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Abstract: 

Introduction: Cardiac involvement seems to impact prognosis of COVID-19, especially in critically ill 

patients. We aimed to assess the prognostic value of right ventricular (RV) and left ventricular (LV) 

dysfunction, evaluated by bedside triage echocardiography (echo), in patients admitted to 

emergency departments (ED) in the US with COVID-19. We also assessed the feasibility of using 

cloud imaging for sharing and interpreting echocardiograms.  

Methods: Patients admitted to three reference EDs with confirmed COVID-19 underwent triage echo 

within 72h of symptom onset with remote interpretation. Clinical and laboratory data, as well as 

COVID-19 symptoms, were collected. The association between echo variables, demographics and 

clinical data with all-cause hospital mortality and intensive care unit (ICU) admission was assessed 

using logistic regression.  

Results: 399 patients were enrolled, 41% women, with a mean age of 6216 years. Mean oxygen 

saturation on presentation was 92.3 9.2%. Compared to in-hospital survivors, non-survivors were 

older, had lower oxygen saturation on presentation, were more likely to have a chronic condition 

and had lower LV ejection fraction (50.319.7% vs. 58.013.6%) (p<0.05). In the cohort, 101 (25%) 

patients had moderate/severe LV dysfunction, 131 (33%) had moderate/severe RV dysfunction. 

Advanced age and lower oxygen saturation were independently associated with death and ICU 

admission. LV and RV function, or other echo variables, were not independent predictors of 

outcomes.  

Conclusion: In patients admitted with COVID-19 undergoing early echo triage, the independent 

predictors of death and ICU admission were age and oxygen saturation. The inclusion of echo 

variables did not improve prediction of unfavorable outcomes. 

Key-words: COVID-19; echocardiography; triage; outcomes; mortality. 

Introduction: 

The coronavirus disease 19 (COVID-19) pandemic, caused by widespread infection with 

severe acute respiratory syndrome coronavirus (SARS-CoV-2), has resulted in an unprecedented 
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number of patients presenting acutely ill to emergency departments (EDs). Such an overwhelming 

influx of ill patients has highlighted the importance of efficient, accurate assessment and triage to 

identify high-risk patients. To address this challenge, numerous COVID-19 risk prediction models 

have been developed that incorporate patient demographics (e.g., gender, age), comorbidities (e.g., 

hypertension, diabetes, obesity) and clinical data (e.g., vitals, laboratory vitals) to predict mortality 

and ICU admission.1–3 While these models include most predictive variables, many lack a thorough 

assessment of cardiac function beyond a troponin value.  

Several studies have demonstrated that COVID-19, in addition to the obvious pulmonary 

manifestations, has significant deleterious effects on cardiac function. COVID-19 infection affects the 

cardiovascular system through multiple pathways, including direct injury of myocardial cells by the 

infecting virus, the negative effects associated with the inflammatory response, plaque rupture and 

thrombosis, and impaired pulmonary vasoreactivity leading to right heart strain.4–7 The combination 

of these insults results in a various degrees of cardiovascular dysfunction, most notably right 

ventricular (RV) dysfunction, elevated pulmonary pressure, and to a lesser extent, left ventricular 

(LV) dysfunction.8 Further, the development of cardiac dysfunction has been shown to be 

independently associated with mortality.9,10   

Given the association between COVID-19 infection and cardiovascular dysfunction leading to 

poor outcomes, an early assessment with bedside echocardiogram on initial presentation could 

enable identification of these patients sooner, thus optimizing patient care. While not intended to 

be a comprehensive evaluation, point of care echocardiography in the EDs can provide valuable 

information about biventricular function, pericardial effusions, valve disease, and myocardial 

ischemia.11–15 Point of care echocardiography can be particularly useful in resource limited settings 

where specialized services are scarce. Focused exams have been successfully utilized for rheumatic 

heart disease diagnosis and for the assessment of critically ill patients in low resource settings.16,17 

Such information may prove very useful to determine the appropriate triage and likely trajectory for 

patients presenting with acute COVID-19 infection.  
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The purpose of this study was to evaluate whether focused assessment with point of care 

echocardiography within 72 hours of presentation improved the prediction of death or ICU 

admission in patients presenting with COVID-19 to the ED, when compared to a model comprised of 

a minimal set of readily available clinical variables. In addition, we assessed the feasibility of 

implementing a variety of focused echo protocols in the ED and sharing heterogeneous image files 

via a single cloud server for storage, interpretation, and research during the pandemic. 

 

Methods: 

This was a multi-center retrospective cohort study. Data were collected in 3 enrolling sites: 

University of Michigan (Ann Harbor, MI, US), MedStar Washington Hospital Center (Washington, DC, 

US) and Johns Hopkins (Baltimore, MD, US). Adult patients aged 18 years and older with confirmed 

COVID-19 infection who had an echocardiogram within the first 72 hours of presentation, at the 

discretion of the attending staff, were included in the study. Echocardiograms were obtained per 

individual hospital protocols for clinical purposes, with clinically validated standard or 

portable/handheld devices, by physicians and/or trained sonographers. All providers who acquired 

echocardiograms were at a minimum certified for pocket ultrasound / echocardiography, or 

supervised by certified personnel. Most of the images were acquired by cardiologists or cardiology 

fellows. Participating institutions performed a retrospective search of their echocardiographic 

database and electronic medical record to identify patients who had a confirmed diagnosis of 

COVID-19 infection and an echocardiogram obtained within the first 72 hours of presentation. 

Consecutive or random inclusion of patients was left to the discretion of each institution, as a 

convenience sampling. Medical record review was performed to extract demographic, clinical and 

echocardiographic data. Clinical data included pulse oximetry, clinical comorbidities (hypertension, 

type 2 diabetes, heart failure, chronic obstructive pulmonary disease (COPD), chronic kidney disease, 

cerebrovascular disease), Emergency Severity Index, duration of COVID-19 and systemic and 
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respiratory symptoms reported. All data were collected from medical records, informed at patient 

admission. 

Deidentified echocardiograms (both DICOM and non-DICOM) were uploaded to a secure 

cloud server (Trice, Imaging Del Mar California), compliant with the Health Insurance Portability 

and Accountability Act (HIPAA) and certified for electronic protected health information, and 

underwent expert blinded review by cardiologists in the United States and Brazil. Reviewers could 

securely review images and make measurements using the cloud platform or choose to accept 

existing measurements that were included in still frames as part of each study. Qualitative and 

quantitative variables were recorded following the post-hoc consensus analyses of images. 

Echocardiographic data recorded for the study included assessment of biventricular size and 

function, valvar stenosis or regurgitation, left atrial size, presence of pericardial effusion, tricuspid 

regurgitant (TR) jet velocity, tricuspid valve annular plane systolic excursion (TAPSE), tissue Doppler 

imaging (TDI), and mitral inflow velocities. LV function was graded as normal or mildly, moderately 

or severely depressed based on left ventricular ejection fraction (LVEF) per guideline 

recommendations, or qualitatively graded and RV function was only qualitatively graded.18 Valvar 

regurgitation was graded as absent, mild, moderate, or severe and pericardial effusions were 

similarly categorized as absent, small, moderate or large.19,20 Institutions were divided into "high" or 

"low" imaging resource centers, based on echo resources at the EDs, in order to determine if triage 

echo had a greater benefit in either setting: in low-resource centers a focused echo protocol was 

applied, including qualitative assessment of biventricular size and function, valvar function, and the 

presence of pericardial effusion, whereas in higher-resource units a comprehensive protocol with 

quantitative assessment was utilized. 

The primary end point of the study was in-hospital mortality, and the secondary endpoint 

was ICU admission. All demographic, clinical, and echocardiographic variables were evaluated using 
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bivariate and multivariable analysis to determine correlation with the primary and secondary 

endpoints.  

Statistical analysis: 

Patient demographic and clinical characteristics were described using means with standard 

deviations (SD) and numbers and percentages. Differences in demographic and clinical 

characteristics according to in-hospital mortality were tested using two-sample sample t-tests and 

chi-square tests for independence. In addition, relevant clinical variables were compared between 

individuals with and without left and right ventricular dysfunction (moderate and severe). Logistic 

regression was used to obtain odds ratios and predicated probabilities for in-hospital mortality and 

ICU admission. A minimal clinical model, including data from both high and low-resource EDs, was 

first fit that included age, sex, count of co-morbid conditions, and pulse oximetry as covariates and 

selected based on a review of published COVID-19 prediction models.3 Echocardiogram 

measurements were added to the clinical model to assess their contribution to predictive 

performance. Echocardiographic variables included severity of LV dysfunction, RV dysfunction, and 

pericardial effusion (none/mild vs. moderate/severe). Secondary models were fit to data for those 

sites that collected quantitative echocardiographic measurements to assess LV systolic and diastolic 

function, RV function and pulmonary artery pressure, including: LVEF, mitral inflow to lateral TDI 

ratio, TR velocity, and TAPSE. Age and quantitative echocardiogram measures were modeled using 

restricted cubic spline terms with three degrees of freedom (d.f.; knots at 10th, 50th, and 90th 

percentiles) to capture potential non-linear associations. Measure of model performance included 

Akaike’s information criterion (AIC); optimism corrected estimates for the R2, c-statistic, Brier score, 

calibration intercept and slope; and a likelihood ratio test (LRT) of nested models. Corrected 

estimates and calibration curves were obtained using bootstrap resampling (n=500 resamples). 

Missing data were observed for LVEF (n=54), mitral inflow to lateral TDI  ratio (n=95), TR velocity 

(n=129), and TAPSE (n=67) patients among the 262 eligible for those measurements. Multiple 
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imputation with predictive mean matching was used to impute missing values (n=50 datasets). 

Imputation models included all variables included in the analysis models, as well as race, ethnicity, 

body mass index, hypertension, heart failure, presence of type 2 diabetes, chronic kidney disease, 

and presence of other chronic health conditions (yes/no) as auxiliary variables to extend the missing 

at random assumption. Optimism corrected estimates of performance for models requiring 

imputation were obtained by pooling the values across all 50 datasets and reporting the mean 

(minimum, maximum) values.  All analyses were conducted using the R software environment for 

statistical computing and graphics.21 Model fitting, validation, and calibration were performed using 

the rms package.22 Multiple imputation was performed using the aregImpute function in the Hmisc 

package.23  

 

Results: 

Patient Data 

From April 2020 to, April 2021 (12 months), 399 patients (University of Michigan N=137, 

MedStar Washington Hospital Center: N=72 and Johns Hopkins N=190) presenting to the EDs with 

acute COVID-19 infections underwent echocardiogram within 72 hours of presentation. Of these, 

137 (34%) were acquired with portable/handheld devices. Baseline clinical and demographic data 

are presented in Table 1. The mean age of patients was 6216 years and 41% were female. The 

mean oxygen saturation on presentation was 92.39.2%. Comorbidities were present in 256 (64%), 

and the average number of comorbidities in the cohort was 2.11.7. Data about COVID-19 

symptoms at presentation are depicted the Supplement Table 1. Comparing non-survivors and 

survivors, the non-survivors were older, had lower oxygen saturation and worse Emergency Severity 

Index at presentation, were more likely to have a chronic condition and less likely to present with 

muscle pain (p<0.05).  

Echocardiographic Findings 
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All echocardiographic images, with different file formats (DICOM, Mpeg4 and other native 

video formats) could be consistently shared through the same cloud system (Trice Imaging, Del Mar, 

California) throughout the study, allowing for adequate remote interpretation in Brazil (MCN) and 

the US (SC). The same online system was successfully utilized to perform quantitative analyses of 

DICOM images, including advanced measurements, and semi-quantitative and qualitative analyses 

of non-DICOM files. No clinically relevant technical issues were reported. 

The results from the focused echocardiograms are also shown in Table 1. In the entire 

cohort, 101 (25%) patients had moderate or severe LV dysfunction, 131 (33%) had moderate or 

severe RV dysfunction, and 9 (2%) had a moderate or large pericardial effusion. The average LVEF for 

the overall cohort was 56.315.4%. Non-survivors had a lower average LVEF than survivors at 

presentation (58.013.5 vs. 50.319.7, p<0.01). There were no other statistically significant 

differences in echocardiogram findings on bivariate analysis between survivors and non-survivors. 

When comparing individuals with and without moderate to severe ventricular dysfunction, those 

with significant RV involvement had a higher prevalence of COPD (Supplement Table 2). 

Patient and Echocardiogram findings associated with in-hospital mortality 

The contribution of echocardiogram findings to the prediction of in-hospital mortality is 

provided in Table 2. For the minimal clinical model comprised of age, sex, count of co-morbid 

conditions, and oxygen saturation, measures of model performance included R2=0.1, c-statistic=0.68, 

and Brier score=0.14. Inclusion of severity of LV dysfunction, RV dysfunction, and pericardial effusion 

were not found to improve model performance (R2=0.08, c-statistic=0.67, and Brier score=0.15, LRT 

p=0.67). Similarly, LVEF, mitral inflow to lateral TDI ratio, TR velocity, and TAPSE were not found to 

improve model performance over the clinical model in the subset of eligible patients from high-

resource centers (R2=0.06, c-statistic=0.66, and Brier score=0.17, LRT p=0.19). Calibration curves of 

predicted values were not improved with the inclusion of echocardiogram (Supplement Figure 1). 

Odds ratios for in-hospital mortality according to clinical predictors and echocardiographic findings 

are provided in Table 3. Advanced age and lower oxygen saturation on presentation were associated 
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with in-hospital mortality, but  LV dysfunction, RV dysfunction, or presence of a pericardial effusion 

were not. The predicted probabilities for in-hospital mortality according to continuous 

echocardiographic findings are presented in Figure 1.   

Echocardiographic characteristics associated with ICU admission 

Odds ratios for patient and echocardiogram findings associated with ICU admission are 

demonstrated in Table 4. Advanced age and lower oxygen saturation on presentation were again the 

only variables associated with ICU admission. Echocardiogram findings were not found to improve 

the prediction of ICU admission over the minimal set of clinical predictors (data not shown). 

 

Discussion: 

 These prospective data, derived from 399 COVID-19 patients undergoing point-of-care 

echocardiography, showed that variables derived from simplified echocardiographic protocols did 

not add to the performance of predictive models for mortality or ICU admission when compared to a 

minimal set of readily available clinical variables. Although LVEF tended to be lower in individuals 

with unfavorable outcomes, age and oxygen saturation were the only independent predictors of 

death and need for intensive care. 

The role of cardiac disease in COVID-19 remains unclear. Although there is compelling data 

about cardiac involvement by the disease, the time of its onset on disease course, associated factors, 

predictors and determinants still require investigation. The pathophysiology of  cardiovascular 

disease includes viral invasion leading to direct myocardial injury, systemic inflammatory response 

and cytokine storm resulting in multiple-organ lesions, plaque rupture and thrombosis, and 

increased cardiometabolic demand in a scenario of worsening cardiac function.4–6 In addition, 

involvement of the pulmonary circulation and impaired vascular reactivity also increase the risk of 

right heart overload and pulmonary hypertension.7 Thus, there has been much interest in identifying 

cardiac involvement in the early phases of COVID-19, to guide intensive care and monitoring for 
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these patients. Considering its practicality and ease-to-use at bedside, point-of-care 

echocardiography has been the method of choice for this purpose in multiple studies.9,10,24 

Since the inception of the COVID-19 pandemic, efforts have been made to develop models 

to predict unfavorable outcomes, combining clinical variables and complementary tests, including 

imaging. As in our study, the groups of variables most commonly included are demographics, clinical 

comorbidities, vital signs, image features, sex, lymphocyte count, and inflammatory markers. Among 

these, the ones most strongly associated with worse outcomes include age, D-dimer, C-reactive 

protein, lactate dehydrogenase, cardiovascular comorbidities and indicators of disease severity – 

noticeably oxygen saturation – one of the strongest predictors in this analysis.3,25,26 The weight of 

such predictors – given their relevance in disease course – is frequently strong enough to outweigh 

other complementary tests, such as cardiac imaging. Predictive models, with a wide range of C-

statistics and accuracy measures, are quickly moving from COVID-19 medical literature to clinical 

practice. However, they are prone to high risk of bias, in part due to the intrinsic heterogeneity of 

this new disease, and also due to overfitting of existing models.3 

Considering this, the interest surrounding echocardiographic triage emerged since the first 

reports of cardiac involvement in COVID-19.27 Despite the myriad of predictors of poor outcomes 

proposed, doubts still remain if abnormal findings indicate exacerbation of preexisting cardiac 

disease by COVID-19 or new structural/functional abnormalities induced by the infection. This 

question remains unanswered even by studies with advanced imaging.28,29 In the largest 

echocardiographic studies, a large proportion of patients with COVID-19, and especially those 

hospitalized, had abnormal functional and structural findings, noticeably RV involvement (around 

30% of the cases), elevated pulmonary pressure and LV impairment (in around 20%). Some 

publications, however, suggest a relative sparing of the LV, sometimes with a relatively reduced 

function in more severely ill patients, in accordance with our findings.7,30 Some of these variables 

have been shown to predict adverse outcomes even after adjustment for clinical data, but the 

striking differences between study populations, in terms of severity, disease course and timing of 
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echo triage, limit definite conclusions. Considering this, a deeper analysis of our sampling and 

inclusion strategy provide some explanations for our results.9,10 The COVID-19 sample consisted of 

patients seen at EDs, mostly in the early phases of infection. At this stage, new echo abnormalities 

may not have developed, and the slight differences in terms of LV systolic function between 

survivors and non-survivors may be more related to underlying cardiac disease. Of note, the only 

clinical comorbidity that distinguished patients with and without RV involvement was COPD, a 

known cause of pulmonary hypertension. Despite the lower severity at enrollment, the overall 

outcomes rates proved to be high (death in 19% and intensive care admission in 52% of patients) as 

in other echocardiographic studies.9,10 The marked differences of age and oxygen saturation 

between survivors and those who perished, in addition to the timing of the echocardiography triage 

and choice of screening protocol, may have excluded other variables (such as ventricular function) 

from the model. 

The triage protocol applied by the COVID-19 study was simplified and designed for fast-track 

application at bedside, and less-resourced institutions were allowed to utilize limited qualitative / 

semi-quantitative analyses with portable or even handheld devices. This precludes the exploration of 

variables that could more accurately evaluate ventricular involvement, as tissue Doppler and strain, 

found to predict outcomes in previous studies, as well as the permanence of echocardiography 

features in multivariable models. However the focus of this study is to leverage the practicality of 

echo triage, following the recommendation of level-1 protocols, for reducing contamination during 

the pandemic and allowing for more simplified training of non-experts, limited patient and scanner 

exposure and lower associated costs – in terms of devices, storage and even file sharing for remote 

interpretation.5,27,31 The ability to upload both DICOM and non-DICOM echocardiograms from a 

variety of ultrasound machines to a single dedicated and secure, HIPPA compliant cloud server that 

provides ready access to cardiologists around the globe for image review and online measurements 

is an important innovation for both clinical care and research. Leveraging technology that has built-

in IT security safeguards, does not require direct sharing of large image files, and allows access for 
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end users without downloading local client-based software, and provides measurement and 

reporting tools made this study feasible.  While the pandemic drove increased utilization and 

advancement of this technology, it is now a mainstay of the global cardiology community. 

Despite the lack of independent echocardiographic predictors of in-hospital outcomes, one 

of the key strengths of our study was to reinforce the feasibility and utility of fast-track echo triage 

for COVID-19 patients. More than identifying indicators of unfavorable outcomes at admission, the 

investigations of this technique may allow for: a) differential diagnoses, as several manifestations of 

COVID-19 overlap with those of cardiac diseases; b) easy and practical longitudinal assessment of 

cardiac function; c) fast identification of acute complications when worsening clinical parameters are 

observed; d) evaluation of cardiac and pulmonary sequelae in the long term, especially for 

individuals with persisting symptoms. Furthermore, our findings reinforce the importance of a 

targeted clinical triage, especially in terms of stratification by age, number of coexisting 

comorbidities and hypoxia parameters. Its usefulness may be better demonstrated in settings with 

scarce health resources, in the absence of adequate laboratory data and other complementary tests.       

 

Limitations:  

Our study has several limitations, mainly related to sample size and the timing of image 

acquisition in the COVID-19 clinical history. At first, enrolling institutions had different backgrounds 

in terms of complexity and access to advanced imaging. Thus, part of the sample included only 

limited screening protocols, without detailed quantitative variables and measurements, acquired by 

providers with limited and heterogeneous training backgrounds. This underpowers (i.e., may lead to 

overfitting) of the analysis of variables associated with worse prognosis in published studies, such as 

those associated with left and RV function and size, and dynamics of the pulmonary circulation. 

Second, in contrast to previous studies, we analyzed data from patients screened immediately 

following admission, most of them likely before the onset of severe inflammation / cytokine storm 
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and cardiac involvement, presumably limiting the accuracy of echo findings to predict outcomes. 

This may partially explain the differences between our observations and the existing literature, 

especially the lack of strong echocardiographic predictors.9,32 Third, exams were acquired in a fixed 

time point (cross sectional analysis), and the longitudinal progression/regression of cardiac 

abnormalities during COVID-19 was not assessed. A follow-up study could provide additional insights 

about the long-term evolution of cardiac involvement in COVID-19. Fourth, ED staff may have 

screened patients with worse clinical status and higher chance of cardiac involvement, which would 

incur the risk of selection bias and decrease the models’ ability to assess echo as a risk predictor. 

Furthermore, even in low-resource settings, all clinical and laboratory data was available to treating 

physicians: if only individuals with very limited data underwent echo triage, its role to independently 

predict risk in resource-limited scenarios could be better assessed. Finally, data collection was 

pragmatic – as the protocol was designed for application at bedside in COVID-19 units – and non-

mandatory. As a result, further detailing of clinical variables may be lacking, as well as standardized 

laboratory data, and some missing data was observed. Noticeably, the heterogeneous degree of 

pulmonary involvement, based on imaging tests, was not available, nor detailed data on the 

phenotypic expression of COVID-19 was available. Information about the underlying cause of death 

(e.g. cardiac vs. non-cardiac) was not collected from death certificates either. Despite these 

limitations, to the best of our knowledge this was one of the largest pooled analyses of multicenter 

echocardiographic data derived COVID-19 patients at the point-of-care in the Americas, and our 

findings may add to the developing literature about the predictors of adverse outcomes, noticeably 

in the early phases of the disease. 

 

Conclusion: 

 In this subset of patients admitted with COVID-19 and undergoing triage echo within 72 

hours of symptom onset, the independent predictors of unfavorable outcomes (death and ICU 
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admission) were age and oxygen saturation. Despite the differences in baseline LVEF, no echo 

variables were independently associated with unfavorable outcomes, and clinical predictive models 

were not improved by their addition. The implementation of screening echo in the emergency 

setting for COVID-19 patients with cloud sharing of images for remote interpretation seem to be 

technically feasible. Additional investigations are warranted to better establish its role for risk-

stratification in different scenarios and disease stages, especially when additional tests are scarce.  
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Tables:  

Table 1: Participant demographic and clinical characteristics according to in-hospital mortality. 

 Variable: Survived = 323 Died = 76 p-value 

Age, mean (SD) 60.61 (16.67) 68.22 (11.81) <0.01 

Male, n (%) 191 (59.1) 44 (57.9) 0.95 

Race, n (%) 

  

0.75 

   Black 138 (43.1) 36 (48.0) 

    Other 60 (18.8) 13 (17.3) 

    White 122 (38.1) 26 (34.7) 

 Non-Hispanic, n (%) 267 (86.1) 64 (85.3) 0.99 

Body mass index,  mean (SD) 31.13 (9.00) 29.09 (6.96) 0.07 

Hypertension, n (%) 176 (54.5) 41 (53.9) 0.99 

Heart failure, n (%) 42 (13.0) 14 (18.4) 0.30 

Type 2 diabetes, n (%) 99 (30.7) 29 (38.2) 0.26 

Smoking, n (%) 63 (19.5) 17 (22.4) 0.69 

Chronic kidney disease, n (%) 74 (22.9) 25 (32.9) 0.10 

Congestive heart failure, n (%) 42 (13.0) 14 (18.4) 0.30 

Cerebrovascular disease, n (%) 24 (7.4) 9 (11.8) 0.31 

Chronic Obstructive Pulmonary Disease (n (%) 20 (6.2) 9 (11.8) 0.14 

Presence of other chronic condition, n (%) 199 (61.6) 57 (75.0) 0.04 

Number of chronic conditions,  mean (SD) 2.02 (1.66) 2.62 (1.62) 0.01 

Oxygen saturation* (%), mean (SD) 93.11 (8.19) 88.80 (12.02) <0.01 

Emergency Severity Index, mean (SD) 2.13 (0.58) 1.61 (0.59) <0.01 

Duration of symptoms (days), mean (SD) 7.55 (11.67) 5.36 (5.19) 0.13 

Moderate/Severe effusion, n (%) 6 (1.9) 3 (3.9) 0.50 

Moderate/Severe LV systolic function, n (%) 79 (24.5) 22 (28.9) 0.51 
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Moderate/Severe RV function, n (%) 104 (32.2) 27 (35.5) 0.67 

LVEF, mean (SD) 58.00 (13.55) 50.33 (19.74) <0.01 

Mitral inflow (E)/ TDI Lateral (E), mean (SD) 9.80 (5.70) 10.18 (6.15) 0.72 

TR Velocity, mean (SD) 2.73 (0.50) 2.89 (0.64) 0.15 

TV annular motion, mean (SD) 18.82 (4.93) 18.37 (5.71) 0.64 

Notes: Percents reflect row percents. P-values obtained from independent samples t-test for 

continuous variables and chi-square tests for categorical variables. Abbreviations: LV: left ventricle; 

RV: right ventricle; SD: standard deviation; TDI: tissue Doppler imaging. * Pulse oximetry.  

 

Table 2: Model performance, with clinical and clinical plus echocardiographic variables, for different 

settings. 

  

Low resource setting: 

clinical predictors 

Low resource setting: clinical 

predictors plus ECHO 

High resource setting: clinical 

predictors 

High resource setting: clinical 

predictors plus ECHO 

n 399 399 262 262 

events 76 76 56 56 

d.f. 5 8 5 14 

AIC 365.29 369.74 262.89 254.44 

R
2
 0,1 0,08 0,07 0.06 (95% CI 0.03; 0.13) 

C-statistic 0,68 0,67 0,66 0.66 (95% CI 0.63; 0.71) 

Brier score 0,14 0,15 0,16 0.17 (95% CI 0.16; 0.17) 

Calibration intercept -0,16 -0,31 -0,24 -0.42 (955 CI -0.48; -0.32) 

Calibration slope 0,86 0,75 0,79 0.62 (95% CI 0.58; 0.69) 

LRT   x
2
 = 1.55 | d.f. = 3 | p = 0.671   x2 = 12.38 | d.f. = 9 | p = 0.193 

Notes: Results obtained from logistic regression. R2, c-statistic, Brier score and calibration intercept 

and slope reflect optimism corrected values obtained from bootstrap resampling (500 samples). 

Smaller sample size available in high resource setting due to one site being unable to obtain 

quantitative ECHO measures. Values for high resource plus ECHO are the mean (minimum; 

maximum) values obtained across the 50 multiply imputed datasets. Abbreviations: n, sample size; 
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AIC, Akaike information criterion; CI: confidence interval; LRT, likelihood ratio test; ECHO, 

echocardiogram; d.f, model degrees of freedom. 

 

 

 

 

 

 

 

Table 3: Odds ratios (OR) and 95% confidence intervals (CI) for in-hospital mortality. 

 Variables: Referent Risk OR (95% CI) 

Clinical predictors 

       Age (years) 52 73 2.10 (1.23; 3.62) 

    Number of comorbid conditions 1 3 1.30 (0.92; 1.85) 

    Oxygen saturation (%) 90.5 98.0 0.71 (0.58; 0.85) 

    Gender Male Female 1.04 (0.61; 1.78) 

Clinical predictors plus echocardiogram 

       Age (years) 52 73 2.12 (1.23; 3.64) 

    Number of comorbid conditions 1 3 1.29 (0.90; 1.84) 

    Oxygen saturation (%) 90.5 98.0 0.71 (0.59; 0.86) 

    Gender Male Female 1.01 (0.59; 1.75) 

    Effusion None/Mild Moderate/Severe 2.68 (0.53; 13.64) 

    Left ventricle systolic function None/Mild Moderate/Severe 1.01 (0.50; 2.03) 

    Right ventricle function None/Mild Moderate/Severe 1.09 (0.57; 2.10) 

Notes: ORs and 95% CIs obtained from logistic regression. ORs for continuous values scaled to reflect 

the interquartile range odds ratio (i.e., referent = 25th percentile, risk = 75th percentile). 
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Table 4: Odds ratios (OR) and 95% confidence intervals (CI) for Intensive Care Unit admission. 

 Variables: Referent Risk OR (95% CI) 

Clinical predictors 

       Age (years) 52 73 0.67 (0.47; 0.96) 

    Number of comorbid conditions 1 3 1.22 (0.9; 1.65) 

    Oxygen saturation (%) 90.5 98.0 0.50 (0.38; 0.66) 

    Gender Male Female 0.75 (0.49; 1.17) 

Clinical predictors plus echocardiogram 

       Age (years) 52 73 0.65 (0.46; 0.94) 

    Number of comorbid conditions 1 3 1.28 (0.94; 1.75) 

    Oxygen saturation (%) 90.5 98.0 0.48 (0.37; 0.64) 

    Gender Male Female 0.74 (0.47; 1.16) 

    Effusion None/Mild Moderate/Severe 1.16 (0.26; 5.11) 

    Left ventricle systolic function None/Mild Moderate/Severe 1.22 (0.66; 2.26) 

    Right ventricle function None/Mild Moderate/Severe 0.41 (0.23; 0.72) 

Notes: ORs and 95% CIs obtained from logistic regression. ORs for continuous values scaled to reflect 

the interquartile range odds ratio (i.e., referent = 25th percentile, risk = 75th percentile). 

Figures legends: 
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Figure 1: Predicted probabilities for in-hospital mortality according to continuous echocardiographic 

findings.  

Supplement figure 1: Calibration curves of predicted versus observed probabilities for in-hospital 

mortality. A.)  Low resource setting with clinical predictors only. B.) Low resource setting with clinical 

predictors and echocardiography findings. C.)  High resource setting with clinical predictors only. D.) 

High resource setting with clinical predictors and echocardiography findings for single randomly 

selected imputed dataset. 


