Vasoplegic Shock Represents a Dominant
Hemodynamic Profile of Multisystem
Inflammatory Syndrome Following COVID-19
in Children and Adolescents

Alexander Alali, MD'
Erika O’Neil, MD?
Marc Anders, MD?

OBIJECTIVES: The hemodynamic profile of multisystem inflammatory syndrome
in children (MIS-C)-related shock remains poorly defined and, therefore, chal-
lenging to support with pharmacotherapy in the ICU. We aimed to evaluate the
hemodynamic profile and vasoactive medication management used in MIS-C  Jayvee Abella, PhD*

patients presenting to the ICU in shock and provide data from high-fidelity contin-  Lara S. Shekerdemian, MD?

uous cardiac output monitoring. Tiphanie P. Vogel, MD, PhD*

DESIGN: Single-center retrospective case-cohort study. Kristen Sexson Tejtel, MD, PhD,
MPH'

SETTING: Pediatric and cardiac ICU in a quaternary-care hospital.
Sebastian C. Tume, MD?

PATIENTS: All patients who met U.S. Centers for Disease Control and Prevention
criteria for MIS-C and who were admitted to the ICU between March 2020 and May
2021 required vasoactive support and were placed on continuous cardiac index
(CCI) monitoring. Patients requiring extracorporeal life support were excluded.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Among 52 children with MIS-C
presenting in shock and requiring vasoactive support, 14 patients (27%) were
placed on CCIl monitoring. These 14 patients had hyperdynamic cardiac index
(Cl) and low indexed systemic vascular resistance (SVRI) in the first 24 hours with
normalization of Cl and improved SVRi within the subsequent 24 hours.

CONCLUSIONS: Further studies are needed to evaluate the difference between
the use of vasoconstrictor versus vasodilators in pediatric patients with MIS-C
because a phenotype with high Cl and low SVRi may be important.
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COVID-19 presents with a systemic hyperinflammatory response that,

in severe form, leads to circulatory impairment and, ultimately, cardio-
genic shock (1, 2). An estimated 50% of children with MIS-C admitted to a PICU
require vasoactive support (1, 2). Although MIS-C is, in the majority, relatively
short-lived and a reversible phenomenon, the hemodynamic profile associated with
MIS-C-related shock is poorly defined. We hypothesize that with the use of con-
tinuous cardiac output monitoring, we will be able to describe the hemodynamic
characteristics of this population, which may aid in better utilization of vasoactives.

Multisystem inflammatory syndrome in children (MIS-C) following
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MATERIALS AND METHODS

This study was approved by the Baylor College of Medicine Internal Review
Board Protocol number H-49387 with a waiver of informed consent. DOI: 10.1097/PCC.0000000000002954
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In this retrospective case-cohort study, we selected
pediatric patients presenting to the PICUs at Texas
Children’s Hospital, Texas (from March 2020 to May
2021), who met the U.S. Centers for Disease Control
and Prevention criteria for MIS-C (3), required vaso-
active support, and underwent hemodynamic moni-
toring with the use of continuous cardiac output
monitorization. Invasive hemodynamic monitoring
included invasive arterial blood pressure, central ve-
nous pressure, and arteriovenous oxygen saturation
gradient measurements during the first 24 hours of
PICU admission, compared with the subsequent 24
hours. Continuous cardiac index (CCI) data were
obtained using high-fidelity arterial pulse contour
monitors (Pulse Contour Cardiac Output [PiCCO],
Getinge, Wayle, NJ, or FloTrac Edwards Lifescience,
Irvine, CA), and stroke volume index and indexed sys-
temic vascular resistance (SVRi) were analyzed dur-
ing the same two time periods. Mean arterial pressure
(MAP) was adjusted using median MAP reference
values based on age and sex in critically ill children
(4). Echocardiographic assessments were obtained
and characterized by a pediatric cardiologist (in ac-
cordance with our institutional management pro-
tocol), and vasoactive-inotropic scores (VIS) (5) were
calculated for all children. Patients requiring extra-
corporeal mechanical circulatory support during this
time were excluded since they had different hemody-
namics and vasoactive medication requirements. The
data were analyzed using descriptive statistics (per-
centages or median [interquartile range]) or Mood
median test for statistical significant (p < 0.05), as ap-
propriate. Statistical analyses were performed using
JMP (Version 16, SAS, Cary, NC).

RESULTS

We studied 52 patients with MIS-C requiring vasoac-
tive support. Demographics, presenting symptoms, and
clinical characteristics are described in Supplemental
Table 1 (http://links.Iww.com/PCC/C50). Admission
echocardiography revealed moderate or severe left
ventricular (LV) systolic dysfunction in 11 (21%) and
moderate or severe right ventricular systolic dysfunc-
tion in six (12%).

Fourteen of 52 patients (27%) underwent CCI
monitoring. In the patients who received CCI
monitoring, median age was 13 years (10-17 yr)
and weight was 67.6kg (44.8-96.5kg). Common
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electrocardiographic (ECG) abnormalities at admis-
sion included abnormal T wave morphology in 10 of
14 (71%) and ST-segment abnormalities in four of 14
(29%). Atrioventricular block was not observed on
initial ECG. Initial echocardiogram was performed
within 3 hours (2-9hr) from hospital admission and
demonstrated moderate or severe LV systolic dysfunc-
tion in six of 14 patients (43%). Of the 14 patients, 12
underwent coronary artery evaluation with one pa-
tient identified with coronary dilation greater than
2.5 z score (Supplemental Table 2, http://links.Iww.
com/PCC/C51).

Patients received fluid resuscitation within 1 hour
(<1 to 13hr) of hospital admission with a median of
14mL/kg (8-26 mL/kg) of crystalloids within the first
6 hours. Vasoactive therapy was started within a me-
dian of 6 hours (1-10hr) from hospital admission, and
all were prior to CCI monitoring. Two or more vaso-
active agents were required in 11 of 14 patients (79%)
(epinephrine 100%, norepinephrine 57%, milrinone
21%, and vasopressin 21%) with a median duration
of vasoactive support of 61 hours (38-98hr). MIS-C
therapy was started 8 hours (4-13hr) from admission
with all but two of 14 receiving therapy before CCI
monitoring (Supplemental Fig. 1, http://links.lww.
com/PCC/C52 [legend, http://links.lww.com/PCC/
C53]; and Supplemental Table 3, http://links.lww.
com/PCC/C54).

CCI monitoring was started at a median of 11 hours
(4-17hr) from PICU admission and initiated based
on provider discretion. Repeat echocardiogram within
24 hours of CCI monitoring demonstrated improve-
ment in LV systolic function (Supplemental Table 2,
http://links.lww.com/PCC/C51). During CCI moni-
toring, patients remained normotensive based on age
reference for MAP (Table 1). Their cardiac index (CI)
at initiation (Fig. 1) of monitoring was elevated at
5.0L/min/m? (4.2-6.6 L/min/m?) in the setting of low
SVRi, 1,039 dynes s/cm*/m?* (833-1,239 dynes s/cm®/
m?). CI subsequently normalized to a median of 3.7L/
min/m? (3.2-4.8 L/min/m?*) with an improved, but
still low, SVRi of 1,330 dynes s/cm*/m?* (1,113-1,560
dynes s/cm®/m?*) during the subsequent 24 hours (both
p < 0.001). Patients had significantly higher median
VIS (4 [2-7] vs 2 [1-4]; p < 0.001) and maximum VIS
(6 [4-12] vs 2 [2-5]) at the initiation of CCI moni-
toring when compared with the subsequent 24 hours
(p = 0.003).
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TABLE 1.

Hemodynamic Profiles of Multisystem Inflammatory Syndrome in Children Patients
Admitted to the ICU Within 48 hr and Requiring Vasoactive Support and Invasive Monitoring

Hemodynamic Profile of 14 Children From the Onset of Continuous Cardiac Index Monitoring

Variable

Age-adjusted mean arterial pressure (% from median)
Central venous pressure (mm Hg)

Stroke volume index (mL/mm?%/beat) (normal: 37—47)
Cardiac index (L/min/m?) (normal: 2.5—4.0)

Systemic vascular resistance index (dynes s/cm®/m?)
(normal: 1,970-2,390)

Median vasoactive dose®
Epinephrine
Norepinephrine
Vasopressin
Milrinone
Dobutamine

Median VIS

Max VIS

Arteriovenous oxygen saturation gradient difference (%)

Left ventricular function®
Normal
Mild
Moderate

Severe

0-24 hr 25-48 hr p
1 (-81to 11) 1(-6to11) 0.934
8 (6—11) 7 (4-11) 0.140
48 (40-66) 43 (33-53) 0.036
5.0 (4.2-6.6) 3.7 (3.2-4.8) < 00012
1,039 (833-1,239) 1,380 (1,113-1,560) < 0.0012
0.01 (0.2-0.05) 0.02 (0.01-0.02) <0.0012
0.02 (0.02-0.05) 0.04 (0.01-0.06) 0.691
0.01 (0.1-0.02) 0.01 (0.01-0.02) 0.952
0 0.25 (0.25-0.28) =
3 (3-3) 1(1-1) 0.003¢
4 (2-7) 2 (1-4) <0.0012
6 (4-12) 2 (2-5) 0.003¢
11 (8-20) 17 (15-19) 0.0022
n=12 n==8
6 (50) 6 (75) 0.378
5 (42) 1(13)
1(8) 1(13)
0 0

VIS = vasoactive-inotropic score.
2p < 0.003.

®Vasoactive medication units: epinephrine (ug/kg/min), vasopressinU/kg/min), norepinephrine (ug/kg/min), milrinone (ug/kg/min),

dopamine (pg/kg/min), and dobutamine (ug/kg/min).

“Left ventricular ejection fraction <30% severely depressed, 30—40% moderately depressed, 40—48% mildly depressed, and > 48% normal.
Hemodynamics were collected as a continuous variable and described as a median (interquartile range) or n (%).

Patients were further subdivided based on their in-
itial LV systolic function assessment (Supplemental
Table 4, http://links.lww.com/PCC/C55). Cl remained
elevated in both groups but was more hyperdynamic
in the normal/mild LV systolic function group in the
setting of lower SVRi when compared with the mod-
erate/severe LV systolic dysfunction patients. All
patients survived to hospital discharge.

DISCUSSION

Involvement of the cardiovascular system occurs in
80-100% of patients with MIS-C (6-8). Our study
describes the hemodynamic profile and vasoactive
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requirements of critically ill children with MIS-C and
shock. The laboratory profiles and markers of illness
severity, including echocardiographic findings, of our
cohort are similar to previously published reports
(9, 10). The hemodynamic profile of our cohort high-
lights a subset of critically ill MIS-C patients who pre-
sent with vasoplegia and hyperdynamic cardiac output
during the first 24 hours of illness. These observa-
tions are followed by normalization of hemodynamic
parameters, albeit with the use of critical care interven-
tions and immunomodulation.

This work also highlights the use of echocardio-
graphic assessment of ejection fraction as an indicator
of contractility, which may not translate into changes
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Hemodynamic profile of MIS-C patients requiring vasoactive support
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Figure 1. Hemodynamic progression of the 14 patients with continuous cardiac index (CCl) monitoring beginning at the start of

CCI measurement. First row = There is initial hyperdynamic cardiac output and a low systemic vascular resistance index (SVRi) state
(second row) within the first 24 hr with normalization of Cl and improved, but still low, SVRi in the next 24 hr (p < 0.001 for both). Third
row = Similarly, this cohort required high vasoactive support initially with a decrease over time. Cl = cardiac index, MIS-C = multisystem

inflammatory syndrome in children, VIS = vasoactive-inotropic score.

in stroke volume. Ejection fraction remains dependent
on ventricular loading conditions and would require
knowledge of end-diastolic volume to properly assess
cardiac output (11, 12). This finding is evident in the
patients presenting with LV systolic dysfunction in
whom cardiac output remained elevated in the setting
of low systemic vascular resistance (13).

Our study has some obvious limitations: it was ret-
rospective, and we did not have hemodynamic data be-
fore the initiation of invasive monitoring. Comparison
of hemodynamic data collected by both the PiCCO
system and FloTrac may be challenging as cardiac
output is calculated in different manners. PiCCO
requires calibration with transpulmonary thermodi-
lution to account for difference in arterial compliance
for the individual patient. This may potentially reduce
accuracy in the setting of large variations in arterial
compliance between calibrations (14). FloTrac devices
carry a proprietary algorithm that evaluates pulse-
contour properties to determine compliance requiring
no external calibration but may overestimate cardiac
output in extreme hemodynamic states (15).

CONCLUSIONS

Understanding the specific shock phenotype associ-
ated with MIS-C allows clinicians to devise a tailored
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approach to vasoactive medication management of
this cardiovascular pathophysiology. The use of CCI in
this population provides a more complete physiologic
profile than echocardiogram alone and allows for con-
tinuous monitoring and evaluation of responsiveness
to therapies.
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