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ABSTRACT

Objectives The clinical impact of SARS-CoV-2 has
varied across countries with varying cardiovascular
manifestations. We review the cardiac presentations,
in-hospital outcomes and development of cardiovascular
complications in the initial cohort of SARS-CoV-2 positive
patients at Imperial College Healthcare National Health
Service Trust, UK.
Methods We retrospectively analysed 498 COVID-19
positive adult admissions to our institute from 7 March
to 7 April 2020. Patient data were collected for baseline
demographics, comorbidities and in-hospital outcomes,
especially relating to cardiovascular intervention.
Results Mean age was 67.4±16.1 years and 62.2%
(n=310) were male. 64.1% (n=319) of our cohort had
underlying cardiovascular disease (CVD) with 53.4%
(n=266) having hypertension. 43.2%(n=215) developed
acute myocardial injury. Mortality was significantly
increased in those patients with myocardial injury
(47.4% vs 18.4%, p<0.001). Only four COVID-19 patients
had invasive coronary angiography, two underwent
percutaneous coronary intervention and one required
a permanent pacemaker implantation. 7.0% (n=35)
of patients had an inpatient echocardiogram. Acute
myocardial injury (OR 2.39, 95% CI 1.31 to 4.40, p=0.005)
and history of hypertension (OR 1.88, 95% CI 1.01 to 3.55,
p=0.049) approximately doubled the odds of in-hospital
mortality in patients admitted with COVID-19 after other
variables had been controlled for.
Conclusion Hypertension, pre-existing CVD and acute
myocardial injury were associated with increased in-
hospital mortality in our cohort of COVID-19 patients.
However, only a low number of patients required invasive
cardiac intervention.

INTRODUCTION
SARS-
CoV-2 virus was first reported in
Wuhan, China, in December 2019. It has

Key questions
What is already known about this subject?
►► Initial data from China and the USA suggest involve-

ment of cardiovascular comorbidities and myocardial injury being related to death in COVID-19 patients.

What does this study add?
►► We aim to provide comprehensive data about

COVID-19 and its cardiovascular impact on cardiovascular system in UK population. We aim to provide
a detailed analysis of the impact of cardiovascular
comorbidities in COVID-19 patients and the impact
of myocardial injury. We also have provided a detailed analysis of cardiac intervention in this cohort
of patients.

How might this impact on clinical practice?
►► By identifying factors associated with increased

mortality, we aim to risk stratify these patients.
Also by identifying patients with myocardial injury,
these patients may warrant increased cardiac team
involvement. Furthermore, it aims to provide an insight into managing COVID-19 patients with cardiac
issues in UK population.

since rapidly spread throughout the world
and was declared a pandemic by WHO on
11 March 2020.1 There have been more than
17 million cases reported worldwide with
675 000 deaths as of 30 July 2020. The UK has
had over 300 000 patients infected and more
than 41 000 deaths as of 30 July 2020.
Our understanding of COVID-19 remains
limited, as the spread of the SARS-CoV-2 has
been extremely rapid. Emerging data suggest
that elderly patients and those with comorbidities have adverse prognosis, but the nature
of the relationship between underlying
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METHODS
Study design
We retrospectively analysed 498 consecutive patients
with confirmed SARS-CoV-2 admitted to three central
London hospitals forming Imperial College Healthcare
NHS Trust, London, UK from 7 March 2020 to 7 April
2020. The trust is a cardiac tertiary referral centre for
West London.
Patients with possible COVID-19 symptoms, who were
sufficiently unwell to require admission to hospital were
included if they had an initial positive nasopharyngeal
swab by viral SARS-CoV-2 reverse transcription-PCR, or
if they had a high pretest probability of COVID-19 and
were confirmed positive on subsequent nasopharyngeal
swab. Patients with high pretest probability of COVID-19
but without positive swabs were not included. Patients
who became SARS-CoV-2 positive as a result of exposure
in hospital having presented with alternative diagnoses,
and those under the age of 18 years were excluded. All
patients were followed until death, discharge or the end
of the study period on 27 April 2020.

TnI) (adjusted
limit of high sensitivity troponin I (hs-
according to sex).
Pre-
existing CVD was defined by the presence of
hypertension, coronary artery disease (CAD)/ischaemic
heart disease, valvular disease, impaired left ventricular
(LV) function, arrhythmia, peripheral vascular disease
or cerebrovascular disease. Patients were monitored for
outcomes including death, discharge or continued inpatient treatment at the end of the monitoring period.
Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research as it was a retrospective analysis and also to minimise interaction with COVID-19 patients.
Statistical analysis
The distributions of demographic characteristics,
admission signs, pre-existing comorbidities, biomarkers
(admission and peak) and the need for escalating levels
of care were assessed for the whole cohort. These were
then compared between those who died and those who
remained alive at the end of the study using appropriate
(parametric and non-
parametric) tests of significance
(see online supplemental table 5). Patients alive and
continuing to require in-patient treatment were included
in the alive group for baseline comparisons. Comorbidities were analysed separately for correlation with
COVID-19 mortality, without combining into pre-existing
comorbidity index such as the Charlson Score, as the relationship between COVID-19 and the separate elements of
such risk scores is unknown. Logistic regression models
were used to determine predictors of COVID-19 mortality.
Patients continuing to require inpatient treatment at
the end of the study were excluded from the regression
modelling as their ultimate outcomes are unknown. In
addition, variables which were poorly recorded (less than
80% completeness) were excluded as predictors. All analyses were carried out in SPSS V.24 and R V.3.6.3.

Data collection
Individual electronic medical records (Cerner) of
patients were reviewed and relevant parameters were
manually extracted onto a structured collection database. Patient data on baseline demographics, body
CoV-2 confirmation, comorbidities
mass index, SARS-
and admission medications were recorded analysing
individual case records. Comorbidities were further
confirmed by manual review of relevant correspondence
in health records, especially if they were not clearly stated
in the patient’s admission record. In-hospital course was
reviewed, and data was collected on baseline heart rate,
blood pressure, temperature and oxygen saturations on
admission, requirement for respiratory support, echocardiographic parameters, initial and peak levels of prognostic biochemical markers, level of care required (intensive care vs ward based care) and in-hospital outcomes.
Myocardial injury was defined as a peak troponin
greater than 99th percentile of the upper reference

RESULTS
Baseline Patient characteristics
A total of 498 patients were admitted to Imperial College
Healthcare NHS trust between 7 March 2020 and 7 April
2020 with COVID-19-related symptoms. The mean age of
the cohort was 67.4±16.1 years and 310 patients(62.2%)
were male (table 1).
The most common comorbidities were hypertension (53.4%), diabetes (40.2%) and hyperlipidaemia
(31.7%). 13.9% had a history of CAD, 6.6% had impaired
LV function and 11.8% had a previous cerebrovascular
accident. Chronic kidney disease (CKD) was seen in
19.7% of patients with 7.4% being on haemodialysis. The
majority of patients were non-smokers (91.8%), with 12
patients(2.4%) and 29 patients (5.8%) being previous
and current smokers respectively (table 1).
On admission, 88 patients(17.7%) were on aspirin and
58 (11.6%) were anticoagulated. One hundred patients
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cardiovascular disease (CVD), acute myocardial injury
and COVID-19 outcomes remains unclear.2 Data from
China suggest that acute myocardial injury in COVID-19
patients is associated with increased mortality.3 4 Infected
patients have been reported to present with a wide range
of cardiac issues from arrhythmias to ST elevation myocardial infarction (STEMI) mimics, excessive thrombus
formation and fulminant myocarditis.5
This study describes a single centre experience of hospitalised COVID-19 patients from Imperial College Healthcare National Health Service (NHS) Trust, London, UK
which comprises two receiving hospitals and one tertiary
referral centre at the epicentre of the COVID-19 outbreak
in the UK. We focus on the role of underlying cardiac
disease and acute cardiac outcomes in these patients.

Cardiac risk factors and prevention

Baseline demographics

n (%)
(N=498)

Age (years)
Male

67.4±16.1
310 (62.2)

Weight (kg) (n=294)

80.1±21.1

2

BMI (kg/m ) (n=263)

28.3±7.0

Comorbidities
Hypertension

266 (53.4)

Dyslipidaemia

158 (31.7)

Diabetes

200 (40.2)

 Diet controlled

40 (20)

 Tablets

103 (51.5)

 Insulin

57 (28.5)

COPD

34 (6.8)

Asthma

45 (9.0)

Chronic kidney disease

98 (19.7)

ESRF on dialysis

37 (7.4)

Coronary artery disease

69 (13.9)

Previous MI

45 (9.0)

Previous CABG

11 (2.2)

Atrial fibrillation

65 (13.1)

Previous PCI

27 (5.4)

LV impairment

33 (6.6)

Previous CVA

59 (11.8)

Smoking status
 Non

457 (91.8)

 Current

12 (2.4)

 Ex-smoker

29 (5.8)

Admission medication
Aspirin

88 (17.7)

Anticoagulation

58 (11.6)

ACE Inhibitor

100 (20.1)

Angiotensin receptor blocker

52 (10.4)

Paracetamol

95 (19.1)

NSAIDs
Statin

10 (2)
211 (42.4)

BMI, body mass index; CABG, coronary artery bypass
grafting; COPD, chronic obstructive pulmonary disease; CVA,
cerebrovascular accident; ESRF, end-stage renal failure; LV, left
ventricular; MI, myocardial infarction; NSAID, non-steroidal anti-
inflammatory drug; PCI, percutaneous coronary intervention.

(20.1%) were on an ACE inhibitor (ACEi) and 52
(10.4%) on angiotensin receptor blockers (ARB).

remained alive, of which 36 patients (10.5%) continued
to require inpatient treatment.
The patients who died were older (74.3±13.4 years vs
64.1±16.2 years,p<0.001) with higher respiratory rates
(25.9±11.3 vs 24.0±8.8,p=0.035) and lower oxygen saturations on air (91% (87–96) vs 94% (89–96),p=0.019) at
presentation than those who remained alive at the end of
the study (table 2).
Patients with COVID-19 who died had higher incidence
of pre-
existing CVD (78.6% vs 57.6%, p<0.001), CKD
(27.3% vs 16.3%, p=0.05), diabetes (46.8% vs 37.2%,
p=0.048), hypertension (68.2% vs 46.8%, p=0.001)
and end-
stage renal failure (10.4% vs 6.1%, p=0.099)
compared with those who remained alive.
Renin–angiotensin–aldosterone system blockade
Use of ARB therapy was not significantly higher in those
who died when compared with those who remained
alive (8.4% vs 11.3%,p=0.428). In contrast, patients who
died were more likely to be taking ACEi (26.6% vs 17.2
%,p=0.021) .
In-hospital outcomes
In our patient cohort, 73 patients (14.7%) were admitted
to intensive care unit (ICU) and 58 patients (11.6%)
required intubation and ventilation. A total of 154
patients (30.9%) died in-hospital due to COVID-19.
Patients who died more frequently had acute myocardial injury (66.2% vs 32.8%, p<0.001), acute kidney injury
(AKI) (39.0% vs 16.0%,p<0.001) and more commonly
required renal replacement therapy (8.4% vs 3.5%,
p=0.026) compared with those who remained alive. They
were more frequently diagnosed with pneumonia (77.3%
vs 62.2%, p=0.001) (table 3).
Blood parameters
Admission and peak troponin levels, admission and
peak d-dimer, B-type natriuretic peptide (BNP), C reactive protein (CRP) and creatinine were all significantly
higher in patients who died in-hospital due to COVID-19
compared with those who were alive (table 4). Complete
blood results are shown in online supplemental materials.
Predictors of mortality
Myocardial injury (OR 2.39, 95% CI 1.31 to 4.40,p=0.005)
and hypertension (OR 1.88, 95% CI 1.01 to 3.55,p=0.049)
emerged as significant predictors of in-hospital mortality
in adjusted analyses, each approximately doubling the
odds of mortality when compared with demographically
similar patients without myocardial injury or hypertension. In contrast, use ACEi became a non-
significant
predictor (p=0.095) once hypertension was accounted
for (online supplemental table 1).

Mortality
As of 27 April 2020, 462 patients (92.8%) out of 498
had completed outcomes. One hundred and fifty-four
patients (30.9%) had died and 344 patients (69.1%)

Myocardial injury
A total of 215 patients had myocardial injury (43%)
based on their raised hs-
TnI. The myocardial injury
group has a higher proportion of patients with history
of CVD (76.3% vs 54.8%,p<0.001), hypertension (64.2%
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Table 1 Baseline patient characteristics

Open Heart

Age (years)
Male

All (N=498)

Alive (N=344)

Dead (N=154)

P value

67.4±16.1
310 (62.2%)

64.1±16.2
206 (59.9%)

74.3±13.4
104 (67.5%)

<0.001
0.11

Weight (kg) (n=294)

80.1±21.1

79.6±21.2

81.2±20.9

0.557

BMI (n=263)

28.3±7.0

27.9±6.9

29.2±7.1

0.179

Cardiovascular disease

319 (64.1%)

198 (57.6%)

121 (78.6%)

<0.001

Diabetes

200 (40.2%)

128 (37.2%)

72 (46.8%)

0.048

Comorbidities

Hypertension

266 (53.4%)

161 (46.8%)

105 (68.2%)

0.001

Dyslipidaemia

158 (31.7%)

100 (29.1%)

58 (37.7%)

0.061

COPD

34 (6.8%)

20 (5.8%)

14 (9.1%)

0.183

Asthma

45 (9.0%)

32 (9.3%)

13 (8.4%)

0.866

Chronic kidney disease

98 (19.7%)

56 (16.3%)

42 (27.3%)

0.05

ESRF on dialysis

37 (7.4%)

21 (6.1%)

16 (10.4%)

0.099

Coronary artery disease

69 (13.9%)

40 (11.6%)

29 (18.8%)

0.036

Previous MI

45 (9.0%)

25 (7.3%)

20 (13.0%)

0.044

Previous CABG

11 (2.2%)

6 (1.7%)

5 (3.2%)

0.328

Atrial fibrillation

65 (13.1%)

42 (12.2%)

23 (14.9%)

0.393

Previous PCI

27 (5.4%)

15 (4.4%)

12 (7.8%)

0.135

Previous CVA

59 (11.8%)

36 (10.5%)

23 (14.9%)

0.177

Medications
ACEi

100 (20.1%)

59 (17.2%)

41 (26.6%)

0.021

ARB

52 (10.4%)

39 (11.3%)

13 (8.4%)

0.428

NSAIDs

10 (2.0%)

6 (1.7%)

4 (2.6%)

0.507

96.2±38.7

96.0±44.3

96.6±21.5

0.87

Observations on admission
Heart rate
Mean arterial pressure

95.6±16.8

95.5±15.3

96.0±19.7

0.781

Respiratory rate
Oxygen saturations

24.6±9.7
94(88–96)

24.0±8.8
94(89–96)

25.9±11.3
91(87–96)

0.035
0.019

ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; CVD, cardio-vascular disease; ESRF, end-stage renal failure; MI, Myocardial
infarction; NSAID, non-steroidal anti-inflammatory drug; PCI, percutaneous coronary intervention.

vs 45.2%,p<0.001), previous MI (14.0% vs 5.3%,p=0.001),
atrial fibrillation (19.1% vs 8.5%,p=0.001) and of patients
taking ARB (14.4% vs 7.4%,p=0.017) (table 5). Patients
with myocardial injury had higher probability of death
(47.4% vs 18.4%,p<0.001).
Cardiac intervention
Two hundred and fifteen patients (43.1%) had troponin
elevation but only 11 patients (2.2%) were diagnosed as
having acute coronary syndrome (ACS) and 9 patients
(1.8%) were treated with dual antiplatelet therapy. Four
patients were referred to our centres as STEMI patients
with three of these cases taken to the cardiac catheter
laboratory. Two of these STEMI cases needed percutaneous coronary intervention (PCI) (one following
thrombolysis) and one had normal coronaries (online
supplemental table 2).
4

One of the STEMI case presented was a 60-year-old
man with severe COVID-19 respiratory disease and was
intubated within hours of admission. Five days after
admission, he developed anterior ST elevation with
raised troponin and D-Dimer. The patient was felt to be
too unwell for a transfer across site and PCI and he was
treated with thrombolysis. The patient improved after
thrombolysis but then redeveloped ST changes 1 week
later. His echocardiogram showed moderate LV impairment with anterior regional wall motion abnormality.
He was then transferred to Hammersmith Hospital and
underwent primary PCI with drug-
eluting stents from
his left main stem to left anterior descending (LAD)
(figure 1). The patient was stable postprocedure and
transferred back to ICU.
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Table 2 Mortality outcome based on baseline characteristics and presenting features

Cardiac risk factors and prevention

Outcomes

All (N=498)

Alive (N=344)

Dead (N=154)

P value

Length of stay
Admission to ICU

8 (4–15)
73 (14.7%)

8 (4–15)
46 (13.4%)

7 (4–12)
27 (17.5%)

0.217
0.273

 Intubation

58 (79.5%)

37 (80.4%)

21 (77.8%)

0.366

 ICU stay (Days)

11.4±6.0

12.35±6.4

9.9±5.3

0.105

Renal replacement therapy

25 (5.0%)

12 (3.5%)

13 (8.4%)

Myocardial injury

215 (43.2%)

113 (32.8%)

102 (66.2%)

<0.001

Acute kidney injury

115 (23.1%)

55 (16.0%)

60 (39.0%)

<0.001

DIC

3 (0.6%)

1 (0.3%)

2 (1.3%)

0.227

Stroke
Pneumonia

8 (1.6%)
333 (66.9%)

5 (1.5%)
214 (62.2%)

3.0 (1.9%)
119 (77.3%)

0.707
0.001

0.026

DIC, disseminated intravascular coagulation; ICU, intensive care unit.

Thirty-four patients (6.8%) were reported to have inpatient arrhythmias with atrial fibrillation being the most
frequent (online supplemental table 3). One patient was
admitted with collapse and intermittent higher degree
atrioventricular conduction block and required a permanent pacemaker. 35 patients (7.0%) had an inpatient
echocardiogram which were focused scans to minimise
risk to the operator (online supplemental table 4) of
which 51.4% (18 patients) had normal echocardiograms.
Two patients were diagnosed with myocarditis. One had
a normal coronary angiogram, with ECG changes and
troponin rise. The second patient had severely impaired
LV function on a background of known previous LV
impairment but developed recurrent supraventricular arrythmia needing amiodarone. One patient had
cardiac MRI (cMRI) which showed multiple small areas
of late gadolinium enhancement (LGE) subendocardially, consistent with small infarcts but also some mid-
wall oedema and LGE more suggestive of a myocarditic
process (figure 2).
DISCUSSION
To our knowledge, this study represents the first case
series of consecutive hospitalised confirmed COVID-19
patients in the UK describing cardiovascular outcomes.
hospital mortality rate was 30.9% with 14.7% of
In-

patients being admitted to ICU. Our in-hospital mortality
rate is comparable with published inpatient mortality of
28.2% in China and 21%–30% in the USA.2 6 7
We found that acute myocardial injury and history of
hypertension significantly increased the odds of in-hospital mortality once other variables were accounted for.
CVD and myocardial injury
In our cohort, patients who died of COVID-19 had
increased underlying CVD (78.6% vs 57.6%). Hypertension was the most common cardiovascular comorbidity
present in 53.4% of patients and significantly predicted
outcome. A large report from Chinese Center for Disease
Control and Prevention looking at outcomes in 44 672
confirmed COVID-19 cases, reported overall mortality
increasing from 2.3% to 10.5% in patients with CVD.8
Acute myocardial injury occurred in 43.2% of patients
with raised hs-TnI levels. Patients who died from COVID-19
had higher rates of myocardial injury compared with
those who survived (66.2% vs 32.8%) regardless of underlying CVD status. Chinese data has shown the SARS-CoV-2
infection causes myocardial injury and is associated with
worse outcomes.3 4 One cohort of 416 COVID-19 patients
showed that 82 (19.7%) patients had evidence of myocardial injury. Those with myocardial injury had a significantly higher associated in-hospital mortality (51.2%),

Table 4 Blood parameters
All (N=498)
CRP mg/L
Troponin ng/L
 Peak Troponin ng/L

Alive (N=344)

Dead (N=154)

106 (51–178)
17 (6–49)

101 (47–174)
12 (5–29)

118 (60–204)
33 (13–101)

0.021
<0.001

20 (7.5–85)

14 (6–48)

55 (21–201)

<0.001

D-dimer μg/L

1403 (704–2764)

1245 (668–2338)

1785 (948–3447)

 Peak D-dimer μg/L

2223 (939–6481)

1678 (832–4756)

3559 (1609–11157)

95 (72–142)
38(13-142)

89 (71–125)
28 (11–87)

Creatinine μmol/L
BNP ng/L

116 (86–203)
90 (20–343)

P value

0.004
<0.001
<0.001
<0.001

BNP, B-type natriuretic peptide; CRP, C reactive protein.
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Table 3 In-hospital outcomes

Open Heart

Comorbidities
Cardiovascular disease

All (N=498)

Myocardial injury (N=215)

No myocardial injury (N=283)

P value

319 (64.1%)

164 (76.3%)

155 (54.8%)

<0.001

Diabetes

200 (40.2%)

96 (44.7%)

104 (36.7%)

0.08

Hypertension

266 (53.4%)

138 (64.2%)

128 (45.2%)

<0.001

Dyslipidaemia

158 (31.7%)

66 (30.7%)

92 (32.5%)

0.698

COPD

34 (6.8%)

15 (7.0%)

19 (6.7%)

0.908

Asthma

45 (9.0%)

18 (8.4%)

27 (9.5%)

0.753

Chronic Kidney Disease

98 (19.7%)

73 (34.0%)

25 (8.8%)

<0.001

ESRF on Dialysis

37 (7.4%)

35 (16.3%)

2 (0.7%)

<0.001

Coronary artery disease

69 (13.9%)

40 (18.6%)

29 (10.2%)

0.009

Previous MI

45 (9.0%)

30 (14.0%)

15 (5.3%)

0.001

Previous CABG

11 (2.2%)

5 (2.3%)

6 (2.1%)

0.877

Atrial fibrillation

65 (13.1%)

41 (19.1%)

24 (8.5%)

0.001

Previous PCI

27 (5.4%)

17 (7.9%)

10 (3.5%)

0.044

Previous CVA

59 (11.8%)

31 (14.4%)

28 (9.9%)

0.126

ARB

52 (10.4%)

31 (14.4%)

21 (7.4%)

0.017

ACEi

100 (20.1%)

52 (24.2%)

48 (17.0%)

0.055

73 (16.7%)

40 (18.6%)

33 (11.7%)

0.04

 Intubation

58 (11.6%)

30 (14.0%)

28 (9.9%)

0.352

Renal replacement therapy

25 (5.0%)

23 (10.7%)

2 (0.7%)

<0.001

4 (1.4%)
52 (18.4%)

0.731
<0.001

Medications

Outcomes
Admission to ICU

Stroke
Death

8 (1.6%)
154 (30.9%)

4 (1.9%)
102 (47.4%)

ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary
disease; CVA, cerebrovascular accident; ESRF, end-stage renal failure; ICU, intensive care unit; MI, myocardial infarction; PCI, percutaneous
coronary intervention.

compared with those without myocardial injury(4.5%).3
Guo et al reported 52 of 187 patients(27.8%) had raised
troponin T (TnT) levels. In-hospital mortality was 59.6%
(31 of 52) in those with raised TnT compared with
those with normal levels, 8.9% (12 of 135).4 We have
seen similar increased mortality of 47.4% in those with
myocardial injury compared with 18.4% in those with
normal troponin levels. The highest mortality rates were

observed in those who had underlying CVD and raised
TnT levels(69.4%).

Figure 1 COVID-19 patient presenting with STEMI. Severe
disease in RCA (A) and LAD (B). Treated with PCI from LMS
to LAD (C). LAD, left anterior descending; LMS, left main
stem; PCI, percutaneous coronary intervention; RCA, right
coronary artery; STEMI, ST elevation myocardial infarction.

Mechanisms of cardiac injury and impact on cardiovascular
system
Patients with CAD and cardiovascular risk factors are
at greater risk of cardiac events during acute infections
and acute inflammatory conditions due to an increase in
myocardial demand, causing myocardial injury or infarction in a type 2 myocardial infarction (MI) pattern.9–11
This is likely to be exacerbated by dehydration and acute
kidney injury seen in many of the sickest patients in our
cohort. Although severe inflammatory stress has been
suggested to cause atherosclerotic plaque instability and
rupture, we saw very little in the way of classical ACS or
coronary artery plaque rupture in our patient cohort.
Thromboembolic phenomena are thought to be associated with COVID-19 pathogenesis due to coagulopathy
and endothelial dysfunction. This is reflected in raised
troponin and D-Dimer levels. There have been suggestions that these may lead to coronary thromboembolism
and present as ACS cases.12 In our cohort, only three
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Table 5 Comorbidities, medication and in-hospital outcomes according to myocardial injury
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STEMI cases had invasive coronary angiography and
none were felt to be related to this phenomenon. One
had normal coronary arteries. The two other cases had
diffuse CAD, likely related to underlying atherosclerelated
rotic disease than acute thrombotic COVID-19-
pathology. Their underlying atherosclerotic disease could
have been exacerbated by their acute infection. Italian
data have suggested that up to 40% of COVID-19 STEMI
patients have no identifiable coronary culprit lesion to
explain abnormal ECG and troponin rise.13
Thirty-
four patients (6.8%) were reported to have
inpatient arrhythmias with atrial fibrillation being the
most frequently observed rhythm, which is lower than
the previously reported incidence of 16.7% by a Chinese
group.14 As there appears to be no clear associated underlying ACS or LV dysfunction, these arrhythmias could be
a consequence of severe underlying metabolic disturbances, hypoxia or severe inflammatory response.
Only 35 patients (7.0%) underwent focused echocardiography during their admission. These were focused
scans in order to minimise contact with patients and
reduce exposure to staff. Eighteen (51.4%) echocardiograms were normal (online supplemental table 3). Only
four (0.8%) patients had moderate-severe LV impairment
in our cohort. Despite significant number of patients with
myocardial injury, there were no corresponding echocardiographic changes observed, suggesting troponin rise
more likely related to inflammatory response than direct
involvement of the myocardium. A Chinese study similarly reported that cardiac involvement was secondary to

ACEi and outcomes
SARS-CoV belongs to the β-CoVs group and binds to
the zinc peptidase ACE2, a surface molecule to enter
the host cell.17 18 Suppression of the ACE2 expression
during SARS-CoV infection has been proposed to be
involved in the pathogenesis of the disease in the lung,
leading to severe infection and lung failure. ACEi/ARB
can lead to increased upregulation of ACE2 receptors
in the lungs which may contribute to lung pathology.
Influenza A uses the same ACE2 receptor to mediate
lung injury. A large UK analysis showed angiotensin
blockade had no effect on influenza incidence or a
lower incidence, depending on the duration of use.19
These observations for influenza may also apply to
SARS-CoV-2. There are some suggestions that renin–
angiotensin–inhibitors (ACEi/ARBs) may have a theoretical benefit, but clinical data is lacking.20 21 There
have been concerns regarding the role renin–angiotensin–aldosterone system inhibitors have in COVID-19
patients. However, data from the USA, China and Italy
have shown no association between ACEi/ARBs and
COVID-19 mortality.22–25 Furthermore, there is at least
one randomised control trial investigating the role of
ACEi in COVID-19 (NCT04312009).
Although we found no mortality difference in
patients on ACEi/ARB as a group, being on ACEi
was linked to worse outcomes. Once this was adjusted
for hypertension and myocardial injury, we found
no increased mortality risk. However, we recognise
our data represent a small patient group and current
advice from international cardiology societies states
that patients should remain on their medications
until further definitive evidence is available. The role
these medications play in the severity of lung disease is
complex and not completely understood.
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Figure 2 Cardiac MRI of a patient following a troponin
rise during COVID-19 infection. The top row shows T2
maps, in which there are several areas of increased signal
suggestive of recent myocardial injury (white arrows). The
bottom row shows dark-blood late gadolinium enhancement
images in which the myocardium should be dark grey. The
three red arrows indicate separate areas of high signal
which are multiple small myocardial infarctions in the basal
inferoseptal, mid-inferolateral and apical inferior segments of
the left ventricle. The blue arrow indicates subepicardial late
gadolinium enhancement which may indicate a myocarditic
process.

systemic involvement as patients failed to show any typical
echocardiographic or ECG changes of myocarditis15
Due to the respiratory deterioration, some patients
have shown radiological findings that may be consistent
with pulmonary oedema. However, despite these patients
having raised cardiac biomarkers, we have not seen the
development of acute LV failure on echocardiography.
Despite patients having no echocardiographic ventricular impairment, BNP was significantly raised in patients
who died. This possibly indicates myocardial dysfunction
that contributes to overall mortality.
There has been one case report in the literature identifying marked biventricular diffuse LGE and interstitial
oedema on cMRI, consistent with acute myocarditis.16 Our
cMRI findings suggest that there may be multiple modalities of cardiac involvement in COVID-19 rather than typical
myocarditis.
In hypertensive patients, there is a higher expression of ACE2 and it has been suggested that this is the
mechanism which may increase their susceptibility to
SARS-
CoV-2 infection. However, there is lacking clear
evidence linking any direct causation.

Open Heart

LIMITATIONS
Our study includes only 498 patients in 3 centres within
a single NHS institution and larger cohort studies are
needed to verify our findings. Our study was also limited
to the geographical and ethnic population of North West
London. Our analysis was retrospective and was limited
to reviewing electronic patient records. We were limited
by incomplete datasets available for patients. Data are
term consequences of cardiac injury.
lacking on long-
Long-term observational studies are, therefore, required
to understand this further and to explore the effectiveness in managing such patients.
8

CONCLUSION
Our study demonstrates that pre-existing CVD and age
predict worse outcomes in patients hospitalised with
COVID-19. Furthermore, biochemical myocardial injury
is associated with increased mortality. Fewer patients than
expected required cardiac intervention. Further studies
are needed to investigate the long-term cardiovascular
outcomes of patients who have survived COVID-19.
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SUPPLEMENTARY DATA

Supplementary Table 1: Clinical predictors of all-cause mortality
Variable

Unadjusted OR (CI)

p value

Adjusted* OR (CI)

p value

Hypertension

2.49 (1.66-3.76)

<0.001

1.88 (1.01-3.55)

0.049

Admission saturations on
air

0.97 (0.95-0.99)

0.004

0.97 (0.94-0.99)

0.017

Myocardial injury

4.58 (3.05-6.97)

<0.001

2.39 (1.31-4.40)

0.005

1.007 (1.005- 1.009)

<0.001

1.008 (1.006 - 1.011)

<0.001

0.99 (0.98-1.00)

0.003

0.99 (0.98 - 1.01)

0.483

0.997 (0.995-0.999)

0.005

0.998 (0.995-1.001)

0.147

1.78 (1.11-2.83)

0.015

1.84 (0.90-3.80)

0.095

Peak CRP
Haemoglobin, g/DL
Platelets
ACEi

* Adjusted for demographic variables (age, sex and ethnicity[supplementary table 6])
OR: odds ratio, CI: confidence interval, ACEi: angiotensin converting enzyme inhibitor

Supplementary Table 2: Details of patients who had coronary angiography for STEMI
Patient 1

Anterolateral ST elevation. PPCI to occluded LAD. Residual severe LCX and RCA disease with
subsequent staged PCI to RCA as inpatient.

Patient 2

In ICU, intubated when developed anterior ST elevation. Felt too unwell to transfer and
treated with thrombolysis. Improved initially with further ECG changes 1 week later. RWMA
on echocardiogram consistent with ECG changes. Transferred across with PCI Left main stem
to LAD. Residual severe RCA disease which was not treated.

Patient 3

ST elevation on ECG with chest pain. Anticoagulated for AF. Normal coronaries.

Patient 4

ST elevation with chest pain initially but pain settled with ECG settled on repeat. Severe
metabolic disturbances with DKA. History of CABG. Medically managed as ECG and pain
resolved.

PPCI: primary percutaneous coronary intervention, ICU: intensive care unit, RWMA: regional wall motion abnormality, PCI:
percutaneous coronary intervention, LMS: left main stem, LAD: left anterior descending artery. RCA: right coronary artery,
STEMI: ST elevation myocardial infarction, AF: atrial fibrillation. DKA: Diabetic ketoacidosis, CABG: Coronary artery bypass
grafting.
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Supplementary Table 3: Details of arrhythmias in COVID-19 patients
Arrhythmia

n (%)

Fast ventricular rate AF

18 (54.5%)

Bradycardia

4 (12.1%)

SVT

3 (9.1%)

Asystole

2 (6.1%)

VT

2 (6.1%)

SVT/AF

1 (3.0%)

Atrial flutter with pauses

1 (3.0%)

PEA arrest

1 (3.0%)

VF

1 (3.0%)

AF: atrial fibrillation, SVT: supraventricular tachycardia, VT: ventricular tachycardia, PEA: pulseless electrical activity, VF:
ventricular fibrillation

Supplementary Table 4: Details of echocardiogram in COVID-19 patients
Patient

LV function

RV function

Valve disease

Patient 1
– 18

Normal size and
function

Normal size and function

No significant
abnormality

Patient
19 -20

Severely impaired

Normal size and function

No significant
abnormality

Patient
21

Moderately impaired

Normal size and function

No significant
abnormality

Patient
22

Mild/moderate
impairment

Normal size and function

No significant
abnormality

Patient
23

Mildly impaired

Normal size and function

No significant
abnormality

Patient
24

Moderate impaired
with anterior wall
RWMA

Normal size and function

No significant
abnormality

Patient
25

Normal size and
function

Pressure overloaded RV

No significant
abnormality

Patient
26

Normal size and
function

Severely impaired

No significant
abnormality

Other

LV improved to
mildly impaired
after PCI
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Patient
27

Normal size and
function

Dilated and impaired RV. On
repeat scan RV function
improved to normal 1 week
later.

No significant
abnormality

Patient
28

Normal size and
function

Dilated RV with preserved
function

No significant
abnormality

Patient
29

Normal size and
function

Dilated RV with impaired
function

No significant
abnormality

Patient
30

Normal size and
function

Normal size and function

No significant
abnormality

Patient
31

Normal size and
function

Normal size and function

Mild/Moderate TR

Patient
32

Normal size and
function

Normal size and function

Moderate MR. Well
seated AVR with no AR

Patient
33

Normal size and
function

Mildly dilated

No significant
abnormality

Patient
34

Normal size and
function

Normal size and function

Moderate TR

Patient
35

Normal size and
function

Normal size and function

Moderate AS

Open Heart

Chronic pericardial
effusion unchanged

LV: left ventricle, RV: right ventricle, RWMA: regional wall motion abnormality, TR: tricuspid regurgitation, MR: mitral
regurgitation, AR: aortic regurgitation, AVR: aortic valve replacement, PCI: percutaneous coronary intervention

Supplementary definitions

•

Acute kidney injury was identified according to the Kidney Disease: Improving Global
Outcomes definitions 3.

•

Disseminated intravascular coagulation (DIC) was defined according to the International
Society of Thrombosis and Haemostasis (ISTH) scoring system to provide an objective
measurement of DIC. It was also noted that diagnosis consists of both clinical features and
lab criteria .
4

•

Body Mass index (BMI) was calculated using weight / (height) (kg/m )

•

Acute myocardial injury was defined as a peak troponin above 99th percentile of upper

2

2

reference limit as per our laboratory guidelines (adjusted according to sex).
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•

Open Heart

Cardiovascular disease was defined as patients having hypertension, coronary artery
disease/ ischemic heart disease, valvular disease, impaired left ventricular function,
arrhythmia, peripheral vascular disease or cerebrovascular disease

Statistical analysis
The Chi-squared test was used to compare categorical data while the independent samples t-test or
the Mann-Whitney U tests were used to assess differences between continuous variables
(appropriate test employed for parametric and nonparametric data).
Supplementary Table 5: Statistical tests used
Statistical Test Used

Data Type

Distribution

Independent t-test

Continuous

Parametric

Mann-Whitney U Test

Continuous

Non-parametric

Chi-square Test

Categorical

Supplementary Table 6: Ethnicity breakdown
Ethnicity

n (%)

White

172 (34.5%)

Black

124 (24.9)

Indian/Pakistani

57 (11.4%)

Other Asian

54 (10.8%)

Mixed

18 (3.6%)

Other

5 (1.0%)

Unknown

68 (13.7%)
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