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Abstract

Background: Focus Echocardiography has routinely been used to offer quick diagnosis

in critical care environments, predominantly by clinicians with limited training. During

the COVID-19 pandemic, international guidance recommended all echocardiography

scans were performed as focus studies to limit operator viral exposure in both inpa-

tient and outpatient settings. The aim of this study was to assess the effectiveness of

eFoCUS, a focus scan performed by fully trained echocardiographers following a mini-

mum dataset plus full interrogation of any pathology found.

Methods: All diagnostic echocardiograms, performed by fully trained echocardiogra-

phers during an 8-week period during the first UK COVID-19 wave, were included.

The number of images acquired was compared in the following categories: admission

status, COVID status, image quality, indication, invasive ventilation, pathology found,

echocardiographer experience, andwhether eFoCUSwas deemed adequate to answer

the clinical question.

Results: In 87.4% of the 698 scans included, the operator considered that the eFO-

CUS echo protocol, with additional images when needed, was sufficient to answer the

clinical question on the request. Echocardiographer experience did not affect the num-

ber of images acquired. Less imageswere acquired inCOVID-19 positive patients com-

pared to negative/asymptomatic (38± 12 vs. 42± 12, p= .001), andmore imageswere

required when a valve pathology was identified.

Conclusion: eFoCUS echocardiography is an effective protocol for use during the

COVID-19 pandemic. It provides sufficient diagnostic information to answer the clin-

ical question but differs from standard focus/limited protocols by enabling the identi-

fication and interrogation of significant pathology and incidental findings, preventing

unnecessary repeat scans and viral exposure of operators.
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1 INTRODUCTION

Problem-oriented focus cardiac ultrasound examination (FoCUS)

or Point of Care echocardiography is widely recognized as a use-

ful method of assessing cardiac function to support the clinical

presentation of a patient in an emergency care setting.1,2 There

are several FoCUS echocardiography protocols developed by pro-

fessional bodies, however these are usually performed by non-

echocardiography specialists such as intensive care physicians,

anesthetists, and other non-cardiologists who undergo a condensed

training programme.1,3,4 FoCUS scans tend to be performed bedside

in critically ill patients who are generally technically challenging with

ultrasound machines limited to two-dimensional (2D) assessment.

All these factors carry a risk of overlooking significant abnormalities

and misinterpretation2,5 and should not replace comprehensive

echocardiography.

Comprehensive echocardiography is a full study performed by a

highly specialized, suitably trained and accredited sonographer or Car-

diologist. The operator follows a minimum dataset6,7 to produce a

detailed and thorough examination of cardiac structure and function. If

an abnormality is detected, the sonographer will need to have the skill

and expertise to investigate further, using additional views, measure-

ments, and advanced techniques such as three-dimensional (3D) and

myocardial strain (GLS) assessment.

The COVID-19 pandemic prompted a change in the provision

of the echocardiography service worldwide. The American Soci-

ety of Echocardiography (ASE) as well as the European Associa-

tion of Cardiovascular Imaging (EACVI) and the British Society of

Echocardiography8–10 released relevant guidance. The recommen-

dation was for all scans to be performed as goal-directed FoCUS

scans performed by specialist sonographers. A restricted protocol

was thought to reduce the viral exposure time of the sonographer

whilst providing the necessary echocardiographic information to facil-

itate clinical decision-making. Our department’s policy expanded on

this to create an expert FoCUS (eFoCUS) protocol, defined as a min-

imum dataset with full interrogation of an identified pathology aim-

ing to reduce requests for repeat scans seeking additional diagnos-

tic information. An expert was defined as an echocardiographer with

full BSE TTE accreditation or an equivalent internationally recognized

accreditation.

The aim of this study was to assess the effectiveness of eFOCUS

echocardiography use in a pandemic, as its role as a replacement for

comprehensive echocardiography remains unclear.

2 METHODS

We conducted a prospective, observational study evaluating the

results of eFoCUS in a large tertiary hospital during the peak of the

COVID-19 Pandemic.

All patients who underwent transthoracic echocardiography (TTE)

during an 8-week period between March 18 and May 13 2020 were

included. Scans performed by professionals who did not have a rec-

ognized full transthoracic echocardiography accreditation and all non-

diagnostic scans due to suboptimal image quality were excluded.

Studies which followed a specified protocol such as research and

patients underprivate carewere also excluded. Therefore, the included

studies were those performed for clinical purposes, were of inter-

pretable image quality, and performed by expert professionals defined

as accredited individuals in adult transthoracic echocardiography who

had completed the local departmental competency sign off to indepen-

dently scan and report.

eFOCUS scans were conducted following a departmental protocol,

created from the BSE Level 1 protocol,4 described in the Appendix.

Any significant cardiac pathological findings were to be interrogated

comprehensively based on BSE and ASE guidelines.6,7 In line with

BSE recommendations, images were recorded using a two second

time clip.8 If an eFoCUS scan was not sufficient to answer the clin-

ical question, a full comprehensive study was performed and docu-

mented. Scans were performed using the Philips CVx, or Philips Affin-

ity ultrasound machines with the X5-1 or S5-1 probes (Philips Health-

care, Andover, MA) or the GE E95 ultrasoundmachine with theM5SC-

D probe (GE Healthcare, Amersham, UK). Image acquisition, interpre-

tation and technical report were performed by an echocardiographer

with full BSE TTE accreditation or an equivalent internationally recog-

nized accreditation.

Prospectively collected data included: name of echocardiographer,

patient age, admission status (inpatient [IP] or outpatient [OP]), venti-

lation status, COVID-19 swab result, main indication for the scan, spe-

cialty requesting the scan, pathology(ies) detected, number of images

recorded, the quality of images and repeat scans.

The quality of images was graded on a four point scale by the

performing echocardiographer: 1 = non-diagnostic (inadequate image

quality for meaningful interpretation), 2= suboptimal (inability to per-

form standard measurements), 3 = fair (ability to perform some stan-

dard measurements), 4 = good (ability to perform all standard mea-

surements). The image quality was reported directly from the operator

performing the scan.

The echocardiographic analysis was performed off-line according to

current guidelines.8 Left ventricular size and functionwere assessedby

biplane end diastolic volume and ejection fraction respectively; if poor

endocardial definition of two or more segments, then size and func-

tion were visually assessed. Right ventricular size and function were

assessed by linear dimensions, TAPSE, or by visual assessment. Atrial

size was determined by volume measurements or visual assessment.

Valve stenosis and regurgitation were assessed as per ASE guidelines

or by visual assessment.

In order to investigate a learning curve effect on the number of

acquired images per echocardiographic study, the time in days from the

first scan to each subsequent scan was calculated for each operator.

In addition, to assess possible correlation between the level of experi-

ence of the operators and the number of images acquired in their scans,

the sonographers were divided in two groups based on the time since

their accreditation: low experience: 1–5 years, and high experience:>5

years since accreditation (inclusive of 4 and 10 sonographers, respec-

tively).
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TABLE 1 Baseline characteristics

Age (years) 60.2± 16.4

Gender (male) 425 (60.9%)

Admission status

Inpatients 574 (82.2%)

Outpatients 124 (17.8%)

COVID-19 status

Negative swab or asymptomatic 433 (62.0%)

Symptomatic/awaiting swab 108 (15.5%)

Positive swab 157 (22.5%)

Ventilation

Self-ventilating/NIV 579 (83.0%)

Invasive ventilation 119 (17.0%)

Statistical analysis was performed using SPSS for Windows (ver.

26.0, IBM Corporation Software Group, Somers, NY). Continuous

variables are presented as mean ± SD. The continuous variables

were tested for normal distribution based on histograms. Differences

between independent samples of continuous variables were tested

using the independent samples Student t-test or ANOVA. Categori-

cal variables were tested with chi-square test and Fisher’s exact test

as appropriate and are presented as absolute values and percentages.

The correlation between operators’ experience in the eFocUS proto-

col (days from the first scan) and number of acquired images per scan

was tested with the Pearson’s correlation coefficient. Statistical signif-

icance was considered for a two-tailed p value<.05.

The study was approved by the Hospital’s Cardiovascular Audit

Committee (Reference No: CV002-2020).

3 RESULTS

In total, 879TTEswereperformedwithin the studyperiod, out ofwhich

181 scans were excluded, as were not performed by a fully accred-

ited echocardiographer (n = 169), had technical issues (n = 5), per-

formed on private patients (n= 4), followed research protocols (n= 2),

or were undiagnostic due to inadequate image quality (n = 2). Hence,

698 echocardiogramswere included in this study.

The baseline characteristics are shown in Table 1. Themean agewas

60.2 ± 16.4 years and 60.9% were male. 574 were inpatients (82.2%)

and 119 (17.0%) were invasively ventilated. 157 patients (22.4%) had

a confirmed COVID-19 infection at the time of the scan, 108 (15.4%)

had declared symptoms suggestive of COVID-19 and they were await-

ing the swab result and 433 (61.8.%) had a negative swab test or were

asymptomatic. The indication for TTE and the image quality of the

scans are shown in Figure 1.

In 501 echocardiograms (71.5%) a cardiovascular pathology was

identified. Total 299 patients (42.7%) were found to have a cardiac

chamber (left or right ventricular) pathology, 355 (50.7%) had a valvu-

lar pathology (graded as mild or more) and 179 (25.5%) had “other

pathology” identified. Other pathologies included pathology of the

aorta, pericardial or pleural effusion, left ventricular outflow tract

obstruction, congenital cardiac anomalies, elevated pulmonary artery

systolic pressure, constrictive pericarditis and thrombus. The identi-

fied pathologies are shown in Figure 2.

As a validation test, five echocardiograms from each sonographer

were randomly selected and they were reviewed by an experienced

sonographer (>5 years since accreditation) blinded to the initial report.

A variety of pathologies, including chamber and valve pathologies,

were identified in 46 scans, whereas 24 scans were normal. The agree-

ment in interpretation between the initial operator and the blinded

reviewer was 100%.

Overall, in 612 cases (87.4%) the operator considered that the eFO-

CUSechoprotocol,with additional imageswhenneeded,was sufficient

to answer the clinical question on the request.

We sought to investigate if the number of acquired images per

echocardiographic study were correlated to 1) patient admission sta-

tus (inpatient vs. outpatient), 2) COVID status (negative swab and

asymptomatic vs. symptomatic awaiting swab results vs. positive

swab), 3) image quality of the TTE, 4) sonographer’s experience (1–5

years vs. > 5 years), 5) indication for TTE (cardiac function; valve dis-

ease; murmur; effusion; cardiac source of emboli), 6) ventilation status,

7) whether FOCUS echowas considered adequate to provide a diagno-

sis or not, and 8) pathology identified.

The distribution of image quality (poor/fair/good) betweenmechan-

ically ventilated and non-ventilated patients was 16.8%/34%/49.2%

versus 34.5%/40.3%/25.2%, respectively (p< .001).

The results are presented in Table 2. More images were acquired in

outpatients compared to inpatients (45 ± 14 vs. 41 ± 12, p = .001),

on patients with negative or pending swab compared to those with

positive swab test, and on patients who were not invasively venti-

lated (Table 2). Regarding the echocardiographic findings the opera-

tors obtainedmore imageswhen investigated valve disease as opposed

to cardiac function or effusions. The experience of operators did not

impact on the number of echo images per scan.When the eFOCUSpro-

tocol was not considered adequate to answer the clinical question on

request,more imageswere acquiredby theoperators. Finally,when the

image quality was suboptimal, the operator acquired fewer images.

In addition, we explored whether the exposure of the operator to

the specified eFOCUS protocol correlated with the number of the

acquired TTE images. The experiencewas calculated in days since each

operator’s first scan in the protocol, and no correlation was found

between the two (Pearson’s product moment correlation coefficient r

= .038; p= .319).

The COVID-19 status (negative/asymptomatic vs symptomatic

awaiting results vs. positive) was correlated to the prevalence of car-

diac pathologies identified on echo (78.2% vs. 87.4% vs. 89.3%; p

= .006). The same applied when we looked at specifically ventricu-

lar pathology on echocardiograms (40.8% vs. 57.1% vs. 47.9%; p =

.008). Finally, we examined the correlation of referrer specialty with

the prevalence of abnormal findings on TTE. A cardiac pathology was

more likely to be identified when the TTE was requested by Cardiolo-

gists (89.6%) as opposed to General practitioners (62.5%), emergency



704 MCPHAIL ET AL.

F IGURE 1 TTE indication and image quality

department physicians (84.6%) or non-cardiology specialists (78.5%); p

= .008.

4 DISCUSSION

This study demonstrates that expert focus echocardiography by

accredited operators was effective during the pandemic. Only nine

patients required a repeat echo within the study period, and all

requests were due to a change in clinical status or readmission. This

is in contrast to a previous study by Hall et al.5 where 40% of FICE

echoes, performed by FICE accredited clinicians, were repeated with

a comprehensive echo by a BSE/ESE accredited sonographer. They

found there was no contradiction or significant findings missed with

the FICE studies, however a comprehensive scan provided additional

information in 68% of the repeated studies, including valve disease,

infective endocarditis assessment and pulmonary artery pressure. All

focus echocardiograms in our study were performed by an operator

with full TTE accreditation as opposed to FICE accredited operators,

hence any pathology identified was interrogated fully at the time of

the scan. This also allowed incidental findings to be identified, inter-

rogated and reported, such as aortic pathology and pulmonary artery

pressure at the same time. Thus, providing more diagnostic informa-

tion than a standard focal scan. Josza et al,11 yielded similar results

having only one refuted scan. However, their mean number of images

per focus scan was significantly lower than in our study. This could be

due to their operators adhering to a specified minimum dataset such

as Level 1, whereas our operators followed aminimumdataset plus full

interrogation of an identified pathology as per comprehensive guide-

lines.

The number of images taken were higher in outpatients and asymp-

tomatic inpatients, however the incidence of pathology was higher in

the symptomatic/awaiting results and the COVID-19 positive groups.

The lower number of images in symptomatic/awaiting results and
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F IGURE 2 Pathology detected

COVID positive groups, could be due to lack of confidence in the

PPE issued and a concern over viral load. The ASE and BSE8,9 both

released statements suggesting the risk of healthcare workers, espe-

cially echocardiographers contracting COVID-19 was high, due to the

close face to face nature of their work, however there is limited data

on this. Usage of full PPE for COVID- positive patients is time consum-

ing and uncomfortable which could have also affected the number of

images taken on these patients.12 The number of images taken on ven-

tilated patients were less than non-ventilated patients. This could have

been due to the difficulty in obtaining images when the patients are in

supine position and also be directly related to poorer image quality in

ventilated patients.
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TABLE 2 Number of images per group categories

Average number

of images± SD p value

Admission status .001

Inpatients 41 ± 12

Outpatients 45 ± 14

COVID status .001

Negative/Asymptomatic 43 ± 12

Symptomatic/Awaiting 43 ± 13

Positive 39 ± 12

ImageQuality <.001

Suboptimal 39 ± 11

Fair 42 ± 11

Good 44 ± 13

Sonographer Experience .26

Low (1–5 yrs) 41 ± 12

High (>5 years) 42 ± 13

Indication <.001

Cardiac Function 41 ± 12

Valve Disease 49 ± 16

Murmur 44 ± 11

Effusion 34 ± 11

Cardiac Source of emboli 44 ± 9

Invasive ventilation <.001

No 43 ± 12

Yes 38 ± 11

eFOCUS echo adequate <.001

No 53 ± 16

Yes 41 ± 11

Pathology identified .042

No 41 ± 10

Yes 44 ± 13

Valve pathology required more images to be taken than ventricular

pathology, pericardial effusions or other incidental findings. This can

be explained due the inherent complexity of valve diseases and the

local departmental and professional body guidelines for valve pathol-

ogy investigation, which recommend a more comprehensive echocar-

diographic study.6,13

The experience of the operator did not affect the number of images

recorded and there was no learning curve throughout the implemen-

tation of the expert focus echo protocol. This could suggest the proto-

col was well adhered to and the professional accreditations and local

departmental sign off procedures work well to create consistent stan-

dards.

A cardiovascular pathology was diagnosed on 71.8% of scans per-

formed,withCardiologists andEmergencyMedicinehaving thehighest

percentageofpathology foundpernumberof referrals.DuringCOVID-

19, the BSE, ESE, and ASE8–10 all provided guidance for more stringent

sanctioning criteria to reduce viral exposure to operators. The ab sence

of a control group presents a limitation to this study as the expected

percentage is unknown, therefore it is difficult to conclude if this high

percentage is due to a higher sanctioning threshold.

This is a single centre study with the inherent limitations and bias.

There is a thorough singoff process inourdepartment andall operators

in this study were fully accredited in TTE. Therefore, our results may

not apply to less experienced operators such FICE operators. This was

not a controlled study, hence no comparisons were made to full pro-

tocol echocardiograms. The time taken for the eFOCUS examinations

was not assessed and therefore not quantified, though it is expected to

be reflected by the number of images acquired. Finally, data regarding

diastolic function were not recorded systematically as diastology did

not fall into the scope of the focused protocol. However, this is some-

thing to be considered in future studies.

5 CONCLUSION

In this study, an eFOCUS echocardiography protocol was applied by

fully accredited operators and its efficiency was evaluated in 698

patients during the COVID-19 pandemic. The protocol was found to

provide sufficient diagnostic information to answer the clinical ques-

tion but differs from standard focus/limited protocols by enabling

the identification and interrogation of significant pathology and inci-

dental findings, preventing unnecessary repeat scans and viral expo-

sure to operators. A change in practice was identified by the num-

ber of images taken in negative/asymptomatic group versus symp-

tomatic/awaiting results and covid-19 positive patients, as operators

acquired less images when the risk of exposure was higher.
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APPENDIX

Expert Focus Protocol:

Images takenwith a 2 s time strip, no ECG.

Parasternal Views:

PLAX

PLAX (color AV andMV)

PSAX – LV Level

PSAX – AV level (color AV, TV, PV. CW for TR)

Apical Views:

Apical 4 chamber view – (colorMV, AV, TV, CW for AV and TR)

Apical 2 chamber view – (colorMV)

Apical 3 chamber view – (color AV andMV)

Subcostal Views:

Standard Subcostal – effusion check

IVCCompliance

Pathology

If any pathology>mild grading identified via visual, Color/CWDoppler

assessment then a full interrogation of that pathologymust be

conducted as per BSE/ASE comprehensive guidelines. Additional

images andmeasurements should also be conductedwhen this is

required to answer the clinical question, such as diastolic function.

Pleural B-Lines were not assessed.

Adapted from: BSE Level 1 guidelines4
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