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IMPORTANCE Severe coronavirus disease 2019 (COVID-19) is characterized by the intense
formation of neutrophil extracellular traps (NETs), leading to the occlusion of microvessels, as
shown in pulmonary samples. The occurrence of ST-elevated myocardial infarction (STEMI) is
a serious cardiac manifestation of COVID-19; the intrinsic mechanism of coronary thrombosis
appears to still be unknown.

OBJECTIVE To determine the role of NETs in coronary thrombosis in patients with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This was a consecutive series of patients with COVID-19
at an academic tertiary hospital in Madrid, Spain, who underwent primary coronary
interventions for STEMI in which coronary aspirates were obtained in the catheterization
laboratory using a thrombus aspiration device. Patients with COVID-19 who experienced a
STEMI between March 23 and April 11, 2020, from whom coronary thrombus samples were
aspirated during primary coronary intervention, were included in the analysis. These patients
were compared with a series conducted from July 2015 to December 2015 of patients with
STEMIL.

MAIN OUTCOMES AND MEASURES The presence and quantity of NETs in coronary aspirates
from patients with STEMI and COVID-19. The method for the analysis of NETs in
paraffin-embedded coronary thrombi was based on the use of confocal microscopy
technology and image analysis for the colocalization of myeloperoxidase-DNA complexes and
citrullinated histone H3. Immunohistochemical analysis of thrombi was also performed.
Clinical and angiographic variables were prospectively collected.

RESULTS Five patients with COVID-19 were included (4 men [80%]; mean [SD] age, 62 [14]
years); the comparison group included 50 patients (44 males [88%]; mean [SD] age, 58 [12]
years). NETs were detected in the samples of all 5 patients with COVID-19, and the median
density of NETs was 61% (95% Cl, 43%-91%). In the historical series of patients with STEMI,
NETs were found in 34 of 50 thrombi (68%), and the median NET density was 19% (95% Cl,
13%-22%; P < .001). All thrombi from patients with COVID-19 were composed of fibrin and
polymorphonuclear cells. None of them showed fragments of atherosclerotic plague or iron
deposits indicative of previous episodes of plaque rupture.

CONCLUSIONS AND RELEVANCE In this small case series of patients with COVID-19 and
myocardial infarction, NETs seem to play a major role in the pathogenesis of STEMI in
COVID-19 disease. Our findings support the idea that targeting intravascular NETs might be a
relevant goal of treatment and a feasible way to prevent coronary thrombosis in patients with
severe COVID-19 disease.
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oronavirus disease 2019 (COVID-19), caused by the se-

vere acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), has been shown to predispose patients to throm-
botic disease in both venous and arterial circulation.! This is
believed to be secondary to inflammation, platelet activa-
tion, endothelial dysfunction, and stasis.?

It has been suggested that organ dysfunction in severe
SARS-CoV-2 infection is associated with excessive formation
of neutrophil extracellular traps (NETs) and vascular dam-
age. Moreover, autopsy studies have identified mechanical ves-
sel obstruction by aggregated NETs as a central pathogenic de-
terminant of COVID-19.3

Acute cardiac injury is common in patients with severe
COVID-19 and contributes to patient mortality.* The occur-
rence of ST-elevated myocardial infarction (STEMI) is a seri-
ous cardiac manifestation of the disease,® but the intrinsic
mechanism of coronary thrombosis in COVID-19 has not been
demonstrated. Here, we present an immunohistochemical and
NET analysis of a series of coronary thrombi from 5 patients
with COVID-19 who had a STEMI.

Methods

Ethical Approval

The study complies with the Declaration of Helsinki and was
approved by the Ethics Committee of the University Hospital
Puerta de Hierro-Majadahonda, Madrid, Spain. Written in-
formed consent was obtained from all study participants be-
fore they were included in the study.

Tissue Samples

Intracoronary aspirates were obtained during primary percu-
taneous coronary intervention (PCI) in the catheterization labo-
ratory, using a thrombus aspiration device. The aspirated
samples were rinsed with phosphate buffer saline immedi-
ately after extraction and fixed in neutral buffered formalin,
10%. In the Pathology Department, samples were paraffin em-
bedded and hematoxylin and eosin stained. Perls stain was
used for the detection of iron deposits to identify areas of old
intraplaque hemorrhage. For immunohistochemical analy-
sis, several antibodies (Dako [Glostrup]) were used to iden-
tify foamy macrophages (CD68), endothelial cells and plate-
let adhesion molecules (CD31), and neutrophil cytoplasmic
myeloperoxidase.

Immunofluorescence, Visualization,

and Quantification of NETs

The method for the analysis of NETs in paraffin-embedded
coronary thrombi has been described elsewhere.® Briefly, it is
based on the use of confocal microscopy technology and im-
age analysis for the colocalization of myeloperoxidase-DNA
complexes and citrullinated histone H3, which are hallmarks
of NETs (Figure). NETs were identified as the colocalization area
of both antibodies and quantified using ASF software,
version 2.6.07266 (Leica), to determine the colocalization ra-
tio in each sample by applying the Pearson correlation
coefficient.
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Key Points

Question What is the role of neutrophil extracellular traps in
coronary thrombosis in patients with coronavirus disease 2019
(COVID-19) and myocardial infarction?

Findings This case series report demonstrated a high burden of
neutrophil extracellular traps (median density, 61%) in the
coronary thrombi of 5 patients with ST-elevated myocardial
infarction and COVID-19, compared with a historical series of 50
patients without COVID-19 (median NET density, 19%), which was
a significant difference.

Meaning Targeting intravascular neutrophil extracellular traps
might be a relevant goal of treatment and a feasible way to
prevent coronary thrombosis in patients with severe COVID-19.

Patients

Between March 23 and April 11, 2020, 10 patients with STEMI
and COVID-19 were treated with primary PCI in our hospital.
In 5 of these 10 patients, intracoronary material was obtained
by aspiration, and they were included in the study. For com-
parison purposes, a series from July 2015 to December 2015
of 50 consecutive patients with STEMI, in whom coronary
thrombi were aspirated during PCI, was used.

For the diagnosis of SARS-CoV-2 infection, nasopharyn-
geal swabs were tested using reverse transcription-polymerase
chain reaction (Cobas 6800 SARS-CoV-2 test [Roche Diagnos-
tic]) as part of routine clinical care, following the manufactur-
er's instructions. Clinical variables, including age, sex, height,
weight, and cardiovascular risk factors; procedural times, such
as symptom onset-to-balloon time; and procedure-associated
data (eg, target vessel, number of diseased vessels or use of gly-
coprotein IIb/IIIa), were collected prospectively.

Statistical Analysis

Data are presented as mean and SD or median and interquar-
tile range values for numerical variables and proportions (%)
for categorical variables. The 95% CIs for medians were esti-
mated based on the method of Mood and Graybill.” We used
x?or Fisher exact tests to compare proportions, and t or Mann-
Whitney U tests for numerical variables. Analyses were per-
formed using Stata version 16 (StataCorp). Any P < .05, 2 tailed,
was considered significant.

. |
Results

Among the 5 patients with COVID-19 and STEMI, 4 were men and
the mean (SD) age was 62 (14) years (range, 45-80 years). In the
series of 50 patients with STEMI, there were 44 men (88%) and
the mean (SD) age was 58 (12) years (range, 39-84 years). A com-
parison of clinical, angiographic, and histological features of the
2 groups of patients is shown in Table 1. Individualized infor-
mation on the 5 patients with COVID-19 and STEMI is summa-
rized in Table 2.

In the present series, NETs were detected in all 5 samples
from the patients with COVID-19 (Figure), and the median den-
sity of NETs was 61% (95% CI, 43%-91%). We compared these
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Figure. Immunofluorescence of Neutrophil Extracellular Traps in Thrombi Aspirated
During Primary Coronary Intervention in Patients With ST-Elevated Myocardial Infarction

[A] DNA stained with TO-PRO for
identification of nuclei

Neutrophils stained with
myeloperoxidase-specific antibody

[ E ] DNA stained with TO-PRO for

Neutrophils stained with
identification of nuclei

myeloperoxidase-specific antibody

Sample stained with citrullinated
histone H3-specific antibody

@ Sample stained with citrullinated

@ Merger of 3 labels

histone H3-specific antibody

A-D, Representative images of the coronary aspirate from a patient with
ST-elevated myocardial infarction and coronavirus disease 2019. E-H,
Representative images of coronary aspirate from a patient with ST-elevated
myocardial infarction without coronavirus disease 2019. A and E, DNA stained
with TO-PRO for the identification of nuclei. B and F, Neutrophils stained with

myeloperoxidase-specific antibody. C and G, Sample stained with citrullinated
histone H3-specific antibody. D, Merger of the 3 labels confirms the presence of
extracellular traps by colocalization of myeloperoxidase and citrullinated
histone H3. H, Merger of the 3 labels showing neutrophil extracellular traps to a
lesser extent than in sample D. Bars represent 50 pm.

results with those obtained in the 2015 series of patients with
STEMI, in which NETs were found in 34 (68%) of the thrombi
extracted during primary PCI, and the median density of NETs
was 19% (95% CI, 13%-22%; P < .001). A box-and-whisker plot
comparing the NET density data between both groups is avail-
able in the eFigure in the Supplement.

Histologically, the thrombi from the patients with
COVID-19 were mostly composed of fibrin and presented some
degree of polymorphonuclear cell infiltration (mild to in-
tense). Conversely, none of them showed fragments of ath-
erosclerotic plaque or iron deposits indicative of previous epi-
sodes of plaque rupture. In the patients from the 2015 series,
26 of 50 thrombi (65%) contained plaque fragments.

|
Discussion

To our knowledge, the present study is the first published
analysis of NETs in coronary thrombi from patients with
COVID-19 and STEMI. Until now, the intrinsic mechanism of
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coronary occlusion in STEMI in patients with COVID-19 ap-
pears not to have been shown; our results suggest an impor-
tant role of NETs in the pathogenesis of coronary thrombosis
in COVID-19.

NETs are web-like structures of DNA and proteins (his-
tones, microbicide proteins, and oxidant enzymes) released
by neutrophils to ensnare pathogens; however, when not prop-
erly regulated, NETs have been shown to play a vital role in ini-
tiating and accreting inflammation and thrombosis.® It has been
shown that exaggerated NET formation in COVID-19 contrib-
utes to rapid occlusion of pulmonary microvessels and se-
vere organ damage,® and targeting NETSs as potential drivers
of COVID-19 is under investigation.'©

In the present study, all patients with COVID-19 had abun-
dant NETs in their thrombi and the burden of NETs was sig-
nificantly higher than in patients with STEMI and without
COVID-19 infection from the 2015 series. Regarding immuno-
histochemical analysis, all thrombi were composed of fibrin
and polymorphonuclear cells; none of them contained ath-
erosclerotic plaque fragments, unlike most coronary thrombi
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Table 1. Comparison of Clinical Characteristics and Coronary Thrombus Histology
in Patients With Coronavirus Disease 2019 (COVID-19) and ST-Elevated Myocardial Infarction (STEMI)
vs a Previous Series of Patients With STEMI

Patients, No. (%)

Without COVID-19

472

Characteristic With COVID-19 (n =5) (n=50) P value®
Age, mean (SD), y 62 (14) 58 (12) .54
Male 4 (80) 44 (88) .51
BMI, median (IQR) 28.0(27.3-30.1) 27.6 (24.9-30.3) >.99
Hypertension 4 (80) 21 (42) 17
Smoking status

Current 0 29 (58)

Former (>1y) 2 (40) 10 (20) .02

Nonsmoking 3 (60) 11 (22)
Dyslipidemia 0 26(52) 05 Abbreviations: BMI, body mass index
Diabetes type 2 0 4(8) >.99 (calculated as weight in kilograms

: divided by height in meters squared);

Angiography NET, neutrophil extracellular traps;

TIMI status pre-PCl of 0 or I° 3(60) 48 (98) 02 TIMI, Thrombolysis in Myocardial

Infarction.
Culprit vessel Sl conversion factors: To convert
Right coronary artery 4 (80) 22 (44) C-reactive protein to mg/L, multiply
. by 10; platelet count to
Circumflex coronary artery 1(20) 8 (16) 49 cells x 10%/pL, multiply by 1.0;
Other 0 20 (40) troponin T to pg/L. multiply by 1.0;
white blood cell count to

Stent 1(20) 45(92) 001 cells x 10%/pL, multiply by 0.001.
Laboratory values 2 The P values indicate results of t,

. Mann-Whitney U, X2, or Fisher exact
Troponin T, mean (SD), ng/mL 28.0(26.4-58.0) 91.64 (37.0-142.0) .20 tests comparing groups with or
White blood cell count, median (IQR), cells/uL 18300 11100 (9700-14 800) .05 without COVID-19.

(11500-19 400) > TIMI grade flow: O, no perfusion; I,

Platelet count, median (IQR), cells x 103/uL 346 (322-419) 232 (176-255) .02 penetration without perfusion; Il
partial perfusion; and Ill, complete

C-reactive protein, mean (SD), mg/dL 2.9(1.9) 2.6 (4.9) .14 perfusion.

Coronary thrombi analysis < Perls stain was used for the
. . detection of iron deposits,

NET density, median (IQR) 61 (56-75) 19 (12-27) (ol indicative of previous episodes of

Polymorphonuclear cells at 3 (60) 28 (57) >.99 plaque rupture; plaque fragments of

moderate or intense levels atherosclerosis plaque were

Fibrin, moderate or intense amount 5(100) 25(51) .06 identified by the presenc‘elolffoamy
macrophages (CD68 positivity),

Perls stain, positive status® 0 8(16) >.99 endothelial cells (CD31 positivity),

Plaque fragments present® 0 26 (65) .01 iron (Perls positivity), and/or

(65%) from patients with STEMI and without infection. The
prevalence of plaque fragments in the historical control pa-
tients is similar to that found in a series! of 142 patients with
STEMI that was previously published by our group.

The coagulation changes associated with COVID-19 sug-
gest the presence of a hypercoagulable state that might in-
crease the risk of thromboembolic complications.'? The most
typical findings are an increased D-dimer concentration, a rela-
tively modest decrease in platelet count, and a prolongation of
the prothrombin time.! None of these alterations was remark-
able at the time of STEMI in this series, except in 1 patient who
presented a high D-dimer concentration. Even considering the
small sample size, these findings would indirectly support the
idea of an important role of neutrophils and NETSs in coronary
thrombus development in patients with COVID-19.
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calcium deposits.

On the other hand, an association between NETs and unfa-

vorable clinical outcomes after STEMI has been suggested, al-
though NET-specific components measured peripherally have
not yet thrown definite results.’® We hypothesize that the mecha-
nism of thrombus formation mediated by NETs may contribute
to the poor prognosis of patients with COVID-19 who experi-
ence a STEML. Further research is needed to confirm these pre-
liminary results.

Limitations

The main limitation of this study is the small sample size, which
is dependent on the number of patients with COVID-19 and
STEMI attended to in our hospital since the beginning of the
pandemic who underwent PCI and thrombus aspiration. Only
in the 5 patients presented here were coronary aspirates ob-
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Table 2. Clinical, Analytical, and Angiographic Features of Patients With Coronavirus Disease 2019 (COVID-19)
and ST-Elevated Myocardial Infarction and Histological Analysis
of Their Coronary Thrombi Obtained During Primary Angioplasty

Patient No.
Characteristic 1 2 3 4 5
Medical history
Hypertension No Yes Yes Yes Yes
Smoking history No No No Former Former
Other No No No Asthma No
Days of COVID-19 symptoms 10 10 21 19 11
Angiography
Abbreviations: CCA, circumfle
TIMI status pre-PCI? i I 0 | 0 reviat reumiie
coronary artery; NA, not available;
Culprit vessel RCA CCA RCA RCA RCA NET, neutrophil extracellular traps;
Coronary plaque by intravascular Mild No No Moderate Mild RCA, right coronary artery; TIMI,
ultrasonography Thrombolysis in Myocardial
Stent No No No Yes No Infarction.
TIMI status post-PCl m I m n | Sl conversion factors: To convert
C-reactive protein to mg/L, multiply
Laboratory values by 10; D-dimer to nmol/L, multiply by
Troponin T, ng/mL 19.1 28.0 58.0 142.0 26.4 5.476; ferritin to pg/L, multiply by 1.0;
White blood cell count, cells/pL 11100 11500 18300 19400 21500 platelet count to cells x 10%/jL,
multiply by 1.0; troponin T to pg/L,
Lymphocyte count, cells/pL 530 1540 1420 2140 440 multiply by 1.0; white blood cell count
Platelet count, cells x 103/pL 346 322 419 503 157 to cells x 10%/pL, multiply by 0.001.
D-dimer, ug/mL 0.53 1.31 0.63 1.61 11.46 2 TIMI grade flow: O, no perfusion; I,
Ferritin, ng/mL 1410 x 10° NA 16.85x 10° 6.18x 105  9.88 x 10° penetration without perfusion; II,
partial perfusion; Ill, complete
C-reactive protein, mg/dL 5.2 1.37 0.91 2.5 4.58 perfusion.
In-hospital death No No No No Yes ® Perls stain for the detection of iron
Coronary thrombi analysis deposits, indicative of previous
NET density, % 60.8 431 56.0 90.7 74.5 episodes of plaque rupture.
c .
Polymorphonuclear cells Intense Mild Moderate Mild Intense Plaque f.ragm'e.nts of atherosclerosis
plaque, identified by the presence
Fibrin Intense Moderate Intense Moderate Moderate of foamy macrophages (CD68
Perls stain result® Negative Negative Negative Negative Negative positivity), endothelial cells (CD31
c ] . . . ] positivity), iron (Perls positivity),
Plaque fragments Negative Negative Negative Negative Negative and/or calcium deposits.
tained for analysis. For unclear reasons, possibly associated - ——
with earlier and more extended use of anti-inflammatory treat-  Conclusions

ments, this type of heart infarct with high thrombotic load has

not occurred in the patients with COVID-19 infection admit-
ted to our institution after the first epidemic outbreak. How-
ever, the differences found from patients with STEMI in the
prepandemic era were marked enough to be evident even in

such a small sample.
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