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ABSTRACT

To evaluate the diagnostic value of cardiac magnetic resonance imaging (MRI) in viral myocarditis by meta-analysis. PubMed,
EMbase, Cochrane, Web of Science, China National Knowledge Infrastructure (CNKI, China) Wanfang Databases were searched
for clinical research literature on MRI diagnosis of viral myocarditis from the establishment of the database to March 1,
2020.The pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio (DOR) and the
summary receiver operating characteristic (SROC) were analysed by Stata 15.0. Eight articles were included in the end. The
results showed that the sensitivity, specificity, DOR, and area under the curve (AUC) SROCs were 94%, 75%, 45.24 and 0.88,
respectively. Existing research have confirmed that cardiac MRI has high sensitivity (94%) and moderate specificity (75%) for
viral myocarditis. The positive ratio of test in myocarditis group is 45.24 times higher than that in non-myocarditis group indi-

cating the outstanding effect of diagnosis and discrimination.
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INTRODUCTION

The occurrence of myocarditis is common in adolescents. The
American Epidemiological Survey found that the incidence of
myocarditiswas 22in 100,000, and the mortality rate was 4.8in
100,000."* There are a great number of influence factors of
myocarditis, such as age, gender, region, race, virus strain and
genetic susceptibility of population. During the 3-year follow-
up, it was found that 21% of the patients with myocarditis had
delayed course of disease, resulting in chronic myocarditis and
dilated cardiomyopathy (DCM)."* The common pathogenic
factors of myocarditis are viral infection, including Enterovirus,
Adenovirus, ParvovirusB19 (PVB 19), Herpesvirus 6 (HPV6) and
Cytomegalovirus. The most common type was Coxsackie virus
groupB, type 3 (CoxsackievirusB3,CVB3).

The pathophysiological changes of viral myocarditis (VMC) can
be divided into three stages. The first stage is acute phase, in
which after the binding of virus and the viral receptor on the
cardiomyocytes surface, endocytosis enters into cardiomyo-
cytes, directly causing the toxic reaction of cardiomyocytes and
pyrolysisnecrosis.
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The second stage is subacute phase, which, following the
previous stage, is the occurrence of the activation of autoim-
mune response (natural immunity, humoral immunity and
cellular immunity), activation of inflammatory cells such as
macrophagesandTcells, release ofalargenumberofinflamma-
tory factors and aggravation of cardiomyocyte apoptosis and
necrosis. Inflammatory cells release a variety of matrix hydro-
lases, myocardial interstitial extracellular matrix degradation,
resulting in cardiac function damage and ventricular dilatation.
Thethird stageis chronic phase, the virus continues to replicate
with low titer and progresses to chronic dilated cardiomyo-
pathy.

Most patients with viral myocarditis have mild clinical symptoms,
but a few may have explosive myocarditis or delayed dilated
cardiomyopathy.>® It was found that patients with severe
myocarditis were complicated with significant hemodynamic
abnormalities, with pathology showing numerous inflammatory
cell infiltration, and the long-term favorable prognosis after
recovery in a short time. However, the virus persisted with less
inflammatory infiltration and progressed to chronic viral
myocarditis or dilated cardiomyopathy with poor prognosis.”* The
diagnostic methods of viralmyocarditisinclude clinical manifesta-
tions, serological markers, electrocardiogram, cardiac ultra-
sound, MRI and endomyocardial biopsy. At present, there is no
single clinical orimaging method to confirm the diagnosis of viral
myocarditis. Biopsy is stillthe golden standard for the diagnosis of
thedisease, butbeingatgreatriskinpracticalapplication,myocar-
dial biopsy is a moderately traumatic inspection, and has blind
areasof observation, especially in children, and limited sensitivity
to sampling of focal myocarditis. According to the literature, the
sensitivity isonly about 25%,’ followed by thin myocardium, which
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increases the incidence of complications such as perforation and
pericardial tamponade. Currently, the MRI uses Lake Louise
Consensus Criteria as main diagnostic criteria of myocarditis.
Whereas, MRI is a non-invasive examination method, which has
the characteristics of multi-parameter and multi-directional
imaging, good soft tissue contrast and high spatial resolution. It
can not only show the location of myocardial injury, but also the
degreeofmyocardialedema, whichhasgreatpotentialinthediag-
nosis of myocarditis.’*** In this study, a systematic evaluation
method was used to evaluae the value of cardiac MRl in the diag-
nosisof VMC, soastoprovide abasisforthe diagnosis of VMC.

METHODOLOGY

Research was selected, based onthe accuracy of MRIin the diag-
nosis of VMC, with four tables of data available for extraction,
languages limited to English and Chinese. Research subjects
should have been patients suspected or diagnosed with acute or
chronic VMC or myocarditis, having typical history of prodromal
infection, corresponding clinical manifestations, electrocardio-
gram, markers of myocardial injury, and evidence of myocardial
injury shown by echocardiography, or endomyocardial biopsy.
The diagnostic method to be evaluated was MRI diagnosis, and
the gold standard was subendocardial myocardial biopsy.
Cardiac MRI diagnosis of viral myocarditis according to Lake
Louisstandard.*

Measurement indicators were combined sensitivity (SEN
combined),combinedspecificity (SPEcombined),combined posi-
tive likelihood ratio (+ LR combined), combined negative likeli-
hood ratio (-LR combined), combined diagnostic odds ratio (DOR
combined), area under the SROC curve (AUC). Excluding stan-
dard was studies using animal experiments, and studies with
incompletereported diagnosticaccuracy data.

MRI diagnosis of viral myocarditis clinical research literature
were searched from PubMed, EMbase, Cochrane, Web of
science, China National Knowledge Infrastructure (CNKI), China
Wanfang database from the establishment date to March
1,2020. The searchterms were (Cardiac Magnetic Resonance OR
CMR) AND (viral myocarditis OR VMC OR myocarditis) AND diag-
nosis. The research will trace the relevant literature in clinical
trials or review references, and contact the author as far as
possibletoaskfortherelevantliterature.

Two evaluators independently screened the literature,
extractedthedataand cross-checkedaccordingtothepre-estab-
lished inclusion and exclusion criteria. Inconsistencies were
decided through discussion. The two researchers designed the
tables and extracted data from several aspects including
includedsubjects(gender,age, disease, diagnosticcriteria,inclu-
sion criteria, exclusion criteria, etc.), tests remained to be evalu-
ated (instruments, test methods, blinding methods, detailed
operational process reports), control trials (reference standard
positive standards, detection methods, blind methods, etc.),
results (sensitivity, specificity, numberoftrue positive, false posi-
tive, false negative, andtrue negative).

The methodological quality evaluation of clinical trials was
carried out independently by the two researchers according to
the quality assessment of diagnostic accuracy studies(QUADAS)
standards developed by Whiting.”> When there was disagree-
ment, the quality of the literature was solved by discussion. Each
criterion was evaluated by "Yes" (meet the criteria), "No" (not
satisfy the criteria or not mentioned) and "Unclear" (partially
satisfy or cannot obtain sufficient information from the litera-
ture). The QUADAS scale evaluates each article from three
aspects: bias (3 ~ 7, 10 ~ 12, 14), variation (1, 2) and report
quality (8,9, 13),andfigures outthe causes ofallkinds of biasand
variation.

Stata 15.0 wasusedtoanalysethe data. Heterogeneity analysis
was first conducted, using I’ to evaluate heterogeneity. If I
<50%, it is considered that the heterogeneity between the
research results is low. If I> 250%, there is a high degree of
heterogeneity betweentheresearchresults. Ifthe same hetero-
geneity between different diagnostic tests of a diagnostic
method was relatively small, the Stata was used to draw the
SROC curve, and the combined sensitivity, specificity, positive
likelihood ratio, negative likelihood ratio and DOR were calcu-
lated respectively. If there is heterogeneity, the first step is to
analyse the source of heterogeneity. If the heterogeneity is
resulted from large methodological quality difference of
differentresearch, the sensitivity analysis will be carried out.

RESULTS

Four hundred and ninety-two studied were collected through
tentative search. Afterreading the title and abstract, 418 irrele-
vantliteraturewereexcluded, withfurtherexclusion of 66 litera-
ture with incomplete information via reading the full text.
Finally, 8 literature were included.**** All of them were clinical
controlled trials, with a total of 448 patients. The flow chart of
document retrieval (Figure 1). The basic characteristics and
quality evaluation of literature inclusion were shown in Table I.
Thus it could be seen that all the QUADAS scoresincluded in the
study weregreaterthanorequalto9.

The ROC plane scatter plot output by Stata 15.0 software
showed atypical shoulderarm shape- (Figure 2). Spearman test
showed p=0.1942, indicating that there was no heterogeneity
caused by threshold effect. The results of heterogeneous
sources showed that there was heterogeneity in sensitivity (p
<0.001, 1*=87.29%), specificity (o= 0.01, I’=63.09%), positive
likelihood ratio (p =0.02, I’=25.96%), negative likelihood ratio
(P=0.00, I =81.42%), The DOR (p <0.001, I* =89.60%); thus,
therandom effect model was used for meta-analysis.

The results showed that combined sensitivity, specificity, + LR,
-LR, and DOR and SROC AUC were 0.94 (95% Cl: 0.78~0.98),
0.75(95%Cl: 0.63~0.85), 3.82 (95% Cl: 2.58~5.65), 0.08 (95%
Cl: 0.02~0.30), 45.24(95% ClI: 13.38~152.96), 0.88 (95% Cl:
0.85~0.90), respectively. The forest maps of DOR, sensitivity
and specificity, positive likelihood ratio and negative likelihood
ratiowereshowninFigures 3-5.

Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30(12): 1326-1331

1327



Cardiac nuclear magnetic resonance in the diagnosis of viral myocarditis

Table I: Characters of included studies.

First author | Country | Year | MRI scanner brand Cases of viral myocarditis Similar cases Tp|Fp |Fn|Tn QUADAS score
Friedrich Germany 1998 | GE Healthcare 16 21 16/ 30|18 9
Laissy France |2002 Siemens 10 17 10{10( 0 | 7 10
Hyafil France |2005| GE Healthcare 27 20 21/ 5|6 |15 9
Mathrholdt |Germany|2006 Siemens 89 39 89(13| 0 (26 11
Matthias Germany [2008| GE Healthcare 40 43 35(13| 5|30 8
OuYang HC | China [2014 philips 19 11 162319 9

Ran H China |2017 Siemens 16 5 15|11 9
Sebai French |2019 Philips 44 31 25] 2 (19|29 11

Tp: True positive; Fp: False positive; Fn: False negative; Tn: True negative; QUADAS: Quality assessment of diagnostic accuracy studies.

Potentially relevant studies identified and
screened for retrieval (n=492)

Exclude (n=418) :
via title (n=303 )

Animal experiment (n=36 )
Reviews (n=79 )

implying that the stability of the literature included was
high.

The results of the publication bias (Figure 6) indicated that
the difference had no statistically significant (p=0.45), which
could be considered as no publication bias in the included
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Figure 3: Forest plot of DOR of MRI for the diagnosis of VMC.
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Figure 4: Forest plot of sensitivity and specificity of MRI for the diag-
nosis of VMC.
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Figure 5: Forest plot of LR+ and LR- of MRI for the diagnosis of VMC.
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Figure 6: Results of publication bias.

DISCUSSION

The golden standard for the diagnosis of viral myocarditis is
myocardial biopsy, but this is an invasive examination,
which is not conducive to the early diagnosis of patients. In

case of ensuring a certain degree of specificity, there can be
a certain degree of sensitivity of cardiac MRl examination,
early detection of viral myocarditis, it is particularly impor-
tant, because it is non-invasive. This has very important clin-
ical significance. Viral myocarditis patients are mainly
caused by the virus invasion of cardiomyocytes. Most of the
patients have upper respiratory tract or thoracic viral infec-
tion before the onset of illness. This type of disease can
easily lead to myocardial dysfunction and induce heart
failure or sudden death, which has a great effect to the
health of patients.” In the process of clinical diagnosis, due
to its multiple clinical symptoms and the unobvious
specificity, it is easy to be confused with other noninfectious
myocardial diseases, leading to misdiagnosis.

The cardiac intimal biopsy can be used to accurately deter-
mine whether the myocardium of the patient is infected with
virus, the type of virus infection; thus, the technique has
also become the gold standard for the diagnosis of viral
myocarditis. However, due to the necessity of invading into
the heart during the process of diagnosis, the technology will
inevitably cause damage to the myocardium and
surrounding tissues, which will also have certain impact on
the recovery of the patient from disease. Therefore, it is
usually used in severe patients with no remission after
routine treatment. MRI has the advantages of multi-direc-
tion, multi-parameter and accurate imaging, which is also
the most accurate non-invasive myocarditis diagnostic tech-
nique currently. According to the statistics from the World
Health Organization (WHO), over 30% of suspected viral
myocarditis patients in Europe tend to choose MRI for diag-
nosis.

Pathological studies have shown that during the early stage
of onset of patient (about 3 weeks), the edema of cardiomyo-
cyte will reach its maximum; meanwhile, the T2-weighted
signal will also increase significantly under MRI. Therefore,
acute and chronic myocarditis can be distinguished through
the inspection of this signal, which can be applied to effec-
tively assess the situation of ischemic injury of patients with
viral myocarditis. However, since T2-weighted imaging can
be greatly affected by external low signal noise, it cannot
serve as a single index to estimate the condition of patient,
requiring the combination with other diagnostic data.” Simul-
taneously, when the patient has acute viral myocarditis,
there will be obvious myocardial injury, accompanied by
cytolysis/cell dissolution, vasodilation, inflammatory intrale-
sional hypervolemia, etc., resulting in an increase in the
proportion of contrast media absorbed by blood vessels.
Thus, alternative method can be delaying imaging to judge
whether there is myocardial injury by comparing the before-
and-after images. However, this type of examination can be
easily affected by arrhythmia and respiratory incoordination,
and the probability of artifact in the image is relatively high,
so it cannot be a single judgment index as well.” The evalua-
tion of the clinical value of diagnostic trials is mainly
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conducted from several aspects, including object of the
study, reference standards, the trials to be evaluated and
the controlled trials, the report quality of hinding and experi-
ment of the control trial results, in order to explore the scale
and source of bias and heterogeneity, to guide the clinical
selection of favourable/great diagnostic tests, and to enable
make an appropriate interpretation of the test results.

In this systematic review, 448 patients were included. The
results of statistical analysis showed that the combined sensi-
tivity and specificity of VMC diagnosed by cardiac MRI were
94% and 75%, respectively, indicating that the omission diag-
nosis rate was 6% and the misdiagnosis rate was 25%. The
combined + LR was 3.82>1, suggesting that when the result
of cardiac MRI was positive, the possibility of developing VMC
was higher, and the combined -LR was 0.08<0.1, signifying
that when the result of cardiac MRI was negative, the possi-
bility of excluding VMC was higher. The AUC of the SROC was
0.88, indicating that the diagnostic efficiency was relatively
high.

Certainly, there were some limitations in the study. For
instance, there was heterogeneity in the study. Considering
the possible differences in the design between the case group
and the control group, part of the literature,** only have
healthy population in the control group. In addition, differ-
ences in ethnicity, medical background, disease level, and
whether received treatment can also produce heterogeneity.
Changes in each composition of detecting instruments, opera-
tion procedures, quality control, and operator operating
instruction may impact the accuracy of laboratory results.

CONCLUSION

The evaluation of this system suggested that cardiac MRI
had a relatively high sensitivity (94%) in the diagnosis of
VMC, but the specificity was in the middle level (75%). The
positive predictive value showed that the probability of the
disease was high, and the omission diagnosis rate of
suspected cases was only 6%, which was helpful for the
screening of the disease. Due to its 25% misdiagnosis rate,
which could not be applied as a diagnosis of disease, and
the negative test results were more likely to exclude the
disease. The area under the SROC curve was 0.88, indicating
that cardiac nuclear magnetic resonance as a non-invasive
examination is sensitive to the diagnosis of myocarditis and
can be used as a screening method. Considering that there
are still some limitations in this study, further high-quality
research are required to verify the study.
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