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Troponin and short-term mortality in
hospitalised patients with COVID-19
infection: a retrospective study in an
inner-city London hospital

Vijay Shyam-Sundar,’ Dan Fredman Stein
Andrew Sullivan,* Cathy Qin,® Victor Voon®

ABSTRACT

Objective To investigate the association between troponin
positivity in patients hospitalised with COVID-19 and
increased mortality in the short term.

Setting Homerton University Hospital, an inner-city district
general hospital in East London.

Design A single-centre retrospective observational study.
Participants All adults admitted with swab-proven RT-
PCR COVID-19 to Homerton University Hospital from 4
February 2020 to 30 April 2020 (n=402).

Outcome measures We analysed demographic and
biochemical data collected from the patient record
according to the primary outcome of death at 28 days
during hospital admission.

Methods Troponin positivity was defined above the upper
limit of normal according to our local laboratory assay
(>15.5 ng/L for females, >34 ng/L for males). Univariate
and multivariate logistical regression analyses were
performed to evaluate the link between troponin positivity
and death.

Results Mean age was 65.3 years for men compared
with 63.8 years for women. A 2 test showed survival of
patients with COVID-19 was significantly higher in those
with a negative troponin (p=3.23x10"%) compared with
those with a positive troponin. In the multivariate logistical
regression, lung disease, age, troponin positivity and
continuous positive airway pressure were all significantly
associated with death, with an area under the curve of
0.889, sensitivity of 0.886 and specificity of 0.629 for

the model. Within this model, troponin positivity was
independently associated with short-term mortality (OR
2.97,95% Cl 1.34 t0 6.61, p=0.008).

Conclusions We demonstrated an independent
association between troponin positivity and increased
short-term mortality in COVID-19 in a London district
general hospital.

INTRODUCTION

COVID-19 is an infectious disease caused
by the SARS-CoV-2 virus. The COVID-19
pandemic has so far resulted in over 515
million recorded infections and over 6 million
deaths worldwide.! A significant proportion
of patients develop acute respiratory distress
syndrome and require hospitalisation and

.2 Martina Spazzapan,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Use of real-world data for prognostication.

= Troponin is a readily available, easy to measure
biomarker.

= Good ethnic minority representation in the data.

= Relatively modest dataset.

= Purely observational study.

ventilatory supportwith subsequent morbidity
and mortality. Early data from Wuhan first
outlined the association of COVID-19 and
myocardial injury exhibited by elevated
cardiac biomarkers.” > This has subsequently
been replicated in various studies and meta-
analyses from around the world.*

The mechanisms for myocardial injury in
COVID-19 are not fully understood. A combi-
nation of systemic hypoxia, cytokine storm,
renal failure, coagulopathy and endothelial
dysfunction appear to be implicated.” The
SARS-CoV-2 virus gains entry to cells through
binding to the ACE2 receptor, which can
be found in a variety of organs including
the heart, in theory having the propensity
to have a direct effect on the myocardium.’
Cardiac imaging studies of patients recovered
from COVID-19 show evidence of a range of
patterns and localisation of myocardial injury,
with acute and subacute myocardial inflam-
mation suggesting distinct pathways leading
to myocardial damage.”

Elevated cardiac biomarkers have been
found to be associated with poorer outcomes
in COVID-19. Studies have shown that the
presence of elevated cardiac biomarkers
including cardiac troponin appear to be
associated with both death and increased
intensive care (ICU) admissions, as well as
the requirement for ventilation.® As well as
biochemical markers, multiple demographic
factors have been identified as adverse
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prognostic predictors in COVID-19 infection. These
include increasing age, male sex, positive smoking status,
comorbidities including diabetes and obesity, chronic
major organ diseases and autoimmune diseases.”

COVID-19 infection will likely remain an ongoing
public health issue with further surges and pandemics;
continuing to characterise the clinical profile and prog-
nostic features of patients with COVID-19 is important to
identify those at higher risk of severe disease and hospi-
talisation. In this study, we primarily aimed to better
delineate and clarify the relationship between elevated
cardiac biomarkers and mortality in COVID-19 in a popu-
lation of hospitalised COVID-19 patients at an inner-city
London district general hospital during the first wave of
the pandemic in early 2020. The study is evaluating the
prognostic value of myocardial injury beyond the scope
of type 1 myocardial infarction. We also investigated
other factors that may be implicated in the prognostica-
tion of patients with COVID-19 including demographics
such as age, ethnicity and smoking status, comorbidities
including hypertension and diabetes mellitus and inter-
ventions such as continuous positive airway pressure
(CPAP).

METHODS
Data collection
All adults admitted with swab-proven reverse-transcriptase
polymerase chain reaction(RT-PCR) COVID-19 to
Homerton University Hospital (HUH), London, from
the date of the first positive swab from 2 March 2020 to 30
April 2020 were eligible for inclusion. Patients were iden-
tified using the hospital coding system applied to unse-
lected adults admitted for acute medical care at HUH.
Patients under the age of 18 years and those without a
positive SARS-CoV-2 real-time RT-PCR were excluded.
We retrospectively analysed the patient records from
the electronic patient record (EPR) with the primary
outcome defined as mortality within 28 days of admis-
sion to HUH. Data including observations and labora-
tory tests (including serum high sensitivity troponin I
(hs-Tnl)) were automatically extracted from the EPR.
Serum troponin was evaluated at different time points in
patients and not performed systematically in all patients.
Additional data including admission ECG, presenting
symptoms and outcomes were then manually collected
for these patients from EPR and patient case notes where
required. Manual validation of a random sample of 10%
of the dataset was completed.

Patient and public involvement
Patients and the public were not involved in the design or
analysis of the study.

Laboratory methods

Serum hs-Tnl levels were assessed by a high-sensitivity
cardiac troponin I microparticle chemiluminescent
immunoassay (ARCHITECT STAT, hs-TNI, Abbott) on

the fully automated Abbott ARCHITECT analyser (Abbott
ARCHITECT STAT high sensitive troponin-l. Package
insert. G1-0139/R02. 2013). The upper reference limit of
hs-TNI defined as the 99th percentile of hs-TNI distribu-
tion in a reference population was 15.5 ng/L for females
and 34 ng/L for males respectively. Limit of blank and
limit of detection have been determined as 0.7-1.3 ng/L
and 1.1-1.9 ng/L, respectively.

Statistical analysis

Data were analysed according to the primary outcome of
death during hospital admission. Patients with a type 1
myocardial infarction (MI), defined as having new isch-
aemic changes on ECG, a positive troponin and being
started on therapeutic anticoagulation were excluded
from regression analysis on the primary outcome but
included in summary tables. A Mann-Whitney U test
was performed to compare troponin values against
the primary outcome, and a % test was performed
to compare troponin positivity against the primary
outcome. Further XQ, Fisher’s exact and Mann-Whitney U
tests were performed to compare troponin positivity to
demographic, laboratory imaging and other outcomes
including ICU admission, but these were not corrected
for multiple testing and should be interpreted as explor-
atory. Confidence intervals (CIs) were computed for the
above testing. A p-value <0.05 was considered as signif-
icant. Univariate and multivariate logistical regression
analyses were performed to evaluate the link between
troponin positivity and death in addition to a Cox propor-
tional hazards model. Numerous different demographics,
clinical and biochemical variables were tested for associa-
tion with short-term mortality, and area under the curve
(AUC) was computed for all regressions. Sensitivity and
specificity were computed for the multivariate regression.
A Kaplan-Meier survival analysis was completed. All data
analysis was performed in the statistical computing soft-
ware R (V.4.0.3). Statistical tests used were discussed with
an independent statistician to ensure the appropriateness
of the tests used.

RESULTS
Population characteristics
402 adult inpatients were found to have swab-proven
RT-PCR COVID-19 between 2 March 2020 and 30 April
2020. 83 patients did not have a troponin measured
and were therefore excluded. The in-hospital mortality
of patients with (n=319) and without (n=83) troponin
measurement was compared to check whether the
included population was prognostically representative of
the entire cohort of patients admitted due to COVID-19
during the study period. 103 patients died in those in
whom troponin was measured compared with 20 deaths
in those without a troponin measurement, with a p-value
of 0.191 using the x test.

The baseline demographics and clinical characteris-
tics for all patients included are shown in table 1. There
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Table 1 Demographics and patient characteristics

Troponin-positive

group (n, %)

Troponin-negative

group (n, %)

Troponin positive

Troponin negative

Missing troponin group

(n, %)

Troponin missing

Parameter (n=124) (n=195) 2 p-value (n=83)
Gender
Male 58 (46.8) 115 (59.0) *p=0.0437 41 (49.4)
Female 66 (53.2) 80 (41.0) *p=0.0437 42 (50.6)
Age (years)
<18 0 (0) 0 (0) **p<0.0001 (Mann- 0 (0)
Whitney U)
18-35 0(0) 0 (10.3) 14 (16.9)
36-49 (3.2) 5(12.8) 9(10.8)
50-64 30 (24.2) 3 (42.6) 16 (19.3)
>65 90 (72.6 7 (34.4) 44 (53.0)
Ethnicity
White 38 (30.6) 52 (26.7) p=0.709 33 (40.0)
Asian 7 (5.6) 12 (6.2) 6 (7.2)
Black 39 (31.5) 64 (32.8) 18 (22)
Mixed 3(2.4) 2(1.0) 1(1.6)
Other 28 (22.6) 55 (28.2) 17 (20.0)
Not declared 9(7.3) 10 (5.1) 8 (9.6)
Comorbidities
Ischaemic heart disease 28 (22.6) 19 (9.7) **p=0.00278 10 (12.0)
Heart failure 23 (18.5) 8 (4.1) ***p<0.0001 7 (8.4)
Chronic kidney disease 45 (36.3) 13 (6.7) ***p<0.0001 16 (19.3)
Hypertension 89 (71.8) 93 (47.7) **p<0.0001 6 (43.4)
Diabetes mellitus 56 (45.2) 81 (41.5) p=0.602 2 (38.6)
Dyslipidaemia 45 (36.3) 46 (23.6) *p=0.0203 5(18.1)
Lung disease 31 (25) 49 (25.1) p=1.00 18 (21.7)
COPD 6 (12.9) 9 (4.6) *p=0.013 6 (7.2)
Asthma 7 (18.7) 19 (9.7) p=0.36 10 (12.0)
Other major organ disease 80 (64.5) 88 (45.1) **p=0.00109 49 (59.0)
Presenting complaint
Chest pain 7 (5.6) 15 (7.7) p=0.634 0 (0)
Shortness of breath 68 (54.8) 113 (57.9) p=0.667 25 (30.1)
Cough 60 (48.4) 104 (53.3) p=0.455 22 (26.5)
Fever 55 (44.4) 99 (50.8) p=0.316 30 (36.1)
Smoking status
Current smoker 4 (3.2) 14 (7.2) *p=0.00890 5(6.0)
Ex-smoker 26 (21) 38 (19.5) *p=0.00890 19 (22.9)
Never smoker 76 (61.3) 134 (68.7) *p=0.00890 49 (59.0)
Not documented 18 (14.5) 9 (4.6) *p=0.00890 10 (12.0)
Baseline medications
Statin therapy 75 (60.4) 79 (40.5) **p=0.000767 38 (45.8)
ACEi/ARB 85 (57.5) 53 (27.2) ***p<0.0001 24 (28.9)
Antiplatelets 41 (33.1) 25 (12.8) ***p<0.0001 15 (18.1)
Anticoagulation 6(12.9) 12 (6.2) p=0.06097 5(6.0)
Continued
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Table 1 Continued
Troponin-positive Troponin-negative Missing troponin group
group (n, %) group (n, %) (n, %)
Troponin positive Troponin negative Troponin missing
Parameter (n=124) (n=195) 2 p-value (n=83)
Beta blockers 45 (36.3) 33 (16.9) **p=0.000151 17 (20.5)
MRA 8 (6.5) 0(0) **p=0.00126 1(1.2)
Other diuretic 38 (30.6) 25 (12.8) **p=0.0001741 11 (13.3)
Other antihypertensive 48 (38.7) 64 (32.8) p=0.340 21 (25.3)

Note that where a multiclass comparator was made p-values (eg, for gender) are the same for all groups. Similarly, for some comparisons
such as age, where the input data was continuous but has been converted to ordinal, the distributions of individual values within a group have
been compared using a Mann-Whitney U test, and again the p-values are the same for all groups. The group where troponin was missing was

not statistically compared with the troponin positive and negative groups.

ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; MRA, mineralocorticoid receptor

antagonist.

were more men than women in the troponin-negative
group while the opposite was true for the troponin-
positive group. Around one-third of patients had a black
or Asian ethnicity. Hypertension was the most frequent
recorded comorbidity, followed by diabetes mellitus in
our study population. Hypertension, hyperlipidaemia,
heart failure, ischaemic heart disease and chronic kidney
disease were significantly more prevalent in the troponin-
positive group. Higher use of medications in the troponin-
positive group such as angiotensin-converting enzyme
(ACE) inhibitors reflected the increased prevalence of
these comorbidities. Chest pain was uncommon in both
groups. However, there was no significant difference in
presenting symptom between the two groups.

Inpatient investigations

High D-dimer, low lymphocyte count and high CRP was
evident in both the troponin positive and troponin nega-
tive result (see table 2). 73% of patients over 65 years old
had a positive troponin. There were a low number of CT
pulmonary angiograms performed in this cohort. In addi-
tion, only around one-third of troponin-positive cases had
a transthoracic echocardiogram completed. Reported
abnormalities on imaging included reduced left ventric-
ular ejection fraction, regional wall motion abnormalities
and pericardial effusion.

Outcomes and inpatient management

Table 3 shows the cumulative outcomes in the troponin
positive and negative groups. The average age of patients
who died was 74.0 (95% CI 71.5 to 76.5) years, while the
average age in those who survived was 60.4 (95% CI 58.3
to 62.5) years (see figure 1 panel A). Death rates were
higher in the troponin-positive group. x” test showed that
survival of patients with COVID-19 was significantly higher
in those with a negative troponin compared with those with
a positive troponin (p=3.23x10"""). Mean initial troponin
in patients who survived was 70.0 ng/L (95% CI 5.6 ng/L
to 134.4 ng/L), while in those who died it was 131.4 ng/L
(95% CI178.9ng/Lto 183.9 ng/L) (see figure 1 panel B). A

Mann-Whitney U testshowed thatinitial troponin was signifi-
cantly higher in those who died (p=2.24x10""%) compared
with those who were alive. COVID-19 was the primary cause
of death in both patient populations on the medical certifi-
cate for cause of death. Only a minority of troponin-positive
patients had cardiovascular disease mentioned on the
death certificate (2.4% in part 1, and 15.5% in part 2). A
higher proportion of the troponin-positive group received
medical management for acute coronary syndrome (ACS);
however, only one patient subsequently went on to have
percutaneous coronary intervention.

Predictors of outcome

Table 4 shows the results of the univariate and multivar-
iate regression in our patient cohort. A histogram of the
odds ratios (ORs) for the multivariate analysis can be seen
in figure 2. Five patients were excluded from the final
analysis due to having type I myocardial infarctions. In
the multivariate logistical regression, lung disease, age,
troponin positivity and CPAP were all significantly associ-
ated with death, with an AUC of 0.889, sensitivity of 0.886
and specificity of 0.629 for the model. Within this model,
troponin positivity was independently associated with short
term mortality (OR 2.97, 95% CI 1.34 to 6.61, p=0.008).
A Cox proportional-hazards model confirmed the same
significant associations with mortality as the logistic
regression but showed additionally a significant associ-
ation between creatinine and mortality. The univariate
logistical regression using only initial troponin positivity
had an AUC of 0.683. When only patients aged under 65
years were included in the multivariate model only use of
CPAP, smoking status and lung disease were significantly
associated with mortality. A Kaplan-Meier survival anal-
ysis confirmed the significant increased mortality in the
troponin-positive group (online supplemental materials).

DISCUSSION
In this retrospective cross-sectional study, we have demon-
strated that a positive initial troponin was independently
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Table 2 Inpatient investigations
Troponin -positive Troponin-negative
group (n, %) group (n, %)
Troponin positive Troponin negative
Parameter (n=124) (n=195) 2 p-value
Biochemical findings on admission
WCC low 8 (6.4) 19 (9.7) **p=0.0003
WCC normal*" 74 (60.0) 147 (75.4) *p=0.0003
WCC high 42 (33.9) 29 (14.9) **p=0.0003
Lymphocytes low 65 (52.4) 107 (54.9) p=0.198
Lymphocytes normal'™ 57 (46.0) 88 (45.1) p=0.198
Lymphocytes high 2(1.6) 0(0) p=0.198
NLR<4 21 60 *p=0.008
NLR>4 103 135
Creatinine normal 48 143 ***p<0.0001
Creatinine raised 76 52
LDH positive 2 (34.5) 58 (29.7) p=0.549 (Fisher’s exact)
LDH not recorded 2 (64.9) 134 (68.7)
D-dimer positive 61 (49.2) 84 (43.1) **p=0.0028
No D-dimer on system 56 (45.2) 74 (37.9)
CRP negative (<10) 6 (4.8) 7 (3.6) p=0.795
CRP positive 118 (95.1) 188 (96.4) p=0.7952
Imaging
Transthoracic echo performed 21 (16.9) 33 (16.9) p=1.0
LVEF below 50% 4 (19.0) 1(3.0) p=0.0689 (Fisher’s Exact)
Regional wall motion abnormalities 8 (38.1) 1(3.0) **p=0.0013 (Fisher’s Exact)
Pericardial effusion 2 (9.5) 7(21.2) p=0.456 (Fisher’s Exact)
Severe aortic stenosis 0(0) 0(0) p=1 (Fisher’s Exact)
CTPA performed 14 (11.3) 38 (19.5) p=0.0756
Pulmonary embolism detected 4 (3.2) 11 (5.6) p=0.470

Note that where a multiclass comparator was made p-values (eg, for gender) are the same for all groups. Similarly, for some comparisons
such as age, where the input data was continuous but has been converted to ordinal, the distributions of individual values within a group have
been compared using a Mann-Whitney U test, and again the p-values are the same for all groups.

CRP, serum C reactive protein level; CTPA, CT pulmonary angiogram; LDH, serum lactate dehydrogenase level; LVEF, left ventricular ejection

fraction; NLR, neutrophil to lymphocyte ratio; WCC, white cell count.

associated with short-term mortality in patients hospital-
ised with COVID-19. These findings line up with other
studies and meta-analyses.”* '*'* Papargeorgeiou et al'”
similarly reported the association between a positive initial
troponin and mortality across several London hospitals
covering different geographical areas. Our data showed
that 103 patients died, representing a third of the cohort,
which may be higher than other published COVID-19
reports. Other studies have found correlation between
elevated troponin and more severe disease, ICU admis-
sion and the requirement for non-invasive and mechan-
ical ventilation.?* " ' We did not find any significant
between group differences in CPAP use, ICU admission
and intubation between troponin positive and negative
groups. However, this observation was based on relatively

small numbers of patients and should be interpreted with
caution. Troponin measurements appear to be helpful in
identification of those at risk of death from COVID-19.
Even in non-COVID-19 hospitalised populations in the
UK, elevated troponin has been seen to be associated with
mortality suggesting that myocardial injury forms part of
the clinical picture in other non-cardiac severe illness."
In addition to troponin, increasing age, the need
for CPAP and underlying lung disease were also inde-
pendently associated with increased mortality in our
cohort. Increasing mortality with increasing age is clearly
correlated.'® Lung disease, in particular COPD and inter-
stitial lung disease, has been shown to modestly increase
the risk of severe COVID-19 in the UK, although asthma
does not appear to confer increased risk.'” The use of

Shyam-Sundar V, et al. BMJ Open 2022;12:061426. doi:10.1136/bmjopen-2022-061426

5



Open access

I

Table 3 Outcomes and inpatient management

Troponin-positive group, n (%)

Troponin-negative group, n (%)

Parameter Troponin positive (n=124) Troponin negative (n=195) x? p-value
Mortality
Alive on discharge 48 (38.7) 145 (74.4) ***p<0.0001
Inpatient death 66 (53.2 37 (19.0) ***p<0.0001
Death following readmission 4 (3.2 0(0) ***p<0.0001
Critical care management
CPAP 21 (16.9) 34 (17.4) p=1.0
Intubation and ventilation 15 (12.1) 33 (16.9) p=0.310
ITU admission 17 (13.7) 35 (17.9) p=0.399
In-hospital complications
New arrhythmia 11 (8.9) 2 (1.0 **p=0.002
Other in-hospital management
Dual antiplatelet 9(7.3) 2(1.0) *p=0.0078
Anticoagulation 26 (21.0) 42 (21.5) p=1.0
Antiarrhythmic 6 (4.8) 8 (4.1) p=0.974
Angioplasty/PCI 1(0.8) 0(0) p=0.819
ACS Medical protocol 7 (5.6) 2(1.0) *p=0.0373
Steroids started 15 (12.1) 14 (7.2) p=0.197
Tocilizumab started 0 (0) 1(0.5) p=1

ACS, acute coronary syndrome; CPAP, continuous positive airway pressure ventilatory support; ITU, intensive treatment unit; PCI, primary

coronary intervention.

CPAP was associated with an increased risk of mortality
in our cohort suggesting another interesting clinical
marker to identify patients at higher risk of mortality. The
scope of this study was not to determine the effectiveness
of CPAP; patients who require CPAP are clinically more
unstable with severe disease and are more likely to dete-
riorate. The clear benefits of CPAP have been outlined in
other studies designed as such.'®

In our cohort, initial troponin was positive in 39%
of patients in whom it was measured and 31% overall.
Data from Wuhan initially outlined an incidence of
12%-27%.% * Subsequent studies from western coun-
tries show a broad prevalence of myocardial injury.
In general, there appears to be higher frequency of

Histogram of Age Histogram of Troponin
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Figure 1 Histograms of age and troponin coloured by
mortality, with troponin logarithmically scaled.

troponin elevation in hospitalised patients in European
and USA populations, when compared with China, with
an incidence rising above 50% in some instances.” " A
large meta-analysis including 49 studies from a combi-
nation of the USA, Europe and China showed an inci-
dence of troponin elevation in 20.8% when measured in
the first 24 hours, rising to 34.2% when measured during
the ongoing hospital stay." Troponin values may change
during the course of the disease. These variations in the
frequency of troponin elevation may relate to differing
disease durations prior to medical evaluation with early
sampling resulting in under-estimation of the frequency
of myocardial injury. Our finding appears to be broadly in
line with the prevalence expected from the heterogenous
evidence base.

Hypertension, chronic kidney disease, ischaemic heart
disease and heart failure were all more common in the
troponin-positive group in our cohort, which is simi-
larly seen in the large cohorts from the USA.'? These
comorbidities have been all found to be associated with
increased risk of death COVID-19 in large studies, and
similarly, we found a higher prevalence in those that
died." * Dysfunction of the renin—angiotensin—aldoste-
rone system (RAAS) may be implicated here. Binding
of the virus to ACE2 with resultant loss of ACE2 may
lead to increases in angiotensin II thereby contributing
to endothelial dysfunction, vascular inflammation and
thrombosis.” The dysfunctional RAAS seen in such
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Table 4 Multivariate and univariate analysis of predictors for mortality

Variable Univariate OR (95% CIl) Univariate p-value = Multivariate OR (95% CI) Multivariate p-value
Heart failure 3.60 (1.82 to 7.24) 0.0002*** 1.56 (0.54 to 4.54) 0.41

IHD 2.55 (1.44 to 4.53) 0.0013* 1.77 (0.68 to 4.55) 0.24

Lung disease 1.95 (1.20 to 3.15) 0.0063* 2.53 (1.16 to 5.66) 0.02*
Gender 1.00 (0.66 to 1.55) 0.972 0.79 (0.36 to 1.72) 0.55
Black/Asian ethnicity 0.95 (0.60 to 1.52) 0.823 1.01 (0.47 to 2.19) 0.99

Age 1.05 (1.04 to 1.07) <0.0001*** 1.07 (1.03 to 1.10) <0.0001**
Smoking status 1.33 (0.91 to 1.91) 0.131 1.17 (0.61 to 2.23) 0.64
Hypertension 3.11 (1.97 to 4.97) <0.0001*** 1.74 (0.80 to 3.84) 0.16
Diabetes 1.38 (0.90 to 2.12) 0.161 1.10 (0.53 t0 2.27) 0.80

Initial troponin positive 4.69 (2.85 to 7.83) <0.0001*** 2.94 (1.34 to 6.68) 0.008*
CPAP required 7.84 (4.19 to 15.4) <0.0001*** 27.78 (10.96 to 78.94) <0.0001***
Initial creatinine 1.003 (1.001 to 1.005) 0.01* 1.00 (1.00 to 1.00) 0.26

Initial C reactive protein ~ 1.004 (1.002 to 1.006) 0.0001** 1.00 (1.00 to 1.01) 0.09

ORs and pvalues generated using a logistic regression.

CPAP, continuous positive airway pressure ventilation; IHD, ischaemic heart disease.

comorbidities may lead to susceptibility to severe disease
via further disruption through viral binding of ACE2. A
significant percentage of the patients in those with posi-
tive troponins had chronic kidney disease. A correlation
in declining estimated glomerular filtration rate (eGFR)
and rising serum troponin is known and may account for
some of the elevated troponin levels. However, there was
a broad spread of patients across chronic kidney disease
groups 1-5, so it is unlikely to explain troponin elevation
in the entirety of this group.*

Severe COVID-19 is often characterised by a cytokine
storm. The cytokine storm may be another factor impli-
cated in myocardial injury as CRP levels have been seen to
correlate with troponin levels.” In our univariate analysis
of predictors of mortality, a positive CRP was associated
with mortality in keeping with previous studies. High levels
of circulating cytokines may have a direct effect on the
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Figure 2 ORs and associated p-values for input variables to
multivariate logistic regression investigating associations with
mortality.

myocardium, as well as contributing to generalised endo-
thelial dysfunction and coagulopathy.” This prothrom-
botic state found in COVID-19 can contribute to various
sequalae that can lead to myocardial strain and injury
including pulmonary emboli.** Pulmonary embolism
has been reported in 13% of patients in a large system-
atic review; in our sample, the prevalence of pulmonary
embolism was rather lower, and prevalence was higher
in the troponin-negative group.” However, the number
of CT pulmonary angiography scans performed in our
sample was also low so our results should be interpreted
with caution.

Case series of occlusive coronary disease in COVID-19
exist in the literature; however, it appears to be relatively
uncommon.”® This is reflected in our sample with only
one patient proceeding to invasive coronary angiogram
and only nine of the patients with positive troponin
receiving medical ACS treatment during their admission.
In ST elevation myocardial infarction associated with
COVID-19 a higher thrombotic burden has been noted
during angiography, suggesting that the prothrombotic
state may be a contributing factor to coronary occlusio;
however, clear causation is not yet proved.?”” There are
case reports of myocarditis but the prevalence in autopsy
studies appears to be relatively low with one compilation
of autopsy studies estimating histopathological evidence
myocarditis at 7.2%, being functionally significant
in <2%.% In our cohort, we did not identify any cases of
myocarditis. However, we acknowledge that myocarditis is
recognised to rarely occur following COVID-19 infection
and vaccination, but this association needs to be further
investigated.” Acute COVID-19 myocarditis has been
detected on cardiac MRI, but we were unable to correlate
this in our study.”

Shyam-Sundar V, et al. BMJ Open 2022;12:061426. doi:10.1136/bmjopen-2022-061426



Only around a third of those with a positive troponin
underwent echocardiography in our cohort. The preva-
lence of regional wall motion abnormalities, impaired left
ventricular systolic function and pericardial effusion were
proportionally higher in the troponin-positive group.
These findings have previously been characterised as part
of the clinical picture of myocardial injury in COVID-
19.° However, our results on echocardiographic find-
ings should be approached with caution as the number
of patients in the troponin-positive group undergoing
echocardiography was three times higher than that in the
negative group.

There are some limitations to our findings. First, our
sample was a small retrospective analysis of patients with
COVID-19 requiring hospitalisation. Second, within this
cohort of patients, a significant proportion (approxi-
mately 20%) did not have blood troponin levels measured
and were excluded from the analysis. These results reflect
outcomes in patients prior to the availability of vaccina-
tion and before other evidence based interventions were
available to hospitalised patients. Furthermore, there
were differences in timing of sampling of blood troponin
between patients during their hospital stay. Also, poten-
tially important data such as body mass index was not
available in this dataset.

CONCLUSIONS

Troponin positivity was independently associated with
increased short-term mortality in hospitalised patients
with COVID-19 during the first wave of the pandemic.
The mechanisms implicated in myocardial injury in
COVID-19 are not fully understood and require further
investigation.
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