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Abstract
Background Multisystem Inflammatory Syndrome in Children (MIS-C) associated with SARS-CoV-2 can lead to 
severe cardiovascular complications. Anakinra, an interleukin-1 receptor antagonist, is proposed to benefit the 
hyperinflammatory state of MIS-C, potentially improving cardiac function. This systematic review evaluated the 
effectiveness of early Anakinra administration on cardiac outcomes in children with MIS-C.

Methods A comprehensive search across PubMed, Embase, and Web of Science until March 2024 identified studies 
using Anakinra to treat MIS-C with reported cardiac outcomes. Observational cohorts and clinical trials were included, 
with data extraction focusing on cardiac function metrics and inflammatory markers. Study quality was assessed 
using the Newcastle-Ottawa Scale.

Results Six studies met the inclusion criteria, ranging from retrospective cohorts to prospective clinical studies, 
predominantly from the USA. Anakinra dosages ranged from 2.3 to 10 mg/kg based on disease severity. Several 
studies showed significant improvements in left ventricular ejection fraction and reductions in inflammatory markers 
like C-reactive protein, suggesting Anakinra’s role in enhancing cardiac function and mitigating inflammation. 
However, findings on vasoactive support needs were mixed, and some studies did not report significant changes in 
acute cardiac support requirements.
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Introduction
Multisystem Inflammatory Syndrome in Children (MIS-
C) is a rare but severe complication associated with 
SARS-CoV-2 infection, primarily affecting children and 
adolescents [1]. This condition, which shares clinical fea-
tures with Kawasaki disease and toxic shock syndrome, 
can lead to a hyperinflammatory state and multiorgan 
dysfunction, including cardiovascular involvement [1, 
2]. While the exact pathophysiology of MIS-C remains 
unclear, dysregulated immune responses and cytokine 
storms are believed to play a crucial role.

The cardiac manifestations associated with MIS-C 
highlight the syndrome’s potential to induce severe car-
diovascular damage, which can lead to critical outcomes 
if not addressed promptly [3–5]. Myocardial dysfunction 
in MIS-C, characterized by reduced left ventricular ejec-
tion fraction (LVEF), can compromise cardiac output, 
leading to shock and necessitating intensive care support 
[6, 7]. Similarly, coronary artery abnormalities, such as 
the development of aneurysms, pose a risk for thrombo-
sis, myocardial infarction, and long-term cardiac mor-
bidity, emphasizing the critical need for early diagnostic 
imaging and continuous monitoring [8, 9]. The implica-
tions of these cardiac complications extend beyond the 
acute phase of MIS-C, with potential long-term sequelae 
requiring ongoing cardiological follow-up to monitor for 
and manage any enduring cardiovascular damage [10].

Experiences with other inflammatory conditions, such 
as Kawasaki disease and cytokine release syndromes, 
have largely guided MIS-C treatment. Immunomodula-
tory therapies have been employed to manage MIS-C, 
including intravenous immunoglobulin (IVIG), cortico-
steroids, and biologics targeting specific inflammatory 
pathways [11–13]. Among these therapeutic options, 
anakinra, an interleukin-1 receptor antagonist, has gar-
nered attention for its potential to mitigate the hyperin-
flammatory state associated with MIS-C [14–16].

Anakinra, a recombinant form of the naturally occur-
ring interleukin-1 receptor antagonist, has been used to 
treat various autoinflammatory and rheumatic diseases 
[17]. The rationale for using anakinra in this context is 
grounded in its successful application in other inflam-
matory conditions, such as rheumatoid arthritis and 
systemic juvenile idiopathic arthritis, where it has been 
shown to reduce inflammation markers and improve 

clinical outcomes significantly. By blocking the actions 
of interleukin-1, a potent pro-inflammatory cytokine 
implicated in the pathogenesis of MIS-C, anakinra may 
help reduce systemic inflammation and prevent end-
organ damage, including cardiac dysfunction [18, 19]. 
Early administration of anakinra in children with MIS-C 
has been proposed as a potential strategy to prevent or 
mitigate cardiovascular complications. However, the 
effectiveness of this approach remains uncertain, as 
the available evidence is limited and derived from case 
reports, case series, and small observational studies [14, 
20, 21].

Given the potential severity of cardiac involvement in 
MIS-C and the need for timely and effective manage-
ment, it is crucial to systematically evaluate the existing 
literature on the efficacy of early anakinra treatment in 
preserving or improving cardiac function in these pedi-
atric patients. This systematic review aims to synthe-
size and critically appraise the available evidence from 
published studies to assess the impact of early anakinra 
administration on cardiac outcomes, such as left ventric-
ular function, coronary artery abnormalities, and other 
cardiovascular manifestations in children with MIS-C.

Methods
The study selection process was documented using the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow diagram (Table S1) [22]. 
The study protocol has been registered with PROSPERO.

Search strategy
A systematic literature search was conducted in multiple 
electronic databases, including PubMed, Embase, and 
Web of Science, from inception to March 05, 2024. The 
search strategy utilized a combination of relevant medi-
cal subject headings (MeSH) and text words related to 
“multisystem inflammatory syndrome in children,” “MIS-
C,” “pediatric inflammatory, multisystem syndrome,” 
“anakinra,” “interleukin-1 inhibitors,” No language 
restrictions were applied. The complete search strategy is 
documented in Table S2.

Eligibility criteria
Studies were considered eligible for inclusion if they 
were observational studies (cohort studies, case-control 

Conclusion Early Anakinra administration shows potential for improving cardiac function and reducing inflammation 
in children with MIS-C, particularly those with severe manifestations. However, the existing evidence is limited by 
the observational nature of most studies and lacks randomized controlled trials (RCTs). Further high-quality RCTs are 
necessary to conclusively determine Anakinra’s effectiveness and optimize its use in MIS-C management for better 
long-term cardiac outcomes and standardized treatment protocols.
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studies, case series) or clinical trials such as random-
ized controlled trials (RCTs) or quasi-experimental stud-
ies reported using anakinra in children diagnosed with 
MIS-C associated with SARS-CoV-2 infection. The pop-
ulation of interest was children and adolescents aged 21 
years or younger with MIS-C. Eligible studies must have 
involved the administration of anakinra, either as mono-
therapy or in combination with other treatments, to man-
age MIS-C. Additionally, studies were required to report 
on at least one cardiac outcome, such as left ventricular 
function (e.g., ejection fraction, fractional shortening), 
or other cardiovascular manifestations (e.g., myocarditis, 
arrhythmias, shock), or inflammatory biomarkers such 
as C-reactive protein (CRP). Studies with or without a 
control group, where patients received standard care, 
placebo, or other treatments, were considered eligible for 
inclusion. Case reports, reviews, editorials, comments, 
and studies that did not report on cardiac outcomes or 
the use of anakinra were excluded.

Study selection
Two independent reviewers screened the titles and 
abstracts of the identified studies for potential eligibil-
ity using semiautomated software (Nested-Knowledge, 
MN, USA) [23]. Full texts of potentially relevant studies 
were then retrieved and assessed against the predefined 
inclusion and exclusion criteria. Any disagreements were 
resolved through discussion or consultation with a third 
reviewer.

Data extraction
A standardized data extraction form was used to collect 
relevant information from the included studies, such as 
study characteristics (authors, publication year, study 
design, location, sample size), participant characteris-
tics (age, sex, comorbidities), MIS-C diagnostic criteria, 
anakinra dosing and timing of administration, change in 
cardiac-related outcome and parameters. Two reviewers 
independently extracted the data, and any discrepancies 
were resolved through discussion or consultation with a 
third reviewer.

Quality assessment
The methodological quality of the included studies was 
assessed using the Newcastle-Ottawa Scale (NOS). Two 
reviewers independently performed the quality assess-
ment, and any disagreements were resolved through dis-
cussion or consultation with a third reviewer.

Results
Literature search
In the literature search, 895 records were identified 
through various databases: 157 from PubMed, 609 from 
Embase, and 129 from the Web of Science. From these, 

242 duplicate records were removed before screen-
ing. Following this removal, 653 records were screened, 
excluding 618 records. Thirty-five articles were then sub-
jected to a full-text assessment for eligibility. Of these, 29 
full-text articles were excluded for various reasons: the 
outcome of interest was not reported in 18 studies, the 
intervention was not of interest in 10 studies, and 1 study 
was deemed irrelevant. Consequently, six studies [24–29]
were included in the qualitative analysis (Fig. 1).

Characteristics of the included studies
The important characteristics of the included studies are 
presented in Table 1. The research predominantly comes 
from the USA, with a single study from France and Italy. 
The designs range from retrospective cohort studies to 
prospective studies, focusing on pediatric populations 
diagnosed with MIS-C as defined by the Centers for 
Disease Control and Prevention (CDC), World Health 
Organization (WHO) criteria, or the Royal College of 
Paediatrics and Child Health (RCPCH) criteria in one 
instance. The number of participants varied, with the 
smallest study including 14 participants and the largest 
encompassing 1516. The mean or median ages of sub-
jects typically ranged from 6 to 10 years old, reflecting a 
young cohort affected by MIS-C. Anakinra dosages and 
frequencies were diverse; some studies used it alongside 
intravenous immunoglobulin (IVIG) and glucocorticoids 
as part of a comprehensive treatment regimen. Specific 
doses of anakinra varied from 2.3 mg/kg to 10 mg/kg per 
day, adjusted for disease severity, and administered sub-
cutaneously or intravenously. Quality assessment of the 
studies are given in Table S3.

Left ventricular ejection fraction (LVEF)
Chang et al. [25] observed that the time to normalize 
LVEF and the prevalence of left ventricular dysfunction 
did not significantly differ between the Anakinra and 
control groups on days 3–4. In contrast, Dizon et al. [26] 
documented that patient in the Anakinra group, par-
ticularly those with initially low LVEF or those receiving 
combined therapy (IVIG, Anakinra, and corticosteroids), 
exhibited significant improvements in LVEF. Dusser et al. 
supported these findings, noting a rapid enhancement in 
heart function across all patients, with LVEF values rising 
above 55% shortly after treatment initiation.

Biomarkers
Significant reductions in inflammatory markers such as 
CRP, ferritin, and D-dimer were reported by Yang et al. 
[29], where median levels showed substantial decreases 
from baseline to the final dose of Anakinra. This was 
accompanied by a decrease in nearly all patients’ marker 
levels, demonstrating a strong anti-inflammatory 
response. Additionally, Dusser et al. [27] observed that 
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CRP levels dramatically reduced from an average of 
146 mg/L to 43 mg/L within approximately 2.8 days, rein-
forcing the rapid anti-inflammatory effects of Anakinra.

Cardiac presentation at discharge
Taddio et al. [28] highlighted that Anakinra treat-
ment was associated with a lower prevalence of heart 
involvement at discharge (3 out of 21 patients), com-
pared to those who did not receive Anakinra (66 out of 
169 patients). This finding suggests a protective role of 
Anakinra against end-stage cardiac complications in 
MIS-C.

Overall cardiac function
An overall improvement in cardiac function was evi-
dent in findings from Dizon et al. [26] and Dusser et 
al. [27], where Anakinra was beneficial across various 
cardiac function metrics, including LVEF and cardiac 
strain, especially in patients presenting with severe clini-
cal features. The improvement in cardiac biomarkers, as 
observed in the studies by Yang et al. [29] and Dusser 
et al. [27], further underscores the beneficial impact of 
Anakinra on overall cardiac health in MIS-C patients.

Fig. 1 PRISMA flowchart depicting article screening and study selection process
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Vasoactive support and vasoactive inotrope score (VIS)
Akkoyun et al. [24]noted no significant differences in the 
need for vasoactive support or inotrope scores between 
the Anakinra-treated and control groups. Interestingly, 
a higher incidence of new or worsened left ventricular 
dysfunction was seen in the Anakinra group, although 
this was not statistically significant. This suggests a com-
plex interaction between Anakinra treatment and severe 
cardiac manifestations. Furthermore, Chang et al. [25] 
reported that Anakinra addition to standard therapy did 
not significantly alter the need for vasopressors, indicat-
ing limited efficacy in reducing acute cardiac support 
needs.

These findings collectively illustrate that while 
Anakinra may offer considerable benefits in mitigating 
cardiac involvement at discharge and systemic inflam-
mation, its effects on acute cardiac support and overall 
left ventricular function are more nuanced. These effects 
likely depend heavily on the patient’s initial cardiac con-
dition and the severity of their inflammatory symptoms.

Discussion
This systematic review critically evaluates the effects of 
early administration of Anakinra on cardiac outcomes 
in children with MIS-C, a severe complication related 
to SARS-CoV-2 infection. The studies incorporated 
data spanning observational cohorts, providing a mixed 
results regarding the effectiveness of anakinra on cardiac 
parameters.

Anakinra, a recombinant interleukin-1 receptor antag-
onist, demonstrates potential in mitigating severe inflam-
matory reactions in MIS-C, similar to its effects in other 
cytokine-mediated diseases. This systematic review finds 
that Anakinra may positively influence cardiac func-
tion, evidenced by significant improvements in LVEF 
and reductions in inflammatory markers such as CRP, 
ferritin, and D-dimer, particularly in patients with com-
promised myocardial function at baseline. However, the 
therapeutic outcomes vary. For instance, Chang et al. [25] 
observed no significant changes in LVEF or reductions 
in vasopressor needs, suggesting that the effectiveness 
of Anakinra might depend on the timing of administra-
tion, the severity of the disease at onset, and specific 
patient characteristics. Despite these variances, Taddio 
et al. reported a lower prevalence of cardiac involve-
ment at discharge in Anakinra-treated patients, indicat-
ing a protective effect against acute cardiac complications 
and possibly reducing long-term cardiac morbidity. The 
mixed findings on the need for vasoactive support and 
observed incidences of LVEF suggest a complex interplay 
between Anakinra treatment and cardiac function, which 
calls for further investigation into the optimal dosing 
and administration timing to maximize its benefits. The 
available evidence is very limited for reaching any strong 

conclusion in the effectiveness of Anakinra in improving 
cardiac outcome in MIS-C.

A previous review assessed the treatment options for 
MIS-C [13]. IVIG and glucocorticoids are the corner-
stones of treatment, reflecting their efficacy in similar 
inflammatory conditions like Kawasaki Disease (KD). 
IVIG is often used as the first-line treatment due to its 
multiple anti-inflammatory mechanisms, which include 
modulation of immune cell function and suppression 
of cytokine production. Glucocorticoids are utilized for 
their potent anti-inflammatory properties, particularly 
in severe cases where rapid modulation of the immune 
response is necessary to prevent organ damage. Biologic 
agents such as anakinra and tocilizumab are reserved for 
more severe or refractory cases. They authors mentioned 
that Anakinra can be beneficial for cases where standard 
treatments fail, helping to mitigate the hyperinflamma-
tory state by blocking a key pathway in the inflammatory 
process. It is particularly effective in critically ill patients 
or those not responding adequately to IVIG and gluco-
corticoids, quickly reducing inflammation and improving 
clinical outcomes, especially in severe disease manifesta-
tions that involve significant cardiac complications [13]. 
Despite the application of these therapies, the treatment 
of MIS-C remains challenging due to the variability in 
disease severity and response to treatment. The effec-
tiveness of these modalities is continually being evalu-
ated, highlighting the need for more targeted research to 
optimize therapeutic strategies and improve outcomes in 
MIS-C patients. The review emphasizes the limited evi-
dence and the need for RCTs to provide more definitive 
guidance on managing this complex condition.

The use of Anakinra should be considered carefully, 
weighing its benefits against potential risks and the 
effectiveness of other treatments. The decision to use 
Anakinra may benefit from being tailored to individual 
patient profiles, particularly considering disease severity 
and initial response to standard therapies. Institutions 
may need to develop protocols that allow for the flex-
ible integration of Anakinra based on real-time clinical 
assessments and evolving patient needs. For MIS-C, the 
National Institutes of Health (NIH) recommends con-
sidering additional immunomodulatory therapies [30]. 
These include high-dose anakinra, higher-dose gluco-
corticoids, or infliximab, all categorized as BIIb recom-
mendations due to limited evidence on the most effective 
agent for intensification therapy in this group. In severe 
cases, combination therapy may involve higher-dose 
glucocorticoids with either anakinra (BIII) or inflix-
imab (BIII), but anakinra and infliximab should not be 
used together. The panel advises against a second dose 
of IVIG for intensification therapy due to its common 
resistance, the rapid progression of the disease, and 
the potential risks of fluid overload in MIS-C patients. 
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Anakinra, preferred for its short half-life (4–6 h) allowing 
for rapid discontinuation, is recommended at high doses 
(5–10 mg/kg/day). This recommendation is based on its 
proven effectiveness in macrophage activation syndrome 
and its use as a steroid-sparing agent in MIS-C manage-
ment, potentially extending up to two weeks [30]. Further 
research is needed to define the optimal role of Anakinra 
in MIS-C treatment protocols. Prospective RCTs and 
larger observational studies should aim to clarify the 
conditions under which Anakinra is most effective. Addi-
tionally, studies should explore the pathophysiologi-
cal underpinnings of MIS-C to better understand the 
inflammatory mechanisms at play and identify the most 
appropriate therapeutic targets. Most studies focus on 
short-term outcomes without addressing long-term car-
diac health. Given the potential for chronic cardiovascu-
lar sequelae in MIS-C, longitudinal studies are necessary 
to understand the full spectrum of Anakinra’s benefits.

Our study has some limitations. The included stud-
ies predominantly utilized observational designs, which 
inherently carry a higher risk of bias compared to RCTs. 
The variability in study design and the observational 
nature of the data may influence the reliability and appli-
cability of the findings. The cardiac outcomes reported 
across the studies varied significantly. This heterogene-
ity in outcome measures precluded the possibility of 
conducting a meta-analysis, which would have provided 
a more comprehensive and quantitative synthesis of the 
data. The absence of uniform outcome metrics across the 
studies complicates the interpretation of Anakinra’s over-
all effectiveness on cardiac functions in MIS-C patients. 
Several studies lacked a control group, which is crucial 
for establishing comparative baselines and understand-
ing the true effect of Anakinra independent of external 
variables. The absence of control groups in these stud-
ies significantly limits the ability to attribute observed 
improvements directly to Anakinra treatment. Another 
critical limitation is the small number of studies that spe-
cifically reported cardiac-related outcomes associated 
with Anakinra in the context of MIS-C. The limited data 
availability restricts our ability to draw broad conclusions 
and diminishes the strength of the evidence supporting 
Anakinra’s efficacy. The studies included in this review 
did not adequately account for potential confounders and 
biases, which could skew results and lead to misleading 
interpretations. This lack of adjustment for confounding 
variables undermines the validity of the findings and sug-
gests that the observed effects might not solely be attrib-
utable to Anakinra therapy.

While this review provides valuable insights into the 
potential benefits of Anakinra for treating cardiac com-
plications in MIS-C, the evidence is weakened by signifi-
cant methodological limitations. There is a pressing need 
for more high-quality, RCTs that are adequately powered, 

include control groups, and standardize cardiac outcome 
measures to definitively ascertain the effectiveness of 
Anakinra in this clinical setting. Such studies would help 
clarify the role of Anakinra in MIS-C treatment protocols 
and potentially guide clinical practice more effectively.

Conclusion
Early administration of Anakinra in children with MIS-C 
may be beneficial for improving cardiac function and 
reducing systemic inflammation. However, the current 
evidence is insufficient to conclude and make any clini-
cal recommendation regarding the effects of Anakinra on 
cardiac function in MIS-C. Further research is needed 
to refine the therapeutic strategies involving Anakinra, 
including more rigorous RCTs and studies focusing on 
long-term outcomes to fully ascertain its role in the man-
agement of MIS-C.
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