
Angiographic and clinical profile of patients with COVID-19 referred for
coronary angiography during SARS-CoV-2 outbreak: results from a
collaborative, European, multicenter registry
Montero Cabezas, J.M.; Cordoba-Soriano, J.G.; Diez-Delhoyo, F.; Abellan-Huerta, J.; Girgis,
H.; Rama-Merchan, J.C.; ... ; Jurado-Roman, A.

Citation
Montero Cabezas, J. M., Cordoba-Soriano, J. G., Diez-Delhoyo, F., Abellan-Huerta, J., Girgis,
H., Rama-Merchan, J. C., … Jurado-Roman, A. (2021). Angiographic and clinical profile of
patients with COVID-19 referred for coronary angiography during SARS-CoV-2 outbreak:
results from a collaborative, European, multicenter registry. Angiology, 73(2), 112-119.
doi:10.1177/00033197211028760
 
Version: Publisher's Version
License: Creative Commons CC BY 4.0 license
Downloaded from: https://hdl.handle.net/1887/3279570
 
Note: To cite this publication please use the final published version (if applicable).

https://creativecommons.org/licenses/by/4.0/
https://hdl.handle.net/1887/3279570


Angiographic and Clinical Profile of Patients
With COVID-19 Referred for Coronary
Angiography During SARS-CoV-2
Outbreak: Results From a Collaborative,
European, Multicenter Registry

J.M. Montero-Cabezas, MD1 , J.G. Córdoba-Soriano, MD2,
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Abstract
Data regarding angiographic characteristics, clinical profile, and inhospital outcomes of patients with coronavirus disease 2019
(COVID-19) referred for coronary angiography (CAG) are scarce. This is an observational study analyzing confirmed patients
with COVID-19 referred for CAG from 10 European centers. We included 57 patients (mean age: 66+ 15 years, 82% male) , of
whom 18% had previous myocardial infarction (MI) and 29% had renal insufficiency and chronic pulmonary disease. ST-segment
elevation myocardial infarction (STEMI) was the most frequent indication for CAG (58%). Coronavirus disease 2019 was con-
firmed after CAG in 86% and classified as mild in 49%, with 21% fully asymptomatic. A culprit lesion was identified in 79% and high
thrombus burden in 42%; 7% had stent thrombosis. At 40 days follow-up, 16 (28%) patients experienced a major adverse car-
diovascular event (MACE): 12 deaths (92% noncardiac), 1 MI, 2 stent thrombosis, and 1 stroke. In an European multicenter
registry, patients with confirmed COVID-19 infection referred for CAG during the first wave of the severe acute respiratory
syndrome coronavirus 2 pandemic presented mostly with STEMI and were predominantly males with comorbidities. Severity of
COVID-19 was in general noncritical and 21% were asymptomatic at the time of CAG. Culprit coronary lesions with high
thrombus burden were frequently identified, with a rate of stent thrombosis of 7%. The incidence of MACE at 40 days was high
(28%), mostly due to noncardiac death.
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Introduction

The pandemic caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV2) has led to the onset of a new

disease denominated coronavirus disease 2019 (COVID-19).

Although in the majority of patients, COVID-19 manifests as

a mild upper respiratory tract infection, a significant proportion
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of patients may present with severe forms of the disease, char-

acterized by a systemic inflammation, cytokine storm, and

hypercoagulability. Cardiac injury is frequent in critically ill

patients with COVID-19, especially in those with pre-existent

cardiovascular conditions and has been associated with a worse

prognosis.1-3 Several pathophysiological mechanisms leading

to myocardial damage in patients with COVID-19 have been

described. Ischemic cardiac injury can result from type I myo-

cardial infarction (MI) derived from a prothrombotic state or

type 2 MI as a result of an imbalance of oxygen supply/demand

in patients with respiratory distress or severe hypoxemia,

shock, or coronary artery dissection.4 Nonischemic cardiac

injury may result as well from myocarditis,5 stress-cardiomyo-

pathy,6 acute heart failure, pulmonary embolism, sepsis, or

direct viral myocardial injury. In addition, patients with sus-

pected or confirmed COVID-19 may present with an acute

coronary syndrome (ACS) as the first clinical manifestation

of the disease, even in the absence of respiratory symptoms.

The role of invasive coronary angiography (CAG) may be thus

crucial in defining the underlying mechanism and establishing

the subsequent treatment in patients with COVID-19 present-

ing with cardiac injury. The potentially associated risks for

health care workers and the particular institutional logistics

during the pandemic led to development of clinical algorithms

to identify patients with COVID-19 who would benefit from an

invasive strategy. Current recommendations advise restricting

invasive CAG to patients with COVID-19 in whom type I MI is

suspected.7 However, lack of understanding of the pathophy-

siological mechanisms of cardiac injury, especially in early

phases of the pandemic, resulted in a heterogeneous COVID-

19 population referred for CAG.

We aimed to describe the clinical and angiographic charac-

teristics, related to each particular clinical context, in a cohort

of confirmed patients with COVID-19 referred for invasive

CAG in 9 different centers in 2 European countries. In addition,

we evaluated the occurrence of major adverse cardiac events

(MACEs) at 40 days of follow-up.

Methods

Study Population

Patients with confirmed COVID-19 (polymerase chain reaction

[PCR] positive) referred for invasive CAG, irrespective of the

clinical setting, between February 15, 2020, and April 30,

2020, in 9 hospitals with 24/7 available cardiac catheterization

laboratory in 2 European countries (Spain and the Netherlands)

conformed the study cohort. We included both patients with

COVID-19 confirmed by reverse transcription PCR assays

prior to invasive CAG and persons under investigation with

subsequently PCR-confirmed COVID-19 diagnosis during

hospitalization.

The institutional review board approved this retrospective

analysis of clinically acquired data and waived the need for

patient written informed consent.

Interventional Procedure Analysis

Coronary angiograms were retrospectively analyzed by an

experienced interventional cardiologist at each center. The pro-

cedure was performed in a standard fashion according to cur-

rent recommendations. Safety measures and protection of

health care workers during the invasive procedures were

applied according to local protocols at each participating cen-

ter.8 Vascular access, use of intravascular imaging, and stent

type were left at operator’s discretion. Coronary artery flow at

baseline and at the end of the procedure was assessed by using

the Thrombolysis In Myocardial Infarction (TIMI) frame count

method.9 The presence of coronary thrombus was reported and

thrombus burden was graded from 0 to 5 according to the

TIMI-thrombus scale.10 High thrombus burden was defined

as a TIMI-thrombus scale grade �4. Multivessel disease was

defined as the presence of >1 vessel with luminal narrowing

�50%. The use of thrombus aspiration was left at operator’s

discretion. Both TIMI-flow and TIMI-thrombus scales were

reassessed after thrombus aspiration. Angiographic no-reflow

phenomenon was defined as a TIMI flow <3 without evidence

of mechanical obstruction.11 Angiographic success of the pro-

cedure was defined as a final TIMI 3 flow with residual stenosis

<20% and no immediate mechanical complications. SYNTAX

score calculations were performed by an experienced interven-

tional cardiologist at each site using the predefined SYNTAX

score calculation definitions and algorithm. SYNTAX scores

were calculated at baseline coronary angiograms before pri-

mary percutaneous coronary interventions (PCI), when per-

formed. In patients presenting with ST-segment elevation

myocardial infarction (STEMI), time points were defined

according to current MI guidelines.12 Patient delay was spec-

ified as the time interval from the onset of symptoms until the

emergency service number was dialed. Door-to-balloon times

were collected when appropriate, defining “door” time as the

time of arrival at the PCI center and balloon time as the first

intracoronary balloon inflation or reperfusion obtained by

another device.

Data Collection and Follow-Up

Demographic, clinical, and laboratory data during admission

were collected by study investigators from electronic medical

records. Severity of COVID-19 at admission was graded

according to the definitions proposed by the China Centers for

Disease Control and Prevention: mild (non-pneumonia and

mild pneumonia), severe (dyspnea, respiratory frequency

�30 breaths per minute, SpO2 �93%, PaO2/FiO2 <300, or lung

infiltrates >50%), and critical (respiratory failure, septic shock,

or multiple organ dysfunction or failure.13 Data regarding

COVID-19 pharmacological therapy during hospitalization

were obtained. Outcome data at 30 days were collected from

electronic clinical records. The primary end point of the study

was the occurrence of MACE at 40 days, defined as a compo-

site of all-cause mortality, nonfatal MI, stent thrombosis, target

vessel revascularization, or stroke. All deaths were considered

cardiac unless another specific cause was documented.
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Myocardial infarction was defined according to current guide-

lines.14 Target vessel revascularization and stent thrombosis

were defined according to the Academic Research Consortium

criteria.15 If cases with stent thrombosis were subsequently

complicated by an MI, the event was defined as stent

thrombosis.

Statistical Analysis

Continuous variables are presented as either means+ standard

deviation or medians with interquartile range as appropriate.

Categorical variables were reported as frequencies and percen-

tages. Kaplan-Meier analysis was performed to show the cumu-

lative probability of MACE. Statistical analysis was performed

with SPSS Version 23.0 (IBM).

Results

A total of 57 patients with PCR-confirmed COVID-19 referred

for invasiveCAGduring the studyperiod andwere included in the

registry. Of them, 49 (94%) patients were referred to Spanish

centers and 5 (6%) to Dutch centers. Baseline clinical character-

istics are depicted in Table 1. The mean age was 66+ 15 years

and 47 (82%) patients were males. Comorbidities were often

present: 18% had a previousMI and 29% had renal insufficiency

and chronic obstructive pulmonary disease (COPD). ST-segment

elevation was the most common electrocardiographic finding

(58%). Overall, echocardiography prior to CAG was available

in 42 (74%) patients. A reduced left ventricular ejection fraction

(LVEF) with regional wall motion abnormalities was often

observed (33%). No echocardiographic abnormalities were

observed in up to 19% of the cases. Of note, a Takotsubo cardi-

omyopathy diagnosis was established in one case presentingwith

left ventricular apical ballooning with normal coronary arteries.

Regarding laboratory findings, elevated cardiac injury markers

(troponin, creatine kinase) and inflammatory parameters

(C-reactive protein; ferritin; interleukin 6) were observed. Addi-

tionally, elevated levels ofD-dimers and lymphopenia were pres-

ent. Coronavirus disease 2019-related clinical characteristics are

presented in Table 2. Diagnosis of COVID-19 was confirmed

after CAG in the majority of cases (86%). Severity of COVID-

19was classified asmild in 28 (49%) patients; severe in 12 (23%),

and critical in 16 (28%).Only 12 (21%) patientswere did not have

typical COVID-19 symptoms at the time of CAG. Themost com-

mon COVID-19-related symptoms at hospital admission were

fever (51%), fatigue (27%), and dyspnea (27%). Of note, in

29 (81%) of 32 patients who presented with STEMI, this one was

the first documented clinical manifestation of COVID-19. Three

(5%) patients developed distributive shock during hospitaliza-

tion. Eight (14%) patients were admitted to the intensive care unit

with a median stay of 2 (0-5) days.Median length of hospital stay

of the entire cohort was 9.5 (4-17) days. The COVID-19 pharma-

cological treatment was started in 43 (75%) patients, being com-

binations of several agents used in up to 26 (46%), with a

significant heterogeneity of therapeutical regimes as shown in

Table 2. Hydroxychloroquine was widely used (61%) as well as

lopinavir-ritonavir (30%). Only 2% of patients were treated with

remdesivir or tocilizumab. Concomitant antibiotic therapy was

prescribed in 17 (30%) patients. Chest radiographic imaging was

available in 44 (77%) patients. Bilateral pulmonary infiltration

was the most common radiological pattern observed in 21 (38%)

patients. Unilateral consolidations were detected in 19 (34%)

patients, whereas diffuse ground-glass opacity was described in

only 3 (5%) patients.

Invasive CAG findings and procedural characteristics are

presented in Table 3. The indication of CAG was widely estab-

lished in the context of a suspected ACS, with STEMI being the

most frequent indication (58%). A culprit lesion was identified

in 45 (79%) patients, including 3 patients with >1 culprit lesion

(Figure 1). Of them, 35 (78%) of 45 patients showed obvious

angiographic thrombus, with high thrombus burden (defined as

TIMI-thrombus scale grade �4) present in 19 (42%) of

45 patients. Importantly, in 3 (7%) of 45 patients, a stent throm-

bosis was identified as the culprit lesion. Thrombus aspiration

was performed in 11 (24%) of 45 patients, being used in the

majority of cases (7/11) as the initial strategy. All patients

treated with thrombus aspiration showed high thrombus burden.

Thrombus aspiration resulted in an improvement of 2.2 + 1.6

TIMI-thrombus scale grades and 2.2 + 1.6 TIMI-flow scale

grades. Multivessel coronary disease was observed in

26 (46%) patients. Median SYNTAX score before and after

revascularization was 13 (9-24) and 5 (0-17), respectively,

reflecting the presence of low complexity coronary artery dis-

ease. Two major procedural complications were documented: a

femoral bleeding requiring surgical repair and a coronary per-

foration treated with prolonged balloon inflation.

After a follow-up of 40 days, 16 (28%) patients experienced

an MACE (Table 4). A total of 12 patients died, predominantly

due to noncardiac causes (11 patients, 92%), all of them during

hospitalization; 1 patient suffered a non-fatal MI, treated con-

servatively; 2 presented stent thrombosis (1 intraprocedural in a

stent implanted in the left anterior descending artery; 1 in the

proximal left circumflex 30 minutes after PCI requiring percu-

taneous treatment) with subsequent MI. Finally, 1 patient expe-

rienced a stroke (Figure 2).

Discussion

The main findings of the present descriptive study are: (1) the

most common indication for CAG in patients with COVID-19

during outbreak’s first wavewas STEMI, representing 58% of the

cases. (2) Patients referred for CAG were predominantly males

and had often comorbidities (previous MI 18%, renal insuffi-

ciency 29%, COPD 29%). (3) Diagnosis of COVID-19 was con-

firmed prior to CAG only in 14% of the cases. (4) Severity of

COVID-19was predominantly noncritical, being 21% of patients

asymptomatic at the time of CAG. (5) A culprit lesion was iden-

tified in the majority of cases (79%; often associated with a high

thrombus load), being stent thrombosis detected in 7%; however,

the complexity of coronary artery disease assessed by SYNTAX

score was low (13 [9-24]). (5) The incidence ofMACE at 40 days

of follow-upwasveryhigh (28%),mostly due to noncardiacdeath
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Table 1. Baseline Clinical Characteristics.

Patients with COVID-19 referred for CAG N ¼ 57

Age, yrs 66 + 15
Male, n (%) 47 (82)
Diabetes mellitus, n (%) 21 (37)
Hypertension, n (%) 38 (67)
Dyslipidemia, n (%) 29 (51)
History of smoking, n (%) 15 (26)
Family history CAD, n (%) 5 (12)
BMI 27 + 9
Previous MI, n (%) 10 (18)
Previous PCI, n (%) 7 (12)
Previous CABG, n (%) 3 (5)
Renal insufficiency, n(%) 16 (29)
COPD, n (%) 16 (29)
ECG findings, n (%)
Normal ECG 10 (18)
ST-segment elevation 33 (58)
ST segment depression 5 (9)
Inverted T waves 6 (11)
Ventricular tachycardia/fibrillation 2 (4)
Q waves 4 (8)
Left bundle branch block 1 (2)

Echocardiogram available before CAG, n (%) 42 (74)
Echocardiographic findings
Normal LVEF, no regional wall motion bnormalities 8 (19)
Normal LVEF, regional wall motion abnormalities 12 (29)
Reduced LVEF, no regional wall motion abnormalities 3 (7)
Reduced LVEF, regional wall motion abnormalities 19 (45)

Medication
Aspirin, n (%) 52 (93)
P2y12 inhibitors, n (%) 50 (88)
Low-molecular-weight heparin, n (%) 15 (26)
Oral anticoagulation, n (%) 8 (14)
Fibrinolytics, n (%) 2 (3)
ACE-I/ARB, n (%) 41 (72)
b-Blockers, n (%) 31 (54)
Statins, n (%) 47 (82)

Laboratory findings
Hemoglobin, mmol/L 13.5 + 2.2
White blood cell count, � 109 per L 10.3 + 4.8
Lymphocyte count, � 109 per L 1.3 + 1.6
Platelets, � 109 per L 248.2 + 126.9
C-reactive protein, mg/L 12 (4.8-44.3)
Peak creatine kinase, IU/L 523 (135-32626)
Peak troponin T (20 patients) 2180 (138-4819)
Peak troponin I (32 patients) 12099 (661-32626)
Lactate dehydrogenase, units per L 343 (240-617)
Albumin, g/L 3.8 (3.2-4.2)
Ferritine 789 (307-789)
D-dimers 900 (452-3019)
Prothrombine 32.5 + 26.9
IL6 17.6 + 9.6
eGFR 80 (68-89)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CAG, coronary angiography; CABG,
coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; ECG,
electrocardiogram; eGFR, estimated glomerular filtration rate; IL6, interleukin 6; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percu-
taneous coronary intervention.
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(11 patients, 85%); of note, 3 patients presented with thrombotic

events (2 stent thrombosis and 1 stroke).

The decrease of STEMIs worldwide during the COVID-19

pandemic has been extensively reported, showing up to a 42%
to 48% reduction in hospitalizations for ACS and a 38% to 40%
reduction in primary PCI for STEMI in areas with high

COVID-19 prevalence.16,17 Nevertheless, STEMI remained the

main indication for invasive CAG in our study. Despite the

observed heterogenicity of CAG indication, CAG was ulti-

mately indicated due to a suspected acute coronary event in

the majority of patients regardless of the clinical presentation.

However, in 21% of patients no evident culprit coronary lesion

was observed. Interestingly, 17% of patients referred for CAG

because of STEMI did not show an evident culprit lesion. In

those patients presenting with an indication other than STEMI,

no culprit lesion was identified in 27%. In a study comprising

28 patients having COVID-19 with STEMI referred for CAG,

Stefanini et al reported the absence of a culprit coronary lesion

in 39.3%.18 This illustrates the particular challenges of ACS

diagnosis in patients with COVID-19. As observed in our

Table 3. Procedural and Angiographic Characteristics.

Patients with COVID-19
referred for CAG

N ¼ 57

CAG indication, n (%)
Progressive angina 2 (3)
NSTEMI 18 (32)
STEMI 33 (58)
Cardiac arrest 2 (3)
Echocardiographic reduced LVEF/wall
motion abnormalities

2 (3)

Anginal complains before CAG, n (%) 37 (64)
Systolic arterial blood pressure, mm Hg 116 + 22
Need of inotropics/vasopressors, n (%) 9 (16)
Need of ventricular assist device, n (%) 1 (2)
Multivessel coronary artery disease, n (%) 24 (42)
Culprit artery identified, n (%) 45 (79)
Culprit artery type, n (%)
Left main artery 1 (2)
Left anterior descending artery 19 (33)
Left circumflex artery 6 (10)
Right coronary artery 15 (26)
Bypass graft 1 (2)
>1 culprit lesion 3 (5)

Stent thrombosis as culprit lesion, n (%) 3/45 (7)
Presence of coronary thrombus, n (%) 35/45 (78)
TIMI-thrombus grade 3.3 + 1.6
TIMI-thrombus grade � 4, n (%) 19/45 (42)
Baseline TIMI flow 1.4 + 1.3
PCI performed, n (%) 41/45 (91)
Thrombosuction, n (%) 11/45 (24)
Number of stents implanted 1.1 + 0.8
Stent length, mm 31.2 + 15.6
Stent diameter, mm 3.2 + 0.4
Final TIMI flow 2.8 + 0.6
No-reflow phenomenon, n (%) 3/45 (7)
Successful PCI, n (%) 39/41 (95)
SYNTAX score pre-PCI 13 (9-24)
SYNTAX score post-PCI 5 (0-17)
Time from CAG indication to cath-lab
arrival, min

60 (20-4320)

Total ischemic time, min 115 (69-270)
Door-to-balloon time (in STEMI cases),
min

40.9 + 27.3

Abbreviations: CAG, coronary angiography; cath-lab, catheterization labora-
tory; COVID-19, coronavirus disease 2019; LVEF, left ventricular ejection
fraction; NSTEMI, non-ST segment elevation myocardial infarction; PCI, per-
cutaneous coronary intervention; STEMI, ST-segment elevation myocardial
infarction; TIMI, Thrombolysis In Myocardial Infarction.

Table 2. Coronavirus Disease 2019-Related Clinical Characteristics.

Patients with COVID-19
referred for CAG

N ¼ 57

Timing COVID-19 diagnosis confirmation, n (%)
Prior to CAG 8 (14)
After CAG 49 (86)

COVID-19 disease severity, n (%)
Mild 28 (49)
Severe 17 (30)
Critical 12 (21)

Symptoms, n (%)
Asymptomatic 12 (21)
Fever >37.3 28 (51)
Cough 21 (38)
Sputum 2 (4)
Myalgia 7 (13)
Fatigue 15 (27)
Shortness of breath 15 (27)
Diarrhea 2 (4)
Nausea/vomiting 3 (5)
Shock 3 (5)

Radiological findings, n (%)
None 12 (21)
Consolidation 19 (34)
Ground-glass opacity 3 (5)
Bilateral pulmonary infiltration 21 (37)
Others 1 (2)

Pharmacological treatment, n (%)
None
Steroids 19 (34)
Lopinavir/ritonavir 17 (30)
Remdesivir 1 (2)
Hydroxicloroquine 35 (62)
Tocilizumab 1 (2)
Azithromycin 22 (39)
Others 10 (18)
Combination �2 26 (46)

Other treatment modalities, n (%)
High-flow nasal cannula 9 (16)
Noninvasive mechanical ventilation 1 (2)
Invasive mechanical ventilation 1 (2)

ICU admission, n (%) 8 (14)
Median time ICU admission, days 2 (2-5)
Median time hospitalization, days 9.5 (4.2-17)

Abbreviations: CAG, coronary angiography; COVID-19, coronavirus disease
2019; ICU, intensive care unit.
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study, elevated cardiac biomarkers and electrocardiographic

changes suggesting ischemia and/or echocardiographic

abnormalities (reduced LVEF and/or regional wall motion

abnormalities) are often present and may not necessarily be

linked to a coronary event. Elevated cardiac troponins are fre-

quently detected in patients with COVID-19, often secondary

to a broad spectrum of noncoronary etiologies, such as non-

specific myocardial injury, myocarditis, pulmonary embo-

lism,19 or Takotsubo syndrome (which was found in 1 patient

of our cohort).6 Myocardial injury is more frequent in critically

ill patients with COVID-19, especially in those with previous

comorbidities, and is independently associated with a high

mortality.1,2 Indeed, comorbidities were frequently present in

our study cohort (previous MI 18%, renal insufficiency 29%,

COPD 29%). However, almost 50% showed mild COVID-19

severity. It has been shown that ACS in patients with COVID-

19 may occur in the absence of a severe systemic inflammation

status. STEMI has been previously reported as the first clinical

manifestation of COVID-19.18,20

Importantly, up to 21% of patients of the study cohort were

completely asymptomatic for COVID-19 at the time of CAG.

Furthermore, only 14% of the patients had a confirmed

COVID-19 diagnosis before being referred to the catheterization

laboratory. This highlights the need of establishing strategies to

effectively identify patients who may benefit from an invasive

approach and avoid unnecessary procedures with subsequent

risk of contagion among catheterization laboratory personnel.

Coronavirus 2019 is linked to a multifactorial prothrombotic

state, resulting from the hyperinflammatory state, endothelial

dysfunction, and hemostatic abnormalities.21 A high rate of

both venous and arterial thrombotic events has been

Figure 2. Kaplan-Meier cumulative incidence of MACE of patients
with COVID-19 from invasive coronary angiography performance.

Table 4. Clinical Outcomes.

Patients with COVID-19
referred for CAG N ¼ 57

MACE, n (%) 16 (28)
Death, n (%) 12 (21)
Myocardial infarction, n (%) 1 (2)
Stent thrombosis, n (%) 2 (4)
Target lesion revascularization, n (%) 0
Stroke, n (%) 1 (2)

MACE in first 24 hours after CAG 5/28 (18)

Abbreviations: CAG, coronary angiography; COVID-19, coronavirus disease
2019; MACE, major adverse cardiovascular event.

Figure 1. Example of patient with COVID-19 presenting with ST-elevation myocardial infarction, in whom 2 culprit lesions with high thrombus
burden were identified on coronary angiography, located at the proximal left anterior descending artery (panel A, arrow) and distal right
coronary artery (panel B, arrows). COVID-19 indicates coronavirus disease 2019.
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described.22,23 Similarly to other viral infections, COVID-19

may trigger an ACS by different mechanisms, such as plaque

rupture, coronary spasm, or microthrombi.3 Direct viral

endothelial injury may trigger as well thrombus formation and

subsequently ACS.24 This prothrombotic state is translated

angiographically in a high thrombus burden (42% TIMI throm-

bus grade �4), stent thrombosis as culprit lesion (7%), and

even involvement of several coronary vessels (5%, Figure 1),

typically associated with a low complex underlying coronary

artery disease phenotype (SYNTAX pre-PCI 13 [9-24]). Simi-

larly, Choudry et al reported a high rate of intracoronary throm-

bus burden (grade 4-5, 84%), multivessel thrombosis (17.9%),

and stent thrombosis (10%) in a cohort of 39 patients with

COVID-19 presenting exclusively with STEMI.23

Finally, it is important to elucidate the high incidence of

MACE at 40 days of follow-up (28%, Figure 2) in spite of

having performed a successful PCI in 95% of patients without

significant delays. The most frequent adverse event was non-

cardiac death (11 patients, 85%), mostly due to respiratory and

systemic involvement. Of note, 3 patients presented thrombotic

events: 2 stent thrombosis (4.8%), a higher stent thrombosis

rate than recent reports (reference), and 1 stroke (1.7%).

Limitations

The main limitations of this study are its observational and

retrospective design and its small sample size. Lack of control

group of non-COVID-19 individuals prevents drawing defini-

tive conclusions from this study, and therefore the observed

results cannot be generalized. However, the present study pre-

sents information regarding angiographic and clinical features

of patients with COVID-19 referred for CAG irrespective of

the indication, which provides a useful overview of the poten-

tial value of an invasive approach in this clinical scenario.

Conclusion

In a European multicenter registry, patients with confirmed

COVID-19 infection referred for CAG during the first wave

of the SARS-CoV2 pandemic presented mostly with STEMI

and were predominantly male, often with comorbidities. Sever-

ity of COVID-19 was in general noncritical, with 21% of

asymptomatic patients at the time of CAG. Culprit coronary

lesions with high thrombus burden were frequently identified,

with a rate of stent thrombosis of 7%. The incidence of MACE

at 40 days of follow-up was high (28%), mostly due to non-

cardiac death.
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described.22,23 Similarly to other viral infections, COVID-19

may trigger an ACS by different mechanisms, such as plaque

rupture, coronary spasm, or microthrombi.3 Direct viral

endothelial injury may trigger as well thrombus formation and

subsequently ACS.24 This prothrombotic state is translated

angiographically in a high thrombus burden (42% TIMI throm-

bus grade �4), stent thrombosis as culprit lesion (7%), and

even involvement of several coronary vessels (5%, Figure 1),

typically associated with a low complex underlying coronary

artery disease phenotype (SYNTAX pre-PCI 13 [9-24]). Simi-

larly, Choudry et al reported a high rate of intracoronary throm-

bus burden (grade 4-5, 84%), multivessel thrombosis (17.9%),

and stent thrombosis (10%) in a cohort of 39 patients with

COVID-19 presenting exclusively with STEMI.23

Finally, it is important to elucidate the high incidence of

MACE at 40 days of follow-up (28%, Figure 2) in spite of

having performed a successful PCI in 95% of patients without

significant delays. The most frequent adverse event was non-

cardiac death (11 patients, 85%), mostly due to respiratory and

systemic involvement. Of note, 3 patients presented thrombotic

events: 2 stent thrombosis (4.8%), a higher stent thrombosis

rate than recent reports (reference), and 1 stroke (1.7%).

Limitations

The main limitations of this study are its observational and

retrospective design and its small sample size. Lack of control

group of non-COVID-19 individuals prevents drawing defini-

tive conclusions from this study, and therefore the observed

results cannot be generalized. However, the present study pre-

sents information regarding angiographic and clinical features

of patients with COVID-19 referred for CAG irrespective of

the indication, which provides a useful overview of the poten-

tial value of an invasive approach in this clinical scenario.

Conclusion

In a European multicenter registry, patients with confirmed

COVID-19 infection referred for CAG during the first wave

of the SARS-CoV2 pandemic presented mostly with STEMI

and were predominantly male, often with comorbidities. Sever-

ity of COVID-19 was in general noncritical, with 21% of

asymptomatic patients at the time of CAG. Culprit coronary

lesions with high thrombus burden were frequently identified,

with a rate of stent thrombosis of 7%. The incidence of MACE

at 40 days of follow-up was high (28%), mostly due to non-

cardiac death.
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