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Hemodynamic Considerations for Children
Last Updated: May 31, 2022

Children with acute COVID-19 infrequently experience shock requiring hemodynamic support. 
However, similar to children with sepsis or septic shock from other causes, children with COVID-19 and 
shock should be evaluated and managed per the Surviving Sepsis Campaign International Guidelines for 
the Management of Septic Shock and Sepsis-Associated Organ Dysfunction in Children.1,2 

Shock occurs in approximately half of the patients with multisystem inflammatory syndrome in children 
(MIS-C); reported prevalence ranges from 35% to 80%.3-5 Limited data inform optimal hemodynamic 
management for MIS-C. Given that the physiology observed in patients with MIS-C results from 
a combination of distributive, cardiogenic, and, occasionally, hypovolemic shock, the COVID-19 
Treatment Guidelines Panel (the Panel) suggests that clinicians use the management principles outlined 
in the Surviving Sepsis Campaign’s guidelines for children, as well as the principles for clinical 
management of heart failure and general critical care, as appropriate. The Panel’s recommendations 
apply to the care of children and infants >37 weeks gestational age. 

Recommendation

• For children with COVID-19 or MIS-C and shock, the COVID-19 Treatment Guidelines Panel 
(the Panel) recommends a target mean arterial pressure (MAP) between the fifth and fiftieth, or 
greater than the fiftieth, percentiles for age (AIII). 

Rationale

There are no clinical trials that support specific hemodynamic targets for children with septic shock 
due to COVID-19, MIS-C, or any other etiology. The panel members for the pediatric Surviving 
Sepsis Campaign guidelines were divided on the most appropriate MAP target and made no specific 
recommendation for a target MAP. Therefore, for children with COVID-19 or MIS-C, clinicians should 
use the same approach used for children without COVID-19 and target a MAP between the fifth and 
fiftieth, or greater than the fiftieth, percentiles for age. When MAP cannot be reliably measured, systolic 
blood pressure is a reasonable alternative.2 

Recommendation

• The Panel recommends that, when available, a combination of serial clinical assessments; cardiac 
ultrasound or echocardiography; and/or laboratory markers, including lactate levels, should be 
used to monitor the response to resuscitation in children with COVID-19 or MIS-C and shock 
(BIII). 

Rationale

Observational data from children with non-COVID-19-related sepsis suggest that using clinical 
assessment alone limits the ability to classify patients with sepsis as having “warm” (i.e., likely to 
require fluid or vasopressors) or “cold” (i.e., likely to require inotropes) shock, when compared with 
assessments that include objective measures of cardiac output/index or systemic vascular resistance.6,7 
Cardiac ultrasonography can be performed at the bedside and serially, and it may provide additional 
clinical data on volume responsiveness and cardiac function.8 Data from studies evaluating use of 
cardiac ultrasound in children with COVID-19 and MIS-C are limited to reports from case series.9 
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However, given the spectrum of hemodynamic perturbations observed and because approximately a 
third of children with MIS-C exhibit left ventricular dysfunction, cardiac ultrasonography may have 
particular value in MIS-C.4 

Elevated lactate level is associated with worse outcomes in children with non-COVID-19-related 
sepsis, although the specific threshold is unknown and has varied from 2 mmol/L to 4 mmol/L across 
studies.10,11 Data on serial lactate measures are limited to a single observational study demonstrating 
an association between normalization in lactate and a decreased risk of persistent organ dysfunction 
in children with non-COVID-19-related sepsis (adjusted relative risk 0.47; 95% CI, 0.29–0.78).12 
The role of serial lactate measures has not been systematically evaluated for COVID-19 or MIS-C. 
An observational study of 1,080 children with MIS-C demonstrated an association between elevated 
markers of inflammation (e.g., C-reactive protein, procalcitonin), brain natriuretic peptide (BNP) or 
N-terminal proBNP (NT-proBNP), and troponin and the presence of cardiac dysfunction, shock, and the 
need for intensive care unit admission. However, the timing of the laboratory values in the study was not 
available, so the elevated markers may reflect, rather than predict, severe illness.3

Recommendation

• The Panel recommends administration of balanced crystalloids rather than 0.9% saline for the 
initial resuscitation of children with shock due to COVID-19 or MIS-C (CIIb). 

Rationale

No published clinical trials directly compare balanced/buffered crystalloids with 0.9% saline 
administered to children with sepsis of any etiology, although an international randomized trial is 
underway (ClinicalTrials.gov Identifier NCT04102371). Two observational studies using administrative 
data compared the use of balanced/buffered crystalloids to 0.9% saline in propensity-matched cohorts 
of children with non-COVID-19-related severe sepsis or septic shock. One of the studies compared 
patients who received any or only Ringer’s lactate solution in the first 3 days of admission with patients 
who received only normal saline. The study demonstrated no differences between the arms for 30-day 
mortality or frequency of acute kidney injury.13 

The other study compared patients receiving only balanced fluids with those receiving only 0.9% 
saline. The study demonstrated that the balanced-fluid arm had lower mortality (12.5% vs. 15.9%; OR 
0.76; 95% CI, 0.62–0.93; P = 0.007), reduced acute kidney injury (16.0% vs. 19.2%; OR 0.82; 95% 
CI, 0.68–0.98; P = 0.028), and fewer days on vasoactive infusions (3.0 days vs. 3.3 days; P < 0.001) 
than the saline arm.14 No published studies focused on patients with COVID-19 or MIS-C, although 
hyponatremia is common in patients with MIS-C, and decisions about the type of fluid therapy used 
should be individualized for this population. 

Recommendations

• The Panel recommends the use of epinephrine or norepinephrine rather than dopamine in 
children with COVID-19 or MIS-C and shock (BIIa). 

• There is insufficient evidence to differentiate between norepinephrine or epinephrine as a first-line 
vasoactive drug in children with COVID-19 or MIS-C. The choice of vasoactive agent should 
be individualized and based on clinical examination, laboratory data, and data from cardiac 
ultrasound or echocardiography. 

Rationale

Use of vasoactive infusions should be considered for children with shock due to COVID-19 if signs of 
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shock persist after resuscitation with 40 mL/kg to 60 mL/kg of fluid, or sooner if there is evidence of 
cardiac dysfunction or signs of fluid overload (e.g., tachypnea, hepatomegaly). Similar principles may 
be applied to patients with MIS-C, particularly because their clinical presentation overlaps significantly 
with the clinical presentation of children with septic shock due to other causes. However, given the 
high prevalence of cardiac dysfunction in patients with MIS-C, clinicians should consider performing 
echocardiography or cardiac ultrasound early in the initial resuscitation if MIS-C is suspected and 
consider initiating a vasoactive infusion if cardiac dysfunction is identified. 

Data from pediatric studies comparing vasopressors are limited, and there are no data specific to patients 
with COVID-19 or MIS-C. Two small pediatric trials compared epinephrine with dopamine in patients 
with non-COVID-19-related fluid-refractory septic shock.15,16 One study randomized 63 children to 
receive dopamine 5 µg/kg/min to 10 µg/kg/min and 57 children to receive epinephrine 0.1 µg/kg/min 
to 0.3 µg/kg/min. Mortality by Day 28 was 14.2% in the dopamine arm and 7% in the epinephrine 
arm (OR 6.5; 95% CI, 1.1–37.8; P = 0.03). In the other study, 31 children were randomized to receive 
incremental doses of dopamine 10 µg/kg/min to 20 µg/kg/min, and 29 children were randomized to 
receive incremental doses of epinephrine 0.1 to 0.3 µg/kg/min. The primary outcome of shock resolution 
within 1 hour occurred in 4 children (13%) receiving dopamine and 12 children (41%) receiving 
epinephrine (OR 4.8; 95% CI, 1.3–17.2; P = 0.019).

No pediatric trials have compared norepinephrine to other vasoactive agents in patients with sepsis, but 
based on data from studies of adults, the pharmacologic properties of norepinephrine and dopamine 
(see Hemodynamics for Adults), and the 2020 Surviving Sepsis Campaign guidelines for children, 
norepinephrine is suggested over dopamine.2 

Collectively, this evidence is insufficient to recommend norepinephrine versus epinephrine as a first-line 
vasoactive agent in children with COVID-19 or MIS-C. Further, given the varied physiology observed 
with MIS-C in particular, decisions about which vasopressor to use should be individualized based on 
clinical and laboratory data and findings from bedside cardiac ultrasound or echocardiography.

Recommendation

• There is insufficient evidence for the Panel to recommend either for or against the use of 
inodilators (including dobutamine or milrinone) in children with COVID-19 or MIS-C who show 
evidence of cardiac dysfunction and persistent hypoperfusion despite adequate fluid loading and 
the use of vasopressor agents. 

Rationale

Data from studies evaluating use of inodilators in children with COVID-19, MIS-C, and non-COVID-
19-related sepsis are limited to reports from case series. However, the majority of the pediatric Surviving 
Sepsis Campaign guidelines panel (77%) would use an inodilator at least some of the time for patients 
with non-COVID-19-related sepsis, cardiac dysfunction, and persistent hypoperfusion despite adequate 
fluid loading and the use of vasopressor agents.2 Expert consultation from specialists in pediatric 
cardiology and critical care medicine is recommended in this scenario. 

Additional Recommendations

• For the acute resuscitation of children with COVID-19 or MIS-C and shock, the Panel 
recommends the use of crystalloids rather than albumin (AIIb).

• The Panel recommends against using hydroxyethyl starches for intravascular volume 
replacement in children with COVID-19 or MIS-C and sepsis or septic shock (AIII).
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• For children with refractory shock who have recently completed a course of corticosteroids to treat 
COVID-19, the Panel recommends using low-dose corticosteroid therapy (“shock-reversal”) over 
no corticosteroid therapy (CIII).
• Children who are currently receiving corticosteroids for COVID-19 or MIS-C are generally 

receiving sufficient glucocorticoid replacement therapy and do not require additional 
hydrocortisone for refractory shock. 
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