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ABSTRACT

Objective Risk stratification is crucial to optimise
treatment strategies in patients with COVID-19. We
aimed to evaluate the impact on mortality of an early
assessment of cardiac biomarkers in patients with
COVID-19.

Methods Humanitas Clinical and Research Hospital
(Rozzano-Milan, Lombardy, Italy) is a tertiary centre that
has been converted to the management of COVID-19.
Patients with confirmed COVID-19 were entered in a
dedicated database for cohort observational analyses.
Outcomes were stratified according to elevated levels
(ie, above the upper level of normal) of high-sensitivity
cardiac troponin | (hs-Tnl), B-type natriuretic peptide
(BNP) or both measured within 24 hours after hospital
admission. The primary outcome was all-cause mortality.
Results A total of 397 consecutive patients with
COVID-19 were included up to 1 April 2020. At the time
of hospital admission, 208 patients (52.4%) had normal
values for cardiac biomarkers, 90 (22.7%) had elevated
both hs-Tnl and BNP, 59 (14.9%) had elevated only
BNP and 40 (10.1%) had elevated only hs-Tnl. The rate
of mortality was higher in patients with elevated hs-Tnl
(22.5%, OR 4.35,95% CI 1.72 to 11.04), BNP (33.9%,
OR 7.37,95% Cl 3.53 to 16.75) or both (55.6%,

OR 18.75, 95% Cl1 9.32 to 37.71) as compared with
those without elevated cardiac biomarkers (6.25%). A
multivariate analysis identified concomitant elevation of
both hs-Tnl and BNP as a strong independent predictor
of all-cause mortality (OR 3.24, 95% Cl 1.06 to 9.93).
Conclusions An early detection of elevated hs-Tnl

and BNP predicts mortality in patients with COVID-19.
Cardiac biomarkers should be systematically assessed in
patients with COVID-19 at the time of hospital admission
in order to optimise risk stratification.

INTRODUCTION

COVID-19 subsequent to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection is
causing a dramatic pandemic,’ with over 2 million
confirmed cases and over 150000 deaths as of 22
April 2020.

An early risk stratification is crucial in patients
with COVID-19 in order to identify those that
benefit from intense monitoring and aggressive
treatment strategies.' This is of paramount impor-
tance in conditions of limited human and material
resources, which is a frequent occurrence during
COVID-19 surges.” *

Besides the respiratory involvement, a cardiac
involvement has been described in patients with
COVID-19.°” Two studies from China have
suggested that patients with COVID-19 who
develop a myocardial injury during hospitalisation,
detected with cardiac troponin, have a higher risk
of mortality as compared with those who do not
develop a myocardial injury.” ® These findings have
been subsequently confirmed in large retrospective
series from Europe and USA.' !

Whether an early detection of cardiac involve-
ment, through the measurement of cardiac
biomarkers at the time of hospital admission, may
play a role for risk stratification in patients with
COVID-19 is currently unknown.

The aim of the present study was to evaluate
the impact on mortality of an early detection
of elevated cardiac biomarkers in patients with
confirmed COVID-19.

METHODS

Humanitas Clinical and Research Hospital
(Rozzano-Milan, Lombardy, Italy) is a large
tertiary centre that has been largely converted to
the management of COVID-19. All consecutive
patients diagnosed with COVID-19 according to
the WHO interim guidance hospitalised up to 1
April 2020 and available data on cardiac biomarkers
were retrospectively included in this institutional
registry. No exclusion criteria were applied.

Data collection

Data were retrospectively collected from the elec-
tronic medical records and validated through review
of all source documentation by five investigators.
The following data were collected: patients’ demo-
graphics, cardiovascular risk factors, medical history,

1512 C)“

Stefanini GG, et al. Heart 2020;106:1512—-1518. doi:10.1136/heartjnl-2020-317322

BM)

“ybBuAdoo Aq paroaroid 1sanb Aq zz0z ‘TT A Uo jwod [wg eayy/:dny woll papeojumod ‘020z 1SNBny #T Uo gzE/TE-0202-lulueay/9eTT 0T Se paysignd isii :LeaH


http://www.bcs.com/pages/default.asp
http://heart.bmj.com/
http://orcid.org/0000-0002-3558-6967
http://orcid.org/0000-0002-9333-2658
http://crossmark.crossref.org/dialog/?doi=10.1136/heartjnl-2020-317322&domain=pdf&date_stamp=2020-09-01
http://heart.bmj.com/

Special populations

comorbidities, clinical and haemodynamic parameters at presenta-
tion, baseline and in-hospital medical therapy, laboratory parame-
ters at baseline and during hospitalisation, and clinical outcomes.

Cardiac biomarkers

A biomarker of myocardial injury—that is, high-sensitivity
troponin I (hs-Tnl)—and a biomarker of cardiac stress—that is,
B-type natriuretic peptide (BNP)—were used as biomarkers of
cardiac involvement. The first available value obtained within
24 hours of hospital admission was considered. The value was
considered as elevated if above the upper limit of normal serum
levels according to our institutional laboratory normal ranges
(ie, hs-Tnl =19.6ng/L, BNP =100 pg/mL). At our institution,
hs-Tnl and BNP assays have been integrated into the labo-
ratory test panels for patients with COVID-19 at the time of
hospital admission since the beginning of COVID-19 outbreak
in Italy, due to the early concerns for cardiovascular involve-
ment emerging from Chinese experience. Hs-Tnl values were
obtained with the chemiluminescent immunoassay ACCESS
hs-Tnl, Beckman Coulter, using the DXI800 platform.

Outcomes

The primary outcome was all-cause mortality. Secondary
outcomes were admission in the intensive care unit (ICU), acute
respiratory distress syndrome (ARDS) and shock.

Definitions

COVID-19 was defined according to the WHO interim guid-
ance. SARS-CoV-2 tests were performed with the reverse tran-
scription PCR assay.

In case of multiple accesses to the ICU, only the date of the first
access was considered as the date of occurrence of this outcome,
while the overall duration of stay in ICU was calculated. In case
of multiple intubations, only the date of the first intubation was
considered as the date of occurrence of this outcome, while the
overall duration of intubation was calculated. ARDS was defined
according to the Berlin definition.'? Shock was defined as mean
arterial pressure <70mm Hg or systolic blood pressure (SBP)
<100 mm Hg despite adequate amount of fluids and clinical and
laboratory signs of hypoperfusion.'®

Arterial hypertension, dyslipidaemia and diabetes mellitus were
defined based on reported medical history and medical therapy.
Dyslipidaemia was defined based on cholesterol and triglycerides
values during hospitalisation and on use of lipid-lowering medica-
tions. Chronic kidney disease was assessed based on the estimated
glomerular filtration rate (eGFR) with the Modification of Diet
in Renal Diseases. Other comorbidities were defined based on
reported medical history. Haemodynamic and respiratory parame-
ters were recorded at the time of hospital admission.

Data analysis

Continuous variables are reported as median (IQR) and were
compared using Student’s t-test or the Mann-Whitney U or
Wilcoxon test in case of two-group comparisons on the basis of
normality of data distribution, verified using the Kolmogorov-
Smirnov goodness-of-fit test. In case of continuous variable
comparisons between more than two groups, analysis of variance
was performed. Bartlett’s test for equal variances was performed
to assess if the variances were comparable between groups. Cate-
gorical variables are reported as number (percentage) and were
compared using the % test without Yates’ correction for conti-
nuity or the Fisher’s exact test as appropriate. OR and 95% CI
for the primary and secondary outcomes were calculated with

binary logistic regression. Clinical follow-up was censored at
the date of death or discharge. We performed two multivari-
able logistic regression analyses to test the multiplicative asso-
ciation between baseline clinical and laboratory variables and
all-cause mortality. In the first one, the backward stepwise selec-
tion incorporated age, sex, body mass index >30kg/m?, body
temperature >37.5°C, eGFR <60 mL/min/m?, diabetes mellitus,
chronic obstructive pulmonary disease, left ventricular ejection
fraction <50%, malignancy, heart rate >100bpm, respiratory
rate >20bpm, hs-Tnl, BNE, C reactive protein, absolute white
cell count >10000/mm®, D-dimer, gender, ferritin, lympho-
cyte count, white cell count, desaturation (defined as admission
oxygen saturation without oxygen therapy below 94% or imme-
diate necessity of oxygen therapy at the time of hospital admis-
sion) and baseline use of ACE inhibitors (ACEi) or angiotensin
receptor blockers (ARBs). In the second model, we included the
categorical variable cardiac involvement (hs-Tnl =19.6 ng/L and
BNP =100pg/mL) in place of the continuous variables hs-Tnl
and BNP. The models included only vital parameters at admis-
sion and laboratory values obtained within 24 hours of hospital
admission. Area under the curve (AUC) and 95% CI were calcu-
lated to assess the predictive discriminatory power of both
models. Variables were excluded from the model in case of p
values<0.20. An n-fold cross-validation for the AUC for death
was performed for the two logistic regression models in order
to provide cross-validated fitted probabilities for death. In brief,
this method averages the AUCs corresponding to each fold and
applies the bootstrap procedure to the cross-validated AUC to
obtain statistical inference and 95% bias corrected Cls. Two-
sided p values <0.05 were considered statistically significant.
Statistical analyses were performed using Stata (V.13.0).

RESULTS

A total of 397 consecutive patients with confirmed COVID-19
were included in this registry, with a median follow-up of 12
days (IQR 6-17 days). The median age was 66.7 years (IQR
55-75.7 years) and 267 patients (67.3%) were men.

At the time of hospital admission, 208 patients (52.4%) had
normal values for cardiac biomarkers, 90 (22.7%) had an eleva-
tion of both hs-Tnl and BNP, 59 (14.9%) had elevated only BNP
and 40 (10.1%) had elevated only hs-Tnl.

Baseline clinical characteristics and clinical presentation are
summarised in table 1. Patients with elevated cardiac biomarkers
were older (p<0.001) and had more frequently dyslipidaemia
(p<0.001), diabetes mellitus (p=0.005), a prior myocardial
infarction (p<0.001), a left ventricular ejection fraction <50%
(p=0.001), a history of atrial fibrillation and a prior cerebrovas-
cular event (p<0.001) as compared with those without elevated
cardiac biomarkers.

With respect to non-cardiovascular comorbid conditions,
patients with elevated cardiac biomarkers had more frequently
chronic kidney disease (p<0.001) and chronic obstructive
pulmonary disease (p=0.013) as compared with those without
elevated cardiac biomarkers.

As it relates to clinical presentation, patients with elevated
cardiac biomarkers had more frequently a heart rate >100 beats
per minute and a respiratory rate >20 breaths per minute as
compared with those without elevated cardiac biomarkers.
Conversely, body temperature, SBP and first oxygen saturation
did not differ significantly between groups.

Laboratory values are summarised in table 2. At baseline,
patients with elevated cardiac biomarkers also had higher d-dimer
(p<0.001), fibrinogen (p=0.013), creatinine (p<0.001), white

Stefanini GG, et al. Heart 2020;106:1512—-1518. doi:10.1136/heartjnl-2020-317322

1513

“ybBuAdoo Aq paroaroid 1sanb Aq zz0z ‘TT A Uo jwod [wg eayy/:dny woll papeojumod ‘020z 1SNBny #T Uo gzE/TE-0202-lulueay/9eTT 0T Se paysignd isii :LeaH


http://heart.bmj.com/

Special populations

Table 1 Baseline clinical characteristics and presentation
Overall hs-Tnl -/BNP — hs-Tnl —=/BNP + hs-Tnl +/BNP — hs-Tnl +/BNP + P value
No. of patients 397 208 59 40 90
Age 66.7 (55.0-75.7) 59.4 (48.8-68.5) 70.5 (60.7-81.1) 67.5 (53.3-75.6) 75.8 (70.7-83.3) <0.001
Men 267/397 (67.3) 136/208 (65.4) 39/59 (66.1) 33/40 (82.5) 59/90 (65.6) 0.195
Cardiovascular risk factors
BMI, kg/m? 26.2 (24.2-30.0) 26.7 (24.3-30.3) 25.99 (23.1-28.2) 27.0 (24.9-34.4) 25.1(23.7-28.2) 0.244
Active smoking 36/396 (9.1) 9/207 (4.4) 9/59 (15.3) 2/40 (5.0) 16/90 (17.8) 0.001
Dyslipidaemia 100/395 (25.3) 30/207 (14.5) 15/58 (25.9) 11/40 (27.5) 44/90 (48.9) <0.001
Hypertension 224/395 (56.7) 85/207 (41.1) 40/58 (69.0) 27140 (67.5) 72/90 (80.0) <0.001
Diabetes mellitus 97/395 (24.6) 36/207 (17.4) 20/58 (34.5) 11/40 (27.5) 30/90 (33.3) 0.005
Insulin-dependent diabetes mellitus 38/395 (9.6) 11/207 (5.3) 6/58 (10.3) 6/40 (15.0) 15/90 (16.7) 0.009
Cardiovascular history
Prior myocardial infarction 33/395 (8.4) 5/207 (2.4) 7/58 (12.1) 3/40 (7.5) 18/90 (20.0) <0.001
LVEF <50% 18/395 (4.6) 2/207 (1.0) 4/58 (6.9) 2/40 (5.0) 10/90 (11.1) 0.001
History of atrial fibrillation 39/395 (9.9) 121207 (5.8) 9/58 (15.5) 2/40 (5.0) 16/90 (17.8) 0.004
Prior cerebrovascular events 31/395 (7.9) 6/207 (2.9) 2/58 (3.5) 6/40 (15.0) 17/90 (18.9) <0.001
Comorbidities
CKD 85/322 (26.4) 15/169 (8.9) 23/51 (45.1) 10/34 (29.4) 37/68 (54.4) <0.001
COPD 35/395 (8.9) 14/207 (6.8) 7/58 (12.1) 0/40 (0.0) 14/90 (15.6) 0.013
Liver disease 18/395 (4.6) 5/207 (2.4) 4/58 (6.9) 2/40 (5.0) 7/90 (7.8) 0.108
Malignancy 62/395 (15.7) 247207 (11.6) 12/58 (20.7) 5/40 (12.5) 21/90 (23.3) 0.057
Autoimmune disease 16/395 (4.1) 6/207 (2.9) 2/58 (3.5) 3/40 (7.5) 5/90 (5.6) 0.380
Clinical presentation
Heart rate >100 bpm 72/397 (18.1) 27/208 (13.0) 13/59 (22.0) 9/40 (22.5) 23/90 (25.6) 0.042
Respiratory rate >20 bpm 142/397 (35.8) 63/208 (30.3) 22/59 (37.3) 14/40 (35.0) 43/90 (47.8) 0.039
Body temperature >37°C 181/397 (45.6) 94/208 (45.2) 27/59 (45.8) 15/40 (37.5) 45/90 (50.0) 0.620
SBP <100mm Hg 15/397 (3.8) 8/208 (3.8) 3/59 (5.1) 1/40 (2.5) 3/90 (3.3) 0.931
First O, saturation <94%
Without 0, 58/268 (21.6) 30/168 (17.9) 14/35 (40.0) 4123 (17.4) 10/42 (23.8) 0.166
With 0, therapy 69/104 (66.4) 29/37 (78.4) 9/16 (56.3) 19/14 (71.4) 21/37 (56.7) 0.200

BMI, body mass index; BNP, B-type natriuretic peptide; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; hs-Tnl, high-sensitivity troponin I; LVEF, left ventricular ejection fraction; SBP, systolic

blood pressure.

cell count (p=0.007) and procalcitonin (p=0.026). Of note,
only 10 patients (2.5% of total population) did not report a
value of both hs-Tnl and BNP at the time of hospital admission,
21 patients (5%) did not have a value of BNP while having a
hs-Tnl value and 7 patients (1.7%) did not report a value of
hs-Tnl while having a BNP value.

Baseline and in-hospital medical therapy are summarised
in table 3. Patients with elevated cardiac biomarkers were
more frequently taking cardiovascular medications at the
time of admission as compared with patients without elevated
biomarkers. In-hospital pharmacological therapy did not differ
substantially between groups.

Clinical outcomes are summarised in table 4. In-hospital
follow-up was complete for all patients: 305 patients (76.8%)
have been discharged and 92 patients (23.2%) died. The rate of
mortality was higher in patients with elevated hs-Tnl (22.5%,
OR 4.35, 95%CI 1.72 to 11.04), BNP (33.9%, OR 7.37,
95%CI 3.53 to 16.75) or both (55.6%, OR 18.75, 95%CI
9.32 to 37.71) as compared with those without elevated cardiac
biomarkers (6.25%). A significant differential effect by BNP
elevation was observed with an increased risk of death among
patients with elevated hs-Tnl (p, . =0.044). The rate of
admission in the ICU was higher in patients with elevated hs-Tnl
(27.5%), BNP (22.0%) or both (18.9%) as compared with those
without elevated cardiac biomarkers (11.5%). Similar findings
were observed for ARDS and shock.

Cumulative event rates for all-cause mortality according to
baseline cardiac biomarkers elevation are displayed in figure 1.

A multivariate analysis including in the model only vital param-
eters at admission and laboratory values obtained within 24 hours
of hospital admission, shown in online supplementary table 2,
identified hs-Tnl (OR 1.01, 95%CI 1.00 to 1.01, p=0.037) but
not BNP as independent predictors of all-cause mortality, together
with age (OR 1.10, 95%CI 1.05 to 1.15, p<0.001), desatura-
tion (OR 2.54, 95%CI 1.16 to 5.59, p=0.020) and D-dimer (OR
1.51,95%CI 1.01 to 2.28, p=0.046). An additional multivariate
analysis, displayed in figure 2, identified elevated values of both
hs-Tnl and BNP as independent predictors of all-cause mortality
(OR 3.24,95%CI 1.06 t0 9.93, p=0.039), together with age (OR
1.13, 95%CI 1.06 to 1.20, p<0.001), lymphocyte count (OR
0.19, 95%CI 0.05 to 0.71, p=0.014), and D-dimer (OR 1.00,
95%CI 1.00 to 1.01, p=0.049). AUCs were 0.884 (0.83-0.92)
for the first and 0.938 (0.85-0.94) for the second model, indi-
cating good predictive value in both cases (online supplementary
figures 1 and 2). N-folds cross-validation resulted in a cross vali-
dated AUC of 0.883 (0.83-0.91) for the first and 0.926 (0.85-
0.94) for the second model, confirming good predictive value of
both models.

DISCUSSION

We aimed to investigate the prognostic implications of an early

cardiac involvement in hospitalised patients with COVID-19.

Our findings can be summarised as follows:

1. Approximately 50% of patients with confirmed COVID-19
have evidence of elevated cardiac biomarkers at the time of
hospital admission.
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Table 2 Laboratory values

Overall hs-Tnl —=/BNP — hs-Tnl —=/BNP + hs-Tnl +/BNP — hs-Tnl +/BNP + P value

No. of patients 397 208 59 40 920
hs-Tnl, ng/L

Baseline 7.8 (4.5-25.6) 5.1 (2.95-6.95) 9.3 (5.1-13.4) 34.7 (25.9-55.3) 50.3 (32.2-161.7) <0.001

Max during hospitalisation 10.8 (4.3-39.5) 4.85(2.95-9.3) 11.6 (7-22.8) 39.6 (33.3-92.6) 79.1(38.6-238.1) <0.001
BNP, pg/mL

Baseline 53 (27-147) 30 (18.5-50) 170.5 (135-224) 46.5 (24-70.5) 261.5 (184.5-500.5) <0.001

Max during hospitalisation 67 (30-191) 37 (20-62.5) 203 (136-306) 54 (29.5-84.5) 304 (201.5-593) <0.001
D-Dimer, ng/mL

Baseline 470 (296-882) 360 (264-575) 622 (332-1059) 444 (300-823) 795 (408-1711) <0.001

Max during hospitalisation 844 (412-2462) 621 (322-1090) 1080 (559-2826) 1807 (480-4656) 1330 (661-3640) <0.001
Fibrinogen, mg/dL

Baseline 552 (441-665) 550 (450-646) 487 (384-636) 560 (418-646) 587 (455-725) 0.013

Max during hospitalisation 617 (487-728) 607 (490.5-725) 583 (459-728) 590.5 (503-725) 639 (512-778) 0.075
CRP, mg/dL

Baseline 8.04 (3.08-15.28) 6.82 (2.33-12.38) 9.65 (2.79-16.15) 7.955 (4.585-19.06) 10.685 (6.02-18.86) 0.307

Max during hospitalisation 15.46 (8.75-24.13) 13.13 (5.7-20.29) 19.45 (10.64-27.88) 20.635 (10.47-29.23) 19.775 (11.66-28.13) <0.001
IL-6, pg/mL

Baseline 44 (18-87) 45 (19-87) 52 (21-100) 26 (12-73) 40 (18-94) 0.704

Max during hospitalisation 57 (23-145) 52 (23-114) 98 (31-194) 57 (13-185) 53 (22-123) 0.430
Ferritine, ng/mL

Baseline 536.2 (226.1-1004.1) 479.85 (216.3-966.8) 457.2 (255.9-1005.6) 323.9(218.7-902.7) 757.1 (375.9-1370.1) 0.084

Max during hospitalisation 725.7 (284.4-1290.9) 679.65 (282.6-1224.1) 667.4 (272.6-1274.6) 513.6 (229.2-1014.2) 871.45 (545-1613) 0.354
Creatinine, mg/dL

Baseline 0.95 (0.75-1.21) 0.85 (0.71-1.04) 1.01 (0.73-1.38) 1.13 (0.89-1.45) 1.17 (0.82-1.81) <0.001

Max during hospitalisation 1(0.79-1.37) 0.91 (0.74-1.09) 1.04 (0.81-1.54) 1.24 (0.89-1.73) 1.46 (0.98-2.17) <0.001
White cell count, 10°/mm?

Baseline 6.46 (5.12-9.82) 5.965 (5.095-8.56) 7.98 (5.95-11.45) 6.865 (5.315-11.07) 6.67 (4.85-10.27) 0.007

Max during hospitalisation 8.91 (6.65-12.6) 7.86 (5.98-10.62) 10.85 (8.01-15.05) 10.62 (7.19-14.485) 10.855 (6.96-14.06) 0.003
Neutrophils, 10%mm?

Baseline 4.9 (3.5-1.7) 45 (3.4-6.7) 5.9 (4.1-8.8) 5.65 (3.55-9.15) 5.25 (3.2-9) 0.333

Max during hospitalisation 6.7 (4.7-10.4) 5.8 (4.2-8.8) 8.5 (6.1-12.8) 8.95 (5.15-12.25) 9 (5.5-12.4) <0.001
Lymphocytes, 10*/mm?

Baseline 1(0.6-1.3) 1(0.7-1.35) 1(0.6-1.4) 0.95(0.6-1.2) 0.85(0.5-1.2) 0.333

Min during hospitalisation 0.7 (0.4-1) 0.8(0.5-1.2) 0.6 (0.4-0.9) 0.6 (0.4-0.85) 0.4 (0.3-0.7) 0.135
Platelets baseline, 10°/mm® 201 (154-254) 204.5 (162-254.5) 210 (161-279) 193.5 (154.5-233.5) 188.5 (131-257) 0.322
Haemoglobin baseline, g/dL 14(12.7-15) 14.3 (13.35-15.4) 13.6 (12.1-14.6) 14.25(13.1-15.2) 12.8 (11.8-14.1)
Procalcitonin, ng/mL

Baseline 0.18 (0.09-0.44) 0.135 (0.08-0.25) 0.285 (0.145-0.51) 0.36 (0.11-0.73) 0.36 (0.13-1.43) 0.026

Max during hospitalisation 0.36 (0.16-1.23) 0.2 (0.11-0.47) 0.515 (0.24-1.88) 0.77 (0.29-1.61) 0.73 (0.36-3.16) 0.001
ALT baseline, IU/L 27 (18-44) 28.5 (19-45) 24 (16-41) 34 (25-53.5) 25.5(16-37) 0.113
ALP baseline, U/L 77 (61-103) 72 (59-92) 81 (61-110) 79 (64-102) 91 (65-128) 0.035
Total bilirubin baseline, mg/dL 0.6 (0.5-0.8) 0.6 (0.5-0.8) 0.6 (0.5-1.1) 0.6 (0.5-0.8) 0.7 (0.5-0.9) 0.496
PT ratio baseline 1.1 (1.05-1.21) 1.1(1.04-1.22) 1.11 (1.03-1.19) 1.1 (1.045-1.185) 1.11 (1.06-1.22) 0.719
PTT ratio baseline 0.98 (0.9-1.06) 0.97 (0.9-1.04) 0.98 (0.9-1.05) 0.945 (0.89-1.025) 1(0.93-1.09) 0.670
INR baseline 1.1(1.05-1-2) 1.1 (1.04-1.21) 1.11 (1.03-1.19) 1.095 (1.045-1.185) 1.11 (1.06-1.21) 0.718

Availability of baseline laboratory values, indicated as n/N (%) when <100%: hs-Tnl: 380/397 (96%); BNP: 366/397 (92%); D-dimer: 350/397 (88%); fibrinogen: 382/397 (96%); IL-6: 273/397 (69%); ferritine: 367/397
(92%); procalcitonin: 337/397 (92%); ALP: 329/397 (90%).

ALP, alkaline phosphatase; ALT, alanine aminotransferase; BNP, B-type natriuretic peptide; CRP, C reactive protein; hs-Tnl, high-sensitivity troponin I; IL, interleukin; INR, international normalized ratio; INR, international

normalised ratio; PT, prothrombin time; PTT, partial thromboplastin time.

2. Cardiac biomarkers elevation at the time of admission is as-
sociated with higher rates of all-cause mortality.

3. The elevation of both hs-Tnl and BNP at the time of hospi-
tal admission is a strong independent predictor of all-cause
mortality.

Patients with COVID-19 have an extremely heterogeneous
clinical presentation, ranging from absence of symptoms to
major respiratory disorders requiring intensive care assis-
tance.! > ¢ '* According to evidence from China, Europe and
USA, patients with the most severe clinical presentation tend to
be elderly and are characterised by a large number of clinical
comorbidities. Among these, a significantly higher prevalence of

cardiovascular risk factors and history of ischaemic heart disease
have been described in patients with COVID-19 evolving in
worse outcomes.' * ¢ Therefore, although respiratory symptoms
represent the main clinical manifestations of COVID-19, several
patients—regardless the presence of a prior cardiac history—
also experience severe cardiovascular complications.” In Wuhan,
China, myocardial injury—diagnosed as an increase in high-
sensitivity cardiac troponin—was observed in 5 of the first 41
patients with confirmed COVID-19.” In a report of 138 patients
with COVID-19 in Wuhan, 7.2% had evidence of myocardial
injury, with higher levels of cardiac biomarkers in patients
treated in ICU.” Among patients who died from COVID-19 in
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Table 3 Baseline and in-hospital medical therapy

Overall hs-Tnl —-/BNP — hs-Tnl -/BNP + hs-Tnl +/BNP — hs-Tnl +/BNP + P value
Baseline medical therapy
ACE inhibitors or ARBs 173/397 (43.6) 71/208 (34.1) 28/59 (47.5) 20740 (50.0) 54/90 (60.0) <0.001
Beta-blockers 113/389 (29.1) 30/206 (14.6) 24/57 (42.1) 17139 (43.6) 42/87 (48.3) <0.001
Calcium-channel blockers 63/387 (16.3) 12/205 (5.9) 13/56 (23.2) 13/39 (33.3) 25/87 (28.7) <0.001
Diuretics 70/389 (18.0) 19/206 (9.2) 12/57 (21.1) 9/39 (23.1) 30/87 (34.5) <0.001
Insulin 25/389 (6.4) 5/206 (2.4) 3/57 (5.3) 4/39 (10.3) 13/87 (14.9) 0.001
Lipid lowering 86/389 (22.1) 22/206 (10.7) 16/57 (28.1) 10/39 (25.6) 38/87 (43.7) <0.001
Vitamin K antagonists 21/389 (5.4) 4/206 (1.9) 6/57 (10.5) 0/39 (0.0) 11/87 (12.6) <0.001
Non-vitamin K antagonists oral anticoagulants 14/389 (3.6) 5/206 (2.4) 4/57 (7.0) 1/39 (2.6) 4/87 (4.6) 0.310
Aspirin 88/389 (22.6) 241206 (11.7) 13/57 (22.8) 13/39 (33.3) 38/87 (43.7) <0.001
Immunosuppressants 15/388 (3.9) 6/205 (2.9) 2/57 (3.5) 2/39 (5.1) 5/87 (5.8) 0.582
In-hospital medical therapy

Tocilizumab 13/394 (3.3) 4/205 (2.0) 1/59 (1.7) 3/40 (7.5) 5/90 (5.6) 0.124
Chloroquine/hydroxychloroquine 352/395 (89.1) 183/206 (88.8) 53/59 (89.8) 36/40 (90.0) 80/90 (88.9) 0.994
Remdesevir 2/395 (0.5) 1/206 (0.5) 0/59 (0.0) 0/40 (0.0) 1/90 (1.1) 0.729
Lopinavir/ritonavir 213/396 (53.8) 107/207 (51.7) 31/59 (52.5) 23/40 (57.5) 52/90 (57.8) 0.753
Darunavir/cobicistat 145/395 (36.7) 76/206 (36.9) 27/59 (45.8) 13/40 (32.5) 29/90 (32.2) 0.366
Antibiotics 369/397 (93.0) 196/208 (94.2) 54/59 (91.5) 35/40 (87.5) 84/90 (93.3) 0.469
Immunosuppressive/anti-inflammatory 61/395 (15.5) 32/206 (15.5) 6/59 (10.2) 2/40 (5.0) 21/90 (3.6) 0.031
Antihypertensive 105/394 (26.7) 49/205 (23.9) 19/59 (32.2) 7140 (17.5) 30/90 (33.3) 0.139
ACE inhibitors or ARBs 56/395 (14.2) 28/206 (13.6) 11/59 (18.6) 5/40 (12.5) 12/90 (13.3) 0.760
Beta-blockers 101/395 (25.6) 51/206 (24.8) 22/59 (37.3) 7140 (17.5) 21/90 (23.3) 0.115
Diuretic 98/397 (25.0) 45/208 (21.6) 19/59 (32.2) 9/40 (22.5) 25/90 (27.8) 0.334
Inotropes/vasopressors 57/397 (14.4) 21/208 (10.1) 9/59 (15.3) 7140 (17.5) 20/90 (22.2) 0.047
Heparin 313/397 (78.8) 165/208 (79.3) 46/59 (78.0) 31/40 (77.5) 71/90 (78.9) 0.992
Non-vitamin K antagonists oral anticoagulants 4/394 (1.0) 2/205 (1.0) 0/59 (0.0) 1/40 (2.5) 1/90 (1.1) 0.684
Aspirin 781395 (19.8) 39/206 (18.9) 13/59 (22.0) 10/40 (25.0) 16/90 (17.8) 0.754

ARB, angiotensin Il receptor blocker; BNP, B-type natriuretic peptide; hs-Tnl, high-sensitivity troponin I.

China, 11.8% of those without known underlying cardiovas-
cular disease showed elevated levels of hs-Tnl or had cardiac
arrest during hospitalisation.®

A few observational studies from China have specifically inves-
tigated the association of cardiac injury during hospitalisation and
mortality in patients with COVID-19.”® In a case series of 187
patients with confirmed COVID-19, Guo and colleagues’ showed
that patients with myocardial injury (ie, increased troponin T
levels) during hospitalisation had an increased risk of mortality
as compared with those without myocardial injury, regardless the
presence of underlying cardiovascular disease. Similar findings
were reported by Shi and colleagues® in a cohort of 416 patients,
in which cardiac injury during hospitalisation was common
(occurred in 20% of patients) and associated with a higher risk
of mortality. Another observational study evaluated specifically
the impact of myocardial injury on clinical outcomes in 671
patients with severe COVID-19 and identified cardiac troponin I
and N-terminal pro-BNP as independent predictors of in-hospital

death by a multivariable Cox regression analysis."’ Further studies
from Europe and USA confirmed these findings.'’ "' However, an
early detection of cardiac involvement and the impact of concomi-
tant elevation of BNP and hs-Tnl in patients with COVID-19 have
not been specifically evaluated to date.

Opverall, the currently available evidence has consistently shown
an association of cardiac injury developed during hospitalisation
with mortality in patients with COVID-19. In order to provide
pragmatic evidence, with potential use for risk stratification, we
evaluated the prognostic impact of an early evidence of elevated
cardiac biomarkers. By showing a strong association with mortality
of an early elevation of cardiac biomarkers, we support the system-
atic use of hs‘Tnl and BNP for risk stratification at the time of
hospital admission. Moreover, we found a significant differential
effect by BNP elevation with an increased risk of death among
patients with elevated hs-Tnl, confirming that the concomitant
elevation of BNP and hs-Tnl underlines a higher risk of in-hospital
mortality than hs-Tnl elevation alone.

Table 4 Clinical outcomes

OR versus hs-Tnl =/BNP -

Overall hs-Tnl =/BNP —  hs-Tnl —=/BNP +  hs-Tnl +/BNP —  hs-Tnl +/BNP +  hs-Tnl +/BNP - hs-Tnl —/BNP + hs-Tnl +/BNP +
Mortality 92/397 (23.2)  13/208 (6.3) 20/59 (33.9) 9/40 (22.5) 50/90 (55.6) 4.35(1.72-11.04)  7.69 (3.53-16.75)  18.75 (9.32-37.71)
ICU admission ~ 65/397 (16.4) ~ 24/208 (11.5)  13/59 (22.0) 11/40 (27.5) 17/90 (18.9) 2.90 (1.29-6.56)  2.16(1.03-4.58) 1.79 (0.91-3.52)
ARDS 86/397 (21.2)  31/208 (14.9)  19/59 (32.2) 14/40 (35.0) 22/90 (24.4) 3.07 (1.44-6.53)  2.71 (1.39-5.28) 1.84 (1.00-3.41)
Shock 10/397 (2.5) 2/208 (1.0) 0/59 (0) 3/40 (7.5) 5/90 (5.6) 8.35(1.35-51.70) - 6.06 (1.15-31.84)
Discharge 305/397 (76.8)  195/208 (93.7)  39/59 (66.1) 31/40 (77.5) 40/90 (44.4) 0.23(0.09-0.59)  0.13 (0.06-0.28) 0.05 (0.03-0.11)

ARDS, acute respiratory distress syndrome; BNP, B-type natriuretic peptide; hs-Tnl, high-sensitivity troponin I; ICU, intensive care unit.
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Figure 1 Cumulative incidence of mortality according to baseline
cardiac biomarkers. BNP, B-type natriuretic peptide; hs-Tnl, high-
sensitivity troponin I.

The two cardiac biomarkers used in our study focus on different
aspects of cardiac involvement. Hs-Tnl is a biomarker of myocardial
injury, while BNP is a biomarker of cardiac stress. We, therefore,
focused our analysis on a global early evaluation of cardiac involve-
ment. Potential mechanisms underlying an early cardiac involve-
ment include direct myocardial involvement of SARS-CoV-2,
myocardial injury due to hypoxaemia, myocardial injury due to
increased thrombogenicity, cytokine storm triggered by the infec-
tion, increased sympathetic stimulation, endothelial dysfunc-
tion due to vascular cells SARS-CoV-2 infection and a right heart
overload due to pulmonary implications of the disease. However,
based on our findings alone, we cannot mechanistically impute to

Clinical characteristics

Age

Laboratory values
eGFR <60 mL/min/1.73m?
hs-Tnl +/BNP +
D-dimer

Lymphocite count

—
Ferritin
Clinical presentation
Desaturation
T
0.25 0.5

Reduced risk

a cardiac damage the prognostic relevance of an early elevation of
cardiac biomarkers. We rather hypothesise that an early evidence
of cardiac involvement allows to identify patients with COVID-19
at the highest risk of adverse prognosis. However, the absence of
cardiac involvement represents a favourable prognostic marker and
a likely marker of lower risk of in-hospital death. Thus, an early
assessment of BNP and hs-Tnl in patients with COVID-19 may help
physicians in the appropriate triage, timely intensive monitoring and
treatment for subjects at high risk of death, and outpatient manage-
ment for those at very low risk of death. Moreover, the presence of
cardiac involvement might allow an early detection of previously
undiagnosed cardiac diseases and more dedicated cardiological
surveillance, eventually followed by more dedicated cardiovascular
follow-up and tailored interventions after discharge. Resource allo-
cation in case of new outbreaks and cardiovascular prevention might
truly benefit from an early assessment of BNP and hs-Tnl. Anyway,
the association between elevated cardiac biomarkers and adverse
prognosis need further evaluation in studies elucidating pathophysi-
ological mechanisms of disease.

Of note, while rates of mortality were higher in patients
with an early elevation of both hs-Tnl and BNP, ICU admission
occurred less frequently in these patients than in patients with
only one of the two biomarkers elevated. This might be partly
explained by the fact that an early elevation of both hs-Tnl and
BNP identified a patient population with a higher burden of
comorbid conditions that might have not been considered for
aggressive treatment strategies during the most intense phase
of the COVID-19 outbreak in view of the limited available
resources.’ * It is important to underscore that the data included
in this study focus on patients treated during the first 6 weeks of

OR (95% Cl)

n 1.13 (1.06-1.20)

2.66 (0.92-7.68)

| n
- , 3.24 (1.06-9.93)
N 1.00 (1.00-1.01)
0.19 (0.05-0.71)
. 1.00 (0.99-1.00)
- , 2.07 (0.76-5.61)

1. 2 5 10

Increased risk

Figure 2 Baseline predictors of mortality at multivariable logistic regression analysis. The backward stepwise selection incorporated age, sex, body
mass index >30 kg/mz, body temperature >37.5°C, eGFR <60 mL/min/m?, diabetes mellitus, chronic obstructive pulmonary disease, left ventricular
ejection fraction <50%, malignancy, heart rate >100bpm, respiratory rate >20bpm, cardiac involvement (defined as both hs-Tnl =19.6 ng/L and BNP
>100pg/mL), C reactive protein, absolute white cell count >10000/mm?, D-dimer, gender, ferritin, lymphocyte count, white cell count, desaturation
(defined as admission oxygen saturation without oxygen therapy below 94% or immediate necessity of oxygen therapy at the time of hospital
admission) and baseline use of ACE inhibitors or angiotensin receptor blockers. The model included only vital parameters at admission and laboratory
values obtained within 24 hours of hospital admission. BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; hs-Tnl, high-

sensitivity troponin I.
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the outbreak, characterised by the highest degree of COVID-19
related pressure on the regional healthcare system.® *

Our findings should be interpreted in light of some
limitations. First, the single-centre nature of the study has
intrinsic limitations. However, we systematically collected
data of all consecutively hospitalised patients at our institu-
tion, increasing the generalisability of our findings. Second,
beyond cardiac biomarkers, a more specific early evaluation
of cardiac involvement with echocardiography might have
provided additional information. However, echocardiography
was not performed at the time of hospital admission in any of
the included patients and its use was largely restricted during
hospitalisation because of isolation conditions of wards and
ICU during the COVID-19 pandemic. Third, ARDS diagnoses
were probably under-reported among patients not admitted
to ICU, limiting the reliability of our findings regarding
this outcome. Fourth, 38 patients had no available values of
hs-Tnl, BNP or both due to issues with samples (ie, haemo-
lysis) or mistakes in laboratory test requests. Lastly, the obser-
vational nature of our findings does not support a cause—effect
relationship between cardiac involvement and mortality.
However, our findings support the use of cardiac biomarkers
for risk stratification of patients with COVID-19 at the time
of hospital admission. In consideration of the wide diffusion
and relative low cost of these biomarkers across all hospitals
worldwide, their early assessment in patients with COVID-19
may represent a pragmatic tool for risk stratification.

CONCLUSIONS

Elevated hs-Tnl and BNP at the time of hospital admis-
sion predict mortality in patients with COVID-19. Cardiac
biomarkers should be systematically assessed in patients with
COVID-19 at the time of hospital admission in order to opti-
mise risk stratification.

What is already known on this subject?
» Myocardial injury is common in hospitalised patients with
COVID-19 and is associated with mortality.

What might this study add?

» An early elevation of both high-sensitivity troponin | and B-
type natriuretic peptide at the time of hospital admission is a
strong independent predictor of in-hospital mortality.

» An early assessment of cardiac biomarkers is a pragmatic and
feasible tool for risk stratification in patients with COVID-19,
given the wide diffusion and relative low cost of these
biomarkers across all hospitals worldwide.

How might this impact on clinical practice?

» Clinicians should systematically assess cardiac biomarkers
in patients with COVID-19 at the time of hospital admission
in order to optimise risk stratification and improve resource
allocation.
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