
Characteristics and outcomes of patients

hospitalized for COVID-19 and cardiac

disease in Northern Italy

Riccardo M. Inciardi 1†, Marianna Adamo1†, Laura Lupi1†, Dario S. Cani 1,

Mattia Di Pasquale1, Daniela Tomasoni 1, Leonardo Italia1, Gregorio Zaccone1,

Chiara Tedino1, Davide Fabbricatore1, Antonio Curnis1, Pompilio Faggiano1,

Elio Gorga1, Carlo M. Lombardi1, Giuseppe Milesi1, Enrico Vizzardi1,

Marco Volpini 1, Savina Nodari1, Claudia Specchia2, Roberto Maroldi3,

Michela Bezzi4, and Marco Metra 1*

1Institute of Cardiology, ASST Spedali Civili di Brescia and Department of Medical and Surgical Specialties, Radiological Sciences, and Public Health, University of Brescia, Brescia,
Italy; 2Department of Molecular and Translational Medicine, University of Brescia, Brescia Italy; 3Institute of Radiology, Department of Medical and Surgical Specialties,
Radiological Sciences, and Public Health, University of Brescia, Brescia, Italy; and 4Respiratory Unit, ASST Spedali Civili di Brescia, Brescia, Italy

Received 1 April 2020; revised 17 April 2020; editorial decision 25 April 2020; accepted 6 May 2020; online publish-ahead-of-print 8 May 2020

See page 1830 for the editorial comment on this article (doi: 10.1093/eurheartj/ehaa415)

Aims To compare demographic characteristics, clinical presentation, and outcomes of patients with and without con-
comitant cardiac disease, hospitalized for COVID-19 in Brescia, Lombardy, Italy.

...................................................................................................................................................................................................
Methods
and results

The study population includes 99 consecutive patients with COVID-19 pneumonia admitted to our hospital be-
tween 4 March and 25 March 2020. Fifty-three patients with a history of cardiac disease were compared with 46
without cardiac disease. Among cardiac patients, 40% had a history of heart failure, 36% had atrial fibrillation, and
30% had coronary artery disease. Mean age was 67 ± 12 years, and 80 (81%) patients were males. No differences
were found between cardiac and non-cardiac patients except for higher values of serum creatinine, N-terminal
probrain natriuretic peptide, and high sensitivity troponin T in cardiac patients. During hospitalization, 26% patients
died, 15% developed thrombo-embolic events, 19% had acute respiratory distress syndrome, and 6% had
septic shock. Mortality was higher in patients with cardiac disease compared with the others (36% vs. 15%, log-
rank P = 0.019; relative risk 2.35; 95% confidence interval 1.08–5.09). The rate of thrombo-embolic events and
septic shock during the hospitalization was also higher in cardiac patients (23% vs. 6% and 11% vs. 0%,
respectively).

...................................................................................................................................................................................................
Conclusions Hospitalized patients with concomitant cardiac disease and COVID-19 have an extremely poor prognosis com-

pared with subjects without a history of cardiac disease, with higher mortality, thrombo-embolic events, and septic
shock rates.
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Introduction

New pneumonia cases related to the severe acute respiratory syn-
drome coronavirus (SARS-CoV-2), or coronavirus disease 2019
(COVID-19), rapidly spread worldwide, establishing critical chal-
lenges for the public health and medical communities. The World
Health Organization has declared COVID-19 a public health emer-
gency of international concern, with a global estimate of laboratory-
confirmed cases of 1 696 588, and 105 952 deaths as of 12 April
2020.1

A high proportion of COVID-19 patients have comorbidities.2–5

Studies from China show that 15–40% of them have a history of car-
diac disease2–5 and 10–30% show laboratory signs of cardiac injury
and cardiovascular involvement, associated with a more severe clinic-
al course.6,7 These values are probably higher in COVID-19 patients
from other areas, such as Europe and the USA, because of the older
age of their population. In a report from the USA, including 21 critic-
ally ill patients with COVID-19, heart failure (HF) was present in 43%
of cases at baseline and complications leading to HF occurred in a
third of these patients.8 Another series of 24 patients admitted to the
intensive care unit (ICU) in the Seattle area for hypoxaemic respira-
tory failure showed a prevalence of hypotension requiring vasopres-
sors of 71%, with a 50% in-hospital mortality. No data regarding
history of cardiovascular disease were given.9

Thus, although patients with a history of cardiac disease seem
more likely to be infected and to have a more severe clinical course
with COVID-19, their clinical characteristics and outcomes have not
yet been described. In the Brescia area of the Lombardy region,
North Italy, the COVID-19 outbreak has caused a major burden on
healthcare services, with major changes in in-hospital medical special-
ties, leading to a transformation of otherwise specialized units, such
as cardiology units, into specialized COVID-19 units.10 In this report,
we describe the demographic characteristics, clinical presentation,
and outcomes of consecutive patients with COVID-19 and cardiac
disease, and compare them with patients with COVID-19 and no his-
tory of cardiac disease, hospitalized at the same hospital during the
same time interval.

Methods

Study population
The study population comprises two groups of consecutive patients hos-
pitalized for COVID-19 pneumonia at Civil Hospitals of Brescia,
Lombardy, Italy, between 4 March and 25 March 2020. The first group
included all patients with a history of cardiac disease admitted to our
Cardiology Unit, the second all patients with no history of cardiac disease,
admitted to a COVID-19 unit of our hospital (director M.B.). All patients
had a diagnosis confirmed by positive results of PCR testing of a nasopha-
ryngeal swab. Only patients with a complete follow-up at 14 days were
included.

Data collection and definitions
Demographic, clinical, laboratory, instrumental, treatment, and outcome
data were extracted from the in-hospital medical records. Chronic kidney
disease (CKD) was defined by the presence of an estimated glomerular
filtration rate (eGFR), calculated by the CKD-EPI equation, of <_60 mL/
min/m2. Fever was defined as axillary temperature of at least 37.5�C. The

sequential organ failure assessment (SOFA) score was calculated for all
patients.11 Sepsis and septic shock were defined according to the 2016
Third International Consensus Definition.12

Radiological assessments included chest radiography or computed
tomography (CT). An internal radiological score was developed (see
Supplementary material online, Text S1). Venous blood samples and ar-
terial samples for blood gas analysis were collected at the time of hospi-
talization and thereafter based on clinical indications. High sensitivity
troponin T (hsTnT) plasma levels were defined as normal when below
the 99th percentile of normal values, e.g. 14 ng/L. N-terminal probrain
natriuretic peptide (NT-proBNP) plasma levels were defined as normal
when <125 pg/mL for patients aged 0–74 years and <450 pg/mL for those
older.13

Statistical analysis
Continuous variables are expressed as mean (SD) or median [interquar-
tile range (IQR)] values when they did not show a normal distribution.
Categorical data were expressed as absolute values and proportions.
Variables were compared between patients with and without concomi-
tant cardiac disease as well as between survivors and non-survivors and
between patients with different causes of inclusion in the cardiac group
by using the Fisher exact test or v2 test for categorical variables, and the
t-test or the Mann–Whitney U test, as appropriate, for continuous varia-
bles. The overall trend difference in laboratory markers during the hospi-
talization course among patients with cardiac disease, stratified by
mortality, was assessed using a mixed-effects longitudinal analysis model.
Survival curves were plotted using the Kaplan–Meier method and com-
pared between patients with and without cardiac disease by the log-rank
test. Analyses were performed with Stata, version 14 (Stata Corp.,
College Station, TX, USA). For all the statistical analyses, P <0.05 was
considered significant.

Results

Characteristics on admission
Demographic and clinical features are shown in Table 1. Among the
cardiac patients, HF, atrial fibrillation (AF), coronary artery disease
(CAD), and CKD were present in 40, 36, 30, and 28% of the patients,
respectively. Cardiac patients were more likely to receive chronic
treatment with an angiotensin-converting enzyme inhibitor (ACEi),
angiotensin receptor blocker (ARB), or angiotensin receptor–nepri-
lysin inhibitor (ARNI), anticoagulants, and statins. Fever on admission
was present in 42% of patients. Chest X-ray showed pneumonia in all
patients. No differences were found in any variable except for a
lower blood pressure in cardiac patients.

Laboratory parameters are reported in Table 2. The only differen-
ces between the two groups regarded higher values of serum creatin-
ine, NT-proBNP, and hsTnT in cardiac patients. NT-proBNP plasma
levels were increased in 25 of the 28 cardiac patients (88%) and in 26
of the 45 non-cardiac patients (58%) in whom they were measured.
hsTnT levels were increased in 31 of the 40 cardiac patients (71%),
and in 17 of 36 non-cardiac patients (47%).

In-hospital management
Data regarding in-hospital management are shown in Supplementary
material online, Table S1 and in Table 3. Chronic therapy with an
ACEi, ARB, or ARNI was discontinued in 77% of cases because of se-
vere hypotension. Oxygen support with FiO2 >_50% was needed in
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..half of patients; non-invasive ventilation was used in 19% of patients;
two patients needed intubation. Ventilatory support or intubation
were excluded in seven cardiac patients and in three non-cardiac
patients for their age and/or comorbidities.

Outcomes
The most frequent complications of the clinical course are shown at
Table 3 and included acute respiratory distress syndrome (ARDS),
venous thrombo-embolism, arterial thrombo-embolism, and sepsis
or septic shock in 19, 12, 3, and 6% of the patients, respectively.
Mortality was significantly higher in cardiac compared with non-
cardiac patients (35.8% vs. 15.2%; log-rank P = 0.019; relative risk
2.35; 95% confidence interval 1.08–5.09) (Take home figure). Death
occurred during the hospitalization at a median time of 8 days (IQR
5–14) in cardiac patients and at a median time of 10 days (IQR 6–12)
among non-cardiac patients. Causes of death of cardiac patients were

ARDS in 11 patients, septic shock in five patients and acute pulmon-
ary thrombo-embolism in the other three. Cause of death among
non-cardiac patients was ARDS in all but one subject who died for
pulmonary embolism. Even after excluding patients who were denied
intubation due to comorbidities or age, the mortality rate remained
higher in cardiac compared with non-cardiac patients (26% vs. 9%;
P = 0.039).

Clinical, laboratory, and outcome characteristics of the overall
study population stratified by mortality are reported in
Supplementary material online, Tables S2–S4.

Clinical characteristics of survivors and
non-survivors among cardiac patients
Compared with patients who were alive, those who died were older
and more likely to have a history of HF, diabetes, CAD, and CKD.

....................................................................................................................................................................................................................

Table 1 Demographic and clinical findings

Variable Total

(N 5 99)

Cardiac disease

(N 5 53)

No cardiac disease

(N 5 46)

P-value

Demographics

Age, years 67 ± 12 68 ± 12 66 ± 12 0.51

Sex (male), n (%) 80 (81) 45 (85) 35 (76) 0.27

Body mass index (kg/m2) >_30 kg/m2, n (%) 18 (23) 13 (26) 5 (18) 0.41

Clinical history, n (%)

Smoker 17 (20) 11 (21) 6 (18) 0.77

Hypertension 63 (64) 40 (75) 23 (51) 0.012

Dyslipidaemia 29 (30) 23 (43) 6 (13) <0.001

Diabetes 30 (31) 16 (30) 14 (31) 0.92

Heart failure 21 (21) 21 (40) 0 (0) <0.001

Atrial fibrillation 19 (19) 19 (36) 0 (0) <0.001

Coronary artery disease 16 (16) 16 (30) 0 (0) <0.001

Prior cardiac surgery 9 (9) 9 (17) 0 (0) 0.003

Prior percutaneous valve treatment 3 (3) 3 (11) 0 (0) 0.10

Chronic obstructive pulmonary disease 9 (9) 6 (11) 3 (6) 0.41

Chronic kidney disease 15 (15) 15 (28) 0 (0) <0.001

Cancer 17 (18) 13 (24) 4 (9) 0.05

Prior ACEi/ARB/ARNI therapy 30 (31) 28 (53) 2 (4) <0.001

Prior anticoagulant therapy 17 (18) 16 (30) 1 (2) <0.001

Prior statin therapy 25 (26) 23 (44) 2 (4) <0.001

Data on admission

Temperature, �C 37.3 ± 1.0 37.3 ± 1.1 37.2 ± 0.9 0.53

Fever, n (%) 39 (42) 24 (46) 15 (37) 0.35

Systolic blood pressure, mmHg 132 ± 23 126 ± 23 140 ± 20 0.003

Heart rate, b.p.m. 87 ± 20 86 ± 21 90 ± 18 0.33

Oxygen saturation (ambient air), % 91 ± 89 92 ± 5 90 ± 12 0.30

PaO2/FiO2 273 ± 88.5 272 ± 98.5 274 ± 75 0.91

PaO2/FiO2 <300, n (%) 50 (64) 27 (61) 23 (68) 0.57

SOFA score 2.2 ± 1.2 2.2 ± 1.3 2.2 ± 0.9 0.85

COVID score peak 10.2 ± 4.4 10.9 ± 4.7 9.4 ± 3.9 0.13

Left ventricular ejection fraction, % 48 ± 14 47 ± 14 57 ± 3 0.25

Continuous variable are reported as mean ± SD.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; FiO2, fraction of inspired oxygen; PaO2,
oxygen partial pressure at arterial gas analysis; SOFA, sequential organ failure assessment; COVID, coronavirus disease.

Characteristics and outcomes of patients hospitalized for COVID-19 1823
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Table 2 Laboratory findings of patients stratified by concomitant cardiac disease

Variable Reference range Total (N 5 99) Cardiac (N 5 53) Non-cardiac (N 5 46) P-value

Red blood cell count, �106/lL 4.0–5.2 4.6 (4.0–5.0) 4.4 (3.7–4.9) 4.7 (4.3–5) 0.035

Haemoglobin, g/dL 12.0–16.0 13.8 (12.3–14.7) 13.2 (11.1–15) 13.9 (13.2–14.4) 0.45

White blood cell count, per lL 4000–10800 6620 (4870–8750) 6370 (4660–8880) 6750 (5010–8700) 0.58

Neutrophils, per lL 1500–8000 4625 (2855–6725) 4150 (2830–6650) 5108 (3170–6880) 0.64

Lymphocytes, per lL 900–4000 920 (700–1250) 850 (640–1160) 1040 (750–1290) 0.15

Platelet count, �103/lL 130–400 188 (155–242) 183 (155–233) 188 (158–247) 0.73

Creatinine, mg/dL 0.60–1.00 1.0 (0.9–1.3) 1.1 (0.9–1.4) 1.0 (1–1.1) 0.037

Sodium, mEq/L 136–145 137 (135–139) 137 (134–139) 138 (136–140) 0.15

Potassium, mEq/L 3.4–4.5 3.9 (3.6–4.3) 4.1 (3.6–4.4) 3.8 (3.5–4.1) 0.04

Chloride, mEq/L 98–107 99 (97–102) 99.5 (96.5–101.5) 101 (97–103) 0.23

Baseline CRP, mg/L <5.0 65 (21–133) 50 (11–113) 99 (48–138) 0.07

Peak CRP, mg/L <5.0 113 (65 –169) 113 (59–176) 107 (72–160) 0.9

Procalcitonin, ng/mL <0.5 0.3 (0.1–0.8) 0.3 (0.1–1.4) 0.1 (0.1–0.2) 0.022

Ferritin, lg/L 30–400 1392 (745–2733) 1574 (745–2754) 1373 (753–2245) 0.62

D-dimer, ng/mL <232 576 (330–985) 640 (204–1873) 573 (332–868) 0.85

High sensitivity troponin T, ng/L <14 18 (10–43) 34 (14–105) 16 (7–21) <0.001

NT-proBNP, pg/mL <93 311 (107–1536) 2584 (206–4546) 180 (86–458) <0.001

Aspartate transaminase, U/L 18–39 46 (34–68) 46 (35–63) 44 (34–69) 0.96

Alanine transaminase, U/L 10–50 34 (24–58) 31 (24–49) 41.5 (24–67) 0.06

Lactate dehydrogenase, U/L 135–225 351 (251–481) 321 (242–448) 365 (289–490) 0.15

Creatine phosphokinase, U/L 39–308 153 (64–335) 151 (64–353) 158 (64–302) 0.59

Albumin, g/L 45–52 33 (29.4–36) 35 (30–37) 32 (28–34) 0.041

Lactate, mmol/L 0.5–2.2 1.1 (0.9–1.5) 1.3 (0.9–1.6) 1.0 (0.8–1.53) 0.06

Values are reported as median (interquartile range).
CRP, C-reactive protein, NT-proBNP, N-terminal probrain natriuretic peptide.

....................................................................................................................................................................................................................

Table 3 In-hospital management and outcomes of the study population stratified by concomitant cardiac disease

Variable Total (N 5 99) Cardiac (N 5 53) Non-cardiac (N 5 46) P-value

Changes in ongoing treatment

ACE/ARB/ARNI interruption, n (%)* 23 (77) 21 (75) 2 (100) <0.001

Needed ventilatory support

Oxygen support with FiO2 <50%, n (%) 54 (57.4) 31 (58.5) 23 (56.1) 0.82

Oxygen support with FiO2 >_50%, n (%) 47 (50) 29 (54.7) 18 (43.7) 0.3

Non-invasive ventilation, n (%) 18 (19.1) 10 (18.9) 8 (19.5) 0.94

Intubation, n (%) 2 (2) 2 (3.8) 0 (0) 0.19

Outcomes

Intensive care unit admission, n (%) 12 (12) 10 (19) 0 (0) <0.001

Hospital length of stay, days 11.4 ± 6.5 11.8 ± 8.3 10.8 ± 3.4 0.48

ARDS, n (%) 19 (19) 12 (23) 7 (15) 0.35

Venous thrombo-embolism, n (%) 12 (12) 9 (17) 3 (6) 0.11

Arterial thrombo-embolism, n (%) 3 (3) 3 (6) 0 (0) 0.1

Septic shock/sepsis, n (%) 6 (6) 6 (11) 0 (0) 0.019

Death, n (%) 26 (26) 19 (36) 7 (15) 0.02

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; FiO2, fraction of inspired oxygen; ARDS,
acute respiratory distress syndrome.
*The proportion of patients who underwent ACEi/ARB/ARNI interruption was calculated relative to the number of patients on chronic therapy.
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..Moreover, they had lower systolic blood pressure, higher SOFA
score, and were more likely to have a PaO2/FiO2 ratio <300 mmHg
at the time of hospitalization (Figure 1; Supplementary material online,
Table S5).

With regard to laboratory parameters, non-survivors had lower
lymphocyte count and higher serum creatinine and procalcitonin lev-
els at the time of hospitalization. D-dimer, C-reactive protein (CRP),
NT-proBNP, and hsTnT levels were numerically higher at the time of
hospitalization in non-survivors compared with survivors (Figure 2;
Supplementary material online, Table S6). All nine patients with nor-
mal troponin levels did not have complications or death during hospi-
talization. Plasma levels of sodium, potassium, and chloride tended to
be lower in non-survivors vs. survivors during the whole clinical
course. Platelets were lower at admission and increased during the
hospitalization, reaching higher values in the subjects who died
(Figure 3).

Non-survivors needed oxygen support with FiO2 >50% more fre-
quently than survivors. Among complications, ARDS and septic shock
were more common in patients who died compared with those who
were alive, whereas thrombo-embolic events were similar between
the two groups (Supplementary material online, Table S7).

Primary causes of hospital admission of cardiac patients are shown
in Supplementary material online, Text S1 and Tables S8–S10.

Discussion

This is the first study describing the clinical characteristics and out-
come of patients with a history of cardiac disease and COVID-19
pneumonia. Our results showed a high rate of in-hospital mortality
and complications in cardiac patients compared with those without a
history of cardiac disease. Mortality of cardiac patients was high

Take home figure Top: Kaplan–Meier 14-day survival rates for the patients with and without concomitant cardiac disease. Bottom: 14-day out-
comes (major complications and deaths) of all patients and the patients without and with concomitant cardiac disease. ARDS, acute respiratory dis-
tress syndrome; CI, confidence interval; RR, relative risk; TE, thrombo-embolism.
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..regardless of their main cause of hospitalization, COVID-19 pneumo-
nia vs. acute cardiac conditions. More than a third of our cardiac
patients died in hospital and more than half developed severe compli-
cations such as ARDS, septic shock, or thrombo-embolic events.
Mortality and major event rates of cardiac patients were higher com-
pared with those of non-cardiac patients admitted for COVID-19
pneumonia (36% vs. 15% for mortality and 57% vs. 21% for overall
major complications). Several conditions (i.e. history of HF, severe
aortic stenosis, and CKD), and laboratory abnormalities (i.e. lympho-
cytopenia, high levels of D-dimer, procalcitonin, TnT, and NT-
proBNP on admission) were associated with poor outcomes.

The outcomes reported for our patients are worse than those
reported in series from China,2–5,7 but are consistent with those
reported from the USA.8,9 The poor outcomes of our patients were
probably related to their older age and higher burden of cardiac
comorbidities, as shown by the comparison with non-cardiac

COVID-19 patients. Older age was consistently shown to be a major
risk factor for poor outcomes3,14,15 and/or myocardial injury.6,7 Also
a history of cardiovascular disease was associated with poorer out-
comes. A higher prevalence of hypertension and CAD in non-
survivors, compared with survivors, was shown by Zhou et al.,3 and
hypertensive patients were more likely to develop ARDS in the study
by Wu et al.14

Patient selection may have influenced our results. However, we
describe a series of consecutive patients admitted in a limited time
interval because of COVID-19 and concomitant cardiac disease.
These patients were selected at the time of their presentation to our
emergency department and the reason for admission to our institute
of cardiology was considered upon their concomitant cardiac disease
requiring specialized treatment, regardless of whether their primary
cause of hospitalization was COVID-19 pneumonia or a cardiac dis-
order. Consistently, the primary cause of admission had no

2 1 0 1 2

Age (years), mean (SD) 72.3±13.5 65.5±10.2 0.59 ( 0.02, 1.17 ) 0.046

Sex (male), n (%) 17 (89.5) 28 (82.5) 0.33 ( 0.62, 1.27 ) 0.490

Body mass index (kg/m2) >= 30kg/m2, n (%) 5 (27.8) 8 (25.0) 0.08 ( 0.62, 0.78 ) 0.830

Hypertension, n (%) 13 (68.4) 27 (79.4) 0.32 ( 1.02, 0.38 ) 0.370

Diabetes, n (%) 9 (47.4) 7(20.6) 0.69 ( 0.01, 1.36 ) 0.042

Heart failure, n (%) 12 (63.2) 9 (26.5) 0.86 ( 0.20, 1.52 ) 0.009

Atrial fibrillation, n (%) 8 (42.1) 11(32.5) 0.23 ( 0.41, 0.87 ) 0.480

Coronary artery disease, n (%) 9 (47.4) 7(20.6) 0.69 ( 0.01, 1.36 ) 0.042

Chronic obstructive pulmonary disease, n (%) 4 (21.1) 2 (5.9) 0.80 ( 0.19, 1.79 ) 0.095

Chronic kidney disease (eGFR<60 mL/min/m2), n (%) 10 (52.6) 5(14.7) 1.03 ( 0.31, 1.75 ) 0.003

History of cancer, n (%) 7 (36.8) 6 (17.7) 0.55 ( 0.16, 1.26 ) 0.120

Prior ACEi/ARB/ARNI therapy, n (%) 8 (42.1) 20 (58.8) 0.37 ( 1.00, 0.26 ) 0.240

Prior anticoagulant therapy, n (%) 4 (21.1) 12 (35.3) 0.39 ( 0.30, 1.08 ) 0.280

SOFA score, mean (SD) 3.2±1.5 1.7±0.9 1.92 ( 1.25, 2.59 ) <0.001

LV ejection fraction (%), mean (SD) 41.6±15.1 50.2±12.7 0.63 ( 1.31, 0.06 ) 0.070

Factor Died

(N=19)

Alive

(N=34)

SMD (95% CI) p value

SMD

Figure 1 Clinical features of cardiac patients stratified by vital status. Standardized forest plot comparing selected clinical variables between survi-
vors and non-survivors among cardiac patients. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor–neprilysin inhibitor; eGFR, estimated glomerular filtration rate; LV, left ventricular; SMD, standardized mean difference; SOFA, sequential
organ failure assessment.
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relationship to the characteristics our cardiac patients
(Supplementary material online, Tables S8–S10). Thus, our data point
out the major impact of a clinically relevant cardiac comorbidity on
the outcomes of COVID-19 patients.

The mechanism of poor outcomes in patients with COVID-19 and
concomitant cardiac disease may be multiple and cannot be ascer-
tained by our data. An exaggerated inflammatory activation with
hypercytokinaemia (cytokine storm) and multiorgan failure seem to
be the main mechanisms of the high mortality of COVID-19 pneumo-
nia and ARDS.16 This is consistent with the increase in inflammatory
markers, such as CRP, D-dimer, ferritin, and interleukin plasma levels,
in the patients developing ARDS and/or not surviving COVID-19 in-
fection.2–4,14,15,1,17 Inflammatory activation may have a prominent
role in the patients with HF and/or CAD, and this may explain their
susceptibility to COVID-19 and their poorer clinical course.18,19,20

Severe hypoxaemia, inflammatory activation, and hypotension may
all contribute to myocardial injury during COVID-19, and patients
with concomitant CAD or HF may be at higher risk.21 Recent data
show that cardiac injury may occur in 10–30% of unselected patients
with COVID-19 and be associated with a severe clinical course and
high mortality, independently of a history of cardiovascular dis-
ease.3,6,7 More than 70% of our cardiac patients had increased hs-
TnT levels, and high hsTnT levels were also found in almost half of
those with a non-cardiac history, consistent with greater severity of
COVID-19 patients hospitalized in our area. Plasma troponin levels
tended to be higher at entry in non-survivors, compared with survi-
vors. This difference did not reach statistical significance probably be-
cause of the small size of our study group. Consistent with previous
studies,7 our patients who had low troponin levels at the time of hos-
pitalization had an uneventful clinical course and all survived. Similar
to what was proposed for the patients with acute HF,22 the detection
of normal troponin levels at the time of hospitalization might there-
fore be considered as a criterion for early discharge from hospital
even in a high-risk population such as our patients.

The rate of thrombo-embolic events was high in our patients, with
15% of all our patients and 23% of our cardiac patients showing major
thrombo-embolic events. Such events were likely to be favoured by
the marked inflammatory activation associated with COVID-19.23

Elevated plasma levels of coagulation parameters have been associ-
ated with poorer outcomes in COVID-19 patients.3,4,17,24

Anticoagulation was not routinely performed in our patients in sinus
rhythm. However, based on such a high event rate, a wider use of
anticoagulation, or at least thrombo-embolic prophylaxis, seems war-
ranted. Better outcomes were shown with low molecular weight
heparin treatment in COVID-19 patients with high D-dimer plasma
levels or meeting sepsis-induced coagulopathy criteria.25

It is controversial whether treatment with ACEi/ARB/ARNI may fa-
vour coronavirus infection or be protective from COVID-19 pneumo-
nia.26–29 To date, it is considered that these drugs ‘should be continued
in patients in otherwise stable condition who are at risk for Covid-
19.’28 Our data indirectly support this statement as the prevalence of
patients on ACEi/ARB/ARNI was similar between non-survivors and
survivors. It is, however, noteworthy that 78% of our patients had to
have these drugs temporarily withdrawn during the hospitalization be-
cause of persistent hypotension. High rates of hypotension were also
shown in another series of critically ill patients.9

Antiviral and antinflammatory agents were given to our patients
based on recommendations by an infective disease specialist. Many of
these therapies have been associated with untoward effects in cardiac
patients. Based on our observational data, it is not possible to ascer-
tain whether they contributed to the poor outcomes of our patients.
However, as similar outcomes are reported in other series of
patients of similar age and with similar comorbidities,8,9 we may con-
sider that such poor outcomes are caused by COVID-19 and not by
concomitant treatment. Despite its hypothesized untoward effects in
viral pneumonia, corticosteroid therapy has been associated with
more favourable outcomes in COVID-19 pneumonia in an observa-
tional study.14

The main limitation of our study is the relatively small size of our
study group. However, the extreme burden of the COVID-19 out-
break on the healthcare system and the high major event rates of our
patients offset such a limitation. A larger study group would have
probably allowed more sophisticated analyses aimed at finding inde-
pendent prognostic variables. Given the logistical limitations at the
onset of this emerging outbreak, some laboratory data (such as
troponin and NT-proBNP) were not collected in all patients.
Similarly, detailed echocardiographic data were not collected. Data
from larger cardiovascular populations and multiple centres are war-
ranted. However, our data are from one of the two areas, Brescia
and Bergamo, which were firstly and more severely affected by the
COVID-19 outbreak in Italy.

In conclusion, patients with concomitant cardiac disease and
COVID-19 have an extremely poor prognosis, compared with sub-
jects without a history of cardiac disease, with higher mortality, septic
shock, and thrombo-embolic event rates. Better prevention of
COVID-19 and possibly better evidence-based treatment of
COVID-19 is warranted in these patients.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Figure 2 Cardiac biomarkers on admission among cardiac
patients. Box plot showing high sensitivity troponin T and N-termin-
al probrain natriuretic peptide (NT-proBNP) on admission in alive
(green) and dead (purple) patients.
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