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ABSTRACT

Aims It was predicted internationally that transthoracic
echocardiography (TTE) would be vital during the SARS-
CoV-2 outbreak. We therefore, designed a study to report
the demand for TTE in two large District General Hospitals
during the rise in the first wave of the SARS-CoV-2
pandemic in the UK. A primary clinical outcome of 30-day
mortality was also assessed.
Methods The TTE service across two hospitals was
reconfigured to maximise access to inpatient scanning. All
TTEs of suspected or confirmed SARS-CoV-2 patients over
a 3-week period were included in the study. All patients
were followed up until at least day 30 after their scan at
which point the primary clinical outcome of mortality was
recorded. Comparative analysis based on mortality was
conducted for all TTE results, biochemical markers and
demographics.
Results 27 patients with confirmed SARS-CoV-2
had a TTE within the inclusion window. Mortality
comparative analysis showed the deceased group were
significantly older (mean 68.4, SD 11.9 vs 60.5, SD 13.0,
p=0.03) and more commonly reported fatigue in their
presenting symptoms (29.6% vs 71.4%, p=0.01). No
other differences were identified in the demographic or
biochemical data. Left ventricular systolic dysfunction was
noted in 7.4% of patients and right ventricular impairment
or dilation was seen in 18.5% patients. TTE results were
not significantly different in mortality comparative analysis.
Conclusion This study demonstrates an achievable
approach to TTE services when under increased
pressure. Data analysis supports the limited available
data suggesting right ventricular abnormalities are the
most commonly identified echocardiographic change in
SARS-CoV-2 patients. No association can be demonstrated
between mortality and TTE results.

INTRODUCTION
The novel coronavirus 2019 (SARS-CoV-2) is
the third beta-coronavirus to have reached
pandemic level spread, having taken the
lives of over 2.1 million people worldwide

Key questions
What is already known about this subject?
►► SARS-CoV-2 infection is associated with increased

mortality in those with underlying cardiovascular
disease, as well as cardiac injury. Very few studies, however, have assessed the echocardiographic
findings of this patient group. Documented abnormalities have included large pericardial effusions
and right ventricular dilation or impairment.

What does this study add?
►► This study is the first to describe how an echocar-

diography service can be adapted to manage an increase in demand associated with the SARS-CoV-2
pandemic. The findings support previous results
suggesting right ventricular anomalies are the most
common abnormalities to be found in SARS-CoV-2
patients but question the association between viral
infection and pericardial effusions.

How might this impact on clinical practice?
►► The paper presented acts as a guide to rapid up-

scaling of echocardiographic services in the context
of the SARS-CoV-2 pandemic. This can be easily
adapted to the readers’ own hospital. The findings
also support the use of new right ventricular dysfunction as a marker of SARS-CoV-2-related cardiac
injury.

at point of writing.1 Specific patient risk
factors including older age,2–4 male gender,5
diabetes mellitus,2 6–8 hypertension2 4 6 7 9 and
cerebrovascular disease2 4 9 are associated
with higher risk of intensive care (ITU) stay
or mortality when infected with SARS-CoV-2.
However, the most significant comorbidity
associated with mortality from SARS-CoV-2 is
cardiovascular disease.6 Cardiac injury (CI)
has also been repeatedly reported in patients
with SARS-CoV-2 with an incidence rate of

Crook RL, et al. Open Heart 2021;8:e001409. doi:10.1136/openhrt-2020-001409

1

Open Heart: first published as 10.1136/openhrt-2020-001409 on 27 January 2021. Downloaded from http://openheart.bmj.com/ on December 5, 2021 by guest. Protected by copyright.

Open access

CI of 7.2%–27.8% in all inpatients.2 3 7 9–12 Those with
cardiovascular disease are at higher risk of CI.1 13 Shi et
al, however, identified CI (defined as by troponin I levels
>99th percentile of upper reference limit) was an independent risk factor for SARS-CoV-2-related mortality.10
Whilst evidence surrounding the cardiac implications
of SARS-CoV-2 infection is building, transthoracic echocardiography (TTE) has been viewed internationally as a
critical test for those hospitalised with SARS-CoV-2, especially those requiring ITU admission.13–15 Demand has
been expected to be high nationally and internationally
for TTE during the pandemic in healthcare settings.13–15
The aim of this study was to report the demand and
requests for TTE in two large District General Hospitals during the rise in the first wave of the SARS-CoV-2
pandemic in the UK. Additionally, the study aimed to
give an overview of the clinical and echocardiographic
features of our cohort, with a particular focus on any association between these features and mortality.
METHODS
Study design
A prospective observational cohort study was performed
across two large UK District General Hospitals in the
South West of England. All SARS-
CoV-2 suspected or
confirmed inpatients who required a TTE between 25
March 2020 and 16 April 2020 were included. Participants were excluded if the TTE was a repeat of a previous
study during that admission. Patients were observed for
30 days after TTE. While the main aim of this study was
to give an overview of the lived experience of echocardiographic services during the first waves of the SARS-CoV-2
pandemic, the clinical outcome of all-cause mortality at
30 days post TTE in SARS-CoV-2 positive patients was
used to demonstrate the features of our cohort. For
patients with COVID-19 disease, the need for individual
consent was waived by national UK guidance covering
research during the COVID-19 pandemic as the data
were collected by members of usual clinical care teams
for the primary purposes of clinical need and/or locally
approved service evaluation. The Gloucestershire Hospitals National Health Service Foundation Trust audit and
governance committee gave permission to undertake this
study.
Data collection
Anonymised demographic and clinical data were
collected from the electronic patient record. Paper case
notes were not able to be reviewed due to the requireCoV-2 positive areas. Vascular
ment to enter a SARS-
biomarker and blood film results were collected from
the initial admission with the exception of high sensitivity
troponin. When a troponin was assessed on admission
this has been included, otherwise the earliest troponin
assessed for the patient has been collected alongside
the peak value during admission. A positive diagnosis
of SARS-CoV-2 was based on an upper-respiratory tract
2

swab (both oropharynx and nasopharynx) with laboratory confirmed virus using reverse transcription PCR .16
Admissions to ITU, duration of admission and requirement for invasive/non-invasive ventilation were recorded.
Transthoracic echocardiography
In order to prepare for the local wave of SARS-CoV-2,
TTE services at both centres were actively reconfigured to
allow maximal inpatient capacity including daily weekday
attendance in both ITUs. Additional weekend cover was
also provided on an ad hoc basis. Capacity for this was
created through repeat triaging of all outstanding outpatient TTE requests using a traffic light system to denote
urgency. This was undertaken by a combination of British
Society of Echocardiography (BSE) accredited sonographers and clinicians and resulted in the rescheduling
of approximately 300 TTEs plus an additional approximately 300 other cardiac investigations (eg, ambulatory
rhythm monitoring devices and transoesophageal echocardiograms).
Both institutions implemented a TTE COVID-19 scanning standard operating procedure (online supplemental
appendix 1) in line with the BSE COVID-19 pathway.17
A level 1 BSE scan was performed on all patients with
suspected or confirmed COVID-19 wearing national
standards personal protective equipment to maximise
protection and minimise contact time for the echocardiographer.18 To further reduce infection risk to sonographers, only fit tested sonographers undertook scans
of confirmed or suspected SARS-CoV-2 and all required
measurements were taken on returning to the cardiac
investigations department. Dedicated GE Vivid q and S6
ultrasound machines (GE Healthcare, Horten, Norway)
were allocated to perform all confirmed or suspected
COVID-19 scans. All TTE studies were anonymously
reviewed by a single BSE accredited echocardiographer.
Quality was assessed according to published standards as
set out by Nagata et al19
Focused intensive care echocardiography scans were
not included in this study as BSE level 1 protocol is not
completely adhered too, meaning standardisation for the
study could not be achieved.
Statistical analysis
Statistical analysis was performed using SPSS, V.22.0
(IBM). Categorical variables were reported as frequency
and percentages. Comparison analyses for categorical data were performed using the χ2 or Fisher’s exact
tests, dependent on appropriateness. Continuous data
underwent histogram plots for assessment of normality.
Normally distributed data were reported as mean and SD
and comparative analysis performed using independent
t-tests. Non-normally distributed data were reported as
median (full range) and compared using Mann-Whitney
U test. A posterior probability model, logistic regression
was conducted for the covariates of age, gender and
echocardiographic findings. Inclusion of further covariates was prohibited by the small sample size. A p<0.05
Crook RL, et al. Open Heart 2021;8:e001409. doi:10.1136/openhrt-2020-001409
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Table 1 Demographics and baseline characteristics of all included patients
SARS-CoV-2 positive n=27
Characteristic

All patients (n=30)

Died (n=7)

Survived (n=20)

P value

Age (median, range)
Female (n, %)

64.5 (37–80)
8 (26.7)

68.4 (64–73)
0

60.5 (37–80)
7 (35.0)

0.03
0.14

13 (43.3)

Comorbidities, N (%)
3 (42.9)

8 (40.0)

 Ischaemic heart disease

1 (3.3)

0

1 (5.0)

1.00

 Heart failure

2 (6.7)

0

1 (5.0)

1.00

 Diabetes mellitus (all types)

6 (20.0)

1 (14.3)

5 (25.0)

1.00

 Cerebrovascular disease

2 (6.7)

1 (14.3)

1 (5.0)

0.46

 Chronic respiratory disease

7 (23.3)

1 (14.3)

6 (30.0)

0.63

 Chronic hepatological disease

1 (3.3)

0

0

–

 Chronic rheumatological disease

3 (10.0)

1 (14.3)

2 (10.0)

1.00

 Malignancy

4 (13.3)

1 (14.3)

3 (15.0)

1.00

 Hypertension

Treatments, N (%)
 ITU admission
 Days on ITU*
 CPAP†
 Intubation and ventilation

22 (73.3)
10.5 (12.1)
9 (30.0)
20 (66.7)

6 (85.7)
9.0 (7.9)
3 (42.9)
6 (85.7)

14 (70.0)

0.63

13.3 (10.1)

0.32

4 (23.5)
13 (65.)

0.37
0.63

*Values in this row represent mean and SD.
†Data unavailable for three patients—all SARS-CoV-2 positive and in the survived group, N, therefore, is 17 in this group.
CPAP, continuous positive airway pressure.

was considered statistically significant for all analysis.
Mortality comparison was conducted including only
patients which were SARS-CoV-2 positive within the study
window.
RESULTS
Patient characteristics and outcomes
Thirty SARS-
CoV-2 suspected or confirmed positive
patients were referred for an inpatient TTE, 27 of which
proved to have been positive during the study window.
Of the positive group, mean age was 62.6±11.9 years, 7
(25.9%) were female and 7 (25.9%) died within 30 days
of their TTE. Table 1 provides full details of patient characteristics. Notably the group of those who died (mean
68.4±11.9 years) compared with those who survived
(mean 60.5±13.0 years) were significantly older (p=0.03).
Among the SARS-
CoV-2 positive patients, the most
common presenting symptoms were cough (21 patients,
77.8%), dyspnoea (18 patients, 66.7%) and fever (15
patients, 51.9%). Figure 1 displays full details of presenting
symptoms. No significant differences were identified in
presenting symptoms during mortality comparison analysis with the exception of fatigue (p=0.01). The most
common comorbidities were hypertension (11 patients,
40.7%), chronic respiratory disease (7 patients, 25.9%)
and diabetes mellitus (6 patients, 22.2%), with no significant difference between those that survived and died at 30
days. Table 1 contains complete details of comorbidities.
Crook RL, et al. Open Heart 2021;8:e001409. doi:10.1136/openhrt-2020-001409

Of the 27 patients within the SARS-
CoV-2 positive
cohort 13 (48.1%) were inpatients at day 30, with six
in ITU and seven in general medical wards. The final
seven (25.9%) patients had been discharged home. With
regard to treatment in the SARS-CoV-2 positive population, seven (25.9%) patients required continuous positive
airway pressure during the data collection window, three
(42.9%) of which died within the 30 days. Twenty (74.1%)
patients required an ITU stay during the data collection
window, 19 (70.4%) of which were intubated and ventilated. Mean ITU stay was 12.2 days (SD 9.70). There was
no significant difference between treatment modalities

Figure 1 Frequency of presenting symptoms of patient
cohort.
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Table 2 Biomarkers of SARS-CoV-2 positive patients
Characteristic

All (N=27)

Died (N=7)

Survived (N=20)

P value

Biomarkers, median (range) or mean (SD)
 Haemoglobin (g/L)

130.6 (21.7)

129.3 (22.7)

131.1 (21.9)

0.85

 C reactive protein (CRP)* (mg/L)

160.6 (93.5)

178.3 (110.4)

154.1 (88.9)

0.62

 Creatinine (µmol/L)

89.0 (53.0–1197.0)

89.0 (60.0–1197.0)

 First troponin† (ng/L)

17.6 (2.5–3239.0)

10.5 (9.4–18.6)

 Day of first troponin†

1.0 (1.0–17.0)

 Peak troponin† (ng/L)

48.0 (5.1–3239.0)

24.0 (10.7–521.0)

 Day of peak troponin†

10.2 (8.7)

10.0 (8.5)

86.00 (53.0–666.0)

0.98

21.7 (2.5–2329.0)

0.21

1.0 (1.0–17.0)

0.70

53.60 (5.1–3239.0)

0.47

1.5 (1.0–2.0)

10.2 (9.0)

0.96

*Total N=25 as not all patient’s had CRP assessments, both missing values in the surviving group.
†Total n=21 as not all patient’s had troponin assessments, presence of missing values split evenly between the deceased and surviving
groups.

or in the duration of ITU stay in mortality comparison
analysis. Table 1 displays full details of treatments.
Biomarkers
Hs-
cTnT was performed in 21 (77.9.6%) SARS-
CoV-2
positive patients, of which four had a single measurement.
Table 2 shows the full range of biomarkers in SARS-CoV-2
positive cases. Median initial and peak troponin values
were 17.6 ng/L (2.5–3239 ng/L) and 48.0 ng/L (5.1–
3239 ng/L), respectively. Eighty-one per cent of patients
had a troponin above the 99th percentile of the upper
reference limit. One significant outlier value of 3239.0
ng/L was recorded in a patient who presented with an
ST-elevation myocardial infarction. No significant difference for either troponin value was identified in mortality
comparison analysis.
Transthoracic echocardiogram
Thirty-
one TTEs were performed during the data
collection window, one of which was a repeat scan for
a patient already included in the dataset and therefore
was excluded from further analysis. Table 3 outlines the
quality, location and indications for all TTEs. The most
common indications were assessment for possible heart
failure, largely in terms of left ventricular (LV) function
(n=13, 43.3%), and right heart function and strain, often
querying a pulmonary embolus (n=8, 26.7%). Eight
patients had further imaging to investigate for a possible
pulmonary embolism (largely CT pulmonary angiograms) of which two were positive (one at segmental and
one at subsegmental level). Both of the positive cases had
normal right ventricular size and function. The majority
of the TTEs performed were of a good image quality
(13 patients, 43.3%), with the remainder being fair (13
patients, 43.3%). Table 4 demonstrates the findings from
the TTEs. Binomial logistic regression found no significant association between age, gender and echocardiographic result (see online supplemental appendix 2).
DISCUSSION
The SARS-CoV-2 global pandemic has seen rapid reconfiguration of services across the world to meet the predicted
4

demand. Echocardiography was predicted to be, and has
been, an essential service across healthcare to assess the
potential cardiac manifestations of SARS-
CoV-2.13–15 20
In the UK, the BSE outlined the expectation of higher
demand and having to adapt normal routines to meet the
demand.17 During the first wave of the pandemic in the
UK, two centres in the South West of England performed
31 focused TTE on suspected or positive SARS-
CoV-2
patients. This service was delivered through the successful
Table 3 Quality, location and. indications for all TTEs
performed (n=30)
Parameter

N (%)

Quality
 Good

13 (43.3)

 Fair

8 (26.7)

 Poor

7 (23.3)

 Not documented

2 (6.7

Location
 ITU

22 (74.2)

 General medical ward

2 (6.5)

 Acute medical unit

2 (6.5)

 Emergency department

1 (3.2)

 Not documented

3 (9.7)

Indication*
 Possible heart failure

13 (43.3)

 Right heart function and possible strain

8 (26.7)

 Overall cardiac function in ITU

5 (16.7)

 Possible viral-related cardiac injury/
myocarditis

4 (13.3)

 Possible structural heart disease/valve
abnormalities

3 (10.0)

 Abnormal ECG
 Possible intra-cardiac thrombus

2 (6.7)
1 (3.3)

*Many TTE requests asked multiple questions, all of which have
been expressed in the indications data displayed.
ITU, intensive treatment unit; TTE, transthoracic echocardiography.
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Table 4 TTE findings for SARS-CoV-2 positive patients
Characteristic

All (n=27)

Died (n=7)

Survived (n=20)

P value

Left ventricular ejection fraction, N (%)
 >55%

22 (81.5)

6 (85.7)

16 (80.0)

1.00

 45%–55%

0

0

0

 35%–44%

2 (7.4)

0

2 (10.0)

 <35%

0

0

0

 Not documented

3 (11.1)

1 (14.3)

2 (10.0)

21 (77.8)

7 (100.0)

14 (70.0)

Left ventricular size and contractility, N (%)
 Normal size
 Left ventricular hypertrophy

2 (7.4)

0

 Left ventricular dilation

0

0

0

 Regional wall motion abnormalities

4 (14.8)

0

4 (20.0)

0.44

2 (10.0)

Right ventricular size and function, N (%)
 Normal size and function

22 (81.5)

7 (100.0)

15 (75.0)

0.66

 Normal size, impaired function

0

0

0

 Dilated, normal function

1 (3.7)

0

1 (5.0)

 Dilated, impaired function

4 (14.8)

0

4 (20.0)

 Pericardial effusion >1 cm

0

0

0

1.00

 Pericardial effusion <1 cm
 Valve disease

1 (3.7)
2 (7.4)

0
0

1 (5.0)
2 (10.0)

1.00

Other findings, N (%)

TTE, transthoracic echocardiography.

rapid reconfiguration of TTE services to meet requirements. While it is always necessary to justify an investigation, never has this been truer than in the context of
pandemic infectious disease. The experience described
serves to highlight how close liaison with departments,
for example, through daily visitation of ITU, can serve
to prioritise patients with greatest need while minimising
unnecessary exposure to sonographers. This is in-keeping
with data presented by Ward et al which highlights an
increase in the ‘appropriateness’ of TTE requests as a
result of the pandemic.20
The role of echocardiography in the care of SARS-CoV-2
patients has varied across hospitals and countries during
the pandemic. Drake et al, for example, describe its use in
the following scenarios: assessment of patient with respiratory presentations which may or may not be secondary to
SARS-CoV-2 infection; assessment for cardiac dysfunction
in ITU patients with SARS-CoV-2; evaluation of volume
status in patients with SARS-CoV-2.13 This not standard
practice in the UK. Given the increased work load experienced by the hospitals during the pandemic, this would
have been impractical to institute and would have significantly increased exposure to sonographers. The prime
use of TTE in the paper presented better fits the latter
two indications described above, as a large majority were
performed in ITU with the primary indication of possible
heart failure. A smaller number were requested exclusively for assessment of cardiac function in ITU patients;
Crook RL, et al. Open Heart 2021;8:e001409. doi:10.1136/openhrt-2020-001409

this it likely to near equate with assessment of volume
status as described by Drake et al13
This paper adds to the limited data available
regarding echocardiographic abnormalities identified in
SARS-CoV-2 patients. The results presented mirror the
few existing publications which have demonstrated rates
of left ventricular systolic dysfunction of 5.4%–11%,21 22 in
keeping with the 7.4% identified above. However, the LV
dysfunction identified in our positive cohort were related
to other mechanisms. There is no clear mechanism of CI
from SARS-CoV-2 in these patients.
The most common abnormality seen in the existing
literature is often right ventricular dysfunction or dilation
as demonstrated here.21 23 The exception to this is the
high rate of pericardial effusions >0.5 cm (19.6%) seen in
one study during the Wuhan outbreak.22 The result of this
study, therefore, adds to the existing evidence suggesting
significant myocarditis is not a common feature of
SARS-CoV-2 infection as had been previously feared.3 22
Whether the right ventricular systolic dysfunction can
explain the raised troponins seen in many SARS-CoV-2
patients2 3 7 9–12 and the increased risk of mortality10 is
debatable as correlations with raised troponins have been
conflicting.21 23 Certainly, the lack of difference between
the TTE findings in the above mortality analysis would not
support this as a theory. Comparatively, another paper to
conduct mortality analysis on TTE data identified only
low left ventricular ejection fraction, raised E/e’ ratio,
5
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elevated right ventricular end diastolic area and higher
Tei index as being associated with fatality.23 It is likely that
the small sample size of the cohort presented explains
the lack of association between echocardiographic findings and mortality which has been found by others.23
The pathophysiology of CI associated with SARS-CoV-2
is likely multifactorial. Potential mechanisms for right
ventricular dysfunction include elevated pulmonary
vascular resistance secondary to higher left atrial pressure, pulmonary vascular disease (including pulmonary
emboli) and parenchymal lung disease.21 23 With regard
to CI overall, many have cited indirect damage as a
result of the exaggerated inflammatory response seen
in SARS-CoV-224 25 as a causative pathway,26–30 mediated
in part by the resultant prothrombotic state and vascular
inflammation (and so plaque instability) generated.27 29
Evidence for this can be seen in the correlation between
elevated cardiac biomarkers and ECG abnormalities with
higher inflammatory markers.30
Direct viral infection of myocytes via ACE2 receptors
has also been widely theorised to be responsible for
SARS-CoV-2-related CI.26 28–31 Given severe acute respiratory syndrome also acts via AEC2 receptors32 33 and has
been identified in cardiomyocytes on postmortem analysis34 35 this seems plausible. By comparison, while fatalities of the SARS-CoV-2 pandemic have shown cardiac
pathological changes from mild interstitial inflammation to myocyte necrosis,29 there is no evidence as yet of
SARS-CoV-2 identified within cardiac tissue of patients in
postmortem studies. One study has, however, successfully
demonstrated direct infection of human cardiomyocytes
in vitro and additionally found this occurs in an ACE2
and cathepsin-dependent fashion.36
Finally, cardiac stress secondary to hypoxaemia and
resultant oxygen supply and demand mismatch,30 31 37
stress-induced cardiomyopathy,29 31 viral induced vasculitis31 and iatrogenic causes secondary to drug side
effects28 37 have all be debated as possible mechanisms for
SARS-CoV-2-related CI.
Limitations
Our study has several limitations, which must be considered when interpreting the results. First, the number
of patients included is small, most likely as the South
West of England had relatively low rates of SARS-CoV-2
compared with other UK regions during the first wave38
As the aim of the study was to demonstrate the demand
and service adaptions required during the increase in
cases of SARS-CoV-2, data collection was only undertaken
during this peak escalation window. The resultant small
numbers are likely to explain the higher incidence of
right ventricular abnormalities and higher peak troponin
in the group surviving at day 30. The design of the study
also prohibited the performing of echocardiograms on
day one of admission in order to obtain a baseline image
set, as was conducted in one published study.23 While this
has obvious benefits, on average the patients included
had experienced symptoms for 9 days at the point of
6

admission. As a result, it is highly possible that even day
one TTEs may already reflect damage resulting from
SARS-CoV-2 infection.
A second limitation of the study was the absence of
blinding of the echocardiographers to the patient infection status potentially introducing interpretation bias. A
second blinded reviewer confirmed the findings generated to attempt to partially overcome this issue. Third,
only BSE level 1 scans were performed as per the local
and national standard operating procedure.17 No point
of care ultrasound scans was included, potentially limiting
our numbers of patients. However, standardisation would
have been more difficult if these had been included.
Finally, it is broadly recognised that the SARS-CoV-2 viral
swabs have a sensitivity of approximately 70%39 and so,
by using swab results to define the patient cohort for this
study it is possible some cases may have been missed.
Within the conducting trust, however, it was common
practice to take multiple swabs from patients who had an
initial negative result but had a clinical phenotype highly
likely to represent SARS-CoV-2 infection. As such, it is
hoped the impact of this inclusion criteria is small.

CONCLUSION
The study demonstrated a TTE service in a UK district
general hospital can be adapted to meet the demands
of a rapidly progressing international health crisis. Our
echocardiographic data observed right heart dilation and
strain most commonly on our small cohort, this is hypothesised to be related to raised pulmonary artery pressures.
There was no association between SARS-CoV-2 patients’
echocardiographic findings and mortality, unlike other
papers recently published.
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