID-19 Compared with
Non-COVID-19 Acute Respiratory Distress Syndrome. Circulation 2021, 143, 553-565.

https://encyclopedia.pub/entry/23022 11/16



Cardiovascular System during SARS-CoV-2 Infection | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bonnet, G.; Weizman, O.; Trimaille, A.; Pommier, T.; Cellier, J.; Geneste, L.; Panagides, V.;
Marsou, W.; Deney, A.; Attou, S.; et al. Characteristics and outcomes of patients hospitalized for
COVID-19 in France: The Critical COVID-19 France (CCF) study. Arch. Cardiovasc. Dis. 2021,
114, 352-363.

Li, R.; Wang, H.; Ma, F; Cui, G.-L.; Peng, L.-Y,; Li, C.-Z.; Zeng, H.-S.; Marian, A.J.; Wang, D.-W.
Widespread myocardial dysfunction in COVID-19 patients detected by myocardial strain imaging
using 2-D speckle-tracking echocardiography. Acta Pharmacol. Sin. 2021, 28, 1-8.

Krishna, H.; Ryu, A.J.; Scott, C.G.; Mandale, D.R.; Naqvi, T.Z.; Pellikka, P.A. Cardiac
Abnormalities in COVID-19 and Relationship to Outcome. Mayo Clin. Proc. 2021, 96, 932—-942.

Demir, O.M.; Ryan, M.; Cirillo, C.; Desai, N.; Pericao, A.; Sinclair, H.; Stylianidis, V.; Victor, K.;
Alaour, B.; Jones, A.; et al. Impact and Determinants of High-Sensitivity Cardiac Troponin-T
Concentration in Patients with COVID-19 Admitted to Critical Care. Am. J. Cardiol. 2021, 147,
129-136.

Hendrickson, B.S.; Stephens, R.E.; Chang, J.V.; Amburn, J.M.; Pierotti, L.L.; Johnson, J.L.;
Hyden, J.C.; Johnson, J.N.; Philip, R.R. Cardiovascular Evaluation After COVID-19 in 137
Collegiate Athletes: Results of an Algorithm-Guided Screening. Circulation 2021, 143, 1926-1928.

Xie, Y.; Wang, L.; Li, M.; Li, H.; Zhu, S.; Wang, B.; He, L.; Zhang, D.; Zhang, Y.; Yuan, H.; et al.
Biventricular Longitudinal Strain Predict Mortality in COVID-19 Patients. Front. Cardiovasc. Med.
2021, 7, 632434.

He, J.; Zhang, B.; Zhou, Q.; Yang, W.; Xu, J.; Liu, T.; Zhang, H.; Wu, Z.; Li, D.; Zhou, Q.; et al. The
Prognostic Value of Myocardial Injury in COVID-19 Patients and Associated Characteristics.
Immun. Inflamm. Dis. 2021, 9, 1358-1369.

Zhang, Y.; Sun, W.; Wu, C.; Zhang, Y.; Cui, L.; Xie, Y.; Wang, B.; He, L.; Yuan, H.; Zhang, Y.; et al.
Prognostic Value of Right Ventricular Ejection Fraction Assessed by 3D Echocardiography in
COVID-19 Patients. Front. Cardiovasc. Med. 2021, 8, 641088.

Silverio, A.; Di Maio, M.; Scudiero, F.; Russo, V.; Esposito, L.; Attena, E.; Pezzullo, S.; Parodi, G.;
D’Andrea, A.; Damato, A.; et al. Clinical conditions and echocardiographic parameters associated
with mortality in COVID-19. Eur. J. Clin. Investig. 2021, 51, e13638.

Zhou, Z.; Ryan, J.; Ernst, M.E.; Zoungas, S.; Tonkin, A.M.; Woods, R.L.; McNeil, J.J.; Reid, C.M.;
Curtis, A.J.; Wolfe, R.; et al. Effect of Statin Therapy on Cognitive Decline and Incident Dementia
in Older Adults. J. Am. Coll. Cardiol. 2021, 77, 3145-3156.

Huang, J.; Wang, W.-J.; Yu, H.; Xu, J.; Wu, H.; Wang, C.; Gu, C.-H.; Li, H.-J.; Li, M.; Liu, C.; et al.
Pre-existing Health Conditions and Epicardial Adipose Tissue Volume: Potential Risk Factors for
Myocardial Injury in COVID-19 Patients. Front. Cardiovasc. Med. 2021, 7, 585220.

https://encyclopedia.pub/entry/23022 12/16



Cardiovascular System during SARS-CoV-2 Infection | Encyclopedia.pub

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Chen, H.; Li, X.; Marmar, T.; Xu, Q.; Tu, J.; Li, T.; Han, J.; Xu, D.; Shen, T. Cardiac Troponin |
association with critical illness and death risk in 726 seriously ill COVID-19 patients: A
retrospective cohort study. Int. J. Med. Sci. 2021, 18, 1474-1483.

Garcia de Guadiana-Romualdo, L.; Morell-Garcia, D.; Morales-Indiano, C.; Bauca, J.M.; José
Alcaide Martin, M.; Del Valle, C.E.; Gutiérrez Revilla, J.I.; Urrechaga, E.; Alamo, J.M.; Hernando
Holgado, A.M.; et al. Characteristics and laboratory findings on admission to the emergency
department among 2873 hospitalized patients with COVID-19: The impact of adjusted laboratory
tests in multicenter studies. A multicenter study in Spain (BIOCOVID-Spain study). Scand. J. Clin.
Lab. Investig. 2021, 81, 187-193.

Wang, Y.; Shu, H.; Liu, H.; Li, X.; Zhou, X.; Zou, X.; Pan, S.; Xu, J.; Xu, D.; Zhao, X.; et al. The
peak levels of highly sensitive troponin | predicts in-hospital mortality in COVID-19 patients with
cardiac injury: A retrospective study. Eur. Heart J. Acute Cardiovasc. Care. 2021, 10, 6-15.

He, Y.; Zheng, X.; Li, X.; Jiang, X. Key factors leading to fatal outcomes in COVID-19 patients with
cardiac injury. Sci. Rep. 2021, 11, 4144.

Peird, O.M.; Carrasquer, A.; Sanchez-Gimenez, R.; Lal-Trehan, N.; Del-Moral-Ronda, V.; Bonet,
G.; Fort-Gallifa, I.; Pico-Plana, E.; Bastén-Paz, N.; Gutiérrez, C.; et al. Biomarkers and short-term
prognosis in COVID-19. Biomarkers 2021, 26, 119-126.

Efros, O.; Barda, N.; Meisel, E.; Leibowitz, A.; Fardman, A.; Rahav, G.; Klempfner, R.;
Grossmanet, E. Myocardial injury in hospitalized patients with COVID-19 infection-Risk factors
and outcomes. PLoS ONE 2021, 16, e0247800.

Poterucha, T.J.; Elias, P.; Jain, S.S.; Sayer, G.; Redfors, B.; Burkhoff, D.; Rosenblum, H.;
DeFilippis, E.M.; Gupta, A.; Lawlor, M.; et al. Admission Cardiac Diagnostic Testing with
Electrocardiography and Troponin Measurement Prognosticates Increased 30-Day Mortality in
COVID-19. J. Am. Heart Assoc. 2021, 10, e018476.

Briscoe, M.; Sykes, R.; Krystofiak, T.; Peck, O.; Mangion, K.; Berry, C. Clinical significance of
coronavirus disease 2019 in hospitalized patients with myocardial injury. Clin. Cardiol. 2021, 44,
332-339.

Lagana, N.; Cei, M.; Evangelista, I.; Cerultti, S.; Colombo, A.; Conte, L.; Mormina, E.; Rotiroti, G.;
Giovanni Versace, A.; Porta, C.; et al. Suspected myocarditis in patients with COVID-19: A
multicenter case series. Medicine 2021, 100, e24552.

Kotecha, T.; Knight, D.S.; Razvi, Y.; Kumar, K.; Vimalesvaran, K.; Thornton, G.; Patel, R.; Chacko,
L.; Brown, J.T.; Coyle, C.; et al. Patterns of myocardial injury in recovered troponin-positive
COVID-19 patients assessed by cardiovascular magnetic resonance. Eur. Heart J. 2021, 42,
1866-1878.

https://encyclopedia.pub/entry/23022 13/16



Cardiovascular System during SARS-CoV-2 Infection | Encyclopedia.pub

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Martinez, M.W.; Tucker, A.M.; Bloom, O.J.; Green, G.; DiFiori, J.P.; Solomon, G.; Phelan, D.; Kim,
J.H.; Meeuwisse, W.; Sills, A.K.; et al. Prevalence of Inflammatory Heart Disease Among
Professional Athletes with Prior COVID-19 Infection Who Received Systematic Return-to-Play
Cardiac Screening. JAMA Cardiol. 2021, 6, 745-752.

Clark, D.E.; Parikh, A.; Dendy, J.M.; Diamond, A.B.; George-Durrett, K.; Fish, F.A.; Slaughter,
J.C.; Fitch, W.; Hughes, S.G.; Soslowet, J.H.; et al. COVID-19 Myocardial Pathology Evaluation in
Athletes with Cardiac Magnetic Resonance (COMPETE CMR). Circulation 2021, 143, 609-612.

Rav-Acha, M.; Orlev, A.; Itzhaki, I.; Zimmerman, S.F.; Fteiha, B.; Bohm, D.; Kurd, R.; Samuel, T.Y;
Asher, E.; Helviz, Y.; et al. Cardiac arrhythmias amongst hospitalised Coronavirus 2019 (COVID-
19) patients: Prevalence, characterisation, and clinical algorithm to classify arrhythmic risk. Int. J.
Clin. Pract. 2021, 75, e13788.

Mesquita, D.; Carmo, P.; Cabanelas, N.; Santos, N.; Martins, V.; Sanfins, V.; Costa, H.C.; Fontes,
J.P.; Fonseca, P.; Parreira, L.; et al. Cardiac arrhythmias in patients presenting with COVID-19
treated in Portuguese hospitals: A national registry from the Portuguese Association of
Arrhythmology, Pacing and Electrophysiology. Rev. Port. Cardiol. 2021, 40, 573-580.

Zylla, M.M.; Merle, U.; Vey, J.A.; Korosoglou, G.; Hofmann, E.; Miller, M.; Herth, F.; Schmidt, W.;
Blessing, E.; Goggelmann, C.; et al. Predictors and Prognostic Implications of Cardiac
Arrhythmias in Patients Hospitalized for COVID-19. J. Clin. Med. 2021, 10, 133.

Antwi-Amoabeng, D.; Beutler, B.D.; Singh, S.; Taha, M.; Ghuman, J.; Hanfy, A.; Manasewitsch,
N.T.; Ulanja, M.B.; Ghuman, J.; Awad, M.; et al. Association between electrocardiographic
features and mortality in COVID-19 patients. Ann. Noninvasive Electrocardiol. 2021, 26, e12833.

Dagher, L.; Shi, H.; Zhao, Y.; Wetherbie, A.; Johnsen, E.; Sangani, D.; Nedunchezhian, S.; Brown,
M.; Miller, P.; Denson, J.; et al. New-onset atrial arrhythmias associated with mortality in black and
white patients hospitalized with COVID-19. Pacing Clin. Electrophysiol. 2021, 44, 856—864.

Northwell COVID-19 Research Consortium; Mountantonakis, S.E.; Saleh, M.; Fishbein, J.;
Gandomi, A.; Lesser, M.; Chelico, J.; Gabriels, J.; Qiu, M.; Epstein, L.M. Atrial fibrillation is an
independent predictor for in-hospital mortality in patients admitted with SARS-CoV-2 infection.
Heart Rhythm 2021, 18, 501-507.

Garcia-Granja, P.E.; Veras, C.; Aparisi, A.; Amat Santos, |.J.; Catala, P.; Marcos, M.; Cabezén, G.;
Candela, J.; Gil, J.F.; Uribarri, A.; et al. Atrial fibrillation in patients with SARS-CoV-2 infection.
Med. Clin. 2021, 157, 58-63.

Pardo Sanz, A.; Salido Tahoces, L.; Ortega Pérez, R.; Gonzalez Ferrer, E.; SAnchez Recalde, A.;
Zamorano Gomez, J.L. New-onset atrial fibrillation during COVID-19 infection predicts poor
prognosis. Cardiol. J. 2021, 28, 34-40.

https://encyclopedia.pub/entry/23022 14/16



Cardiovascular System during SARS-CoV-2 Infection | Encyclopedia.pub

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Guan, H.; Liu, J.; Ding, J.; Liu, W.; Feng, Y.; Bao, Y.; Li, H.; Wang, X.; Zhou, Z.; Chen, Z.
Arrhythmias in patients with coronavirus disease 2019 (COVID-19) in Wuhan, China: Incidences
and implications. J. Electrocardiol. 2021, 65, 96-101.

Yarmohammadi, H.; Morrow, J.P.; Dizon, J.; Biviano, A.; Ehlert, F.; Saluja, D.; Waase, M.; Elias, P,
Poterucha, T.J.; Berman, J.; et al. Frequency of Atrial Arrhythmia in Hospitalized Patients With
COVID-19. Am. J. Cardiol. 2021, 147, 52-57.

Bergamaschi, L.; D’Angelo, E.C.; Paolisso, P.; Toniolo, S.; Fabrizio, M.; Angeli, F.; Donati, F.;
Magnani, |.; Rinaldi, A.; Bartoli, L.; et al. The value of ECG changes in risk stratification of COVID-
19 patients. Ann. Noninvasive Electrocardiol. 2021, 26, €12815.

Han, K.-Y.; Qiao, Q.; Zhu, Y.-Q.; Chen, X.-G.; Kang, X.-X.; Zhang, G.-F.; Cai, X.-C.; Du, Y.; Jin, J.;
Di, R.-M.; et al. Atrial Arrhythmias in Patients with Severe COVID-19. Cardiol. Res. Pract. 2021,
2021, 8874450.

Park, B.E.; Lee, J.H.; Park, H.K.; Kim, H.N.; Jang, S.Y.; Bae, M.H.; Yang, D.H.; Park, H.S.; Cho,
Y.; Lee, B.Y.; et al. Impact of Cardiovascular Risk Factors and Cardiovascular Diseases on
Outcomes in Patients Hospitalized with COVID-19 in Daegu Metropolitan City. J. Korean Med.
Sci. 2021, 36, el5.

Peterson, E.; Lo, K.B.; DeJoy, R.; Salacup, G.; Pelayo, J.; Bhargav, R.; Gul, F.; Albano, J.;
Azmaiparashvili, Z.; Amanullah, A.; et al. The relationship between coronary artery disease and
clinical outcomes in COVID-19: A single-center retrospective analysis. Coron. Artery Dis. 2021,
32, 367-371.

Bhatt, A.S.; Jering, K.S.; Vaduganathan, M.; Claggett, B.L.; Cunningham, J.W.; Rosenthal, N.;
Signorovitch, J.; Thune, J.J.; Vardeny, O.; Solomon, S.D. Clinical Outcomes in Patients with Heart
Failure Hospitalized with COVID-19. JACC Heart Fail. 2021, 9, 65-73.

Li, Y.; Fang, L.; Zhu, S.; Xie, Y.; Wang, B.; He, L.; Zhang, D.; Zhang, Y.; Yuan, H.; Wu, C.; et al.
Echocardiographic Characteristics and Outcome in Patients With COVID-19 Infection and
Underlying Cardiovascular Disease. Front. Cardiovasc. Med. 2021, 8, 642973.

Tuo, H.; Li, W.; Tang, L.; He, B.; Yao, B.; Mao, P.; Tang, Q. Cardiac Biomarker Abnormalities Are
Closely Related to Prognosis in Patients with COVID-19. Int. Heart J. 2021, 62, 148-152.

Chorin, E.; Dai, M.; Kogan, E.; Wadhwani, L.; Shulman, E.; Nadeau-Routhier, C.; Knotts, R.; Bar-
Cohen, R.; Barbhaiya, C.; Aizer, A.; et al. Electrocardiographic Risk Stratification in COVID-19
Patients. Front. Cardiovasc. Med. 2021, 8, 636073.

Shmueli, H.; Shah, M.; Ebinger, J.E.; Nguyen, L.C.; Chernomordik, F.; Flint, N.; Botting, P.; Siegel,
R.J. Left ventricular global longitudinal strain in identifying subclinical myocardial dysfunction
among patients hospitalized with COVID-19. Int. J. Cardiol. Heart Vasc. 2021, 32, 100719.

https://encyclopedia.pub/entry/23022 15/16



Cardiovascular System during SARS-CoV-2 Infection | Encyclopedia.pub

52. Wetterslev, M.; Jacobsen, P.K.; Hassager, C.; Jgns, C.; Risum, N.; Pehrson, S.; Bastiansen, A.;
Andreasen, A.S.; Kristiansen, K.T.; Bestle, M.H.; et al. Cardiac arrhythmias in critically ill patients
with coronavirus disease 2019: A retrospective population-based cohort study. Acta Anaesthesiol.
Scand. 2021, 65, 770-777.

53. Colon, C.M.; Barrios, J.G.; Chiles, J.W.; Brown, T.M.; Pogwizd, S.M.; McElwee, S.K.; Gandotra,
S.; Russell, D.W.; McElderry, H.T.; Maddox, W.R. Atrial arrhythmia related outcomes in critically ill
COVID-19 patients. Pacing Clin. Electrophysiol. 2021, 44, 814-823.

Retrieved from https://encyclopedia.pub/entry/history/show/55544

https://encyclopedia.pub/entry/23022 16/16



