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Background: Understanding of multisystem inflammatory syndrome in children (MIS-C) continues to 
evolve with extensive evaluations, including echocardiograms, obtained in emergency departments (EDs) to 
assist with clinical decision making and bed allocation. We assessed the utility of obtaining echocardiograms 
in the ED to assist in determining bed placement for this patient population.
Methods: This 2-year retrospective single-center study of patients 0–21 years old without underlying 
cardiac disease hospitalized for MIS-C focused on individuals whose initial evaluation occurred in the 
institution’s ED and whose echocardiogram was obtained either in the ED or within 24 hours of admission. 
Patients were placed in two cohorts—those remaining in their unit of admission without transfer (cohort 
WoT) and those transferred (cohort T) from their initial unit to one with a differing level of care within  
24 hours. Pearson chi-square test assessed the relationship between echocardiogram status and appropriate 
bed placement, defined as no transfer within 24 hours. 
Results: Of the 60 patients who met study criteria, no significant difference was detected in rates of transfer 
between patients whose echocardiograms were obtained in the ED versus those obtained within 24 hours of 
admission (odds ratio =2.08; 95% confidence interval: 0.58, 7.95; P=0.28).
Conclusions: Cardiac involvement is a known complication of MIS-C; however, our study yields no 
evidence in favor of obtaining echocardiograms in the ED to ensure appropriate bed placement. While this 
modality remains integral in evaluation and management, it does not appear to be requisite as part of an 
emergent workup prior to admission.
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Introduction

Background

Multisystem inflammatory syndrome in children (MIS-C) 
is a post-infectious inflammatory process secondary to 
severe acute respiratory syndrome coronavirus 2 infection. 
Its heterogeneous presentation is characterized by multi-
organ involvement with up to 80% of patients experiencing 
cardiovascular injury including coronary artery aneurysm, 
ventricular dysfunction, and decreased cardiac output 
leading to shock, arrhythmias, or heart failure (1-4). While 
the incidence of MIS-C peaked early in the coronavirus 
disease 2019 (COVID-19) pandemic (October 2020–April 
2021), it remains clinically relevant and continues to cause 
critical illness in children. In the United States, in 2023, 
50% of patients with MIS-C required pediatric intensive 
care unit (ICU) level care (5). 

Rationale and knowledge gap

Given its relative nascency, much of what is known has 
been derived from our understanding of Kawasaki disease, 
including diagnostic evaluation and treatment regimens 
though there are currently no known criteria regarding 

bed placement (3,6,7). Factors surrounding admission 
decisions from the emergency department (ED) to either 
the general pediatric unit or pediatric ICU vary not only 
by institution but also by providers who must utilize both 
clinical and non-clinical factors such as cognitive load, 
provider expertise and comfort level with disease process, 
and bed availability (8-10). While pediatric studies have 
shown increased risk of mortality in patients transferred 
to the pediatric ICU within 24 hours of admission when 
compared to those initially admitted to the pediatric ICU 
without transfer, there is limited data regarding the impact 
of transfer between units with differing levels of care in 
patients with MIS-C (11-13). 

Objective

Given the uncertainty surrounding ED MIS-C workup in 
conjunction with the prevalence of cardiac involvement, 
our study sought to ascertain the utility of performing 
echocardiography in the ED versus deferring until 
admission by comparing rates of transfer within 24 hours 
of hospitalization between the two groups. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-24-161/rc).

Methods

We conducted a single center retrospective observational 
study in a 455-bed tertiary freestanding children’s hospital 
with 49,000 annual ED visit and over 6,000 annual ED 
admissions per year. The study population consisted of 
patients zero to 21 years old diagnosed with the 2020 
Centers for Disease Control and Prevention (CDC) 
case definition of MIS-C following evaluation in and 
hospitalization from St. Louis Children’s Hospital’s ED 
between July 1st 2020 and July 1st 2022 (14). Patients were 
included if initial evaluation occurred in our ED and had 
an echocardiogram performed either by a certified cardiac 
sonographer or pediatric cardiology fellow either in the 
ED or within 24 hours of admission with ensuing read by 
a pediatric cardiologist. Bed placement was determined 
independently by ED providers prior to this retrospective 
study. Individuals with a history of cardiac disease were 
excluded from the study given concern for provider bias 
impacting the decision to obtain echocardiography in this 
patient population as well as provider comfort regarding 
bed placement upon admission regardless of cardiac workup 

Highlight box

Key findings
• For those patients with multisystem inflammatory syndrome 

in children (MIS-C), there is no evidence in favor of obtaining 
echocardiography in the emergency department (ED) to ensure 
appropriate bed placement upon admission.

What is known and what is new?
• Cardiac involvement is a known complication of MIS-C as is 

the need for both evaluation and monitoring. Both in the initial 
criteria as well as that revised in 2022, it remains an integral aspect 
of diagnosis.

• In our study, no significant difference was detected in rates 
of  transfer  fol lowing admiss ion between pat ients  with 
echocardiography obtained in the ED versus those obtained within 
24 hours of admission with an odds ratio of 2.08 (95% confidence 
interval: 0.58, 7.95; P=0.28).

What is the implication and what should change now?
• In patients with MIS-C, we recommend prioritizing clinical 

evaluation and deferring echocardiography in the ED as it pertains 
to ensuring appropriate bed placement. Tangible implications of 
this include decreased length of ED stay as well as optimization of 
emergent evaluative modalities and resources.
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or clinical status.
Those with a diagnosis of MIS-C, confirmed via 

positive COVID-19 polymerase chain reaction prior to 
hospitalization or outpatient notes confirming diagnosis 
following discharge, were identified through the electronic 
health records as were demographics, laboratory workup, 
cardiac testing, and bed placement with chart review 
utilized to obtain patient history and hospital course. 
Patients diagnosed with MIS-C were subsequently allocated 
to two cohorts—those remaining on their unit of admission 
without transfer (cohort WoT) versus those transferred 
to a unit with differing level of care within 24 hours of 
admission (cohort T). Given the progressive nature of 
MIS-C, variability in presentation and length of admission, 
as well as impact of interventions following hospitalization, 
appropriate bed placement was defined as remaining on the 
unit of admission without transfer for 24 hours following 
hospitalization. We assessed rates of transfer during this 
24-hour time period as opposed to rates over the entirety 
of patients’ hospitalization so as to minimize the impact of 
disease progression or hospital interventions and allow for 
focusing solely on emergent ED evaluation and workup (15).  
This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) with approval 
obtained by the Institutional Review Board (IRB) of 
Washington University in St. Louis (No. 202209041) prior 
to study initiation. Individual consent for this retrospective 
analysis was waived.

During the midst of our data collection, in October 2022, 
the CDC case definition of cardiac involvement in MIS-C 
was revised from including shock, or elevated troponin and/
or brain natriuretic peptide (BNP), or any echocardiogram 
abnormality, or arrhythmia to a more stringent set of criteria 
including left ventricular (LV) ejection fraction <55% or 
coronary artery dilation, aneurysm, or ectasia, or elevated 
troponin. However, it was determined that, considering the 
CDC’s utilization of the 2020 case definition of MIS-C for 
those with illness onset prior to January 2023, such as those 
in our study population, as well as receipt of IRB approval 
with use of the previous definition, our study’s patient 
population would remain as such without recategorization 
using the updated 2022 designation.

Statistical analysis

Categorical data were reported as frequency with percentage 
and compared between two cohorts using Chi-square 
or Fisher’s exact tests. Continuous data were reported as 

means with standard deviation or medians with interquartile 
ranges (IQRs) and compared using t-test or Wilcoxon 
rank sum test. Logistic regression was utilized to calculate 
the unadjusted odds ratio (OR) for transfer rates between 
patients with echocardiograms obtained in the ED versus 
those with echocardiograms obtained within 24 hours of 
admission and 95% confidence interval (CI). Multivariable 
exact logistic regression analyses with prespecified age and 
race in the model separately were performed to estimate 
the adjusted OR of being transferred among patient with 
and without LV dilation given impact on both the LV mass 
as well as systolic and diastolic function in the pediatric 
and young adult populations (16,17). P values <0.05 were 
considered statistically significant with all statistical analysis 
conducted via SAS® (SAS Institute Inc., Cary, NC, USA)  
9.4 version. 

Results

Of the 135 individuals initially evaluated for the purposes of 
this study, 23 final diagnoses were found to be inconsistent 
with MIS-C, 27 patients had been discharged following 
evaluation in the ED while 18 were directly admitted 
without ED evaluation, and seven echocardiograms 
were neither obtained in the ED nor within 24 hours of 
admission (Figure 1). Thus, a final cohort of 60 patients were 
included with a diagnosis of MIS-C and echocardiograms 
adherent to the study criteria. The population’s mean age 
was 9.6±4.8 years, 31 (52%) White and 38 (63%) males with 
no significant difference detected in age, race, sex, ethnicity, 
or past medical history (PMH) between the two cohorts. 

Patient echocardiograms were obtained either in the 
ED or within 24 hours of admission (Figure 1); 41 (68.3%) 
patients were placed in cohort WoT and 19 (31.7%) patients 
were placed in the cohort T. Six (14.6%) echocardiograms 
in cohort WoT and 5 (26.3%) in cohort T were obtained 
in the ED prior to admission with the remaining patients’ 
echocardiograms obtained following admission (Figure 1). No 
significant difference was noted in rates of transfer between 
patients with echocardiograms obtained in the ED versus 
those with echocardiograms obtained within 24 hours of 
admission with an OR of 2.08 (95% CI: 0.58, 7.95; P=0.28). 

In addition, no significant difference was detected 
in pat ients  with abnormal electrocardiograms or 
echocardiograms between the two cohorts, barring the 
occurrence of left ventricular dilation exclusively in cohort 
WoT (Table 1). In fact, those with LV dilation were less 
likely to be transferred with an OR of 0.18 (95% CI: 0, 
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Directly admitted

N=7 excluded:
No echo in ED or 
with first 24 hours

Figure 1 Exclusionary criteria and timing of echos obtained in cohorts WoT and T. MIS-C, multisystem inflammatory syndrome in 
children; ED, emergency department; echo, echocardiogram; WoT, without transfer within 24 hours; T, transfer within 24 hours. 

0.96; P=0.045) after adjusting for age and 0.14 (95% CI: 
0, 0.76; P=0.03) after adjusting for race. The decision to 
adjust for the aforementioned variables was secondary to 
known association with depressed function in younger, non-
White patient populations (18,19). Further analysis of the 
two cohorts yielded no evidence of significant differences 
in the remaining cardiac evaluation (Table 1) or in the 
non-cardiac laboratory workup including CBC, lactate, 
fibrinogen, D-dimer, erythrocyte sedimentation rate (ESR), 
and C-reactive protein (CRP) (Table 2). 

Discussion

Key findings 

As no difference was detected in rates of transfer for patients 
whose echocardiograms were obtained in the ED prior to 
admission versus those obtained following admission, our 
findings suggest obtaining echocardiograms as part of initial 
ED MIS-C workup to ensure appropriate bed placement 
following admission is not required. Cardiac involvement 

remains an integral aspect of the diagnostic criteria despite 
heterogeneity in both manifestation and resultant clinical 
presentation.

Explanation of findings

Physicians’ perceived need for ICU care, limitations in 
assessing severity of the patients’ illness, and ICU bed 
availability are factors known to impact bed placement 
(8,20-22). It may be postulated that clinical manifestations, 
such as hypotensive shock, palpitations and tachycardia, 
or chest pain during focused ED provider exam as well as 
cardiac markers on laboratory workup may have allowed 
for enough insight regarding cardiac function to determine 
bed placement following ED evaluation without requiring 
immediate, emergent echocardiography (23,24).

Our data also detected lower rates of transfer in those 
with LV dilation, even so when adjusted for age and race. 
It may be surmised that those with LV dilation presented 
with clinical manifestations of cardiac dysfunction such 
as cardiogenic or hypotensive shock as well as exertional 
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Table 1 Cardiac MIS-C ED workup

Reported variables Total (n=60) Cohort WoT (n=41) Cohort T (n=19) P value

BNP (pg/mL), median (IQR) 1,692 (569, 6,869.5) 1,783 (461, 7,176) 1,213 (597, 4,698) 0.97

Troponin (ng/mL)

Normal, n [%] 22 [37] 15 [37] 7 [37] 0.98

Abnormal, n [%] 38 [63] 26 [63] 12 [63]

Abnormal value (ng/mL) 0.2 (0.1, 0.6), n=38 0.3 (0.1, 0.7), n=26 0.1 (0, 0.4), n=12 0.09

Electrocardiogram, n [%] 0.75

Normal 14 [23] 9 [22] 5 [26]

Abnormal 46 [77] 32 [78] 14 [74]

Echocardiogram obtained in ED, n [%] 0.03

Yes 11 [18] 6 [15] 5 [26]

No 49 [82] 35 [85] 14 [74]

Echocardiogram results, n [%] 0.24

Normal 19 [32] 11 [27] 8 [42]

Abnormal 41 [68] 30 [73] 11 [58]

Right ventricular dilation, n [%] NA

Yes 0 [0] 0 [0] 0 [0]

No 60 [100] 41 [100] 19 [100]

Right ventricular systolic function, n [%] >0.99

Normal 57 [95] 39 [95] 18 [95]

Abnormal 3 [5] 2 [5] 1 [5]

Left ventricular dilation, n [%] 0.047

Yes 8 [13] 8 [20] 0 [0]

No 52 [87] 33 [80] 19 [100]

Coronary artery dilation, n [%] 0.25

Yes 9 [15] 8 [20] 1 [5]

No 51 [85] 33 [80] 18 [95]

Valvular regurgitation, n [%] >0.99

Aortic and mitral 1 [3] 1 [5] 0 [0]

Mitral 30 [97] 20 [95] 10 [100]

Pericardial effusion, n [%] 0.56

Yes 16 [27] 10 [24] 6 [32]

No 44 [73] 31 [76] 13 [68]

Shortening fraction (%), median (IQR) 32 (25, 37.9) 34.7 (24.9, 38.8) 31.9 (27.9, 35.4) 0.45

Shortening fraction Z score, mean ± SD −1.3±2.5, n=57 −1.3±2.6, n=38 −1.4±2.4 0.95

MIS-C, multisystem inflammatory syndrome in children; ED, emergency department; WoT, without transfer within 24 hours; T, transfer 
within 24 hours; BNP, brain natriuretic peptide; NA, not applicable; IQR, interquartile range; SD, standard deviation.
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Table 2 Non-cardiac MIS-C emergency department workup

Variables Total (n=60) Cohort WoT (n=41) Cohort T (n=19) P value

WBC (k/cumm), median (IQR) 10.1 (7.3, 13) 10.2 (7.1, 12.7) 10 (7.9, 13.3) 0.55

Hemoglobin (g/dL), mean ± SD 11.9±1.7 11.9±1.5 11.8±2.2 0.82

Platelets (K/cumm), median (IQR) 162 (127, 241) 148 (121.5, 219.5) 201 (143, 271) 0.18

D-dimer (ng/mL), median (IQR) 1,936 (1,313, 4,035), n=55 1,907.5 (1,488, 4,035), n=38 2,127 (1,160, 2,641), n=17 0.44

Fibrinogen (mg/dL), mean ± SD 572.5±177, n=45 566±172.6, n=31 586.8±192.2, n=14 0.72

ESR (mm/hr), median (IQR) 44 (25, 58.5), n=56 41 (26, 56), n=37 49 (19, 76) 0.49

CRP (mg/L), mean ± SD 167.5±100.8, n=57 168.2±99.5, n=38 166.3±106.1 0.95

MIS-C, multisystem inflammatory syndrome in children; WoT, without transfer within 24 hours; T, transfer within 24 hours; WBC, white 
blood cells; IQR, interquartile range; SD, standard deviation; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein. 

dyspnea, fatigue, chest pain, and palpitations (25,26). 
These presentations may have resulted in more focused 
evaluations, thereby resulting in ensuing appropriate 
placement as this cardiac finding was detected exclusively in 
cohort WoT. 

Implications

The findings of our study yield no evidence of obtaining 
echocardiography in the ED as part of initial MIS-C 
evaluation. It may be surmised that, by deferring cardiac 
imaging, this may subsequently decrease ED length of stay. 
Currently, time to completion of a typical echocardiogram 
is about 30 to 45 minutes with experienced sonographers 
(27,28). It may then also be postulated that in academic 
institution where trainees, such as cardiology fellows also 
assist in obtaining echocardiography, the study length may 
take longer to complete. Furthermore, upon obtaining 
imaging, subsequent interpretation and recommendations 
are also required prior to determination of bed placement 
with some variability in finalization of interpretation 
based on availabil ity of an attending cardiologist  
(29-31). Thus, prioritizing ED clinical evaluation rather 
than echocardiographic evaluation, will allow for not only 
more rapid assessment of bed placement contingent on 
other biomarkers and clinical status, but also limit decisions 
based on preliminary echocardiogram interpretations.

Comparison with similar research

To our knowledge, this study is unique in evaluating a 
relationship between echocardiogram status and appropriate 
bed placement in patients with MIS-C. Previous studies 

have provided recommendations regarding ED evaluation 
and screening with algorithms formulated by institutions 
pertaining to this as well (2,4,32). However, there is 
currently no data pertaining to optimizing initial workup to 
subsequently ensure bed placement.

Strengths and limitations

This study was conducted in a single tertiary children’s 
hospital whose MIS-C population displayed variability in 
clinical presentation when presenting to the ED, including 
those with severe cardiac involvement. As such, our 
aggregate data which suggests no value-added benefit of 
obtaining emergent echocardiograms in the ED upon initial 
evaluation, may be generalizable to other hospitals with 
similar catchment areas and patient population. In addition, 
the findings of this study yield the recommendation of 
prioritizing patient care by limiting unnecessary evaluative 
workup and focusing on clinical evaluation in the ED, 
thereby not only optimizing resource allocation, but also 
time in emergent situations and the ED. Furthermore, in 
resource limited centers, where cardiac dysfunction may 
not readily be assessed via use of limited echocardiography 
availabil ity,  cl inical  features such as tachycardia, 
hypotension, chest pain, and other physical exam findings 
may serve to optimize patient care and timely admission (33). 

While this study assessed the initial laboratory and 
cardiac workup in the ED, we were not privy to the full 
decision-making process of our ED colleagues as it pertains 
to bed placement—including provider comfort, resource 
allocation, and workforce effects on admission (34). Thus, 
we elected to focus on laboratory and diagnostic workup 
rather than clinical presentation and hemodynamic values 
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in an effort to minimize variation in clinician interpretation 
and practice. However, as we have come to better 
understand the disease process, we feel this exclusion to 
have been a study limitation (35). While we recognize the 
benefit provided by echocardiograms in evaluating cardiac 
dysfunction, it must also be noted that while the setting in 
which our study was conducted yields to its strength, it may 
not be generalizable to other resource limited institutions 
where non-cardiologists have been trained to conduct 
echocardiograms, where aspects of MIS-C laboratory 
workup are not readily accessible, or, in non-pediatric 
centers wherein providers are unfamiliar with pediatric care 
echocardiography may be imaging modality required in 
order to conduct an appropriate cardiac evaluation (36-38).  
Furthermore, given known variability in MIS-C patient 
presentation, progression, and outcome-evaluation as it 
pertains to the timeline of the disease process may also 
impact the depth of ED workup (6,39). In addition, the 
declining prevalence of MIS-C, markedly so following the 
advent of vaccination in conjunction with study’s small 
population yields to not only an increased risk of type two 
error, but also limits its generalizability to other institutions 
as patient characteristics, presentation, and disease severity 
may not be represented in our smaller study sample (40). As 
noted previously, ours is a tertiary care children’s hospital 
and teaching center. Thus, those evaluated in our ED may 
present with worsened or refractory presentations requiring 
escalation of care that may not often be seen in other 
settings. 

Conclusions

In summary, cardiac involvement is a known complication 
of MIS-C, however our study yields no significant evidence 
in support of obtaining echocardiograms in the ED to assist 
in guiding appropriate bed placement. While this modality 
remains crucial in evaluation and management, it does 
not appear to be requisite as part of an emergent workup 
prior to admission. Our study advocates for optimization 
of resource allocation during ED evaluation as it pertains 
to decision making regarding bed placement. Furthermore, 
it paves the way for future studies to discern the necessity 
of other evaluative modalities which are currently deemed 
both emergent and necessary for bed placement. 
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