@ E S C European Heart Journal Open (2021) 1, 1-11 ORIGINAL ARTICLE

European Society  doi:10.1093/ehjopen/oeab025 Special populations
of Cardiology

Comparative frequency and prognostic impact
of myocardial injury in hospitalized patients
with COVID-19 and Influenza

Luigi Biasco 1,21 Catherine Klersy 3. Giulia S. Beretta ® *T,

Marco Valgimigli 4'5, Amabile Valotta 4, Luca Gabutti", Roberto Della Bruna’,
Alberto Pagnamenta 8 Gregorio Tersalvi 4 Lorenzo Ruinelli’, Andrea Artero'’,
Gaetano Senatore?, Peter Jiini 11121 and Giovanni B. Pedrazzini'"*%1

1Depar‘tment of Biomedical Sciences, Universita della Svizzera Italiana, Via Buffi 13, 6900, Lugano, Switzerland; 2Depar‘tment of Cardiology, Azienda Sanitaria Locale Torino 4, Via
Battitore 7, 10070, Cirié, ltaly; *Service of Clinical Epidemiology & Biometry, Fondazione IRCCS Policlinico San Matteo, Viale Camillo Golgi, 19, 27100, Pavia, Italy; *Division of
Cardiology, Cardiocentro Ticino Institute, Ente Ospedaliero Cantonale, Via Tesserete 48, 6900 Lugano, Switzerland; 5University of Berne, Hochschulstrasse 6, 3012, Berne,
Switzerland; ®Department of Internal Medicine, Ente Ospedaliero Cantonale, Via Tesserete 46, 6900, Lugano, Switzerland; “Department of Clinical Chemistry, Ente Ospedaliero
Cantonale, Via Tesserete 46, 6900, Lugano, Switzerland; 8Depalr‘tment of Intensive Medicine, Ente Ospedaliero Cantonale, Via Alfonso Turconi 23, 6850, Mendrisio, Switzerland;
“Service of Information and Technology, Ente Ospedaliero Cantonale, Via Ospedale 12, 6500, Bellinzona, Switzerland; "°Department of Justice, Law & Criminology, American
University, Ward Circle Building, 4400 Massachusetts Ave, 20016, Washington, DC, USA,; Minstitute of Health Policy, Management and Evaluation, University of Toronto, 155
College St 4th Floor, Toronto, ON M5T 3Mé, Canada; and "Institute of Health Policy, Management and Evaluation, University of Toronto, Toronto, Canada

Received 30 June 2021; revised 23 August 202 1; editorial decision 25 August 2021; accepted 26 August 2021
Handling Editor: Magnus Back

Aims Myocardial injury (MIN]J) in Coronavirus disease 2019 (COVID-19) identifies individuals at high mortality risk but
its clinical relevance is less well established for Influenza and no comparative analyses evaluating frequency and clin-
ical implications of MINJ among hospitalized patients with Influenza or COVID-19 are available.

Methods Hospitalized adults with laboratory confirmed Influenza A or B or COVID-19 underwent highly sensitive cardiac T

and results Troponin (hs-cTnT) measurement at admission in four regional hospitals in Canton Ticino, Switzerland. MINJ was
defined as hs-cTnT >14ng/L. Clinical, laboratory and outcome data were retrospectively collected. The primary
outcome was mortality up to 28 days. Cox regression models were used to assess correlations between admission
diagnosis, MIN]J, and mortality. Clinical correlates of MINJ in both viral diseases were also identified. MIN]J occurred
in 94 (65.5%) out of 145 patients hospitalized for Influenza and 216 (47.8%) out of 452 patients hospitalized for
COVID-19. Advanced age and renal impairment were factors associated with MINJ in both diseases. At 28 days, 7
(4.8%) deaths occurred among Influenza and 76 deaths (16.8%) among COVID-19 patients with a hazard ratio
(HR) of 3.69 [95% confidence interval (Cl) 1.70-8.00]. Adjusted Cox regression models showed admission diagno-
sis of COVID-19 [HR 6.41 (95% Cl 4.05-10.14)] and MINJ [HR 8.01 (95% Cl 4.64-13.82)] to be associated with
mortality.

Conclusions Myocardial injury is frequent among both viral diseases and increases the risk of death in both COVID-19 and
Influenza. The absolute risk of death is considerably higher in patients admitted for COVID-19 when compared
with Influenza.
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Introduction

Coronavirus disease 2019 (COVID-19) and Influenza are associated
to various clinical manifestations ranging from mild flu-like symptoms
to severe respiratory distress syndromes,' whereas advanced age
and pre-existing cardiovascular diseases have been identified as pre-
disposing factors for mortality in both viral diseases.*®

The occurrence of myocardial injury (MINJ) has been previously
recognized as prognostic marker in hospitalized patients affected by
different respiratory illnesses such as pneumonia, chronic obstructive
pulmonary disease (COPD), sepsis, and acute respiratory distress
syndrome (ARDS).””"" MINJ similarly occurs in COVID-19 patients,
and while its mechanism is poorly understood,'"? studies have con-
firmed its negative prognostic role.'>'*"7

Several similarities and differences have been drawn between Influenza
and COVID-19 both from clinical and prognostic pet‘spec‘cives.18

Influenza and COVID-19 are both contagious respiratory viral
illnesses with a relevant virulence able to cause pandemic events.

Both clinical entities have been often compared on a clinical

HR (95% Cl) log scale
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ground,19 and initial autoptic comparative studies have high-
lighted how specific pathophysiological mechanisms are shared
between the two viral infections.?’ One of the multiple aspects
linking the severe acute respiratory syndrome coronavirus-2
(SARS-COV-2) and Influenza viruses is represented by the pecu-
liar endothelial involvement leading to microvascular thrombosis
and neo-angiogenesis,”® which might represent the mechanisms
behind MIN]J.

Thus, comparisons between COVID-19 and other viral disease
might provide clinically relevant information confirming the hy-
pothesis that presence of MINJ has a prognostic relevance in dif-
ferent viral diseases. It is in fact unknown whether MINJ occurs in
COVID-19 with similar rates also in other viral respiratory dis-
eases such as Influenza®’~>*
parative prognostic role of MINJ for mortality in COVID-19 and
Influenza patients.

and no study has assessed the com-

Thus, the aim of the following analysis is to provide comparative
frequency rates and prognostic impact of MINJ in hospitalized
patients with Influenza and COVID-19 diseases.



Comparative frequency and prognostic impact of MINJ

Methods

Study design and objectives

During the 2018-2019 seasonal epidemic, a multicentre prospective co-
hort study was conducted to enroll consecutive adult patients
(>18years) hospitalized for Influenza between December 2018 and 31
March 2019 in the four regional hospitals (Lugano, Bellinzona e Valli,
Locarno, and Mendrisio) in Canton Ticino, Switzerland with the main ob-
jective to assess the frequency and prognosis of patients with Influenza-
associated MIN]J defined as an increased high-sensitivity cardiac Troponin
T (hs-cTnT) as measured within 48 h from admission. At the outbreak of
the SARS-COV-2 pandemic in Ticino, we set up a retrospective cohort
study, which closely mirrored the protocol of the prospective cohort
study in Influenza patients in the same four hospitals, including patients
hospitalized for COVID-19 between 24 February 2020 and 11 May 2020.
Shortly after the initial pandemic wave, the four hospitals mandated the
assessment of hs-cTnT within 48 h from admission as part of their stand-
ard procedure. The objectives of the retrospective cohort study were to
assess the frequency and prognosis of patients with COVID-19 associ-
ated MIN]J, and to compare frequency and prognosis between Influenza
and COVID-19.

Patients

Consecutive patients hospitalized for laboratory-confirmed Influenza in-
fection, based on reverse transcription polymerase chain positive reac-
tion for Influenza A/B detection on nasopharyngeal swab, were
prospectively included during the 2018-2019 Influenza epidemic.
Consecutive patients hospitalized for laboratory-confirmed COVID-19,
based on positive reverse transcription polymerase chain reaction on
nasopharyngeal swab for SARS-CQOV-2 virus detection, were retrospect-
ively included during the 2020 COVID-19 pandemic. Exclusion criteria
for both cohorts were the absence of hs-cTnT measurement within 48 h
from admission, presence of an overt acute coronary syndrome; Tako-
Tsubo cardiomyopathy; severe renal disease (defined as glomerular filtra-
tion rate < 30 mL/min/1.73 m?); systolic aortic pressure >200 mmHg; sus-
tained tachyarrhythmias (heart rate > 150 b.p.m.); haemoglobin <90 g/L;
known congestive heart failure or left ventricular ejection fraction <50%;
stroke; pulmonary embolism; suspect of confirmed rhabdomyolysis (e.g.
burns); known neuromuscular disorders; HIV infection and current treat-
ment with immune suppressive agents.

This study complies with the Declaration of Helsinki. The independent
Cantonal Research Ethics Committee of Ticino, Switzerland, approved
the prospective cohort study in patients with Influenza and all patients
gave written informed consent. The protocol for SARS-COV-2 data col-
lection was submitted on 9 May 2020 and approved by the independent
Research Ethics Committee on 20 May 2020. The requirement for
informed consent was waived in view of the emerging pandemic situation
and the retrospective nature of data collection.

Data collection and outcomes

De-identified clinical data were extracted from the cantonal electronic
medical record system. Data collection included the following parameters
in both cohorts: demographic characteristics (age, sex), cardiovascular risk
factors (hypertension, diabetes, body mass index >30), presence of chronic
conditions (cardiovascular or COPD), laboratory values (haemoglobin, leu-
cocytes, lymphocytes, C-reactive protein, creatinine, lactate dehydrogen-
ase, arterial lactate, arterial partial oxygen pressure and saturation, hs-
cTnT), and presence of radiologically confirmed pneumonia defined as evi-
dence of lung infiltrates at chest X-ray or computed tomography scan. The
first available laboratory test results obtained within 48 h from admission
were considered as baseline values in both groups. Repeated hs-cTnT

measurements were left at discretion of the treating physician and collected
when available. Further details regarding data collection in each cohort are
provided in the Supplementary material online, Appendix.

Troponin measurements were obtained in all patients with Elecsys
Troponin T high-sensitivity assay (Roche, Basel, Switzerland) which
employs an immunoassay sandwich technique through two monoclonal
antibodies specifically directed against human cardiac T Troponin. Values
were obtained by means of a chemiluminescent emission which is meas-
ured by a photomultiplier. Myocardial injury was defined as hs-cTnT level
above the upper reference limit (99th percentile) for the normal popula-
tion. The cut-off of hs-cTnT <14 ng/L and >14 ng/L was used to discrimin-
ate between absence and presence of MINJ. Normal ranges of laboratory
values are reported in Supplementary material online, Table S1.

The primary outcome was all-cause mortality up to 28 days, secondary
outcomes were admission to an intensive care unit (ICU), mechanical
ventilation or mechanical haemodynamic support and length of in-
hospital stay in both cohorts.

Statistical analysis

We report medians and interquartile ranges (IQRs) for continuous varia-
bles and counts and percent for categorical variables. The Mann—
Whitney U test and the Fisher’s exact test were used for between-group
comparisons. Missing values were imputed using chained equations mul-
tiple imputations. Five datasets were generated, using all common varia-
bles to both cohorts, including clinical outcomes. Supplementary material
online, Table S2 presents the frequency of missing covariate data.

We estimated the propensity of being hospitalized with COVID-19
based on a logistic regression model that included all baseline characteris-
tics, to enable analyses weighted by the inverse probability of the admis-
sion diagnosis and adjust analyses for differences in clinical and laboratory
characteristics at admission between COVID-19 and Influenza patients.
The statistical efficacy of the procedure was assessed by comparing stand-
ardized differences in arithmetic means or proportions between patients
admitted for influenza and COVID-19 before and after inverse-
probability weighing >

We calculated mortality rates per 100 person-weeks with 95% confi-
dence intervals (95% Cls) and plotted time-to-event curves for mortality
up to 28days using Kaplan—Meier estimates. Time-to-event curves were
plotted separately for patients with Influenza and COVID-19 by presence
of MINJ (hs-cTnT< vs. >14 ng/L) and compared using a log-rank test.

Primary analyses were based on Cox regression models weighted for the
inverse probability of the admission diagnosis. Model 1 separately included
type of admission diagnosis or MINJ as independent variables in two univari-
ate analyses. Model 2 simultaneously included type of admission diagnosis
and MIN] as independent variables in a single multivariable analysis.

Sensitivity analyses included unweighted univariate and multivariable
analyses of the full cohorts with data available on MINJ (n=597),
unweighted and weighted analyses for the inverse probability of the ad-
mission diagnosis after trimming of propensity scores to account for re-
sidual confounding introduced by patients in the tails of distributions of
propensity scores in patients with Influenza and patients with COVID-
19.2 The larger value of the 2.5th percentile of the propensity score was
found in patients admitted for Influenza and was used as lower cut-off,
the smaller value of the 97.5th percentile was also found in patients
admitted for Influenza and was used as upper cut-offs. Patients in both
groups who had propensity scores outside of these two cut-offs were
dropped, whereas patients with propensity scores between these cut-
offs were retained in the sensitivity analyses (n = 524).%°

Finally, we used multivariable logistic regression models separately in
patients admitted for Influenza and COVID-19 to identify the independ-
ent associations of MINJ with baseline characteristics. Non-collinear,
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Table |
with Influenza by presence of myocardial injury

Baseline clinical characteristics, laboratory values, and outcome data in consecutive hospitalized patients

No. of All patients
obs. (n=145)

Age, years 145 76 (67-85)
Male sex, n (%) 145 64 (44.1)
Hypertension, n (%) 145 93 (64.1)
Diabetes, n (%) 145 32(22.0)
COPD, n (%) 145 28 (19.3)
CVD, n (%) 145 39 (26.9)
BMI >30, n (%) 145 13 (89)
Smoking, n (%) 145 28 (19.3)
OSAS, n (%) 145 8 (5.5)
Dyslipidaemia, n (%) 145 59 (40.6)
Family history of CVD, n (%) 145 6 (4.1)
LVEF <50%, n (%) 145 2(1.3)
Previous cerebrovascular diseases, n (%) 145 16 (11.0)
hs-cTnT, ng/L 145 19 (9-43)
Haemoglobin, g/L 145 131(120-142)
Leucocytes, n*10%/L 131 6.7 (50-9.2)
Lymphocytes, n*10%/L 119 0.76 (0.48-1.14)
C reactive protein, mg/L 145 34 (14-60)
Creatinine, pmol/L 145 85 (68-110)
LDH, U/L 89 419 (353-487)
Lactate, mmol/L, 88 1.3 (0.9-1.8)
Pa O,, mmHg 85 58 (49-76)
Sat O,, % 88 91 (85-95)
Radiologically confirmed pneumonia, n (%) 145 19 (13.1)
ICU admission, n (%) 145 18 (12.4)
Mechanical ventilation, n (%) 145 4(2.7)
Mechanical haemodynamic support, n (%) 145 1(0.7)
Length of hospital stay, days 145 7 (5-9)
Mortality at 28 days, n (%) 145 7 (4.8)
Mortality at 1 year, n (%) 145 3(2.0)

No.of hs-cTnT <14ng/L  No.of hs-cTnT >14 ng/L P-

obs. (n=51) obs. (n=94) value
51 69 (54-79) 94 81 (72-88) <0.001
51 22 (43.1) 94 42 (44.7) 1.000
51 25 (49.0) 94 68 (72.3) 0.007
51 8(15.7) 94 24 (25.5) 021
51 5(9.8) 94 23 (24) 0.046
51 14 (27.4) 94 25 (26.6) 1.000
51 5(9.8) 94 8(8.5) 0.770
51 10 (19.6) 94 18 (19.1) 1.000
51 1(1.9) 94 7(7.4) 0.261
51 15 (29.4) 94 44 (46.8) 0.052
51 3(5.8) 94 339 0.425
51 0(0) 94 2(2.1) 0.541
51 1(1.9) 94 15 (16) 0.011
51 7 (5-10) 94 34 (20-57)
51 135 (125-145) 94 128 (118-142) 0.027
44 5.8 (4.3-7.6) 87 7.1 (5.1-9.8) 0.025
41 0.76 (0.55-1.09) 78 0.74 (0.46-1.14) 0.319
51 25 (10-50) 94 40 (18-67) 0.019
51 77 (64-94) 94 93 (74-123) <0.001
27 396 (344-443) 62 443 (356-507) 0.097
27 1.3 (0.9-1.8) 61 1.3 (0.9-1.6) 0.615
26 55 (50-64) 59 61 (48-84) 0.248
27 91 (87-94) 61 91 (85-96) 0.778
51 2(3.9) 94 17 (18.0) 0.018
51 2(3.9) 94 16 (17.0) 0.032
51 0(0) 94 4(42) 0.298
51 0(0) 94 1(1.1) 1.000
51 7(5-7) 94 8 (6-10) 0.001
51 0(0) 94 7(7.4) 0.052
51 0(0) 87 3(3)

Data are shown as median (IQR) or absolute numbers and percentages.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular diseases; hs-cTnT, high-sensitivity cardiac Troponin T; ICU, intensive care unit;
LDH, lactate dehydrogenase; LVEF <50%, left ventricular ejection fraction below 50%; OSAS, obstructive sleep apnoea syndrome; Pa O, arterial partial oxygen pressure; Sat

O,, arterial oxygen saturation.

clinically meaningful covariates with P <0.20 in univariate analyses were
included in final models. Two-sided P-values <0.05 were considered stat-
istically significant, all uncertainty intervals are two-sided 95% Cls.
Statistical analyses were done in Stata (release 16, StataCorp, College
Station, TX, USA). We followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines checklist for
data reporting.2® The data underlying this article will be shared on reason-
able request to the corresponding author.

Results

Influenza patients
A total of 145 patients were hospitalized for Influenza during the
2018-2019 epidemic and were prospectively enrolled. Of them,

94 (65.5%) had hs-cTnT values >14ng/L at admission
(Supplementary material online, Figure S1). Table 1 reports base-
line clinical characteristics and in hospital outcomes in Influenza
patients.

Median age in patients with baseline hs-cTnT values >14 ng/L was
81 years (IQR: 72-88), significantly higher than patients with hs-cTnT
values <14 ng/L [69 years (IQR: 54-79), P < 0.001] as were associated
comorbidities. Influenza patients with baseline hs-cTnT values
>14 ng/L had lower haemoglobin values and higher leucocytes count,
C-reactive protein and creatinine levels as compared to those with
hs-cTnT values <14 ng/L.

Among the 18 Influenza patients requiring ICU admission, 16
(88.8%) had admission hs-cTnT values >14 ng/L (P=0.032) and all 4
(2.7%) patients requiring mechanical ventilation had baseline hs-cTnT
values >14ng/L, 1 patient required mechanical circulatory support.
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Table 2 Baseline clinical characteristics and in hospital outcome data in hospitalized patients with COVID-19 by pres-

ence of myocardial injury

No. of All patients
obs (n=452)
Age, years 452 71 (59-79)
Male sex, n (%) 452 287 (63.5)
Hypertension, n (%) 452 220 (48.7)
Diabetes, n (%) 452 108 (23.9)
COPD, n (%) 452 72 (15.9)
CVD, n (%) 452 157 (34.7)
BMI >30, n (%) 407 118 (28.9)
Cancer, n (%) 452 53 (11.7)
Immunosuppression, n (%) 452 23 (5.1)
Other, n (%) 452 118 (26.1)
No comorbidities, n (%) 452 75 (16.6)
ACEI/ARB, n (%)* 452 83 (18.3)
Oral anticoagulant, n (%)? 452 18 (4.0)
Statins, n (%)* 452 72 (15.9)
Delay between symptoms and hospitaliza- 438 6.4 (3.0-94)
tion, days
Fever with BT > 37.5°, n (%) 452 362 (80.1)
Dyspnoea, n (%) 452 241 (53.3)
Cough, n (%) 452 296 (65.5)
ARDS, n (%) 452 70 (15.5)
Diarrhoea, n (%) 452 89 (19.7)
Other associated symptoms, n (%) 452 202 (44.7)
Radiologically confirmed pneumonia, n (%) 452 240 (53.1)
Anticoagulants, n (%)° 452 397 (87.8)
Hydroxychloroquine, n (%)° 452 181 (40.0)
Lopinavir/Ritonavir, n (%)° 452 139 (30.7)
Inotropes, n (%)° 452 73 (16.1)
ICU admission, n (%) 452 101 (22.5)
Mechanical ventilation, n (%) 452 78 (18.3)
Length of ICU stay, days 452 18.8 (4.5-31.5)
Mechanical haemodynamic support, n (%) 452 0(0)
Length of hospital stay, days 452 12.5(7.3-23.8)
Mortality at 28 days, n (%) 452 76 (16.8)

No.of hs-cTnT <14ng/L  No.of hs-cTnT >14ng/L P-
obs (n=236) obs (n=216) value
236 61 (52-70) 216 78 (72-84) <0.001
236 140 (59.3) 216 147 (68.0) 0.063
236 93 (39.4) 216 127 (58.8) <0.001
236 48 (20.3) 216 60 (27.8) 0.077
236 31 (13.1) 216 41 (19.0) 0.096
236 66 (28.0) 216 91 (42.1) 0.002
204 67 (32.8) 203 51(25.1) 0.101
236 21(8.9) 216 32 (14.8) 0.057
236 12(5.1) 216 11(5.1) 1.000
236 62 (26.3) 216 56 (25.9) 1.000
236 56 (23.7) 216 19 (8.8) <0.001
236 35(14.8) 215 48 (22.2) 0.051
236 6(2.5) 216 12 (5.5) 0.147
236 31(13.1) 216 41(18.9) 0.096
232 7.3 (4.8-9.7) 206 4.7 (1.7-7.6) <0.001
236 197 (83.5) 216 165 (76.4) 0.077
236 135(57.2) 216 106 (49.0) 0.090
236 170 (72.0) 216 126 (58.3) 0.003
236 35(14.8) 216 35(16.2) 0.698
236 51(21.6) 216 38 (17.6) 0.290
236 107 (45.3) 216 95 (44.0) 0.777
236 124 (52.5) 216 116 (53.7) 0.850
236 215 (91.1) 216 182 (84.3) 0.031
236 107 (45.3) 216 74 (34.2) 0.021
236 90 (38.1) 216 49 (22.7) <0.001
236 39 (16.5) 216 34 (15.7) 0.898
236 50 (21.2) 216 51(23.6) 0.307
236 41(16.7) 216 37.(17.1) 1.000
236 21.3 (8.1-32.9) 216 11.8 (1.9-31.5) 0.163
236 0(0) 216 0(0)
236 11.8 (6.9-20.5) 216 14.1 (7.9-27.5) 0.024
236 12(5.1) 216 64 (29.6) <0.001

Data are shown as median (IQR) or absolute numbers and percentages.

ACEI/ARB, angiotensin-converting enzyme or receptor inhibitors; ARDS, acute respiratory distress syndrome, defined accordingly to the Berlin Criteria; BMI, body mass index;
BT, body temperature; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular diseases; ICU, intensive care unit.

*Therapy at admission.
®In hospital treatment.

Length of in-hospital stay was longer in patients with increased hs-
cTnT values at admission.

A second hs-TnT assay was available in 74 Influenza patients.
Repeated measurements confirmed the presence of MINJ in 63
(88.7%) out of 71 patients with baseline hs-TnT values >14ng/L.
Values <14 ng/L were also confirmed in 3 (100%) out 3 patients with-
out MINJ at baseline. At repeated testing, modest fluctuations of hs-
TnT values were observed with median relative variation of +16%
(IQR 6-31%) as compared to the basal value.

COVID-19 patients

Among 576 COVID-19 positive patients admitted during the defined
time frame, 452 had at least a single hs-cTnT measurement obtained
within 48 h from admission (Supplementary material online, Figure
$1). Supplementary material online, Table S3 reports baseline clinical
characteristics and laboratory values in hospitalized patients with
COVID-19 according to the availability of hs-cTnT at admission.
Baseline hs-cTnT values >14ng/L was detected in 216 (47.8%)
COVID-19 patients.
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Table 3 Baseline laboratory values in hospitalized patients with COVID-19 by presence of myocardial injury

No. of All patients No. of

obs. (n=452) obs.
Haemoglobin 452 139 (127-150) 236
Leucocytes 452 5.7 (44-7.8) 236
Lymphocytes 447 0.83 (0.61-1.08) 232
Platelets 452 176 (144-221) 236
C reactive protein 452 66 (26-118) 236
Procalcitonin 316 0.13 (0.06-0.37) 176
D-Dimer 406 0.84 (0.5-1.4) 217
Ferritin 274 797 (396-1324) 147
Creatinine 452 89 (74-109) 236
eGFR (CKD-EPI) 452 69 (52-88) 236
LDH 439 504 (411-659) 234
Bilirubin 416 8.2(5.1-122) 221
NT-pro BNP 401 240 (79-605) 212
Lactates 184 1.2 (0.9-1.7) 97
Pa O, 387 69 (61-81) 210
Pa CO, 386 34 (31-37) 210
P/F ratio 279 295 (216-335) 142
Sat O, 440 95 (93-96) 234

hs-cTnT <14 ng/L No. of hs-cTnT >14 ng/L P-

(n=1236) obs. (n=216) value
142 (132-153) 216 136 (119-147) <0.001
5.4 (4.2-74) 216 5.9 (4.7-8.1) 0.030
0.87 (0.66-1.12) 215 0.77 (0.55-1.05) 0.002
180 (149-230) 216 171 (143-215) 0.118
61 (21-104) 216 72 (32-121) 0.129
0.10 (0.05-0.27) 140 0.17 (0.07-0.78) <0.001
0.69 (0.46-1.06) 189 1.09 (0.66-1.77) <0.001
747 (356-1341) 127 803 (426-1291) 0.516
79 (67-95) 216 101 (85-129) <0.001
82 (67-98) 216 56 (41-72) <0.001
535 (420-662) 205 490 (401-655) 0.104
8.7 (54-12.0) 195 8.2 (5.0-13.0) 0.838
100 (46-285) 189 557 (267-1669) <0.001
1.1 (0.9-1.5) 87 1.2 (0.9-1.8) 0.167
70 (63-80) 177 69 (60-81) 0.646
34 (31-37) 176 34 (31-37) 0.788
300 (232-342) 137 289 (204-327) 0.320
95 (93-96) 206 95 (92-96) 0.142

Data are shown as median (IQR).

eGFR (CKD-EPI), estimated glomerular filtration rate estimated according to the Chronic Kidney Disease Epidemiology Collaboration formula; LDH, lactate dehydrogenase;
NT-pro BNP, N-terminal prohormone of brain natriuretic peptide; P/F, ratio of arterial oxygen partial pressure (PaO, in mmHg) to fractional inspired oxygen (FiO,); Pa CO,,
arterial carbon dioxide partial pressure; Pa O,, arterial partial oxygen pressure; Sat O,, arterial oxygen saturation.

Patients with hs-cTnT values >14 ng/L were older with a median age
of 78years (IQR: 72-84) than those with hs-cTnT values <14 ng/L
[61years (IQR: 52-70), P<0.001] and had a higher incidence of
comorbidities. Table 2 reports baseline clinical characteristics and in
hospital outcome data in COVID-19 patients.

COVID-19 patients with hs-cTnT values >14ng/L at admission
had lower haemoglobin and lymphocyte count and higher leucocytes,
procalcitonin, d-dimer, creatinine and N-terminal prohormone of
brain natriuretic peptide when compared with patients with hs-cTnT
values <14 ng/L. Table 3 reports laboratory values in hospitalized
patients with COVID-19 by admission hs-cTnT levels <14ng/L
or>14ng/L.

Out of 101 (22.5%) COVID-19 patients requiring ICU admis-
sion, 51 (50.4%) had baseline hs-cTnT values >14 ng/L. Overall,
78 (18.3%) patients required mechanical ventilation, 37 (47.4%)
of them with associated hs-cTnT values >14 ng/L. None required
mechanical circulatory support. Length of in-hospital stay was
significantly longer in COVID-19 patients with increased hs-
cTnT values.

A second hs-TnT assay was available in 316 COVID-19 patients.
Repeated measurements confirmed the presence of MINJ in 141
(89.8%) out of 157 patients with baseline hs-TnT values >14ng/L.
Values <14 ng/L were also confirmed 148 (93.0%) out of 159 patients
with basal values <14 ng/L. Modest fluctuations of hs-TnT at repeated
testing were observed with a median relative variation of £14% (IQR
4-27%) as compared to the basal value.

Predictors of myocardial injury in
COVID-19 and Influenza

At logistic regression multivariable analyses, age [odds ratio (OR)
2.15 per 10years increase; 95% Cl 1.48-2.84; P<0.001], creatinine
(OR 3.14 per log unit; 95% Cl 1.17-8.40; P=0.009), COPD (OR
5.15;95% Cl1 1.37-19.31; P=0.015), and C-reactive protein (OR 1.82
per log unit; 1.16-2.87; P=10.023) were recognized as independent
predictors of baseline hs-cTnT values >14ng/L in Influenza
(Supplementary material online, Table $4).

Age (OR 4.41 per 10years increase; 95% Cl: 3.10-5.69; P <0.001),
creatinine (OR 2.62 per log unit; 1.51-4.54; P=0.001), male sex (OR
3.33;95% Cl 1.72-6.25; P < 0.001), and haemoglobin (OR 0.98; 0.97—
1.00; P=0.023) emerged as independent correlates of baseline hs-
cTnT values >14 ng/L in COVID-19 (Supplementary material online,
Table S5).

Comparative analysis of patients
hospitalized for Influenza or COVID-19
The likelihood of baseline hs-cTnT values >14 ng/L at admission was
higher among Influenza than COVID-19 patients (risk ratio 1.36, 95%
Cl11.16-1.58).

At a 28-days follow-up, 7 deaths (4.8%) occurred among patients
with Influenza (rate 1.2 per 100 patients per week, 95% Cl 0.6-2.6)
when compared with 76 deaths (16.8%) among patients with
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Figure | Time-to event curves in hospitalized patients admitted for COVID-19 or Influenza. The P-value is from a log-rank test.

COVID-19 (rate 4.7 per 100 patients per week, 95% Cl 3.7-5.9), for
an unadjusted hazard ratio (HR) of 3.69 (95% Cl 1.70-8.00).

In patients with Influenza, all deaths were recorded among patients
with baseline hs-cTnT >14ng/L (1.9 per 100 patients per week, 95%
C10.94.1).

In patients with COVID-19, 64 deaths occurred among those with
baseline hs-cTnT >14ng/L (9.2 per 100 patients per week, 95% ClI
7.2-11.7), whereas 12 deaths occurred in those without hs-cTnT ele-
vations (1.3 per 100 patients per week, 95% Cl 0.7-2.3). Mortality at
28 days was significantly different among the four groups (log-rank
test P<0.001), corresponding time-to-event curves are presented in
Figure 1.

In adjusted Cox regression model, we found more than a five-
fold increase in the hazard of death (HR 5.34, 95% CI 3.37-8.44)
associated with COVID-19 at admission, and more than a six-fold
increase associated with hs-cTnT elevations at admission (HR 6.65,
95% Cl 3.86-11.46). These associations remained after mutual ad-
justment for admission diagnosis and hs-cTnT elevation, with an
HR of 6.41 (95% Cl 4.05-10.14) for COVID-19 and 8.01 (95% ClI

4.64-13.82) for hs-cTnT elevation, respectively (Table 4). Figure 2
shows the associations of admission diagnosis and MINJ with mor-
tality at 28 days.

Sensitivity analysis

Sensitivity analysis included an unweighted univariate and multivariable
Cox regression model on the full cohort (Supplementary material
online, Table $6) and unweighted and weighted analyses for the inverse
probability of the admission diagnosis after trimming of propensity
scores.

After weighing for the inverse probability of admission diagnosis
and trimming of propensity scores to account for residual confound-
ing introduced by patients in the tails of distributions of propensity
scores in the two groups, 524 (Influenza n =118, COVID-19 n = 406)
patients were retained. Standardized differences decreased consider-
ably after inverse-probability weighing and were less than 0.20
throughout (Supplementary material online, Table S7).

Four deaths (3.4%) occurred in Influenza patients (rate 0.9 per 100
patients per week, 95% CI 0.3-2.2) when compared with 67 deaths
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Model 1 HR (95%C1)
CoVID-19 5.34 (3.37-8.44) —— ——
hs-cTnT>14 ng/L  6.65 (3.86-11.46) ——
Model 2
COVID-19 6.41 (4.05-10.14) ——
hs-cTnT>14 ng/L  8.01 (4.64-13.82) ——
T r r - -
05 1 2 4 8 15

HR (95%CI) log scale

Figure 2: Associations of admission diagnosis and myocardial in-
jury with mortality at 28 days in hospitalized patients admitted for
COVID-19 or Influenza after primary analysis. Model 1 separately
included type of admission diagnosis or myocardial injury as inde-
pendent variables. Model 2 simultaneously included type of admis-
sion diagnosis and myocardial injury as independent variables.
Hazard ratios are for the association of admission diagnosis or myo-
cardial injury with mortality at 28 days.

(16.5%) among COVID-19 patients (rate 4.6 per 100 patients per
week, 95% Cl 3.6-5.8), for an unadjusted HR of 5.23 (95% Cl 1.91—
14.35).

In patients with Influenza, all deaths were recorded among patients
with baseline hs-cTnT >14 ng/L (rate 1.40 per 100 patients per week,
95% Cl10.53-3.75).

In patients with COVID-19, 56 deaths occurred among those with
hs-cTnT elevations (rate 8.59 per 100 patients per week, 95% Cl 6.61—
11.16), whereas 11 deaths occurred in those without hs-cTnT eleva-
tions (rate 1.36 per 100 patients per week, 95%-Cl 0.75-2.46).
Corresponding time-to-event curves are presented in Supplementary
material online, Figure S2 while Supplementary material online, Tables
$8 and 9 show results of the Cox models performed after trimming
and inverse probability weighing confirming robustness of findings of
the primary analysis.

In both viral diseases, higher hs-TnT baseline values were associ-
ated with an increased likelihood of all-cause mortality at 28 days.
This association was confirmed when troponin was analysed as con-
tinuous variable [primary analysis population: HR 1.99 per log in-
crease in troponin values (95% Cl 1.73-2.21, P<0,001); HR 1.92 per
log increase in troponin values (95% Cl 1.71-2.14, P<0.001) in the
population retained in the sensitivity analysis].

Discussion

The present study, which provides for the first-time comparative fre-
quency distributions and prognostic impact of MINJ at admission
among hospitalized patients with Influenza or COVID-19 can be sum-
marized as follows:

Myocardial injury, while being common in both viral diseases, was
significantly more frequent in hospitalized patients with Influenza as
compared to COVID-19.

Table4 Primary analyses: weighted univariate (Model
1) and multivariable (Model 2) Cox regression models

HR (95% CI) P-value
Model 1
COHORT
Influenza (n = 145) 1
COVID-19 (n=452) 5.34 (3.37-8.44) <0.001

Myocardial injury
hs-cTnT < 14ng/L (n=287) 1
hs-cTnT >14ng/L (n=310) 6.65 (3.86-11.46) <0.001

Model 2 <0.001
COHORT
Influenza 1
COVID-19 6.41 (4.05-10.14) <0.001
Myocardial injury
hs-cTnT <14 ng/L 1

hs-cTnT >14ng/L 8.01 (4.64-13.82) <0.001

Weighted analyses done after multiple imputation, with weights defined as the in-
verse probability of the admission diagnosis to adjust analyses for differences in
clinical and laboratory characteristics at admission between COVID-19 and
Influenza patients.

Age and renal impairment were recognized as factors associated
with MINJ in both viral infections.

Admission diagnosis of COVID-19 and presence of MIN] remained
independent predictors of in hospital mortality.

Among patients with MINJ, the absolute risk of death was six times
higher in hospitalized patients with COVID-19 compared with Influenza.

All fatal events in Influenza patients occurred in patients with MINJ.

Following the first report by Huang et al® published soon after
the outbreak of COVID-19 pandemic, early Chinese studies analysed
the relationship between MINJ and in-hospital mortality.*>'* These
studies suggested that the presence of increased troponin levels
might identify a subgroup of patients at higher risk of in-hospital mor-
tality. However, these studies used non-standardized definitions of
MINJ, which was mainly based on non-high-sensitivity assays.

Subsequent analyses, based on a single highly sensitive troponin
measurements with a single cut-off set above the 99th upper refer-
ence limit to discriminate between presence or absence of MINJ,
confirmed the prognostic impact of MINJ in western popula1'cions.15‘16
Type | and Il myocardial infarction, the role of inflammation, endothe-
lial damage and direct virally mediated myocardial damage were pro-
posed to explain the occurrence ofl"IINJ.12

Two comparative analyses on the incidence and prognostic rele-
vance of MINJ in intubated patients with COVID-19 and non-
COVID-19 related ARDS have been recently published.

Metkus et al.”” observed that half of patients with either COVID and
non-COVID pneumonia-related ARDS showed MINJ with a higher
mortality in the former group and a linear relationship between base-
line troponin levels and likelihood of a fatal outcome. Nonetheless, as-
sociation between MINJ and mortality mitigated and become no
longer statistically significant after progressive covariate adjustment
(including age, sex, renal function, bilirubin, Pa O,/FiO, ratio, vasopres-
sor, lactate levels) allowing authors to conclude that MINJ in COVID-
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19 was a function of baseline comorbidities in particular advanced age
and multisystem organ dysfunction. Jirak et al.?® reported on a small co-
hort of patients with respiratory distress treated mainly with non-
invasive ventilation with either COVID-19 or non-COVID related
pneumonia. Aetiology of pneumonia in the non-COVID-19 was het-
erogeneous with a viral cause identified in less than 30% cases. MINJ
and was higher in non-COVID-19 as compared to COVID-19 related
pneumonias (78.1% vs. 96.4%, respectively).

Only a few retrospective studies evaluated the impact of MINJ in

21-24
Influenza.

Ludwig et al?’

retrospectively analysed 600 veterans with
laboratory-confirmed Influenza infection and available cardiac bio-
markers enrolled during 20102012 epidemics. Myocardial injury,
defined as the presence of increased non-highly sensitive Troponin |
or Creatine Kinase-MB values was observed in 24% of the patients
and a cardiac cause was excluded only in 6.5%. Using a similar MIN]
definition, Greaves et al?? observed it in 12% of the 152 hospitalized
patients with Influenza. More recently, MINJ was reported only in
2.9% of a large retrospective cohort of hospitalized patients with
Influenza evaluated with low specificity assays during 2017-2018 sea-
sonal epidemic.** To date, only a single centre retrospective study
used high-sensitivity troponin assays and observed MINJ in 31.8% of
the 264 patients with laboratory-confirmed Influenza infection.”®

Our data confirms that presence of MIN]J is frequent among hospi-
talized COVID-19, shows that the occurrence of MIN]J is at least as
frequent, if not more frequent, among hospitalized Influenza patients.
This observation carries relevant implications as it confirms that MINJ
is a common finding in different acute respiratory diseases with a rela-
tive frequency higher in Influenza, as it was observed in patients with
non-COVID-related pneumonia®® and that higher baseline troponin
values were associated with an increased likelihood of all-cause mor-
tality at 28 days. In addition, we originally observed that presence and
extent of MINJ, with a linear relationship between baseline hs-TnT
values and outcome, are able to stratify the likelihood of short term
all-cause mortality in both viral diseases. This finding, while confirming
previous observations on COVID-19 patients, extends this evidence
to patients with Influenza.>'>%’

Our study suggests that the presence of MINJ, defined as a single
hs-TnT value of above the 99th percentile upper reference limit
obtained shortly after admission, identifies patients at greater risk of
mortality in both respiratory viral diseases. While no fatal event was
observed among Influenza patients without MIN)J, the risk of mortality
was similar among patients with influenza and MINJ and those with
COVID-19 without MINJ. However, the presence of MINJ conferred
a much greater risk of mortality among COVID-19 than Influenza
patients so that the adjusted mortality risk was five-fold greater for
the former compared with the latter group, with highly significant
interaction testing. This observation was confirmed at multiple sensi-
tivity and multivariable analyses. This finding carries relevant clinical
values, providing a tool able to stratify prognosis at an early disease
stage in both viral diseases. While the retrospective nature of our
analysis does not allow to infer causative relationships, we concur
with previous analyses of MINJ in viral diseases might be interpreted
as a reliable marker, but not an ultimate determinant of fatal events.”

Both Influenza and SARS-COV2 have a peculiar endothelial trop-

: 29,30
)

ism which may explain our findings and provide connections be-

tween MINJ and outcomes.

Microvascular endothelial activation is known to be one of the piv-
otal pathogenic pathways in severe Influenza causing the expression
of platelets-binding receptors triggering adhesion, activation, micro-
vascular thrombi, vascular occlusion, and ischaemic damage.31

In COVID-19 patients, incidence of MIN] increases along with the
severity of the clinical presentation®® nonetheless, as evidenced by
magnetic resonance studies, cardiac involvement might occur inde-
pendently from the severity of the clinical presentation and persists
beyond the period of acute presentation.>

While the role of several proposed mechanism such as type | myo-
cardial infarction, hypoxaemia, direct viral myocardial dam-
::1ge14‘16‘33’34 has not yet found definitive confirmation, the observed
association of MINJ with several comorbidities, including advanced
age, multisystem organ dysfunction, traditional cardiovascular risk fac-
tors, and renal impairment highlighted in previous reports®'*1¢32
for both viral respiratory diseases, supports the hypothesis of a key
pathophysiological role for endothelium.?*>%3*

All the above-mentioned mechanisms, while have been recently
called upon in COVID-19, have been also widely reported previously

18,20,36
for Influenza,

adding similarities between the two viral entities.

There are several limitations to this study. The prospective inclu-
sion of influenza patients was originally conceived as stand-alone co-
hort. Immediately after the COVID-19 outbreak, measurement of
MIN]J in the same hospitalized settings was implemented as part of
the standard of care, but the data were only retrospectively collected
after receiving institutional review board approval during the first
wave pandemic. There were differences in baseline characteristics
between hospitalized Influenza and COVID-19 patients. However,
after accounting them in multiple multivariable analysis models,
results remained consistent. However, we cannot exclude that cova-
riates which were unmeasured might have biased our results. In par-
ticular, the decision to hospitalize a patient with COVID-19 might
have reflected not only the severity of presentation but also the lim-
ited hospital capacity during the first COVID-19 pandemic wave.
However, it is reassuring that the frequency of MINJ at presentation
was in fact lower among COVID-19 when compared with influenza
patients. Older age and renal insufficiency have been described as
being associated with increased troponin levels even in the absence
of concomitant viral infections, thus their relationship with virally
mediated MINJ might not be mechanistic but potentially mediated by
the role of several comorbidities.>” Nonetheless as no standard def-
inition exists on alternative thresholds for myocardial biomarkers in
specific subgroups of patients (e.g. elderly, chronic kidney disease,
multiple comorbidities), the single hs-TnT cut-off has been used.

As no standard definition exists for how much rise and/or fall of
hs-cTn concentration should be used to identify acute injury, our
data cannot ultimately define the acute vs. chronic nature of observed
cardiac injury. In patients with available repeated measurements, var-
iations observed in both cohorts are close to a relative change £20%
to the baseline value, that has been proposed as a cut-off able to iden-
tify acute vs. chronic myocardial.

Nonetheless, from a clinical perspective, the independent associ-
ation with short-term mortality observed in both cohorts strengthens
the prognostic utility of increased troponin levels independently from
an acute vs. chronic nature of MINJ. Cardiac imaging is not available in
our data, as most patients were evaluated with informal point-of-care
ultrasound. This did not allow us to collect and analyse data on
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ventricular function. Finally, further studies are needed to clarify
whether triage and treatment of patients with COVID 19 or Influenza
should be customized according to the presence of MINJ and to recog-
nize the specific impact of different viral variants of concern.

In conclusion, MINJ is common in both influenza and COVID-19
viral diseases occurring in roughly one out of every two patients.
Myocardial injury increases the risk of death in both COVID-19 and
Influenza but its impact is six times greater on an absolute term
among patients admitted for COVID-19 when compared with
Influenza.
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