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A B S T R A C T

Background

This is an update of a previous review. Case reports and case series have described dramatic responses to intravenous immunoglobulin
(IVIG) in people with presumed viral myocarditis, and its administration has become commonplace.

Objectives

The primary objective of this review was to compare event-free  (death, requirement for a cardiac transplant, or placement of a leI
ventricular assist device) or overall (death) survival of adults and children with presumed viral myocarditis treated with IVIG versus those
who did not receive IVIG. A secondary objective was to determine if a group of patients with presumed viral myocarditis could be identified
(on the basis of age, duration of symptoms, acuity of onset of symptoms, cardiac function at presentation, virological results, or the
presence or absence of histological evidence of acute myocarditis on cardiac biopsy in patients in whom a biopsy was performed) who
would be the most likely to benefit from IVIG.

Search methods

We searched CENTRAL, MEDLINE, Embase, DARE, CINAHL, Web of Science Core Collection, and LILACS in July 2019, and two trial registries
in November 2019. We contacted authors of trials and checked reference lists of relevant papers. We applied no language restrictions.

Selection criteria

We included studies if (1) participants had a clinical diagnosis of acute myocarditis with a leI ventricular ejection fraction (LVEF) ≤ 0.45, leI
ventricular end-diastolic diameter (LVEDD) > 2 standard deviations (SDs) above the norm, or a leI ventricular shortening fraction (LVSF)
> 2 SDs below the mean, with duration of cardiac symptoms < 6 months; (2) participants had no evidence of non-infectious or bacterial
cardiac disease; and (3) participants were randomly assigned to receive at least 1 g/kg of IVIG versus no IVIG or placebo.

We excluded studies if (1) participants had received immunosuppression before outcome assessment; or (2) onset of myocarditis was
reported to have occurred < 6 months postpartum.

Data collection and analysis

Two review authors independently screened the search results and extracted data. We assessed risk of bias with the Cochrane 'Risk of bias'
tool. We conducted meta-analysis for two outcomes (overall survival and improvement in LVEF) with two adult trials. Other meta-analyses
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were not possible because only three relevant trials were included, and researchers analysed markedly diBerent populations and used
diBerent outcome measures.

Main results

In this update we added two trials to the two previously included trials. A quasi-randomised trial was previously included due to a paucity
of evidence from randomised trials; however, with the addition of two new randomised trials, it was removed from this update.

For two adult trials, the overall risk of bias was unclear with very low-certainty evidence for all outcomes. The first trial studied 62 adults
with recent-onset dilated cardiomyopathy randomly assigned to receive IVIG or an equivalent volume of 0.1% albumin in a blinded fashion.
The eBect on event-free survival between groups was uncertain (risk ratio (RR) of any event 1.76, 95% confidence interval (CI) 0.48 to 6.40).
The second trial studied 41 adults with acute myocarditis randomised to either high-dose IVIG (1 to 2 g/kg over two days) or no treatment.
The IVIG group reported greater survival time aIer 60 days (no raw data, P < 0.01), but the evidence is uncertain. We pooled the reported

number of deaths in both trials, with no evidence of a diBerence between groups (RR 0.91, 95% CI 0.23 to 3.62, I2 = 31%, very low-certainty
evidence).

The evidence on the eBect of IVIG treatment on LVEF (pooled mean diBerence (MD) −0.01, 95% CI −0.06 to 0.05) aIer 12 months and an
unknown time frame is uncertain. The results for functional capacity, assessed by peak oxygen consumption at 12 months, were uncertain
(MD −0.80, 95% CI −4.57 to 2.97). The results for infusion-related side eBects were also uncertain due to a very large CI (RR 20.29, 95% CI
1.25 to 329.93). Lastly, there was uncertain evidence addressing failure to attain complete recovery (RR 0.46, 95% CI 0.19 to 1.14).  Evidence
for improvement in LVEDD, leI ventricular shortening fraction, and hospitalisation status in adults was not reported.

In the single included paediatric trial, the overall risk of bias was low with very low-certainty evidence for all outcomes. The trial included
86 children in Egypt presenting with acute myocarditis. Children were randomly assigned to 1 g/kg IVIG daily for two consecutive days or
placebo followed by echocardiography one and six months post randomisation for recording of LVEDD and LVSF. The evidence for overall
survival aIer six months was uncertain (risk of death RR 0.48, 95% CI 0.20 to 1.15). The evidence was also uncertain for improvement in
LVEDD and LVSF aIer six months (LVEDD MD −4.00, 95% CI −9.52 to 1.52; LVSF no raw data).  Evidence for improvement in LVEF, functional
capacity, side eBects, complete recovery, and hospitalisation status in children was not reported.

Authors' conclusions

Evidence from two trials of very low certainty and with unclear risk of bias provides contradictory evidence on the use of IVIG in the
treatment of adults with presumed viral myocarditis. One trial reported that use of IVIG results in longer survival time aIer 60 days, whilst
the other trial found that IVIG does not provide an appreciable benefit. The evidence of a diBerence in event-free or overall survival, LVEDD,
or LVSF is of very low certainty in a single paediatric trial with a low risk of bias. Until higher-quality studies with low risk of bias and
larger sample sizes have demonstrated benefit in a particular group of patients, the evidence for treatment with IVIG for presumed viral
myocarditis is uncertain. Further studies of the pathophysiology of myocarditis would lead to improved diagnostic criteria, which would
facilitate future research.

P L A I N   L A N G U A G E   S U M M A R Y

Intravenous immunoglobulin for presumed viral myocarditis in children and adults

Background

Acute myocarditis is inflammation of the heart and is thought to most commonly begin as a viral infection. The disease aBects individuals
of all ages. On the basis of multiple case reports and case series, intravenous immunoglobulin (IVIG) has become part of routine practice
for treating adults and children with acute myocarditis at many centres.

Results

This is the second update of a previous review, which found one randomised controlled trial (RCT) (a type of study in which participants
are assigned to one of two or more treatment groups using a random method) of 62 adults, which suggested that IVIG is not useful in
myocarditis. The evidence in this update is current to 2 July 2019, at which point two studies were added: one RCT of 86 children did
not find any evidence that IVIG increases survival over placebo, and one RCT of 41 adults did not find evidence of increased survival (less
mortality), but did report that patients lived longer for the group treated with IVIG compared to the untreated group. AIer pooling the
available data, there was uncertain evidence of the eBect of IVIG in preventing deaths. More RCT evidence is required before IVIG can be
routinely recommended for adults or children with myocarditis.
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Summary of findings 1.   Intravenous immunoglobulin compared with placebo or no treatment for adults with acute myocarditis

Intravenous immunoglobulin compared with placebo or no treatment for adults with acute myocarditis

Patient or population: adults with acute myocarditis

Settings: hospital

Intervention: IVIG

Comparison: placebo or no treatment

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control IVIG

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Event-free survival (risk of death, cardiac
transplant, or leI ventricular assist device) -
adults with myocarditis, median follow-up of
23 months

103 per 1000 182 per 1000

(50 to 662)

RR 1.76 (0.48 to
6.40)

62 (1) ⊕⊝⊝⊝

Very low 1,2,3
 

Overall survival (risk of death) - adults with
myocarditis, median follow-up of 3.5 months

182 per 1000 165 per 1000

(42 to 658)

RR 0.91 (0.23 to
3.62)

103 (2) ⊕⊝⊝⊝

Very low 1,3,4
 

Side effects - mild infusion effects, 12-month
follow-up

0 per 1000 2 per 1000

(0 to 33)

RR 20.29 (1.25
to 329.93)

62 (1) ⊕⊝⊝⊝

Very low 1,5,6

No control participants
reported side effects;
baseline risk was es-
timated to be 0.01%
based on the limited da-
ta available. For the data
reported NNTH = 3.

*Basis for assumed risk was calculated by the number of events in the control group reported for each survival outcome. For side effects, no events were reported in the
control group. To estimate baseline risk we assumed a low baseline risk of 0.01% based on the limited data available for that outcome. The corresponding risk (and its 95%
confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; IVIG: intravenous immunoglobulin; NNTH: number needed to treat for an additional harmful outcome; RR: risk ratio

GRADE Working Group grades of evidence
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High certainty: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1Downgraded by 1 level due to unclear risk of bias related to lack of clarity around randomisation and blinding.
2Downgraded by 1 level for indirectness as very few participants had proven myocarditis.
3Downgraded by 2 levels for imprecision due to optimal information size not being met and CI including both appreciable benefit and harm.
4Downgraded by 1 level for indirectness as it was it was unclear if biopsies were done to confirm myocarditis and rule out congential cardiomyopathies.
5Downgraded by 1 level for indirectness due to uncertainty of the baseline estimate.
6Downgraded by 1 level for imprecision due to optimal information size not being met and large CI.
 
 

Summary of findings 2.   Intravenous immunoglobulin compared with placebo or no treatment for children with acute myocarditis

Intravenous immunoglobulin compared with placebo or no treatment for children with acute myocarditis

Patient or population: children with acute myocarditis

Settings: hospital

Intervention: IVIG

Comparison: placebo or no treatment

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control IVIG

Relative effect
(95% CI)

Number of partici-
pants
(studies)

Certainty of the evi-
dence
(GRADE)

Overall survival (risk of death) - children
with myocarditis, 6-month follow-up

295 per 1000 142 per 1000

(59 to 340)

RR 0.48 (0.20 to
1.15)

86 (1) ⊕⊝⊝⊝

Very low 1,2

*Basis for assumed risk was calculated by the number of events in the control group reported for each survival outcome. The corresponding risk (and its 95% confidence
interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; IVIG: intravenous immunoglobulin; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.
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1Downgraded by 2 levels for imprecision due to optimal information size not being met and CI including both appreciable benefit and harm.
2Downgraded by 1 level for indirectness as it was it was unclear if biopsies were done to confirm myocarditis and rule out congential cardiomyopathies.
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B A C K G R O U N D

Description of the condition

Acute myocarditis is a disease that occurs in individuals of
all ages. It is presumed to usually start as a viral infection,
although autoimmune and idiopathic forms also occur. It remains
unclear whether the primary problem is most commonly ongoing
damage from a virus, a postinfectious inflammatory reaction, or a
combination of the two.

One problem involved in analysing the literature on the treatment
of patients with acute myocarditis is that the enrolment criteria
for these studies are far from uniform. Reasons for this include the
following.

• No reference standard has been accepted for the diagnosis of
acute myocarditis. Detection of pathogens from cardiac tissue
would represent evidence in favour of infectious myocarditis.
This seldom occurs, presumably because the concentration
of pathogens is typically very low by the time a biopsy is
performed. The yield is improved by molecular techniques
(Guglin 2012). However, it is not clear whether detection of
latent viruses such as cytomegalovirus in cardiac tissue is always
indicative of myocarditis. It has been suggested that one way
to diagnose acute myocarditis is to perform cardiac biopsies
at a minimum of five sites to look for histology fulfilling the
Dallas criteria. These criteria require evidence of lymphocytic
infiltration and myocyte necrosis with or without degeneration
(Towbin 2001). However, studies have shown that biopsies
on about half of adults with acute myocarditis at autopsy
did not fulfil the Dallas criteria (Towbin 2001). The reason
for this is that inflammation can be patchy or transient, and
can progress to fibrosis (which would not be interpreted as
acute myocarditis) (Levi 2001). Consequently, many studies
include patients who do not fulfil the Dallas criteria for acute
myocarditis. Alternative World Heart Federation criteria require
a diBuse, focal or confluent infiltrate of ≥ 14 leucocytes/

mm2 (primarily lymphocytes with up to 4 macrophages/mm2

permitted) (Maisch 2002; Maisch 2013; Meyer 1997). Progress has
been reported in the use of diagnostic imaging for diagnosis of
acute myocarditis. The 'Lake Louise criteria' can be applied to
cardiac magnetic resonance imaging (MRI) for the diagnosis of
acute myocarditis (Friedrich 2009). As with an endomyocardial
biopsy, the sensitivity of cardiac MRI is greatest if performed
early in the course of myocarditis. MRI cannot distinguish viral
from other forms of acute myocarditis, but MRI-guided biopsies
have a higher yield than blinded biopsies (Guglin 2012).

• The nomenclature of myocarditis is not yet standardised. For
example, the term 'acute myocarditis' is used by some study
authors to refer to all cases of active myocarditis (Fuse 2000),
whereas other study authors use the term only for disease of
indistinct onset, using the term 'fulminant' for cases with a
distinct onset and clear evidence of a recent viral illness (Hare
2001). Some study authors use the term 'acute myocarditis' for a
presumed infectious process, but others include non-infectious
entities. Some experts believe that infectious myocarditis
progresses from a phase where viral infection dominates to
a phase where autoimmunity dominates (Liu 2001). If viral
replication or cytokine production persists, the patient develops
a dilated cardiomyopathy (Liu 2001). If viral replication and
cytokine production cease, the patient spontaneously recovers.

An alternate viewpoint is that the disease begins as rapidly
progressive, acute, or chronic myocarditis, and that these three
presentations are not part of a continuum (Fenoglio 1983).
Because no agreement has been reached on the natural history
of acute myocarditis, and no uniform classification scheme has
been devised, it is not possible for studies to consistently report
results of treatment for diBerent types of myocarditis.

• No consensus has been reached regarding which investigations
must be done to exclude non-infectious causes of acute
myocardial dysfunction. In previously well paediatric patients,
a clinical diagnosis of infectious myocarditis is fairly accurate,
although congenital cardiomyopathy can present acutely. In
adults, ischaemic heart disease is commonly confused with viral
myocarditis. Other causes of acute cardiac dysfunction include
drug-induced dysfunction (from alcohol, organic solvents,
cocaine, or chemotherapeutic or cardiac agents), collagen
vascular disease, and postpartum cardiomyopathy.

It is not clear how acute myocarditis in children diBers from acute
myocarditis in adults. However, one study showed that 17 of
18 adults with fulminant myocarditis survived (McCarthy 2000),
whereas a paediatric study described survival in only two of nine
infants with fulminant myocarditis (Mounts 2001).

Description of the intervention

Intravenous immunoglobulin (IVIG) is a pooled blood product that
contains a mix of antibodies taken from the blood of healthy
donors. It is a type of immunotherapy.

How the intervention might work

If ongoing infection is the primary problem, IVIG could be
eBicacious if it contains antibodies to the microbe. IVIG also has
anti-inflammatory properties, so it could be eBicacious even if the
primary problem is a postinfectious inflammatory reaction or a
non-infectious process.

Why it is important to do this review

Multiple case reports, Nigro 2001; Takeda 1998; Tedeschi 2002,
and case series, Alrabate 2013; Drucker 1994; Goland 2008; Haque
2009, have described apparent dramatic responses to IVIG in adults
and children with acute myocarditis, with one large case series
suggesting no benefit irrespective of severity of illness (Klugman
2009). However, results from a randomised controlled trial showed
no advantage in IVIG-treated adults with recent-onset dilated
cardiomyopathy (or in the subgroup with histological evidence of
acute myocarditis) (McNamara 2001).

O B J E C T I V E S

The primary objective of this review was to compare event-free
(death, requirement for a cardiac transplant, or placement of a
leI ventricular  assist device) or overall (death) survival of adults
and children with presumed viral myocarditis treated with IVIG
versus those who did not receive IVIG. A secondary objective was
to determine if a group of patients with presumed viral myocarditis
could be identified (on the basis of age, duration of symptoms,
acuity of onset of symptoms, cardiac function at presentation,
virological results, or the presence or absence of histological
evidence of acute myocarditis on cardiac biopsy in patients in
whom a biopsy was performed) who would be the most likely to
benefit from IVIG.

Intravenous immunoglobulin for presumed viral myocarditis in children and adults (Review)
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M E T H O D S

Criteria for considering studies for this review

Types of studies

This review included randomised controlled trials (RCTs) that
compared study participants treated with IVIG versus participants
who did not receive IVIG.

We did not include trials that compared IVIG versus
immunosuppressive therapy, as tremendous variability has been
noted in the type and dose of immunosuppressive drugs used and
in the timing of administration of these drugs. However, if arms of
a trial included an IVIG group and a placebo or no-therapy group,
participants from these arms were considered for inclusion in this
review if possible.

Types of participants

Inclusion criteria

We included inpatients and outpatients of any age, sex, or race.

• Participants had to have a clinical diagnosis of acute myocarditis
and at least one of the following:

• leI ventricular ejection fraction (LVEF) ≤ 0.45;

• leI ventricular end-diastolic diameter (LVEDD) > 2 standard
deviations (SDs) above the norm as adjusted for body surface
area;

• leI ventricular shortening fraction (LVSF) > 2 SDs less than the
mean as adjusted for age, or < 29% in an adult.

• The duration of cardiac symptoms before randomisation had to
be < 6 months.

As a result of the poor sensitivity of cardiac biopsy as a diagnostic
tool for acute myocarditis, and the fact that biopsies are seldom
performed in children with suspected myocarditis, a histological
diagnosis was not required.

Exclusion criteria

• Participants could not have any evidence of non-infectious or
bacterial cardiac disease.

• Studies that included participants who had received
immunosuppression before the final assessment of outcome
following IVIG/no IVIG were excluded, as the benefit of
immunosuppression remains controversial.

• As the pathogenesis of postpartum cardiomyopathy is likely to
diBer from that of other cases of acute myocarditis, participants
were excluded if onset of myocarditis was reported to be less
than six months postpartum.

Types of interventions

Standard therapy for myocarditis is supportive care. In addition
to this, participants must have been randomly assigned to receive
at least 1 g/kg of any standard formulation of IVIG versus either
placebo or no additional therapy.

Types of outcome measures

We planned to analyse outcome measures using the longest follow-
up time reported for each study. We planned to analyse all outcome

measures separately in the subgroup of participants who had
cardiac biopsies that fulfilled the Dallas or World Heart Federation
criteria for acute myocarditis (Aretz 1987; Maisch 1999; Maisch
2000).

Reporting one or more of the outcomes listed here  was not an
inclusion criterion for the review. Where a published report did
not appear to report one of these outcomes, we accessed the trial
protocol and attempted to contact the trial authors to ascertain
whether the outcomes were measured but not reported. Relevant
trials that measured these outcomes but reported no data at all, or
data not in a useable format, were included in the review as part of
the narrative.

Primary outcomes

• Event-free survival, measured as risk of death or the
requirement for cardiac transplant or placement of a leI
ventricular assist device.

• Overall survival, measured as risk of death.

Secondary outcomes

• Improvement in LVEF.  We planned to examine change from
baseline and look for the presence or absence of normalisation.

• Improvement in LVEDD. We planned to examine change from
baseline and look for the presence or absence of normalisation.

• Improvement in LVSF. We planned to examine change from
baseline and look for the presence or absence of normalisation.

• Improvement in functional capacity (as determined by
increased exercise tolerance as measured by any objective test
and the New York Heart Association Functional Capacity test).

• Occurrence of side eBects.

• Failure to attain complete recovery.

• Hospitalisation status.

Search methods for identification of studies

Electronic searches

We re-ran search strategies from the previous searches in 2009
(Appendix 1) and 2014 (Appendix 2) on 2 July 2019 (Appendix 3).
We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) (via CRS Web) and the Database of Abstracts of Reviews
of EBects (DARE) (2015, Issue 2 of 4: last issue available), MEDLINE
and Epub Ahead of Print, In-Process & Other Non-Indexed Citations
and Daily (Ovid, 1946 to 27 June 2019), Embase (Ovid, 1980 to
Week 26 2019), the Cumulative Index to Nursing and Allied Health
Literature (CINAHL) (EBSCO, 1937 to 2 July 2019), Web of Science
Core Collection (Thomson Reuters, 1900 to 2 July 2019), and
the Latin American and Caribbean Health Science Information
database (LILACS) (BIREME, 1982 to 2 July 2019).

The Cochrane sensitivity-maximising RCT filter was applied to
MEDLINE; for Embase, terms as recommended in the Cochrane
Handbook were applied (Lefebvre 2011). An adaptation of the RCT
filter was applied to all other databases, except CENTRAL and DARE.

We did not limit the search by language or publication status, and
included all years available for each database.
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Searching other resources

We reviewed the reference lists of all included studies for further
studies.

We searched the following clinical trial registers in January 2014:

• National Heart, Lung, and Blood Institute (www.nhlbi.nih.gov/
index.htm);

• ISRCTN Register (www.controlled-trials.com);

• Clinicaltrials.gov (clinicaltrials.gov);

• National Research Register Archive and National Institute for
Health Research (NIHR) Portfolio Database (portal.nihr.ac.uk);

• CenterWatch (www.centerwatch.com/search.asp);

• CardioSource (www.cardiosource.com);

• www.neri.org/html/research/clinical/pediatric.asp (to 2003).

For this update we searched the following clinical trial registers on
4 November 2019:

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (www.who.int/ictrp/en/).

Data collection and analysis

Selection of studies

Two review authors (JR, MS) independently examined the titles
and abstracts of trials generated by the search to identify those
that were potentially relevant. We obtained the full-texts of those
studies deemed potentially relevant, and two review authors (JR,
MS) assessed these for inclusion in the review using a standardised
form. We planned to resolve any discrepancies through discussion.

Data extraction and management

Two review authors (JR, MS) independently extracted data using a
standard data form to capture the following information.

• Study characteristics (e.g. design, quality, funding source).

• Study participants (e.g. age, severity of illness, duration of
symptoms, number of participants randomised, followed up,
and analysed).

• Intervention (e.g. dose of IVIG).

• Outcome measures (e.g. event-free survival, overall survival,
LVEF, LVEDD, LVSF, functional capacity, side eBects, complete
recovery, hospitalisation status).

• Results.

We noted no discrepancies in data extraction. We requested
additional unpublished data from the primary author of one
included trial (McNamara 1997).

Assessment of risk of bias in included studies

Two review authors (JR, MS) independently assessed all included
studies using the Cochrane 'Risk of bias' tool (Higgins 2011). We
determined overall risk of bias based on the primary outcome
(event-free survival or overall survival) within each study. We
assessed the risk of bias according to the following seven domains:

• random sequence generation;

• allocation concealment;

• blinding of participants and personnel;

• blinding of outcome assessment;

• incomplete outcome data;

• selective outcome reporting;

• other bias.

We graded each potential source of bias as high, low, or unclear and
provided a quote from the study report together with a justification
for our judgement in the 'Risk of bias' table. We summarised
the 'Risk of bias' judgements across diBerent studies for each of
the domains listed. Where information on risk of bias related to
unpublished data or correspondence with a trialist, we noted this
in the 'Risk of bias' table. The domains were all weighted equally,
and disagreements were resolved by consensus.

Measures of treatment e:ect

Dichotomous data (e.g. event-free survival, overall survival,
occurrence of side eBects, complete recovery) were expressed as
risk ratio (RR) with 95% confidence intervals (CIs). We measured
event-free survival as risk of an event (death, cardiac transplant,
placement of a leI ventricular assist device)  occurring; overall
survival as the risk of death; side eBects as the risk of side eBects
occurring; and recovery as failure to attain complete recovery. We
derived the number needed to treat for an additional harmful
outcome (NNTH) to help clarify the extent of adverse eBects. We
converted continuous data (e.g. change in LVEF, change in LVEDD,
and peak oxygen consumption) to mean diBerences (MDs) with 95%
CIs.

Unit of analysis issues

We planned to analyse cluster-randomised trials in accordance
with the guidance in Section 16.3.2 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019), but no such
studies have as yet been identified. We planned that for trials with
multiple arms, we would divide the control group N by the number
of arms to avoid double-counting in meta-analyses; however, this
was not applicable to the studies included in the review.

Dealing with missing data

We contacted investigators or study sponsors in order to verify
key study characteristics and to obtain missing numerical outcome
data where possible (e.g. when a study was identified as abstract
only).

Assessment of heterogeneity

We inspected forest plots visually to consider the direction and
magnitude of eBects and the degree of overlap between confidence

intervals. We used the I2 statistic to measure heterogeneity
amongst the trials in each analysis, but acknowledge that there is

substantial uncertainty in the value of I2 when there is only a small

number of studies. We also considered the P value from the Chi2

test.

We planned that if we identified substantial heterogeneity (50%
to 90%), we would report it and explore possible causes
by prespecified subgroup analysis. Where heterogeneity was
considerable (75% to 100%), we would not pool studies statistically
but present them in forest plots and suppress the summary eBect
estimate.
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Assessment of reporting biases

Due to the small number of included studies, we were only able
to conduct one meta-analysis. As the meta-analysis only included
two studies, it was not possible to examine publication bias using
a funnel plot.

Data synthesis

Meta-analysis was only possible for two outcomes (overall survival
and change in LVEF) with data provided from two adult  trials.
Other meta-analyses were not possible because only three trials
were included in the review, which enrolled completely diBerent
populations and measured outcomes in diBerent ways.

For peak oxygen consumption, we assumed a correlation of 0.5
and used the methods of Follmann to calculate the SDs of the
change from baseline estimates (Follmann 1992). McNamara 2001
reported this variable and calculated the value only on the portion
of the sample for which data were available (48/62 participants).
The study authors did not provide the breakdown of sample size in
each group, only a total sample size. They calculated an estimate of
sample size in each group by pro-rating the original group sample
sizes to the new total sample size.

Subgroup analysis and investigation of heterogeneity

We prespecified a subgroup analysis of cardiac biopsies that
fulfilled the Dallas, Aretz 1987, or World Heart Federation, Maisch
1999; Maisch 2000, criteria for acute myocarditis to investigate
possible heterogeneity; however, due to an insuBicient number of
included studies we could not undertake this analysis.

Sensitivity analysis

We did not undertake a sensitivity analysis due to the limited
number of included studies.

Summary of findings and assessment of the certainty of the
evidence

We developed 'Summary of findings' tables (Summary of findings
1; Summary of findings 2) for both the adult and paediatric
populations using the primary outcome of survival (both event-
free survival and overall survival). In order to present a balanced
picture of benefits and harms, side eBects were also included
as an outcome in the adult population; side eBects were not
reported  in children. For each outcome, two review authors (JR,
MS) independently applied the GRADE methods to determine the
certainty of the evidence as outlined in the GRADE Handbook
(Schunemann 2013). We decided whether or not to downgrade
the certainty of the evidence one or two levels for each of the
five domains (risk of bias, inconsistency, indirectness, imprecision,
and publication bias). Any disagreements were resolved through
discussion, and all decisions were justified in the footnotes for
transparency.

R E S U L T S

Description of studies

Results of the search

In the updated search in July 2019, we identified 467 unique
references of which 15 references were judged as potentially
relevant. We excluded 12 studies that were not randomised or
did not evaluate IVIG. One study was identified as ongoing. Two
new studies met the inclusion criteria, so in addition to the study
included in the previous version of the review, three studies are now
included in the review (Figure 1) (El-Saiedi 2013; Kishimoto 2014;
McNamara 2001). Agreement between the two review authors was
100% with respect to study relevance.
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Figure 1.   Study flow diagram.

 
Included studies

See Characteristics of included studies for further details.

Two randomised trials of IVIG in adults and one in children have
been reported to date (El-Saiedi 2013; Kishimoto 2014; McNamara
2001).

McNamara 2001 was conducted in the USA and published in
English. This placebo-controlled trial evaluated the eBicacy of IVIG
amongst 62 adults (mean age 43.0 years, SD 12.3 years) with
new-onset (within six months) dilated cardiomyopathy, normal
coronary angiography, and LVEF ≤ 0.40. All participants had
endomyocardial biopsies, but only 10 had cellular inflammation
(four fulfilled the Dallas criteria for myocarditis, three had
borderline myocarditis, and three had non-specific inflammation).

Participants were randomly assigned to receive 2 g/kg IVIG or an
equivalent volume of 0.1% albumin in a blinded fashion.

Kishimoto 2014 was conducted in Japan and published in English.
This multicentre randomised trial evaluated the prognosis of 41
adults (range 19 to 80 years of age) with a clinical diagnosis
compatible with acute myocarditis. It is not clear how many
participants had cardiac biopsies. Participants presented with an
LVEF ≤ 0.40, recent onset of symptoms (less than six months), and
no evidence of valvular or ischaemic heart disease. Pretreatment
catheterisation with coronary angiography and endomyocardial
biopsy was completed in 20 participants. Participants were
randomised to two groups: IVIG (1 to 2 g/kg over two days) or no
treatment.
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El-Saiedi 2013 was conducted in Egypt and published in English.
This randomised placebo-controlled study evaluated the addition
of IVIG to conventional therapy in 86 children (ranging from 4
months to 6 years of age) with acute-onset dilated cardiomyopathy
and an LVSF less than 20%. Children were randomly allocated to
receive 1 g/kg IVIG or a placebo of 5% glucose intravenous fluids
10 mL/kg daily for two consecutive days. There was no evidence
of diBerences in clinical parameters at baseline between the two
groups with the exception of cardiac enzymes (CPK), which were
higher in the placebo group (IVIG: 155.6 ± 33.9 versus placebo: 243.2
± 34.2; P = 0.002).

Funding for the McNamara study was provided by a pharmaceutical
company in the form of an educational grant (McNamara 2001).
Funding for the Kishimoto study was provided by grants from
the Japanese Ministry of Education, Science and Culture, the
Shimizu Immunology Foundation, the All CoBee Association, The
Universe Foundation, and the Cardiovascular Research Foundation
(Kishimoto 2014). The funding source for the El-Saiedi study was
not specified (El-Saiedi 2013).

Ongoing studies

See Characteristics of ongoing studies for further details.

We identified a total of three ongoing trials. Results have not
yet been reported from the European Study of Epidemiology and
Treatment of Cardiac Inflammatory Diseases (ESETCID) (Hufnagel
2000). This trial involves diBerent therapies depending on the
expected pathogenesis of myocarditis, and at least one of the study
arms involves immunoglobulin therapy. The Immunoglobulin
Therapy for Patients With Idiopathic Cardiomyopathy and
Endomyocardial Parvovirus B19 Persistence Trial was completed
in June 2018; however, no results have been reported (Heymans
2018).  A new trial in India of intravenous IVIG in young patients
with recent-onset dilated cardiomyopathy has been registered, but
results are not yet available (Marotrao 2018).

Excluded studies

See Characteristics of excluded studies for further details.

We excluded a total of 26 studies for the following reasons: not
an RCT (16 studies), diBerent population (6 studies), diBerent
intervention (3 studies), and one study, an abstract, did not report
any results.

Risk of bias in included studies

Overall risk of bias was unclear in the two adult studies, Kishimoto
2014; McNamara 2001, and low in the paediatric study (Figure 2;
Figure 3) (El-Saiedi 2013).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding (performance bias and detection bias): All outcomes
Blinding of participants and personnel (performance bias): All outcomes

Incomplete outcome data (attrition bias): All outcomes
Selective reporting (reporting bias)
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Selection bias was unclear across the included studies. Methods
of randomisation and allocation concealment were not reported
in Kishimoto 2014, and there was a lack of detailed explanation
regarding the use of block randomisation and double-blinding in
relation to allocation concealment in McNamara 2001. El-Saiedi
2013 used a random table block stratified by a clinical centre where

allocation was managed by a third party and used a placebo, and
was therefore judged as having a low risk of selection bias.

Blinding

Performance bias and detection bias were unclear across the
included studies. No blinding was reported in Kishimoto 2014,
resulting in insuBicient information to determine risk of bias. In
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McNamara 2001, double-blinding is mentioned but not explained,
therefore this study was judged as at unclear risk of bias. El-Saiedi
2013 used a placebo, and both groups received the same follow-up,
resulting in a determination of low risk of bias for this domain.

Incomplete outcome data

Attrition bias was unclear across the included studies. El-Saiedi
2013 did not report the number of participants lost to follow-
up, and whilst the outcome data for the primary outcome were
complete in McNamara 2001, measurements of functional capacity
were incomplete with no explanation provided. We assessed both
studies as at unclear risk of bias for this domain. Kishimoto 2014
reported that "all patients were followed up for a median of
3.5 months aIer therapy", and Table 1 appears to be complete,
resulting in a determination of low risk of attrition bias.

Selective reporting

Reporting bias was unclear across the included studies, as
insuBicient information was reported in El-Saiedi 2013 and
Kishimoto 2014. McNamara 2001 had a low risk of reporting bias as
all prespecified outcomes were reported.

Other potential sources of bias

No other potential sources of bias were noted.

E:ects of interventions

See: Summary of findings 1 Intravenous immunoglobulin
compared with placebo or no treatment for adults with acute
myocarditis; Summary of findings 2 Intravenous immunoglobulin
compared with placebo or no treatment for children with acute
myocarditis

Survival

The evidence regarding the eBect of IVIG on  event-free survival
and overall survival in adults (event-free survival: risk ratio (RR)
1.76, 95% confidence interval (CI) 0.48 to 6.40; very low-certainty
evidence, median follow-up time of 23 months (range 14 to 41
months); overall survival: pooled RR 0.91, 95% CI 0.23 to 3.62;
very low-certainty evidence) is uncertain (Analysis 1.1; Analysis 1.2)
(Kishimoto 2014; McNamara 2001). The Kishimoto study did report
longer survival time (defined as time to event) in the IVIG group
during an average follow-up time of 60 days; however, no raw data
were reported (P < 0.01) (Kishimoto 2014).

In the paediatric study, evidence for overall survival was uncertain
(RR of death 0.48, 95% CI 0.20 to 1.15; very low-certainty evidence;
Analysis 2.1) with a follow-up time of six months (El-Saiedi 2013).
Event-free survival was not reported.

Improvement in LVEF

Evidence was uncertain for improvement in LVEF between the
IVIG group and the control group for the two adult trials
(mean diBerence (MD) −0.01, 95% CI −0.06 to 0.05) aIer 12
months, McNamara 2001, and an unknown time frame, Kishimoto
2014 (Analysis 1.3). The overall certainty of the evidence was very
low.

Improvement in LVEDD

In the paediatric study, improvement in LVEDD was seen in both the
IVIG and control groups aIer six months, with uncertain evidence

of a diBerence between groups (MD −4.00, 95% CI −9.52 to 1.52; very
low-certainty evidence; Analysis 2.2) (El-Saiedi 2013).

Improvement in LVSF

In the paediatric study, both the IVIG and control groups showed
improvement in LVSF aIer six months, with uncertain evidence of a
diBerence between groups (no numerical data; very low-certainty
evidence) (El-Saiedi 2013).

Improvement in functional capacity

The results of functional capacity as assessed by peak oxygen
consumption was uncertain at 12 months (MD −0.80, 95% CI −4.57 to
2.97; very low-certainty evidence) (Analysis 1.4) (McNamara 2001).
No other measures of functional capacity were reported.

Side e:ects

In adults, the evidence for adverse events potentially related to
IVIG was uncertain. Adverse events only occurred in the treated
group, and all were described as mild infusion reactions (RR 20.29,
95% CI 1.25 to 329.93; NNTH = 3) (Analysis 1.5) (McNamara 2001).
In children, a few participants noted flu-like symptoms, but no
major adverse events were reported including hypotension or
anaphylaxis (El-Saiedi 2013). The overall certainty of the evidence
was very low.

Failure to attain complete recovery

The evidence regarding the eBect of IVIG on whether participants
fully recovered was uncertain (RR 0.46, 95% CI 0.19 to 1.14; very low-
certainty evidence) (Analysis 1.6) (Kishimoto 2014).

Hospitalisation status

No evidence regarding hospitalisation status was reported in any of
the included studies.

D I S C U S S I O N

Summary of main results

Two adult studies with an unclear risk of bias and one paediatric
study with a low risk of bias showed no benefit of IVIG for the
primary outcome (transplant-free or overall survival) (Summary
of findings 1, Summary of findings 2). However, one of the adult
studies reported longer survival time in the first 60 days in the IVIG
group (Kishimoto 2014). With regard to secondary outcomes, one
adult study showed no improvement in LVEF (McNamara 2001);
the paediatric study showed no improvement in LVEDD or LVSF
(El-Saiedi 2013); and one adult study showed no improvement in
functional capacity when last measured (McNamara 2001).

Overall completeness and applicability of evidence

There is residual doubt, particularly in the paediatric study, as to
whether all enrolled participants truly have acute myocarditis (El-
Saiedi 2013). Whilst the meta-analysis of overall survival showed
low heterogeneity, not all of the participants may have had
confirmed myocarditis (McNamara 2001). This, combined with the
small sample size and the variation in the eligibility criteria and
reported outcomes, means that the results of the three included
studies may not be applicable to all adults and children with
suspected acute myocarditis.
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As acute myocarditis is a relatively non-specific entity, it is possible
that a subset of patients may respond to IVIG. This group might
include patients whose disease was precipitated by a specific virus,
or patients treated with IVIG early in the course of their illness, when
they have ongoing viral replication in the myocardium. Paediatric
patients may be more likely to respond, as the chance that an acute
cardiomyopathy is due to viral myocarditis is probably greater in
children than in adults.

Quality of the evidence

The overall certainty of the evidence was very low. The quality of the
evidence was downgraded most oIen due to an unclear risk of bias,
as randomisation methods were unclear or not reported, and for
imprecision due to the confidence interval failing to exclude either
a benefit or a harm and for failing to meet the optimal information
size.

Potential biases in the review process

Eligible studies should be readily identified by the screening
process, as the terminology for 'myocarditis' and 'IVIG' are not
ambiguous. Given that there is equipoise on the use of IVIG for
myocarditis, studies are of great interest and are likely to be
accepted for publication if the quality is acceptable.

Agreements and disagreements with other studies or
reviews

A major limitation of McNamara 2001 is that it seems likely that
at least some of the trial participants may not have had viral
myocarditis, as only 10 of 62 had inflammation on cardiac biopsy.
However, the primary purpose of the biopsies in this trial may have
been to rule out fibrosis, so fewer biopsies were taken than would
have been taken had the purpose been to confirm myocarditis. This
lack of benefit contrasts with multiple case reports and case series
suggesting potential benefit of IVIG in suspected viral myocarditis
(Alrabate 2013; Drucker 1994; Goland 2008; Haque 2009; McNamara
1997; Nigro 2001; Takeda 1998; Tedeschi 2002). Spontaneous
improvement is common with acute myocarditis and can be rapid
or gradual, so the improvement noted in these case series may have
been part of the natural history of the disease. The findings from
McNamara and colleagues are also incongruent with the results of
the second RCT of adults with recent-onset myocarditis that was
added at this update. Kishimoto and colleagues reported longer
survival times in participants treated with IVIG; however, due to an
unclear risk of bias and concerns about imprecision, the certainty
of the evidence was very low (Kishimoto 2014).

A recent review reported decreased in-hospital mortality and
improved LVEF with IVIG in 13 adult and paediatric studies with
a control group (Huang 2019). They reported improved overall
survival with IVIG for acute fulminant myocarditis; however, all
studies but El-Saiedi 2013 were observational studies. It is unclear
why they did not include the McNamara and Kishimoto RCTs
(Kishimoto 2014; McNamara 2001).

One of the excluded studies warrants mention, as it may be of
interest to the reader (Maisch 2004). This was a controlled trial
of cytomegalovirus hyperimmunoglobulin (CMVhlg), rather than
IVIG, amongst 35 participants with CMV-positive myocarditis. The
results showed a significant diBerence between groups in favour
of treatment in terms of elimination of CMV-DNA and infiltrate,
and improvement of 1 New York Heart Association (NYHA) class.
In a review article, it was stated that data from the Marburg
Registry support the notion that IVIG has eBicacy for myocarditis
due to adenovirus, but that for myocarditis due to parvovirus, IVIG
decreases inflammation but does not eradicate the virus (Maisch
2013). However, an ongoing trial in the Netherlands is examining
the use of IVIG in adults with chronic cardiomyopathy and detection
of parvovirus B19 on endomyocardial biopsy (Heymans 2018).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Evidence from two trials involving 103 adults provides incongruent
evidence regarding the use of intravenous immunoglobulin (IVIG)
for the management of presumed viral myocarditis in adults. In
both studies, it is unknown whether all participants had viral
myocarditis, as this was usually a clinical rather than a biopsy-
proven diagnosis (Kishimoto 2014; McNamara 2001). One of the
adult trials did report longer survival time in the first 60 days
with a tendency towards longer total survival, but did not detail
randomisation methods (Kishimoto 2014). Pooled data showed
the risk of death in these two studies to be not significant,
with both harm and benefit. Evidence from a single paediatric
trial was also inconclusive. The study of 86 children found that
IVIG favoured but did not significantly improve survival (El-Saiedi
2013). Further randomised controlled trials are needed. Until
higher-quality studies demonstrate benefit in a particular group of
patients, the evidence  for treatment with IVIG for presumed viral
myocarditis is uncertain.

Implications for research

The greatest need is for further studies of the pathophysiology of
acute myocarditis, which would provide a better understanding of
the aetiology and natural history of the disease. This might lead
to improved diagnostic criteria, which would make it much easier
for researchers to design studies of treatment options. This might
also lead to recognition of subgroups of patients for whom IVIG has
greater potential to confer clinical benefit.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Randomised, placebo-controlled, single-centre study; table block randomisation stratified by clinical
centre. No blinding reported.

Participants 86 patients (range 4 months to 6 years of age; mean age of 2.1 ± 1.3 years in the IVIG group versus 3.3 ±
1.9 years in the placebo group) with acute-onset dilated cardiomyopathy, LVSF less than 20%, less than

El-Saiedi 2013 
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6 months duration of cardiac symptoms at time of randomisation. Exclusion criteria: neonates, history
of cardiac symptoms since birth

Interventions Treatment of 1 g/kg IVIG (VIGAM-S. , 2.5 g and 5 g, Bio Products Laboratory Limited) each day for 2 con-
secutive days versus regular glucose 5% IV fluids 10 mL/kg repeated on 2 consecutive days

Outcomes Primary endpoint was change in LVSF and LVEDD from baseline to 6 months post randomisation as-
sessed by echocardiography. Secondary endpoint was survival versus death.

Notes Funding: not reported

Language of publication: English

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Used a "random table block stratified by clinical center"

Allocation concealment
(selection bias)

Low risk Third party managed group assignment.

Blinding (performance
bias and detection bias)
All outcomes

Low risk Placebo used, and both groups received the same follow-up.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk All participants received the same follow-up; survival vs death was hard end-
point.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Number of participants lost to follow-up was not reported.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information reported; data on SF are shown in Figure 2, but num-
bers are not provided.

El-Saiedi 2013  (Continued)

 
 

Study characteristics

Methods Multicentre trial; randomisation methods not reported

Participants 41 adults (aged 19 to 80 years; 27 male, 14 female) with an LVEF ≤ 0.40, less than 6 months of cardiac
symptoms at randomisation point with myocarditis diagnosed using the Dallas criteria. Patients with
acute cardiac failure, arrhythmia, or recent flu-like illness with electrocardiographic abnormalities
were eligible for inclusion. Exclusion criteria: diabetes, thyroid disease, renal disease, uncontrolled hy-
pertension (systolic blood pressure > 140 mmHg and diastolic blood pressure > 90 mmHg), valvular
heart disease, previous history of documented ischaemic heart disease, eosinophilic myocarditis

Interventions 1 to 2 g/kg IVIG (intact, Fc portion: Venilon, Polyglobin-N, and Venoglobulin-IH) over 2 days versus no
treatment

Kishimoto 2014 
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Outcomes LVEF measured by echocardiography, presence or absence of a circulatory assist device, degree of re-
covery

Notes Funding: grants from the Japanese Ministry of Education, Science and Culture, the Shimizu Immunolo-
gy Foundation, the All Coffee Association, The Universe Foundation, and the Cardiovascular Research
Foundation

Language of publication: English

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomisation methods were not reported.

Allocation concealment
(selection bias)

Unclear risk How participants were allocated to groups is not explained.

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk No blinding was reported; insufficient information to determine risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk No blinding was reported; insufficient information to determine risk.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk "All patients were followed up for a median of 3.5 months after therapy"; Table
1 appears to be complete.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information reported.

Kishimoto 2014  (Continued)

 
 

Study characteristics

Methods Randomised, placebo-controlled, double-blind trial; block randomisation was stratified by clinical cen-
tre; intention-to-treat analysis was not performed

Participants 62 adults (mean age 43.0, SD 12.3 years; 37 men; 4 participants met the Dallas criteria for acute my-
ocarditis); participants had recent onset (≤ 6 months of symptoms) of dilated cardiomyopathy and
LVEF ≤ 0.40. Exclusion criteria: coronary artery disease, significant valvular disease, significant dia-
betes mellitus, significant hypertension, uncorrected thyroid disease, giant cell myocarditis, sarcoid,
haemochromatosis

Interventions Treatment: 2 g/kg IVIG (Gamimune N, 10%, Bayer Corporation); administered at 1 g/kg IV each day on 2
consecutive days
Control: 0.1% albumin in 10% maltose solution given in equivalent volume (10 mL/kg IV) each day on 2
consecutive days

Outcomes Primary endpoint: change in LVEF from baseline to 6 months and 12 months; secondary endpoints:
event-free survival (events defined as death, cardiac transplantation, or placement of an LVAD) and
functional capacity as assessed by metabolic stress testing at 12 months

McNamara 2001 
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Notes Funding: educational grant from the Bayer Corporation
Language of publication: English

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Blocked randomisation was stratified by clinical centre, but no further details
were provided on how the randomisation schedule was created.

Allocation concealment
(selection bias)

Unclear risk "Double-blinding" is mentioned but not explained.

Blinding (performance
bias and detection bias)
All outcomes

Unclear risk It is not clear how those who assessed outcomes were blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk "Double-blinding" is mentioned but is not explained. It is not clear if the place-
bo appeared identical to IVIG.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Outcome data are complete for the primary outcome but incomplete for mea-
surements of functional capacity, with no explanation provided for missing da-
ta.

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes were reported.

McNamara 2001  (Continued)

IV: intravenous
IVIG: intravenous immunoglobulin
LVAD: leI ventricular assist device
LVEF: leI ventricular ejection fraction
LVEDD: leI ventricular end-diastolic diameter
LVSF: leI ventricular shortening fraction
SD: standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Alrabate 2013 Not an RCT

Anonymous 1997 Not an RCT

Anonymous 2002 Not an RCT

Bauer 2002 Not an RCT

Bhatt 2012 Quasi-randomised, not an RCT

Bozkurt 1998 Different population (postpartum cardiomyopathy)

Bozkurt 1999 Not an RCT
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Study Reason for exclusion

Drucker 1992 Not an RCT

Drucker 1994 Not an RCT

Felix 2000 Different intervention (smaller doses)

Goland 2008 Not an RCT

Gullestad 2001 Different population (included participants with symptoms > 6 months)

Haque 2009 Not an RCT

Kishimoto 1999 Not an RCT

Klugman 2009 Not an RCT

Levi 2002 Not an RCT

Maisch 1991 Not an RCT

Maisch 1995 Did not report results

Maisch 2004 Different intervention (CMV hyperimmunoglobulin)

Maisch 2007 Not an RCT

McNamara 1997 Not an RCT

Muller 1998 Different intervention

Shioji 2000 Different population (animals)

Staudt 2001 Different population (included participants with symptoms > 6 months)

Takada 1993 Different population (animals)

Takada 1995 Different population (animals)

CMV: cytomegalovirus
RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Intravenous immunoglobulin (IVIg) for parvovirus B19 (PVB19)-mediated cardiomyopathy

Methods Randomised controlled trial

Participants Patients with chronic cardiomyopathy and detection of parvovirus B19 in cardiac tissue

Interventions High-dose intravenous immunoglobulin

Outcomes Primary outcome is change in ejection fraction.

Heymans 2018 
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Starting date 2009

Contact information i.kleinebudde@sanquin.nl

Notes  

Heymans 2018  (Continued)

 
 

Study name European Study of Epidemiology and Treatment of Cardiac Inflammatory Diseases (ESETCID)

Methods  

Participants  

Interventions 1 study arm involves immunoglobulin therapy.

Outcomes  

Starting date  

Contact information  

Notes Recent communication with a co-investigator uncovered no reported data relevant to the re-
view question.

Hufnagel 2000 

 
 

Study name Randomized trial on use of intravenous immunoglobulin in young patients with recent onset dilat-
ed cardiomyopathy

Methods Randomised, parallel-group trial

Participants Patients < 25 years of age with dilated cardiomyopathy with leI ventricular dysfunction and recent
onset of symptoms (duration < 6 months)

Interventions 2 g/kg intravenous immunoglobulin over 3 days

Outcomes Improvement in leI ventricular end-diastolic dimension at 6 months; event-free survival (i.e. death,
hospitalisation, and transplant-free survival) at 6 months

Starting date 2018

Contact information patilsuraj762@gmail.com

Notes  

Marotrao 2018 
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Comparison 1.   IVIG versus placebo or no treatment in adults

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Event-free survival 1 62 Risk Ratio (M-H, Random, 95% CI) 1.76 [0.48, 6.40]

1.2 Overall survival 2 103 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.23, 3.62]

1.3 Change in LVEF 2 103 Mean Difference (IV, Random, 95%
CI)

-0.01 [-0.06, 0.05]

1.4 Peak oxygen consump-
tion

1 48 Mean Difference (IV, Random, 95%
CI)

-0.80 [-4.57, 2.97]

1.5 Side effects 1 62 Risk Ratio (M-H, Random, 95% CI) 20.29 [1.25, 329.93]

1.6 Failure to attain com-
plete recovery

1 41 Risk Ratio (M-H, Random, 95% CI) 0.46 [0.19, 1.14]

 
 

Analysis 1.1.   Comparison 1: IVIG versus placebo or no treatment in adults, Outcome 1: Event-free survival

Study or Subgroup

McNamara 2001

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.85 (P = 0.39)
Test for subgroup differences: Not applicable

IVIG treatment
Events

6

6

Total

33

33

Control
Events

3

3

Total

29

29

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.76 [0.48 , 6.40]

1.76 [0.48 , 6.40]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours IVIG Favours control

 
 

Analysis 1.2.   Comparison 1: IVIG versus placebo or no treatment in adults, Outcome 2: Overall survival

Study or Subgroup

Kishimoto 2014
McNamara 2001

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.37; Chi² = 1.46, df = 1 (P = 0.23); I² = 31%
Test for overall effect: Z = 0.13 (P = 0.90)
Test for subgroup differences: Not applicable

IVIG treatment
Events

3
3

6

Total

15
33

48

Control
Events

9
1

10

Total

26
29

55

Weight

69.8%
30.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.58 [0.18 , 1.81]
2.64 [0.29 , 23.97]

0.91 [0.23 , 3.62]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours IVIG Favours control
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Analysis 1.3.   Comparison 1: IVIG versus placebo or no treatment in adults, Outcome 3: Change in LVEF

Study or Subgroup

Kishimoto 2014 (1)
McNamara 2001 (2)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.51, df = 1 (P = 0.48); I² = 0%
Test for overall effect: Z = 0.25 (P = 0.81)
Test for subgroup differences: Not applicable

IVIG treatment
Mean

0.24
0.16

SD

0.12
0.12

Total

15
33

48

Control
Mean

0.27
0.15

SD

0.15
0.16

Total

26
29

55

Weight

42.0%
58.0%

100.0%

Mean Difference
IV, Random, 95% CI

-0.03 [-0.11 , 0.05]
0.01 [-0.06 , 0.08]

-0.01 [-0.06 , 0.05]

Mean Difference
IV, Random, 95% CI

-0.2 -0.1 0 0.1 0.2
Favours control Favours IVIG

Footnotes
(1) Unknown follow up time
(2) 12 months follow up

 
 

Analysis 1.4.   Comparison 1: IVIG versus placebo or no treatment in adults, Outcome 4: Peak oxygen consumption

Study or Subgroup

McNamara 2001

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.42 (P = 0.68)
Test for subgroup differences: Not applicable

IVIG treatment
Mean

2.5

SD

6.22

Total

26

26

Control
Mean

3.3

SD

6.97

Total

22

22

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

-0.80 [-4.57 , 2.97]

-0.80 [-4.57 , 2.97]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours control Favours IVIG

 
 

Analysis 1.5.   Comparison 1: IVIG versus placebo or no treatment in adults, Outcome 5: Side e:ects

Study or Subgroup

McNamara 2001

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.12 (P = 0.03)
Test for subgroup differences: Not applicable

IVIG treatment
Events

11

11

Total

33

33

Control
Events

0

0

Total

29

29

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

20.29 [1.25 , 329.93]

20.29 [1.25 , 329.93]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours IVIG Favours control

 
 

Analysis 1.6.   Comparison 1: IVIG versus placebo or no treatment
in adults, Outcome 6: Failure to attain complete recovery

Study or Subgroup

Kishimoto 2014

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.68 (P = 0.09)
Test for subgroup differences: Not applicable

IVIG treatment
Events

4

4

Total

15

15

Control
Events

15

15

Total

26

26

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.46 [0.19 , 1.14]

0.46 [0.19 , 1.14]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours IVIG Favours control
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Comparison 2.   IVIG versus placebo or no treatment in children

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Overall survival 1 86 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.20, 1.15]

2.2 Change in LVEDD 1 86 Mean Difference (IV, Random, 95% CI) -4.00 [-9.52, 1.52]

 
 

Analysis 2.1.   Comparison 2: IVIG versus placebo or no treatment in children, Outcome 1: Overall survival

Study or Subgroup

El-Saiedi 2013

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.64 (P = 0.10)
Test for subgroup differences: Not applicable

IVIG treatment
Events

6

6

Total

42

42

Control
Events

13

13

Total

44

44

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.48 [0.20 , 1.15]

0.48 [0.20 , 1.15]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours IVIG Favours control

 
 

Analysis 2.2.   Comparison 2: IVIG versus placebo or no treatment in children, Outcome 2: Change in LVEDD

Study or Subgroup

El-Saiedi 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.42 (P = 0.16)
Test for subgroup differences: Not applicable

IVIG treatment
Mean

-3.4

SD

13.48

Total

42

42

Control
Mean

0.6

SD

12.6

Total

44

44

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

-4.00 [-9.52 , 1.52]

-4.00 [-9.52 , 1.52]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours IVIG Favours control

 

 

A P P E N D I C E S

Appendix 1. Previous search strategies

CINAHL 2007

1 exp immunoglobulins/
2 (gammaglobulin$ or gamma-globulin$).tw.
3 ivig$.tw.
4 igg$.tw.
5 immunoglobulin$.tw.
6 ((immune$ or immuno$) adj5 (globulin$ or serum$)).tw.
7 or/1-6
8 exp Myocardial Diseases/
9 myocarditis.tw.
10 carditis.tw.
11 myocardiopath$.tw.
12 cardiomyopath$.tw.
13 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).tw.
14 or/8-13
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15 7 and 14
16 limit 15 to yr="2003 - 2007"
17 Randomized controlled trials/
18 clinical trial.pt.
19 exp Clinical trials/
20 (clin$ adj25 trial$).ti,ab.
21 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).ti,ab.
22 placebos.sh.
23 placebo$.ti,ab.
24 random$.ti,ab.
25 exp evaluation studies/
26 prospective studies.sh.
27 (control$ or prospectiv$ or volunteer$).ti,ab.
28 or/17-27
29 16 and 28

All Evidence-Based Medicine Reviews (Cochrane Database of Systematic Reviews, ACP Journal Club, Database of Abstracts of
Reviews of E:ects and CENTRAL (2003, Issue 2))

1 myocarditis$.mp.
2 carditis$.mp.
3 cardiomyopath$.mp.
4 myocardiopath$.mp.
5 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).mp.
6 or/1-5
7 immunoglobulin$.mp.
8 (gammaglobulin$ or gamma-globulin$).mp.
9 ivig$.mp.
10 igg$.mp.
11 ((immune$ or immuno$) adj5 (globulin$ or serum$)).mp.
12 or/7-11
13 6 and 12

MEDLINE 2003

1 exp immunoglobulins/
2 (gammaglobulin$ or gamma-globulin$).mp.
3 ivig$.mp.
4 exp immunoglobulin g/
5 igg$.mp.
6 exp immunoglobulins, surface/
7 immunoglobulin$.mp.
8 ((immune$ or immuno$) adj5 (globulin$ or serum$)).mp.
9 or/1-8
10 myocarditis$.mp.
11 cardiomyopath$.mp.
12 myocardiopath$.mp.
13 carditis$.mp.
14 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).mp.
15 or/10-14
16 9 and 15

EMBASE 2003

1 immunoglobulin$.mp.
2 (gammaglobulin$ or gamma-globulin$).mp.
3 exp immunoglobulin g/
4 ivig$.mp.
5 igg$.mp.
6 exp cell surface immunoglobulin/
7 immunoglobulin/
8 exp human immunoglobulin/
9 exp hyperimmune globulin/
10 ((immune$ or immuno$) adj5 (globulin$ or serum$)).mp.
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11 or/1-10
12 exp myocarditis/
13 myocarditis$.mp.
14 exp cardiomyopathy/
15 myocardiopath$.mp.
16 carditis$.mp.
17 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).mp.
18 cardiomyopath$.mp.
19 exp carditis/
20 or/12-19
21 11 and 20

CINAHL 2003

1 immunoglobulin$.mp.
2 (gammaglobulin$ or gamma-globulin$).mp.
3 ivig$.mp.
4 exp immunoglobulins/
5 igg$.mp.
6 ((immune$ or immuno$) adj5 (globulin$ or serum$)).mp.
7 or/1-6
8 myocarditis$.mp.
9 cardiomyopath$.mp.
10 myocardiopath$.mp.
11 carditis$.mp.
12 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).mp.
13 or/8-12
14 7 and 13

Appendix 2. Search strategies 2014

CENTRAL

#1 MeSH descriptor Myocarditis explode all trees
#2 MYOCARDITIS
#3 CARDITIS
#4 CARDIOMYOPATH*
#5 (HEART near/3 INFLAMMATION )
#6 (MYOCARD* near/3 INFLAMMATION)
#7 MYOCARDIOPATH*
#8 (#1 or #2 or #3 or #4 or #5 or #6 or #7)
#9 MeSH descriptor Immunoglobulins, Intravenous explode all trees
#10 IMMUNOGLOBULIN*
#11 IMMUNE next GLOBULIN*
#12 GAMMAGLOBULIN*
#13 GAMMA-GLOBULIN*
#14 IMMUNE next SERUM next GLOBULIN*
#15 IVIG*
#16 IGG*
#17 (#9 or #10 or #11 or #12 or #13 or #14 or #15 or #16)
#18 (#8 and #17)

MEDLINE Ovid

1 exp immunoglobulins/
2 (gammaglobulin$ or gamma-globulin$).tw.
3 ivig$.tw.
4 exp Immunoglobulin G/
5 igg$.tw.
6 exp Receptors, Antigen, B-Cell/
7 immunoglobulin$.tw.
8 ((immune$ or immuno$) adj5 (globulin$ or serum$)).tw.
9 or/1-8
10 Myocarditis/
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11 exp Cardiomyopathy, Dilated/
12 myocarditis.tw.
13 carditis.tw. (1361)
14 myocardiopath$.tw.
15 cardiomyopath$.tw.
16 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).tw.
17 or/10-16
18 9 and 17
19 randomized controlled trial.pt.
20 controlled clinical trial.pt.
21 Randomized controlled trials/
22 random allocation/
23 double blind method/
24 single-blind method/
25 or/19-24
26 exp animal/ not humans/
27 25 not 26
28 clinical trial.pt.
29 exp Clinical Trials as Topic/
30 (clin$ adj25 trial$).ti,ab.
31 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).ti,ab.
32 placebos/
33 placebo$.ti,ab.
34 random$.ti,ab.
35 research design/
36 or/28-35
37 36 not 26
38 27 or 37
39 18 and 38

EMBASE Ovid

1 exp Immunoglobulin/
2 exp Myocarditis/
3 Congestive Cardiomyopathy/
4 exp immunoglobulins/
5 (gammaglobulin$ or gamma-globulin$).tw.
6 ivig$.tw.
7 igg$.tw.
8 immunoglobulin$.tw.
9 ((immune$ or immuno$) adj5 (globulin$ or serum$)).tw.
10 or/4-9
11 exp Myocarditis/
12 Congestive Cardiomyopathy/
13 myocarditis.tw.
14 carditis.tw.
15 myocardiopath$.tw.
16 cardiomyopath$.tw.
17 ((heart$ or myocard$) adj5 (inflammation$ or inflame$)).tw.
18 or/11-17
19 10 and 18
20 clinical trial/
21 random$.tw.
22 randomized controlled trial/
23 trial$.tw.
24 follow-up.tw.
25 double blind procedure/
26 placebo$.tw.
27 placebo/
28 factorial$.ti,ab.
29 (crossover$ or cross-over$).ti,ab.
30 (double$ adj blind$).ti,ab.
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31 (singl$ adj blind$).ti,ab.
32 assign$.ti,ab.
33 allocat$.ti,ab.
34 volunteer$.ti,ab.
35 Crossover Procedure/
36 Single Blind Procedure/
37 or/20-36
38 (exp animal/ or nonhuman/) not exp human/
39 37 not 38
40 39 and 19

CINAHL EBSCO

( (MH "Myocardial Diseases+") or myocarditis or carditis or cardiomyopath* ) and ( (MH "Immunoglobulins+") or immunoglobulin* or
gammaglobulin* or gamma-globulin* or ivig* or IGG ) and ( ( (MH "Clinical Trials+") or random$ or trial or clinical study or group$ or placebo
$ ) ) 

ISI Web of Science

TS=((myocarditis or carditis or cardiomyopath*) and (IMMUNOGLOBULIN* or GAMMAGLOBULIN* or GAMMA-GLOBULIN* or ivig* or IGG) and
(random* or controlled or trial or RCT or clinical or placebo))

LILACS

myocarditis or carditis or cardiomyopath$ [Palavras] and IMMUNOGLOBULIN$ or GAMMAGLOBULIN$ or GAMMA-GLOBULIN$ or ivig$ or IGG
$ [Palavras] and (random$ or clinical$ or trial$ or RCT) [Palavras]

Appendix 3. Search strategies 2019

CENTRAL and DARE

#1 MeSH descriptor: [Immunoglobulins, Intravenous] explode all trees

#2 immunoglobulin*

#3 immune next globulin*

#4 gammaglobulin*

#5 gamma-globulin*

#6 immune next serum next globulin*

#7 ivig*

#8 igg*

#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8

#10 MeSH descriptor: [Myocarditis] explode all trees

#11 myocarditis

#12 carditis

#13 cardiomyoath*

#14 heart near/3 inflammation

#15 myocard* near/3 inflammation

#16 myocardiopath*

#17 #10 or #11 or #12 or #13 or #14 or #15 or #16

#18 #9 and #17 (Restrict to date 29/01/2014-02/07/2019)
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MEDLINE Ovid

1. exp Immunoglobulins/

2. (gammaglobulin* or gamma-globulin*).tw.

3. ivig*.tw.

4. exp Immunoglobulin G/

5. igg*.tw.

6. exp Receptors, Antigen, B-Cell/

7. immunoglobulin*.tw.

8. ((immune* or immuno*) adj5 (globulin* or serum*)).tw.

9. or/1-8

10. Myocarditis/

11. exp Cardiomyopathy, Dilated/

12. myocarditis.tw.

13. carditis.tw.

14. myocardiopath*.tw.

15. cardiomyopath*.tw.

16. ((heart* or myocard*) adj5 (inflammation* or inflame*)).tw.

17. or/10-16

18. 9 and 17

19. randomized controlled trial.pt.

20. controlled clinical trial.pt.

21. randomized.ab.

22. placebo.ab.

23. drug therapy.fs.

24. randomly.ab.

25. trial.ab.

26. groups.ab.

27. 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28. exp animals/ not humans.sh.

29. 27 not 28

30. 18 and 29

31. limit 30 to ed=20140129-20190702

EMBASE Ovid

1. exp immunoglobulin/

2. (gammaglobulin* or gamma-globulin*).tw.

Intravenous immunoglobulin for presumed viral myocarditis in children and adults (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

30



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

3. ivig*.tw.

4. igg*.tw.

5. immunoglobulin*.tw.

6. ((immune* or immuno*) adj5 (globulin* or serum*)).tw.

7. or/1-6

8. exp myocarditis/

9. congestive cardiomyopathy/

10. myocarditis.tw.

11. carditis.tw.

12. myocardiopath*.tw.

13. cardiomyopath*.tw.

14. ((heart* or myocard*) adj5 (inflammation* or inflame*)).tw.

15. or/8-14

16. 7 and 15

17. random$.tw.

18. factorial$.tw.

19. crossover$.tw.

20. cross over$.tw.

21. cross-over$.tw.

22. placebo$.tw.

23. (doubl$ adj blind$).tw.

24. (singl$ adj blind$).tw.

25. assign$.tw.

26. allocat$.tw.

27. volunteer$.tw.

28. crossover procedure/

29. double blind procedure/

30. randomized controlled trial/

31. single blind procedure/

32. 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31

33. (animal/ or nonhuman/) not human/

34. 32 not 33

35. 16 and 34

36. limit 35 to dd=20140130-20190702
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CINAHL EBSCO

S6 S4 AND S5

S5 EM 20140130-20190702

S4 S1 AND S2 AND S3

S3 ( ( (MH "Clinical Trials+") or random$ or trial or clinical study or group$ or placebo$ ) )

S2 ( (MH "Immunoglobulins+") or immunoglobulin* or gammaglobulin* or gamma-globulin* or ivig* or IGG )

S1 ( (MH "Myocardial Diseases+") or myocarditis or carditis or cardiomyopath* )

ISI Web of Science

# 5 #4 Timespan=2014-2019

# 4 #3 AND #2 AND #1

# 3 TS=(random* or controlled or trial or RCT or clinical or placebo)

# 2 TS=(immunoglobulin* or gammaglobulin* or gamma-globulin* or ivig* or igg)

# 1 TS=(myocarditis or carditis or cardiomyopath*)

LILACS

myocarditis or carditis or cardiomyopath$ [Words] and immunoglobulin$ or gammaglobulin$ or gamma-globulin$ or ivig$ or igg$ [Words]
and random$ or clinical$ or trial$ or RCT [Words]

Clinicaltrials.gov

IMMUNOGLOBULIN* OR GAMMAGLOBULIN* OR GAMMA-GLOBULIN* OR ivig* OR immune globulin* OR IGG* | myocarditis OR carditis OR
cardiomyopathy

WHO’s ICTRP

Condition: myocarditis OR carditis OR cardiomyopathy

AND
Intervention: IMMUNOGLOBULIN* OR GAMMAGLOBULIN* OR GAMMA-GLOBULIN* OR ivig* OR immune globulin* OR IGG*

W H A T ' S   N E W

 

Date Event Description

6 January 2020 New citation required but conclusions
have not changed

Two new studies were added; one suggested adults may have
improved survival time with intravenous immunoglobulin (IVIG);
one reported no therapeutic efficiency for use of IGIV in children.
One quasi-randomised study that was previously included was
removed.

2 July 2019 New search has been performed Search was updated to July 2019.

 

H I S T O R Y

Protocol first published: Issue 3, 2003
Review first published: Issue 1, 2005

 

Intravenous immunoglobulin for presumed viral myocarditis in children and adults (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

32



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Date Event Description

28 November 2014 New citation required and conclusions
have changed

One new study was added, suggesting that the subgroup of chil-
dren with encephalitis and myocarditis may benefit from IVIG.

27 November 2014 New search has been performed Search was updated to January 2014.

18 June 2008 Amended Converted to new review format

18 June 2008 Amended Amendment made to authorship.

26 June 2007 New search has been performed Searches rerun to June 2007. Two new studies identified as po-
tentially relevant, both of which were excluded. Conclusions of
the review unchanged.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

With the 2020 update, diBerences in how survival was assessed necessitated a change in the primary outcome to also include overall
survival (no death) and a name change from 'transplant-free survival' to 'event-free survival', to better reflect the definition of the outcome.
Additional outcomes of side eBects and failure to attain complete recovery were added in the 2015 and 2020 update, respectively. The
'Summary of findings' table, including GRADE assessment, which was added in 2015, was updated in 2020, and additional outcomes were
included. With the addition of two new studies, a single meta-analysis could be conducted in the 2020 update, and the relative eBect
measured recalculated using risk ratio rather than odds ratio for greater clarity.
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The original protocol planned for 'Risk of bias' assessment used the 5-point Jadad scale. From 2015 update forward, we used the Cochrane
'Risk of bias' tool on all new and previously included studies.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Acute Disease;  Bias;  Immunoglobulins, Intravenous  [*therapeutic use];  Myocarditis  [mortality]  [*therapy]  [virology];  Progression-Free
Survival;  Randomized Controlled Trials as Topic;  Stroke Volume  [drug eBects];  Virus Diseases  [mortality]  [*therapy]

MeSH check words

Adult; Child; Humans
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