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Abstract
Background. The viral load of asymptomatic SAR-COV-2 positive (ASAP) persons have been equal to that
of symptomatic patients, suggesting a similar risk for endothelial dysfunction and increased coagulation
in asymptomatic and symptomatic patients. To date, there are no reports of ST-elevation myocardial
infarction (STEMI) outcomes in ASAP patients. We evaluated thrombus burden and thrombus viral load
and their impact on microvascular bed perfusion in the infarct area (myocardial lush grade, MBG) in
ASAP compared to SARS-COV-2 negative (SANE) STEMI patients.

Methods. This was an observational study of 46 ASAP, and 130 SANE patients admitted with con�rmed
STEMI treated with primary percutaneous coronary intervention and thrombus aspiration. The primary
endpoints were thrombus dimension + thrombus viral load effects on MBG after PPCI. The secondary
endpoints during hospitalization were major adverse cardiovascular events (MACEs). MACEs are de�ned
as a composite of cardiovascular death, nonfatal acute AMI, and heart failure during hospitalization.

Results. Thrombus dimensions were signi�cantly higher in ASAP patients as compared to SANE patients.
Interestingly, 39 (84.9%) of ASAP patients also had thrombus specimens positive for SARS-COV-2. In
ASAP STEMI patients (n=46), thrombus viral load was a signi�cant determinant of thrombus dimension
independently of risk factors (p<0.005). MBG and left ventricular function were signi�cantly lower in
ASAP STEMI patients (p<0.001). Multiple logistic regression analyses evidenced that thrombus SARS-
CoV-2 infection and dimension were signi�cant predictors of poorer MBG in STEMI patients.

Conclusions. In ASAP patients presenting with STEMI, there is strong evidence towards higher thrombus
viral load, dimension, and poorer MBG. These data support the need to reconsider ASAP status as a risk
factor that may worsen STEMI outcomes. 

Introduction
Since February 2020, there have been reports of infected persons with SARS-CoV-2 but did not develop
symptoms of coronavirus disease 2019 (COVID-19), (1–3). Asymptomatic people appear to account for
about 40–45% of SARS-CoV-2 infections and may transmit the virus to others over a prolonged period,
perhaps more than 14 days (1). Moreover, the asymptomatic infection may be associated with subclinical
lung abnormalities, as detected by computed tomography (4). Interestingly, the viral load of such
asymptomatic persons has been frequently found equal to that of symptomatic persons (5, 6), thus
suggesting a similar risk for endothelial dysfunction and increased coagulation in asymptomatic and
symptomatic patients. The role of SARS-COV-2 in leading endothelial dysfunction and increased
coagulation is also well known in patients with acute myocardial infarction (AMI) (7). In fact, patients
presenting with ST-Elevation Myocardial Infarction (STEMI) and concurrent COVID-19 infection evidenced
a strong signal towards higher thrombus burden and poorer outcomes (7).

Moreover, these data are supported by the observations that the �rst AMI incidence was ≈ 5 times higher
during the acute phase of COVID-19 infection than the control (8). However, this study did not provide any
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evidence about the potential role of SARS-COV-2 infection on thrombus viral load and thrombus burden
neither on clinical outcomes in asymptomatic SAR-COV-2 positive (ASAP) STEMI patients compared to
SARS-COV-2 negative (SANE) STEMI patients. In this context, we hypothesized that SAR-COV-2 thrombus
viral load, by increasing coagulative state and coronary thrombus dimension of culprit atherosclerotic
lesion, may worsen clinical outcomes in ASAP patients presenting STEMI. Therefore, we evaluated
thrombus viral load and thrombus burden and their impact on microvascular bed perfusion in the infarct
area (Blush grade) in consecutive ASAP cases compared to SANE STEMI patients.

Methods

Patient characteristics, angiographic and echocardiographic
procedures evaluations
This was a multicenter observational cohort study aimed to investigate the relationship between
thrombus viral load, thrombus dimension, and in-hospital outcomes in ASAP STEMI patients. We
examined patients with �rst STEMI treated with the primary percutaneous coronary intervention (PPCI)
and thrombus aspiration (TA) without coronavirus disease 2019 (COVID-19) between February 2020 and
November 2020. Patients with clinical evidence of COVID-19 were excluded from the study. All patients
met the guideline de�nition of STEMI (9). Routine analyses were obtained on admission before coronary
angiography and before the initiation of full medical therapy. All patients with STEMI had baseline
serological samples before cardiac catheterization for full blood count, renal and liver function tests, C-
reactive protein, D-dimer, �brinogen, lactate dehydrogenase (LDH), and high sensitivity (hs)-Troponin T.We
considered eligible for the study all patients with: correspondence between ECG �ndings and suspected
culprit artery; a minimum visual estimate of 50% stenosis in the culprit artery, and feasibility of
performing TA, as judged by the treating physician; the age of 18 years or greater; presentation to the
cardiac catheterization laboratory for PPCI in the setting of �rst STEMI. Patients with left ventricular
ejection fraction less than 25%, with previous myocardial infarction or previous PPCI and/or coronary by-
pass grafting, or who had received �brinolytic therapy were instead excluded from the study.

Coronary angiography. Coronary angiography was performed either via the radial or femoral artery. The
culprit lesion was identi�ed and crossed with an angioplasty guidewire. During primary PCI,
unfractionated heparin was administered in a loading dose of 70–100 U/kg with the activated clotting
time (ACT) maintained > 250 sec. ACTs were recorded at 10–15 minute intervals after the initial dose of
heparin. Glycoprotein (GP) IIb/IIIa inhibitors were used at the operator’s discretion.

Thrombus burden. The thrombus content was classi�ed by a modi�ed TIMI Thrombus Grade
Classi�cation (10). This classi�cation scores the thrombus in �ve grades: Grade 0 (G0): No angiographic
characteristics of thrombus are present; Grade 1 (G1): Possible thrombus is present (reduced contrast
density, haziness, or irregular lesion contour); Grade 2 (G2): There is de�nite thrombus, with greatest
dimensions ≤ half the vessel diameter; Grade 3 (G3): De�nite thrombus, with greatest linear dimension > 
half the vessel diameter but < 2 vessel diameters; Grade 4 (G4): De�nite thrombus, with the largest
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dimension ≥ 2 but < 4 vessel diameters; Grade 5 (G5): De�nite thrombus, with the largest dimension ≥ 4
vessel diameters (2). To date, two experienced interventional cardiologists independently evaluated all
angiographic parameters. Two independent pathologists, blinded to study protocol, evaluated the
thrombus dimension. After TA, thrombus surface area was de�ned as the product of its length, height,
and thickness. Therefore, the thrombus dimension was expressed as surface area in mm2.

Thrombus aspiration. 2017 Guidelines of the European Society of Cardiology for the management of
acute myocardial infarction in patients presentingwithST-segment elevation (11) and 2018 Guidelines on
myocardial revascularization (12) do not recommend routine use of thrombus aspiration(class III, level
A). Nevertheless, the same guidelines state that thrombus aspiration may be considered in large residual
thrombus burden cases. According to these recommendations, with the support of the �owchart
proposed by Junhua Ge et al. (13), manual TA was performed based on angiographic selection criteria
(e.g., the presence of a visible thrombus on angiography, large vessel easy to pass with the catheter,
localization of the thrombus at the proximal or middle segments of the target vessel, TIMI Thrombus
Grade Classi�cation Grade G3-G5), followed by conventional PCI to the culprit's vessel. The TA started
before crossing the lesion, with a minimum of two syringes (40 mL) of aspirate recommended.
Investigators were appropriately trained to ensure that the guide catheter was engaged with the coronary
ostia when removing the thrombectomy catheter. Finally, the guide catheter was aspirated after
thrombectomy to avoid embolization of either air or thrombus from the guide catheter.

Myocardial blush grade. The Myocardial Blush Grade (MBG) was de�ned according to the Zwolle criteria
(14). Angiographic assessment of myocardial reperfusion in patients treated with primary angioplasty for
acute myocardial infarction: myocardial blush grade. However, we de�ned the blush grade into grades
from 0 to 3. Thus, grade 0 indicated no myocardial blush or contrast density; or persistent “staining,”
suggesting leakage of the contrast medium into the extravascular space. The grade 1 blush was de�ned
as minimal myocardial blush or contrast density). Grade 2 was indicative of moderate blush or obtained
on the contralateral/ipsilateral non-IRA, and grade 3 was indicative of normal blush. The angiography
studies were evaluated at 2 independent centers by experienced interventional cardiologists in both
cases. The observers were blinded to the remaining clinical information. Laboratory 1 (Lab 1) is the
institution that carried out the study, the catheterization laboratory of a teaching hospital, and laboratory
2 (Lab 2), an independent catheterization core laboratory with extensive experience measuring the
myocardial blush index. Grades 2 and 3 were considered normal perfusion. The interobserver variability
was 10% for detecting grades 2 and 3 blush and 20% for grade 3 blush in Lab 1, 13% and 15%,
respectively, in Lab 2.

Echocardiographic evaluation. In the current study, two experienced physicians in echocardiography
performed a trans-thoracic two-dimensional echocardiogram with M-mode, conventional Doppler imaging
(TDI) measurements in each patient admitted for acute ST-elevation myocardial infarction (STEMI). For
the exams, we used a Philips iE33 echocardiography (Eindhoven, The Netherlands). Then, physicians
acquired the images of echocardiography in the parasternal long and short-axis views. Thus, we
calculated left ventricle end-diastolic diameter (LVEDD), end-diastolic volume (LVEDV), end-systolic
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diameter (LVESD), end-systolic volume (LVESV), and we determined left ventricle ejection fraction (LVEF)
with the Simpson biplane method (ref). However, the physicians systematically performed averaged
measurements in �ve consecutive samples to have �nal calculation measures. The physicians involved
in the echocardiographic evaluation performed and analyzed each exam independently and blinded to
the study protocol. Finally, two observers blinded to measures performed previously reviewed all
measurements. The observers were blinded to study protocol (15).

The study follows the principles outlined in 1976, the Declaration of Helsinki, and its later amendments
for the use of human tissue or subjects. The Institutional Review Board of University of Campania “Luigi
Vanvitelli,” Naples, Italy approved the protocol (Ethical Committee number 268 for study on SARS-COV-2,
and number 151 for study TA).

Nasal/pharyngeal swab and thrombus SARS-COV-2 analysis
Post-catheterization, all patients underwent routine nasal/pharyngeal swab and thrombus analysis for
the SARS-CoV-2 virus using real time-polymerase chain reaction (RT-PCR). The sample was dissolved by
homogenization and then extracted by ripospinvrd kit(GeneAll). The RT-PCR was performed on CFX-96
Real-time PCR system (Bio-Rad) by Allplex 2019-nCoV assay, based on the analysis of four �uorophores:
FAM for the revelation of E gene, Cal Red 610 for RdRP gene, Quasar 670 for N gene, and HEX to analyze
the internal control (IC). The result was evaluated through Seegene Viewer. Respiratory and thrombus
specimens were collected by the local CDC and then shipped to designated authoritative laboratories to
detect SARS-CoV-2 presence and load.

The viral load has been detected with cycle threshold (CT) values (5, 16). CT values are the number of
cycles needed to detect each genetic marker identi�ed by real-time reverse transcription-polymerase chain
reaction testing. A lower CT value indicates a higher amount of viral RNA. Paired values for each resident
are depicted using a different shape. Positivity was de�ned as a cycle threshold (CT) value ≤ 38.0. Based
on the admission SARS-CoV-2 RNA nasopharyngeal swab, patients were clustered in two groups:
ASAPSTEMI patients (positive nasopharyngeal swab) and SANE STEMI patients (negative
nasopharyngeal swab). Patients with laboratory-con�rmed SARS-CoV-2 infection were de�ned as
asymptomatic, who has no symptoms at the time of �rst clinical assessment and had no symptoms at
the end of follow-up. The end of follow-up was de�ned as one or more negative respiratory specimen RT-
PCR test results.

In-hospital outcomes
The primary endpoints were thrombus dimension + thrombus viral load effects on microvascular bed
perfusion in the infarct area (Blush grade) after PPCI. The secondary endpoints during hospitalization
were major adverse cardiovascular events (MACEs). MACEs are de�ned as a composite of cardiovascular
death, nonfatal acute AMI, and heart failure during hospitalization.

Statistical analysis
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Descriptive statistical analyses were performed using SPSS Statistics version 23.0 (IBM). A 2-sided p-
value < 0.05 de�ned statistical signi�cance. Variables are expressed accounts (percentages), mean ± 
standard deviation (SD), and median [lower quartile-upper quartile] as appropriate. Chi-squared analysis
or Fisher’s-exact test was used to compare categorical data between groups. The independent samples
Student t-test or ANOVA test was used to compare normally distributed continuous data between groups,
and the Mann-Whitney U-test was used to compare the distribution of continuous skewed data between
groups.

Correlation performed using Pearson’s correlation analysis and Spearman’s correlation analysis in the
case of skewed variables. Event rates were derived as Kaplan-Meier estimates and compared by log-rank
test. Multivariate linear regression analyses were also used to test the independent association of SARS-
CoV-2 infection and thrombus viral load with thrombus dimension independently of age, sex, metabolic
risk factors, hypertension, and smoking. Multiple logistic regression analysis was used to test the
association of SARS-CoV-2 infection and thrombus dimension with MACE independently of age, sex,
metabolic risk factors, hypertension, and smoking. Multiple logistic regression analysis was used to test
the association of SARS-CoV-2 infection and thrombus dimension with MBG independently of age, sex,
metabolic risk factors, hypertension, and smoking. The odds ratio and 95% con�dence intervals (CI) were
also calculated. A cluster analysis (composite score) allowed us to calculate a clustering of cardio-
metabolic risk factors and use it as a covariate. For this purpose, we created a compound score referred
to as a clustering score. It was calculated as the sum of Z-scores of the main cardio-metabolic risk
factors (BMI, plasma glucose, triglycerides, total, LDH, and HDL cholesterol levels). A z-score indicates the
position of an individual value of a variable in the total distribution of the variable in the population and
is calculated as follows: (individual value – mean value)/ standard deviation. The sample size, estimated
according to a global effect size of 27 % with type I error of 0.05 and a power of 90 %, was 140 patients.

Results
Patient characteristics. 777 patients with acute myocardial infarction were admitted at cardiologic study
centers between February 2020 to November 2020. Of these, 474 (61.1%)were hospitalized for STEMI and
303 for No ST-elevation myocardial infarction (NSTEMI). Consequently, 474 were considered eligible
STEMI patients and underwent the angiographic study. After the coronary study, 8 patients were excluded
due to CABG indication, 3 for the absence of coronary lesions, while287 were not treated with TA. Thus,
the study population consisted of 176 consecutive patients with con�rmed STEMI, submitted to PPCI and
TA, admitted during 40 weeks. Of the 176 patients, 46 (26.1%) were ASAP patients, while 130 (73.9%)
patients were SANE patients. In ASAP patients, the viral load was 26 ± 8 CT. Interestingly, 39 (84.9%) of
asymptomatic patients with SARS-COV-2 positive respiratory specimens had also thrombus specimens
positive for SARS-COV-2. SANE STEMI patients were more likely than ASAP STEMI patients to be diabetic
(29.2 vs. 17.4, P = 0.478), hypertensive (55.4 vs. 39.1, P = 0.042), and have higher body mass index (BMI)
and age (Table 1). ASAP patients had higher thrombus dimension (A), hs-Troponin (B), D-dimer (C), and C-
reactive protein (D) and levels than SANE patients (Fig. 1). Interestingly, we evaluated thrombus viral load
in 12 patients asymptomatic at screening, but that developed COVID-19 during hospitalization (not
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included in the evaluation). The thrombus viral load was similar to the ASAP patients in these patients
(Fig. 2).
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Table 1
Clinical and instrumental characteristic of study population

  Asymptomatic SARS-COV-2

Positive patients (N = 46)

SARS-COV-2

Negative patients (N = 130)

P

Age, years 56.13 ± 6.21 68.43 ± 6.46 0.006

Male, n (%) 31 (67.4) 86 (66.2) 0.515

BMI, kg/m2 27.09 ± 1.81 29.55 ± 1.97 0.003

Diabetes,n (%) 8 (17.4) 38 (29.2) 0.478

Dyslipidemia, n (%) 7 (15.2) 30 (23.7) 0.181

Hypertension, n (%) 18 (39.1) 72 (55.4) 0.042

Smoking, n (%) 3 (6.5) 39 (29.2) 0.001

Acetylsalicylic acid, n (%) 21 (45.6) 60 (46.1) 0.546

Ace-inhibitors, n (%) 15 (32.6) 45 (34.6) 0.477

AT II receptor blocker 6 (13.1) 25 (19.2) 0.239

Insulin, n (%) 2 (4.3) 5 (3.8) 0.587

Oral anti-diabetic drugs, n (%) 6 (13.1) 30 (23.1) 0.106

Statin, n (%) 7 (15.2) 27 (20.8) 0.278

Glycemia, mg/dl 129.65 ± 21.02 129.22 ± 27.64 0.924

Cholesterol, mg/dl 181.2 ± 21.4 197.7 ± 21.1 0.001

LDL-cholesterol, mg/dl 111.57 ± 21.65 123.83 ± 20.43 0.010

Triglycerides, mg/dl 163.91 ± 23.63 181.79 ± 18.06 0.001

LDH, unit/l 367.83 ± 37.41 375.46 ± 33.32 0.126

Creatinine, mg/dl 0.92 ± 0.22 1.04 ± 0.14 0.001

Fibrinogen, g/l 3.68 ± 0.37 3.75 ± 0.33 0.198

White cells count, 109/l 15.76 ± 1.27 12.49 ± 4.82 0.002

Lymphocyte, 109/l 1.76 ± 0.20 1.80 ± 0.14 0.130

Virus load CT, n 26.02 ± 2.22 / /

Data are means ± SD or n (%). BMI = body mass index; CT = cycle threshold; LAD = left anterior
descending artery; LMS = left main coronary artery; MACE: major adverse cardiac events; Cx = 
circum�ex artery; RCA = right coronary artery; ACT = activated clotting time; AMI = acute myocardial
infarction.
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  Asymptomatic SARS-COV-2

Positive patients (N = 46)

SARS-COV-2

Negative patients (N = 130)

P

Thrombus virus load CT, n 25.46 ± 8.68 / /

Ejection fraction, % 41.49 ± 1.82 47.25 ± 3.55 0.003

LAD, n (%) 31 (67.4) 74 (56.9) 0.091

LMS, n (%) 8 (17.4) 15 (11.3) 0.145

Cx, n (%) 5 (10.9) 13 (10.0) 0.520

RCA, n (%) 12 (26.1) 39 (30.0) 0.349

GP IIb/IIIa inhibitor, n (%) 25 (54.3) 19 (14.6) 0.006

Multi-vessel PCI, n (%) 10 (21.7) 11 (8.5) 0.020

Thrombus dimension, mm2 4.21 ± 1.12 2.71 ± 0.42 0.001

Modi�ed thrombus G 5, n (%) 41 (89.1) 30 (23.1) 0.001

Multivessel thrombus, n (%) 16 (34.8) 12 (9.2) 0.001

Post-PPCI TIMI 3, n (%) 43 (93.5) 124 (95.4) 0.432

Blush grade 2–3, n (%) 12 (26.1) 127 (97.7) 0.001

Total heparin dose, U 12777.78 ± 356 10137.55 ± 299 0.047

Door-to-balloon time, min 54 (38–72) 51 (35.3–57.9) 0.345

Average ACT 268.7 ± 67.2 271.6 ± 59.3 0.167

MACE:

Death, n (%)

Non fatal AMI, n (%)

Heart failure, n(%)

 

4 (8.7)

6 (13.0)

4 (8.7)

 

2 (1.5)

4 (3.1)

3 (2.3)

 

0.041

0.021

0.077

Data are means ± SD or n (%). BMI = body mass index; CT = cycle threshold; LAD = left anterior
descending artery; LMS = left main coronary artery; MACE: major adverse cardiac events; Cx = 
circum�ex artery; RCA = right coronary artery; ACT = activated clotting time; AMI = acute myocardial
infarction.

 Procedural characteristics. All patients underwent a primary PCI procedure and TA in both groups. Time
from symptoms to reperfusion and ECG presentations were similar in both groups. Median door to
balloon times was within 66 ± 16 minutes and similar for both groups. All patients received a loading
dose of aspirin 300 mg and either clopidogrel 600 mg or ticagrelor 180 mg before the procedure. All
patients then received 100mg aspirin per day plus either 75 mg clopidogrel per day or 90 mg ticagrelor
twice-daily maintenance therapy. Interestingly, there were no differences between the ASAP group and the
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SANE group in the % stenosis of the coronary lesion after thrombectomy but before stenting. There was
evidence of higher thrombogenicity in the ASAP patients with signi�cantly higher rates of modi�ed
thrombus grade 5 (Table 1) and thrombus dimension (Fig. 1A). Myocardial blush grade and left
ventricular ejection fraction were signi�cantly lower in the ASAP patients than the SANE patients
(Table 1).In keeping with this, there was signi�cantly greater use of GP IIb/IIIainhibitors (p < 0.0001), and
to reach the similar ACTs total dose of heparin was higher in the ASAP group (Table 1). In all patients,
thrombus dimension correlated with ejection fraction (r = 0.475, p < 0.001). In asymptomatic patients,
thrombus viral load correlated with thrombus dimension(r = 0.365, p < 0.001;Figure 3A), hs-Troponin levels
(r = 0.3414, p < 0.001;Figure 3B) and ejection fraction (r = 0.286, p < 0.001;Figure 3C).This latter correlation
was also independent of age, smoking, and metabolic factor composite score (r = 0.201, p < 0.03).

In-hospital outcomes. After PPCI, a blush grade post-PPCI 2–3 was present in only 26.1% of ASAP vs.
97.7% of SANE STEMI patients (P < 0.001). Kaplan-Meyer analysis in ASAP STEMI patients during
hospitalization following PPCI showed a signi�cantly higher in-hospital survival for MACE than in SANE
STEMI patients (p < 0.001; Fig. 2D). Moreover, among MACE outcomes, death and nonfatal AMI were
higher in ASAP than in SANE patients (Table 1).In all study population (176), multivariate linear
regression analysis, with thrombus dimension as the dependent variable, evidenced that SARS-CoV-2
infection and metabolic risk factors, as a composite score, were independent predictors of thrombus
dimension (Table 2). The predictive role of SARS-CoV-2 infection and thrombus dimension on MBG
outcome was tested in multiple logistic regression analyses (Table 3). Both SARS-CoV-2 infection (Model
A) and thrombus dimension (Model B) were signi�cant predictors of poorer blush grade outcomes in
STEMI patients (n = 176). A model including both SARS-CoV-2 viral load and thrombus dimension
revealed a main independent effect of SARS-CoV-2 infection and MBG (Model C) (Table 3).In ASAP
STEMI patients (n = 46), thrombus viral load was a signi�cant predictor of thrombus dimension
independently of age, sex, smoking, hypertension, and metabolic risk factor composite score (β = 1.08; t = 
5.40; p = 0.0001)). Indeed, categorizing ASAP patients (n = 46) by gender, female had higher thrombus
viral load (15.53 ± 4.5 vs 30.25 ± 5.51 CT; p < 0.001) and thrombus dimension (4.62 ± 0.44 vs 4.00 ± 1.28
mm2; p < 0.001) compared to male subjects. In contrast, no difference by gender in thrombus dimensions
was found in all study population (n = 176).
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Table 2
Multivariate linear regression analysis with thrombus dimension as dependent variable (n = 

176)
Variables B Errore std. Beta t p

Age .009 .008 .081    

Sex − .271 .139 − .136 -1.943 .054

SARS-CoV-2 infection 1.439 .170 .674 8.451 .000

Metabolic risk factor composite score − .051 .023 − .144 -2.234 .027

Hypertension .064 .119 .034 .539 .591

Smoking − .091 .142 − .041 − .642 .522

Table 3. Multiple logistic regression analyses with Blush grade as dependent variable (n = 176)
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MODEL A B Sign. Exp(B) 95% C.I.per EXP(B)

  Age .060 .066 1.062 .996- 1.132

Sex .368 .536 1.445 .450-4.639

Metabolic risk factor Composit score .161 .109 1.175 .964-1.432

Hypertension .621 .246 1.862 .651-5.319

Smoking .779 .253 2.179 .574-8.277

Thrombus dimension − .873 .001 .418 .250-.699

MODEL B B Sign. Exp(B) 95% C.I.per EXP(B)

  Age − .129 .023 .879 .786-.982

Sex 1.231 .167 3.426 .599-19.607

Metabolic risk factor Composit score − .039 .781 .961 .729-1.269

Hypertension .011 .988 1.011 .240 − 4.250

Smoking − .432 .663 .649 .093-4.525

SARS-CoV-2 infection -7.287 .000 .001 .000-.010

MODEL C B Sign. Exp(B) 95% C.I.per EXP(B)

  Age − .134 .022 .875 .780-.981

Sex 1.293 .149 3.643 .631-21.048

Metabolic risk factor Composit score − .025 .862 .975 .736-1.293

Hypertension .021 .977 1.022 .240 − 4.350

Smoking − .499 .610 .607 .089-4.122

Thrombus dimension − .785 .001 .413 .247-.689

SARS-CoV-2 infection -3.234 .518 .039 .000-714

Discussion
This study represents the �rst comparative data to describe the coronary thrombus viral load and
dimension in ASAP patients presenting with STEMI. This analysis demonstrates increased thrombus
dimension in ASAP STEMIpatients compared with STEMI patients who are not infected. Interestingly, 39
(84.9%) of asymptomatic patients with SARS-COV-2 positive respiratory specimens also had coronary
thrombus specimens positive for SARS-COV-2. These observations �t a higher incidence of multiple
thrombotic culprit lesions as well as lower MBG. Consistent with this, lower left ventricular systolic
function and increased troponin levels were observed in ASAP STEMI patients despite similar median
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ischemia times.ASAP STEMI patients more often had blood abnormalities re�ecting a systemic
in�ammatory response (elevated D-dimers and C-reactive protein levels) compared with SANE patients.
Although SANE STEMI patients more often had diabetes, hypertension, and obesity as well as were older,
higher rates of poor blush grade (< 2) were seen in ASAP patients, suggesting the extent of damage of the
microvascular bed (12). In fact, despite more than 90% of ASAP STEMI patients presented restoration of
epicardial blood �ow after PPCI (TIMI grade �ow 3), only 26% of ASAP patients had blush grade post-
PPCI 2–3. The MBG is associated with ST-segment elevation resolution, enzymatic infarct size, left
ventricular function, and long-term mortality (17). Interestingly, there were no differences between the
ASAP group and the SANE group in the % stenosis of the coronary lesion after thrombectomy but before
stenting. This observation suggests that in agreement with the difference in thrombus viral load, the
lesions appear different about thrombus burden, but not in the degree of vessel stenosis, suggesting that
ASAP and SANE lesions were only different regarding coagulation burden.Accordingly, we observed a
reduced survival from in-hospital mortality, nonfatal AMI, and heart failure were seen in ASAP patients
compared to SANE patients. Although these data were obtained in a relatively small number of ASAP
STEMI patients, the reduced survival may be supported as an outcome by the blush grade evaluation that
evidenced reduced perfusion in the microvascular bed of ASAP patients. Intriguingly, coronary thrombus
viral load was found to correlate with thrombus dimension and troponin T levels, suggesting an
important role of SARS-COV-2 thrombus colonization in poorer outcomes of ASAP STEMI patients. Here
we describe coronary thrombus assessment features such as thrombus viral load and dimension, which
raise the suspicion of the active role of SARS-COV-2 in the pro-thrombotic state of ASAP STEMI patients.
Since STEMI was the �rst manifestation of the disease in this cohort and ASAP patients had lower
cardiovascular risk factors than SANE patients, our data suggest that presentation of STEMI might itself
be considered a thrombotic complication of SARS-COV-2 dissemination through endothelial cells and
thrombus. Accordingly, thrombus viral load was a signi�cant predictor of thrombus dimension
independently of age, sex, smoking, hypertension, and the compound score of metabolic risk factors.
Moreover, the predictive role of SARS-CoV-2 infection and thrombus dimension on blush grade outcome
was tested in multiple logistic regression analyses suggesting that SARS-CoV-2 infection and thrombus
dimension were signi�cant predictors of adverse clinical outcome in STEMI patients. Taken together,
these data raise the doubt that asymptomatic status in SARS-COV-2 positive patients might affect STEMI
outcomes as it may have major implications in patient management. As background for these
associations, pre-COVID data regarding the in�uenza virus suggest that patients with acute respiratory
infections were at signi�cantly elevated risk for developing atherosclerotic plaque rupture leading to
myocardial infarction, the profound in�ammatory response, and hemodynamic changes (18). These
previously reported features are associated with higher coronary thrombus burden and poorer outcomes
in COVID-19 cohorts with STEMI (19–21). COVID-19 infection is associated with a pro-thrombotic state
(22). The occurrence of venous thrombus-embolic complications, both clinically apparent and subclinical,
appears to be an important manifestation of the COVID-19 and related to disease severity and outcome
(23). Increased thrombogenicity in acute ischemic stroke has also been described (24). Moreover,
emerging data from large COVID-19 cohorts without STEMI (25) suggests that anticoagulation confers
mortality bene�t in this patient group. However, there have been no reports of increased coronary artery
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thrombus dimension, thrombus SARS-COV-2 colonization, and poorer blush grade outcomesinASAP
patients presenting with STEMI.Mechanisms that trigger a presentation with STEMI and its associated
higher arterial thrombus burden in ASAP patients are unknown. Relative to venous thromboembolism,
arterial thrombus formation is more likely to be due to platelet activation and endothelial dysfunction.
SARS-CoV-2 causes a systemic in�ammatory response, leading to endothelial and hemostatic activation,
including the activation of platelets and the coagulation cascade (18). In keeping with this, the data
presented here show signi�cantly higher rates of CPR, D-dimer, and Troponin I levels in the ASAP patients
suggesting that this condition may also confer an increased risk of poorer blush grade outcome in ASAP
patients. Mechanisms for this might include increased endothelial dysfunction or their effects on the
immune system (26, 27). Whether these alterations may be responsible for poor outcomes in ASAP
patients is a point to be con�rmed with further studies. However, the similar viral load evidenced in
asymptomatic and COVID-19 patients could raise the doubt that, also in asymptomatic patients, SARS-
COV-2 can produce endothelial damage and increase coagulation (Fig. 4).

Study Limitations. It is a relatively small observational study and has all the limitations of this type of
analysis, including bias and confounding potential. However, our objective was to evaluate thrombus viral
load and thrombus burden as well their impact on microvascular bed perfusion in the infarct area (Blush
grade, MBG) in asymptomatic SAR-COV-2 positive compared to SARS-COV-2 negative STEMI patients,
and not to evaluate the effects of thrombus aspiration and/or treatment and/or a drug on clinical
outcomes, objectives that require a randomized trial. Moreover, patient selection is in accordance with the
routine clinical practice, as patients underwent thrombus aspiration based on 2017 AHA guidelines (28)
and ESC 2017 (29) to manage the patient with STEMI. Accordingly, the percentage of patients undergoing
thrombus aspiration in our study (176 of 474, 37%) agrees with previous and more numerous
observational studies (30–32).

Conclusion
We evidenced thatASAPhad higher thrombus viral load and greater thrombus dimension than SANE
patients; such data in ASAP patients were also associated with poorer blush grade outcomes compared
toSANE patients presenting with STEMI. The strong signal towards signi�cantly higher thrombus viral
load and higher thrombus dimension is a novel �nding that raises the question of more aggressive anti-
thrombotic therapy in patients at high risk for cardiovascular diseases, as diabetic, hypertensive, and
dyslipidemic ASAP patients. These observations may be helpful for considering the asymptomatic SARS-
COV-2 positive condition as a clinical state that may in�uence atherosclerotic patients' cardiovascular
outcomes. Further studies are needed to con�rm this critical �nding.
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Figure 1

Panel A, thrombus surface areas (mm2) from 130 SARS-COV-2 negative STEMI patients and 46
asymptomatic SARS-COV-2 positive STEMI patients (Boxplot, a plot type that displays the median, 25th,
and 75th percentiles and range). Panel B, troponin T levels from 130 SARS-COV-2 negative STEMI
patients and 46 asymptomatic SARS-COV-2 positive STEMI patients. Panel C, C-reactive protein levels
from 130 SARS-COV-2 negative STEMI patients and 46 asymptomatic SARS-COV-2 positive STEMI
patients. Panel D, D-dimer levels from 130 SARS-COV-2 negative STEMI patients and 46 asymptomatic
SARS-COV-2 positive STEMI patients. Data are mean ± SD. *P<0.01 vs.asymptomatic SARS-COV-2
positive STEMI patients.
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Figure 2

Cycle thresholds in thrombi from asymptomatic SARS patients and COVID-19 patients.
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Figure 3

Panel A, regression analysis between thrombus SARS-COV-2 virus load and thrombus dimensions in
asymptomatic SARS-COV-2 positive STEMI patients (n=46). Panel B, regression analysis between
thrombus SARS-COV-2 virus load and troponin T levels in asymptomatic SARS-COV-2 positive STEMI
patients (n=46).Panel C, regression analysis between thrombus SARS-COV-2 virus load and ejection
fraction in asymptomatic SARS-COV-2 positive STEMI patients (n=46).Panel D, Risk-adjusted Kaplan-
Meyer analysis curves showing survival from MACE through follow-up in STEMI patients in
asymptomatic SARS-COV-2 positive and SARS-COV-2 negative patients.

Figure 4

The hypothesis of the thrombus SARS-COV-2 colonization effects on myocardial microvascular bed
perfusion in asymptomatic SARS-COV-2 STEMI patients. We evaluated thrombus viral load and thrombus
burden and their impact on microvascular bed perfusion in the infarct area (Blush grade, MBG) in
asymptomatic SARS-COV-2 positive compared to SARS-COV-2 negative STEMI patients. In asymptomatic
SARS-COV-2 positive patients presenting with STEMI, there is strong evidence towards higher thrombus
viral load, dimension, and poorer MBG.


