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ABSTRACT

Background: Coronavirus disease (COVID-19) has caused one of the largest pandemics known to date. The Argentine Society of
Cardiology (SAC) and the Argentine Federation of Cardiology (FAC) have developed the First Argentine Registry of Cardiovascular
Complications in COVID-19 patients (RACCOVID-19) with the aim of performing a nationwide review of their impact in the in-hos-
pital evolution of these patients.

Objectives: The aim of this study was to record cardiovascular complications in hospitalized patients for COVID-19, and to evaluate
risk predictors of these complications and their prognostic impact.

Methods: A total of 2750 patients from 50 centers in 11 provinces of the country were included from May 18 to October 31, 2020.
Results: Mean age was 57+18 years, with 60.2% prevalence of male gender. Cardiovascular complications occurred in 15.3% of
cases. Heart failure (43.5%), arrhythmias (33.5%) and myocardial injury (31.1%) were the most relevant complications. Mortality
was 19.3%, and a predictive model of in-hospital survival included age, male gender, admission hematocrit and creatinine, history of
previous diseases, severe forms of COVID-19 presentation and cardiovascular complications.

Conclusions: The RACCOVID-19 registry showed 15.3% of cardiovascular complications. Overall mortality was 19.3%, and cardio-
vascular complications together with other presentation variables and the clinical severity of COVID-19 are part of a clinical risk
profile associated with higher mortality.
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RESUMEN

Introduccion: La enfermedad por coronavirus (COVID-19) ha causado una de las mayores pandemias conocidas al dia de la fecha. La
Sociedad Argentina de Cardiologia (SAC) y la Federacion Argentina de Cardiologia (FAC) elaboraron el primer Registro Argentino
de Complicaciones Cardiovasculares en pacientes con COVID-19 (RACCOVID-19), con el propésito de relevar, a nivel nacional, su
impacto en la evolucién hospitalaria de estos pacientes.

Objetivos: Documentar la aparicién de complicaciones cardiovasculares en pacientes internados por COVID-19 y evaluar predictores
de riesgo de dichas complicaciones y su impacto pronéstico.

Material y Métodos: Se incluyen datos de 2750 pacientes en 50 centros de 11 provincias del pais, desde el 18 de mayo hasta el 31 de
octubre de 2020.

Resultados: La edad promedio fue de 57+ 18 afios y hubo predominio de sexo masculino (60,2%). La tasa de complicaciones cardio-
vasculares fue del 15,3%. La insuficiencia cardiaca (43,5%), las arritmias (33,5%) y el dano miocardico (31,1%) fueron las compli-
caciones mas frecuentes. La mortalidad fue del 19,3%. Un modelo de prediccién de sobrevida en la etapa hospitalaria incluy6 las
siguientes variables: edad, sexo masculino, valores de hematocrito y creatinina al ingreso, existencia de antecedentes patolégicos,
formas de presentaciéon de COVID-19 graves y presencia de complicaciones cardiovasculares.

Conclusiones: El registro RACCOVID-19 mostré una tasa de complicaciones cardiovasculares del 15,3%. La mortalidad total del re-
gistro fue del 19,3% y las complicaciones cardiovasculares junto con otras variables de presentacion, asi como la gravedad del cuadro
clinico de COVID-19, forman parte de un perfil de riesgo clinico asociado a mayor mortalidad.
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INTRODUCTION

Coronavirus disease (COVID-19) has caused one of
the largest known pandemics to date. Although it
started in China in December 2019, by March 2020,
the number of cases outside that country was experi-
encing an exponential growth that far exceeded that
of the Asian country, which is why the World Health
Organization (WHO) declared it a pandemic. At that
time the first case appeared in Argentina. From the
beginning, the interaction of this infection with the
cardiovascular system was known at multiple levels,
causing increased morbidity in patients with under-
lying pathologies and the development of myocardial
damage and ventricular dysfunction. (1,2)

COVID-19 is caused by the severe acute respirato-
ry syndrome coronavirus type 2 (SARS-CoV-2). This is
a new single-stranded RNA virus, the seventh known
human coronavirus. Probably, and like the other coro-
naviruses, this one originated in bats, since it shares
89-96% of nucleotides with other coronaviruses com-
ing from that animal. (3)

SARS-CoV-2 infection is caused by the binding of
viral surface proteins to the human angiotensin-con-
verting enzyme 2 (ACE2) receptor, with subsequent
activation with transmembrane proteases. (4, 5) ACE2
is expressed in the lung, where the main entrance to
the body is observed. Concomitantly, this enzyme is
found in high concentrations in the heart, where it
counteracts the effect of angiotensin II in conditions
of excessive activation of the renin-angiotensin sys-
tem, as occurs in the population with hypertension or
heart failure. (6, 7)

Multiple COVID-19 case reports suggest that pa-
tients with underlying pathologies are at greater risk
of complications or mortality, with higher incidence of
myocardial injury (defined by increased ultrasensitive
troponin concentration), shock, and arrhythmias. (8, 9)

Faced with this critical and threatening reality, and
observing the interindividual variations according to
the countries, we are compelled to know the prognosis
and cardiovascular complications in our population.

The scientific societies of cardiology in Argentina,
the Argentine Society of Cardiology (SAC) and the
Argentine Federation of Cardiology (FAC), have vast
experience in registries and educational programs to
improve cardiovascular care. That is why both soci-
eties have developed the first Argentine Registry of
Cardiovascular Complications in patients with COV-
ID-19 (RACCOVID-19), with the aim of recording
the development of cardiovascular complications in
patients with COVID-19 admitted to different health
centers in our country, and evaluating risk predictors
of cardiovascular complications, their prognostic im-
pact and hospital evolution.

METHODS

A nationwide, prospective, observational, multicenter regis-
try was carried out, including patients above 18 years of age
who arrived to the participating centers with a confirmed

diagnosis of COVID-19 that required admission or hospitali-

zation in any area of the institution. The exclusion criterion

was the presence of ongoing decompensated cardiovascular
disease initiated up to 15 days before the confirmation of the

COVID-19 diagnosis.

Any of the following conditions was considered a cardio-
vascular complication:

- Acute myocardial injury (at least two increased or de-
creased high-sensitivity cardiac troponin assessments,
with at least one value above the reference 99th percen-
tile).

- Decompensated heart failure, evaluated by two cardiolo-
gists or intensive care specialists.

- New supraventricular or ventricular cardiac arrhyth-
mia.

- Cardiogenic shock.

- New myocardial motility disorders by transthoracic
echocardiography (in at least three segments).

- Drop in left ventricular ejection fraction greater than
10% with respect to the baseline echocardiogram.

- Signs of diastolic dysfunction by transthoracic echocar-
diogram (at least two of the following: E/e 'ratio greater
than 14, pseudonormal or restrictive filling pattern,
pulmonary systolic blood pressure >50 mm Hg, inferior
vena cava <21 mm, with collapse <50%).

- Signs of venocapillary congestion by pulmonary ultra-
sound (greater than 4 pulmonary comet-tail images/
Kerley B lines by pulmonary ultrasound in at least 2 seg-
ments).

- New acute myocardial infarction (ischemic symptoms,
changes in the electrocardiogram ST-T segment or de-
velopment of pathological Q waves, imaging evidence of
a myocardial wall motion disorder, or identification of
coronary thrombus).

- New evidence of deep vein thrombosis or pulmonary em-
bolism by any method.

- Myocarditis, diagnosed by clinical suspicion, myocardial
biopsy, cardiac magnetic resonance or another method.

Procedure

Different centers in the country were invited to participate
in the registry. The patients were entered into the registry
by the investigating cardiologist of each institution. Pa-
tient identification included center number, followed by the
patient’s order number from each registered and licensed
center.

Registration was anonymous to preserve the privacy
and confidentiality of personal data. There was no follow-up
due to the particular development of the pandemic, so the
registration procedure was modified in order not to require
informed consent from each patient (Amendment number 1
of July 10, 2020). Patients were registered from May 18 to
October 31, 2020 (Amendment number 2 of September 18,
2020).

Nationality, anthropometric data, medical coverage, car-
diovascular risk factors, and pathological and cardiac history
were recorded, as well as whether patients were receiving
immunosuppressive treatment for any disease. Regarding
hospitalization for COVID-19, data on the reason for con-
sultation and lab tests on admission were collected together
with the most important pathological value of each variable
and the value prior to discharge or death. Laboratory data
related to the infection and cardiovascular complications,
such as D-dimer and troponin, were requested. In addition,
admission to critical care units and cardiovascular complica-
tions, including myocardial injury, acute myocardial infarc-
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tion, heart failure, cardiogenic or mixed shock, arrhythmias,
QT prolongation, and thromboembolic disease were record-
ed. Moreover, the type of treatment received, general and
specific against COVID-19, was recorded. All data was up-
loaded using the REDcap platform.

Statistical analysis

Due to the fact that the registry of an emerging pathology
was developed, a formal sample size calculation was not car-
ried out. Continuous data are expressed as mean or standard
deviation if the distribution is normal, or median and inter-
quartile range (IQR) 25-75 in the case of non-normal dis-
tribution. The assumption of normality was evaluated with
the Shapiro-Wilk test with Q-Q (quantile-quantile) plot.
Categorical data are presented as numbers and percent-
ages. To assess the association between quantitative vari-
ables, Student's t test or the Mann-Whitney U test was used
in case of normal and non-normal distribution, respectively.
To describe the association between continuous variables in
more than two groups, ANOVA or its non-parametric equiv-
alent, the Kruskal-Wallis test, was used according to data
distribution. Qualitative variables were analyzed with the
chi-square test. Multivariate regression models were used
to evaluate evolution predictors, which according to the de-
pendent variables to be analyzed, could include linear, lo-
gistic, Cox proportional hazard or Poisson regression, and
if they were continuous, dichotomous variables, time to the
event or counts, respectively. A nominal value of p <0.05 was
considered statistically significant.

Ethical considerations

The protocol was evaluated and approved by the SAC Bio-
ethics Committee. The ethics committee approval and the
medical director authorization of each participating center
were requested. The protocol was registered in the PRIISA
system under number 1394.

RESULTS

A total of 379 patients were included; mean age was
Fifty centers from 11 provinces of the country par-
ticipated in the RACCOVID-19 registry. In 53.8% of
cases, patients were admitted to establishments in the
Autonomous City of Buenos Aires, 26.9% to centers
in the province of Buenos Aires and 29.3% to centers
distributed in the rest of the provinces. (Table 1)

Table 1. RACCOVID-19: Distri-

Province
bution of admitted cases

CABA
Buenos Aires
Coérdoba
Mendoza
Santa Fe
Chaco
Salta
Corrientes
Entre Rios
Formosa
Neuquén
Total

The total number of patients admitted to the reg-
istry was 2750, with mean age of 57+18 years and
60.2% men. Among these patients, 88.8% were of Ar-
gentine nationality and 73.3% had some medical cov-
erage or prepaid system. The clinical characteristics
of the registered population, including cardiovascular
risk factors and pathological and cardiovascular his-
tory, are shown in Table 2.

Of the registered patients, 54.1% were receiving
cardiological medication before admission. The most
frequent medications were angiotensin converting en-
zyme inhibitors (ACEI) (19.9%), statins (16.2%), beta
blockers (16.1%), aspirin (12.2%) and angiotensin II
receptor blockers (ARBs) (12%). (Table 3)

Data obtained from the lab tests on admission
were (median and IQR 25-75): hematocrit 40% (36-
43); leukocytes 6885/mm3 (5200-9900); platelets 196
000/mm3 (150 000-249 250); urea 34 mg/dL (25-48),
creatinine 0.9 mg/dL (0.72-1.12) and total bilirubin
0.5 mg/dL (0.39-0.75). The higher values obtained
were erythrocyte sedimentation rate, 55 mm/h (33-
80); ferritin 800 ng/mL (293-1603); lactate dehydro-
genase 498 U/L (309-705) and D-dimer 417 ng/mL
(1.92-1018).

The clinical status of COVID-19 patients had
the following distribution: asymptomatic/mild, 1308
(50.7%); moderate/severe 941 (36.5%) and critical 330
(12.8%). Hospital stay was 10 days (IQR 25-75: 6-16).
A total of 410 patients (14.9%) required mechanical
ventilation, 13.4% of the patients received inotropic
agents and only 0.6% received extracorporeal mem-
brane oxygenation (ECMO) or another type of circula-
tory support. The length of stay in the intensive care
unit was 8 days (IQR 25-75: 4-15).

The most common symptoms were fever (65.9%);
cough (49.6%); dyspnea (41.4%); myalgia (26.5%);
odynophagia (18.2%) and anosmia (10.4%). Spe-
cific treatment against COVID-19 was administered
to 1129 patients (41.1%); including corticosteroids
(87.6%), hydroxychloroquine alone or in combination
with azithromycin (5.2%), antiviral agents: lopinavir/
ritonavir/remdesivir (3.5%), interferon B (0.3%), col-

N.° of centers N.° of patients Percentage
15 1480 53.8
17 739 26.9
4 300 10.9
2 88 3.2
5 76 2.7
2 53 1.9
1 5 0.2
1 3 0.1
1 3 0.1
1 2 0.1
1 1 0.0
50 2750 100

CABA: Autonomous City of Buenos aires
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Table 2. RACCOVID-19: Baseline characteristics of the included
population

Variable Frequency Percentage
Age (mean = SD), years 57+ 18

(n=2530)

Male gender 1541 60.2
(n=2530)

CV risk factors 1750 67.4
(n=2597)

-Hypertension 1133 43.6
-Diabetes mellitus 430 18.4
-Dyslipidemia 399 15.3
-Obesity 799 30.7
-Smoking 399 15.3
Pathological history 1072 41.6
(n=2580)

-COPD/asthma 248 9.6
-Chronic kidney failure/dialysis 139 53
-Oncohematological diseases 120 4.6
-Immunosuppressive treatment 118 4.6
-HIV 44 1.7
-Tuberculosis 31 1.2
-Chagas disease 30 1.2
-Collagenopathy 32 1.2
Cardiovascular history 1218 442
(n=2750)

Hypertension 1133 43.9
Ischemic heart disease 210 7.6
Arrhythmias 219 8.0
Heart failure 174 6.3
Valvular disease 81 2.9
PH 31 1.1
Congenital heart disease 13 0.5

SD: Standard deviation, CV: Cardiovascular. COPD: Chronic obstructive
pulmonary disease. HIV: Human immunodeficiency virus, PH: Pulmo-
nary hypertension

chicine (0.2%) and others, including plasma (47.3%).
Anticoagulation was indicated in 589 patients (21.4%).

Cardiovascular complications

The rate of cardiovascular complication was 15.3%
(420 patients). The average age of this group was
67+14 years, with prevalence of male gender (68%).
In 88.3% cases patients had some coronary risk fac-
tor, 80.4% had cardiovascular disease history, and only
26.4% had another pathological antecedent. Heart
failure was the most common complication, present
in 183 patients (43.5%), and included the clinical
definition determined by two different cardiologists
or intensive care specialists, cardiogenic shock, dias-
tolic abnormalities by Doppler echocardiography, and
pulmonary congestion by echopleura. Arrhythmias
were the second most frequent complication, found
in 141 patients (33.5%), encompassing atrial fibrilla-
tion, other supraventricular arrhythmias, ventricular

Table 3. RACCOVID-19: previous cardiology medication

Frequency Percentage

Previous medication 1481 53.8
ACE 544 19.7
Statins 443 16.1
Beta-blockers 448 16.2
ASA 334 12.1
ARBs 327 11.8
Calcium Blockers 136 49
Oral anticoagulation 122 44
Antidosterone agents 71 2.5

Amiodarone 41 1.4
NSAID 28 1.0
Digoxin 19 0.7

Sacubitril/valsartan 5 0.1

ACEl: angiotensin converting enzyme inhibitors. ASA: acetylsalicylic
acid. ARBs: angiotensin Il receptor blockers. NSAID: non-steroidal anti-
inflammatory drugs.

arrhythmias, and QT interval prolongation. Atrial fi-
brillation was the most common arrhythmia reported
in 74 patients (17.6% of all complications). Myocardial
damage occurred in 131 patients (31.1%), comprising
myocardial injury, acute myocardial infarction, and
motility disorders on echocardiography. Thrombo-
embolic complications were observed in 47 patients
(11.1%), involving pulmonary thromboembolism, deep
vein thrombosis, and arterial embolisms. Myocarditis
was reported in 1.9% of patients. (Figure 1)

During hospitalization, 53 patients suffered from
acute myocardial infarction; ST-segment elevation
acute myocardial infarction occurred in 24 patients
and 22 of them (91.7%) received some reperfusion
strategy, with primary percutaneous coronary inter-
vention (PCI) in 66.7% and thrombolytic agents in
25%.

Mortality. Univariate and multivariate analysis

Hospital discharge rate was 80.6%: 2102 patients
(77.7%) were discharged and 79 (2.9%) were trans-
ferred to another institution, while 523 (19.3%) died
during hospitalization. Mortality included 201 pa-
tients with cardiovascular complications (47.86%).
The average age of deceased patients was 69.8 years
and of that of discharged or transferred patients 54.3
years (p <0.0001).

A death prediction model consisting of seven variables
with high discrimination capacity (area under the
ROC curve 0.9255) and calibration (Hosmer-Leme-
show test, p = 0.11) to predict in-hospital mortality
was built with a series of variables significantly re-
lated to mortality and other variables considered clini-
cally relevant, including age, male gender, medical
history, hematocrit and creatinine on admission, more
severe forms of COVID-19, and cardiovascular compli-
cations (myocardial injury, heart failure, arrhythmias,
thromboembolism, and myocarditis) (Table 4).
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DISCUSSION

To date, this is one of the largest registries in a coun-
try concerned with cardiovascular complications in
COVID-19 patients. It is important to clarify that,
during the recorded period, all those affected by
COVID-19 were hospitalized for clinical control in our
country. The prevalence of patients admitted to the
registry hospitalized in centers of the Autonomous
City of Buenos Aires and the Province of Buenos Aires
agrees with the time-lag in the rate of infections that
occurred between these districts and the rest of the
country. (10)

The average age of 57 years and the predominance
of male patients (60.2%) were consistent with those
of other registries in 2020. The most frequent comor-
bidities were hypertension, obesity and diabetes, in
agreement with data emerging from other registries.
(11) We must recall that the last National Risk Fac-
tor Survey showed these three factors as the most fre-
quent comorbidities. (12)

The incidence of cardiovascular complications was
15.3%, the most common being heart failure, myocar-
dial injury, confirmed by increased blood troponin lev-
els, and atrial fibrillation. Patients with pre-existing
diseases or cardiovascular risk factors are more likely
to have complications; also, they present with more
severe systemic inflammation and higher levels of
inflammatory markers. (13) It is important to high-
light that, in our registry, these patients were older,
with more risk factors and history of cardiovascular
disease.

Heart failure was the most frequent complication.
The systemic inflammatory response syndrome due

to viral infection could be the cause for the develop-
ment of heart failure or the exacerbation of the pre-
existing condition. (14) This complication is clearly a
factor with worse prognosis. (15) An increased risk of
in-hospital death was observed in patients who suf-
fered from heart failure during hospitalization for
COVID-19. (16)

Among the arrhythmic complications, atrial fibril-
lation was the most frequent. COVID-19, like all in-
fections, can trigger fever-induced atrial fibrillation,
hypoxia, and adrenergic tone. Its incidence during
hospitalization in patients with severe pneumonia
and sepsis is high, and treatment should consider ven-
tricular rate control, rhythm control, and thromboem-
bolic prophylaxis.

Regarding myocardial injury, there are several
non-invasive diagnostic methods available to identify
the type of injury, such as enzyme markers, echocar-
diography, and cardiac magnetic resonance imaging.
According to different reports, acute myocardial in-
farction can occur in 7-17% of patients hospitalized
for COVID-19 and in 22-31% of those admitted to
an intensive care unit (ICU). (13,17) In our registry,
91.7% of patients with STEMI received some reperfu-
sion strategy, and, for the most part, it was with pri-
mary PCI, which was carried out in compliance with
the protocols required for the protection of healthcare
personnel.

There was a low rate of myocarditis and throm-
boembolic complications, although the reported inci-
dence of thrombotic complications in patients admit-
ted to the ICU is high. This discrepancy is probably
due to the fact that, in our registry, half of hospitalized

Myocardial injury

STEMI

NSTEMI

wall motion abnormalities
HF

pulmonary congestion
diastolic dysfunction
mixed cardiogenic shock
AF

QT prolongation
supraventricular arrhythmia
ventricular arrhythmia

PTE

arterial thromboembolism
DVT

myocarditis

Cardiovascular complications
18.3%

5.7%

o

Iww I 3 I
Wl R
N wil©
B3

.9%
2.3%
28.3%

2

16.9%
17.6%
2.3%
10%
7.3%

6.4%

1.9%

STEMI: ST segment elevation acute myocardial infarction, NSTEMI: non-ST segment elevation acute myocardial infarction, HF: Heart failure, AF:
Atrial fibrillation, PTE: Pulmonary thromboembolism, DVT: Deep vein thrombosis

Fig. 1. RACCOVID-19: types and frequencies of cardiovascular complications
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Table 3. RACCOVID-19: previous cardiology medication

Variable OR (95% CI) p
Age 1.07 (1.05-1.08) <0.0001
Male gender 1.51(1.05-2.16) <0.0001
Creatinine on admission 1.23(1.09-1.37) <0.0001
Hematocrit on admission 0.94 (0.92-0.97) <0.0001
Pathological history 1.60(1.14-2.72) 0.006
CV complications 1.55 (1.08-2.22) 0.017
Severe clinical condition * 6.37 (4.09-9.93) <0.0001

CV: Cardiovascular
e It includes: moderate/severe and critical condition

patients presented asymptomatic or mild COVID-19.

Both the rate of cardiovascular complications and
overall mortality in our registry were similar to those
reported in other international registries and, above
all, to those arising from the multicenter CAPACITY-
COVID registry, which covered 13 countries and was
designed to evaluate cardiovascular complications.
This registry reported 11.6% of cardiovascular compli-
cation and 19.8% of overall mortality, similar to those
of our registry. (18, 19)

The RACCOVID-19 registry allowed the identifica-
tion of a series of clinical variables such as age, gender,
pathological history, more severe forms of the disease,
and hematocrit and creatinine values on hospital ad-
mission, which were associated with the development
of cardiovascular complications and strongly related
with the patients’ prognosis.

Limitations

Although RACCOVID-19 is the only national registry
focused on the evolution of COVID-19 and cardiovas-
cular complications, its representativeness is limited.
Most of the centers were selected for their relation-
ship with the organizing scientific societies. An on-
line database was used for uploading, with suboptimal
data monitoring. Finally, the data collection period
was short and took place during the first wave of the
disease in our country.

CONCLUSIONS

The RACCOVID-19 registry showed 15.3% of cardio-
vascular complications in patients hospitalized for
COVID-19. Overall mortality was 19.3%, and cardio-
vascular complications together with other presenta-
tion variables as well as the clinical severity of COV-
ID-19 are part of a clinical risk profile associated with
higher mortality.
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