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12Cardiac Magnetic Resonance 
in Fulminant Myocarditis

Hong Wang

12.1  Introduction

The 1996 World Heart Federation/International 
Society and Federation of Cardiology (WHF/
ISFC) task force defined myocarditis as an 
inflammatory disease of the myocardium that is 
diagnosed by established histological, immuno-
logical, and immunohistochemical criteria [1]. 
Given this definition, endomyocardial biopsy 
(EMB) is widely accepted as the gold standard 
for the diagnosis of myocarditis [1], and a defini-
tive diagnosis of myocarditis can only be made 
by demonstration of inflammatory infiltrates in 
myocardial tissues via EMB. However, EMB has 
a relatively low diagnostic sensitivity [2, 3] and 
procedural risk, and is rarely performed in most 
medical centers. As a result, the diagnosis of 
myocarditis has been a clinical challenge for 
decades.

Over the past decades, the rapid advancement 
of cardiovascular magnetic resonance imaging 
(CMRI) has changed this paradigm. The hall-
mark is the introduction of the CMR Diagnostic 

Criteria (Lake Louise Criteria, LLC) for myocar-
dial inflammation in 2009 [4]. Subsequently, sci-
entific statements on myocarditis from the 
European Society of Cardiology and the 
American Heart Association clearly indicate the 
importance of CMRI in the diagnosis of myocar-
ditis [5, 6]. In addition to evaluating the structural 
and functional abnormalities of the heart, the 
unique ability of multiparametric CMRI can also 
provide the pathophysiological characteristics of 
myocardial injury in myocarditis, including myo-
cardial edema, hyperemia, capillary leak, and 
myocardial necrosis/fibrosis [7–9]. CMRI cou-
pled with increased high-sensitivity troponin lev-
els has provided a new noninvasive diagnostic 
work-up and has changed the management of 
suspected myocarditis. A CMRI-based diagnosis 
has been adopted more in the recently published 
series [10–12] than in the previous series, in 
which a biopsy-based diagnosis was usually used 
[13, 14].

Current studies and applications of CMRI are 
focused mainly on uncomplicated acute myocar-
ditis (AM). Fulminant myocarditis (FM) can be 
considered AM, although with rapid onset, dra-
matic clinical course, and severe hemodynamic 
compromise, in which CMRI is usually not the 
initial diagnostic technique. Therefore, in this 
chapter, we will first describe the diagnostic and 
prognostic utility of CMR parameters in AM and 
then introduce the application of CMRI in FM, 
mainly based on our own studies and 
experiences.
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12.2  Utility of CMRI in Acute 
Myocarditis

The CMRI manifestations of myocardial inflam-
mation and the diagnostic utility of the CMR 
parameters in myocarditis are described in detail 
as follows.

T2-Weighted Imaging (T2WI) T2WI has been 
proposed to detect myocardial edema, which 
appears as regional or global signal hyperintensity 
[15–17]. Edema is a typical marker of soft tissue 
inflammation, including myocardial inflammation. 
Damage to cardiomyocytes and the subsequent 
release of inflammatory factors lead to an increase 
in tissue-free water and protein content. The proton 
in free water has a long T2 effect in the magnetic 
field, and the increased free water content appears 
as an enhanced tissue signal on T2WI. Localized 
hyperintensity in T2WI represents focal myocar-
dial edema and inflammatory lesions. An edema 
ratio, defined as the ratio of the signal intensity of 
the myocardial to adjacent skeletal muscle, is used 
to reflect the global T2 signal intensity and detect 
diffuse edema [4]. However, this ratio may yield 
false- negative results in the case of coexistence of 
myositis [18, 19]. The pooled weighted diagnostic 
sensitivity, specificity, and accuracy of T2WI for 
AM were 63%, 76%, and 68%, respectively [9]. 
Moreover, the T2WI scan performed within 2 
weeks of symptom onset showed a higher inci-
dence of abnormal signals [20, 21]. In addition to 
T2WI, novel CMRI techniques, such as quantita-
tive T1 and T2 mapping, can also detect myocar-
dial edema, which will be described below.

Early Gadolinium Enhancement (EGE) In 
addition to increased tissue-free water content, 
inflammation also leads to hyperemia and capil-
lary leakage, which increases the retention of the 
contrast agent. T1-weighted CMR images 
acquired before and after the administration of an 
extracellular gadolinium-based contrast agent 
(GBCA) can be used to analyze the retention of 
the contrast agent. Retention can be quantified 
using the EGE ratio, defined as the ratio of the 
early myocardial signal intensity after GBCA 
injection to the signal intensity in a skeletal mus-
cle reference region. A ratio of ≥4.0 is believed to 
be EGE positive and is consistent with inflamma-

tion. Alternatively, the retention of GBCA can be 
analyzed semi-quantitatively by calculating the 
increase in myocardial signal intensity after early 
injection of GBCA [4, 8, 9]. A value of more than 
45% relative to that before injection is pathologi-
cal and indicates the presence of inflammation. 
The pooled weighted diagnostic sensitivity, spec-
ificity, and accuracy of EGE for AM are 66%, 
70%, and 67%, respectively [9].

Late Gadolinium Enhancement (LGE) If a 
myocardial injury caused by inflammation is 
severe enough, irreversible myocardial injury 
occurs, such as myocardial necrosis, fibrosis, and 
scarring, which can further increase GBCA accu-
mulation and cause a hyperintense signal in the 
images acquired following a delay (usually 
10  min) after contrast agent administration. 
Therefore, LGE has traditionally been considered 
to demonstrate irreversible injury and necrosis [4, 
21–23]. However, studies have shown temporal 
changes in LGE content in AM and the histologi-
cal correlation between LGE and active inflam-
mation [24, 25]. LGE likely represents a reversible 
and irreversible injury in the acute phase of myo-
carditis but only an irreversible injury in the 
chronic phase. Overall, LGE is not specific for 
active or acute inflammation, and it alone cannot 
reliably differentiate acute from chronic myocar-
dial injury [4, 8]. Of note, LGE had a higher sig-
nal-to-noise ratio, indicating myocardial necrosis 
and fibrosis. When the appropriate T1 time was 
selected, normal myocardial tissue showed a low 
signal, while the necrotic area had more contrast 
agent retention and showed a markedly enhanced 
signal. However, LGE imaging may not be sensi-
tive to diffuse myocardial injury because it 
requires a normal myocardium as reference [26].

Additionally, the LGE distribution pattern is 
valuable in differentiating myocardial injury 
caused by inflammation from other etiologies, 
such as myocardial ischemia. In the case of 
 myocarditis, the LGE pattern tends to be patchy 
and predominantly involves the sub-epicardium 
with a variable extension of the intramyocardial, 
in contrast to myocardial ischemic lesions that 
are mainly sub-endocardial and transmural, fol-
lowed by coronary territories. The LGE “non-
ischemic inflammatory injury” pattern shows 
high specificity and low sensitivity to diagnose 
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myocarditis [4, 27]. The distribution and content 
of LGE may also predict the outcomes of patients 
with AM, and patients with LGE in the interven-
tricular septum have a poor prognosis [28].

12.3  Lake Louise Criteria (LCC)

The three CMRI techniques discussed above 
were combined to form the consensus criteria for 
CMR in myocardial inflammation, first published 
in 2009 as “Lake Lousie Criteria” [4]. The origi-
nal criteria proposed three major diagnostic tar-
gets using three corresponding tissue 
characterization techniques: (1) myocardial 
edema detected by T2-weighted imaging (T2WI); 
(2) cardiac hyperemia and capillary leak evalu-
ated by EGE; and (3) myocardial necrosis and 
fibrosis assessed by LGE. A high probability of 
AM was suggested if two of the three above cri-
teria were positive by CMRI.

Earlier studies reported a diagnostic accuracy, 
sensitivity, and specificity of 78%, 67%, and 
91%, respectively [4, 15], for the 2009 LCC. Since 
then, these criteria have been widely used both 
clinically and in studies of myocardial inflamma-
tory diseases. A recently published review and 
meta-analysis showed a diagnostic accuracy, sen-
sitivity, and specificity of 83%, 80%, and 87%, 
respectively [9], based on pooled data for the 
2009 LCC. Overall, the original LCC has good 
diagnostic performance, and in the clinical set-
ting of suspected myocardial inflammation, the 
diagnosis of AM can be considered if two out of 
the three criteria are positive.

12.4  Novel CMR Mapping 
Techniques

In recent years, advances in CMRI technology, 
especially the development of cardiac mapping 
techniques (T1 mapping, T2 mapping, and extra-
cellular volume [ECV]), have allowed the direct 
quantification of the characteristics of myocardial 
tissue. A quantitative myocardial map can be pro-
duced pixel by pixel, providing regional and 
global T1 or T2 values of the tissue. ECV was cal-
culated by T1 mapping changes before and after 
GBCA injection and then adjusted by the hemato-

crit value. Each tissue has a normal range of T1/
T2 and ECV values for the specific methods and 
protocols used, and changes in these values can 
identify pathological conditions [29, 30]. CMR 
mapping techniques have the advantage of not 
relying on relative signal intensity changes, less 
observer variability, and less artifacts. Moreover, 
native T1 and T2 mappings have the advantage of 
not requiring contrast agent administration. 
Recently, cardiac mapping techniques have been 
increasingly applied in myocarditis, and multiple 
studies have described their excellent diagnostic 
accuracy in myocarditis [9, 29–31].

Cardiac mapping is affected not only by the 
internal characteristics of tissues but also by differ-
ent MRI systems, mapping approaches, and meth-
ods. Standardized mapping methods and protocols, 
as well as normal ranges and diagnostic thresholds 
for specific pathological conditions, including 
myocarditis, remain being established [32, 33].

T2 Mapping T2 mapping allows direct mea-
surement of water-induced myocardial relaxation 
time, and thus increased T2 relaxation time in the 
myocardium, reflecting increased tissue water 
content (edema) [34]. Recent data have shown 
that T2 mapping has higher diagnostic accuracy 
than traditional T2WI in detecting active inflam-
mation. It may be particularly valuable for ruling 
out acute or active myocarditis and distinguish-
ing active from healing inflammation [35, 36]. 
Therefore, in the absence of acute myocardial 
ischemia, an increase in T2 relaxation time is 
specific for and is an important marker of acute 
inflammation [36, 37].

Native T1 Mapping T1 relaxation time is 
highly sensitive to the increase in free water con-
tent in the myocardium caused by acute and 
chronic inflammation. Meanwhile, vascular dila-
tion, congestion, and tissue space volume expan-
sion caused by acute inflammation can also 
increase T1 relaxation time [38]. Compared with 
T2 mapping, T1 relaxation time is less specific 
for acute myocardial inflammation and edema 
and may not be useful to distinguish acute inflam-
mation from chronic inflammation [18, 37, 38]. 
Overall, T1 is a sensitive index for diagnosing 
myocardial inflammation, and its negative pre-
dictive value for myocardial inflammation was 

12 Cardiac Magnetic Resonance in Fulminant Myocarditis



188

92% [9, 36]. It alone is not specific for the activ-
ity of the disease and may be best paired with 
T2-based imaging to detect AM.

Extracellular Volume (ECV) Mapping The 
quantification of ECV requires the administration 
of a contrast agent, and the percentage of ECV is 
then estimated using T1 maps acquired before 
and after GBCA administration. ECV expansion 
reflects increased extracellular tissue space in 
myocarditis compared with LGE; ECV can detect 
mild and diffuse edema and fibrosis, which may 
not be detected by LGE [29, 30]. Therefore, it 
can be used as an additional indicator to detect 
inflammatory lesions in myocarditis [30]. More 
data are needed to verify its diagnostic perfor-
mance alone and in combination with other CMR 
mapping parameters.

12.5  Functional Abnormalities

Cardiac dysfunction results from myocardial 
inflammation and can occur as regional or global 
left ventricular dysfunction. In mild cases, the 
ejection fraction may be normal, even in the pres-
ence of elevated T2 or LGE. Wall motion abnor-
malities and ventricular systolic dysfunction may 
be caused by other conditions, such as ischemic 
heart disease. Therefore, functional abnormali-

ties are neither sensitive nor specific to the diag-
nosis of myocarditis and can only be used as 
supporting evidence of myocarditis. However, in 
patients with suspected myocarditis, severe ven-
tricular systolic dysfunction usually indicates 
more extensive myocardial involvement.

12.6  Pericardial Abnormalities

Myocarditis can involve the pericardium and vice 
versa. Of note, the presence of pericardial effu-
sion alone cannot be used as a marker of active 
pericarditis, as it may only be a manifestation of 
heart failure coexisting with myocarditis. Active 
pericardial inflammation is likely in the presence 
of pericardial thickening in high-resolution fast 
spin-echo T1 images, pericardial high signal in 
T2WI and T1/T2 mapping, and abnormal pericar-
dial LGE. Pericardial active inflammation can be 
used as supporting evidence of myocarditis [39].

12.7  Update to the LCC

With more data that prove the diagnostic perfor-
mance of CMR mapping techniques, the original 
2009 LLC was updated in 2018 by incorporating 
the novel cardiac mapping parameters discussed 
above (Central Illustration in Fig. 12.1) [8]. The 

UPDATED LAKE LOUISE CMRI CRITERIA SUPPORTING THE DIAGNOSIS OF ACUTE MYOCARDITIS

MAIN CRITERIA

1.Myocardlal edema
(Regional or global at
T2WI or on T2
mapping )

1.Pericarditis
(Effusion at cine images or
abnormal LGE, T2 or T1)

2.Systolic LV
Dysfunction
(Regional or global
wall motion
abnormality)

Regional increase
of T2 signal
Intensity at T2WI

Regional non-
ischemic LGE

Regional native
T1 Increase at
T1 mapping

Regional ECV
Increase

Global increase
of signal
intensity at T2WI

Pericardial effusion

Regional or global hypokinesis

Regional native T2
increase at T2
mapping

2.Non-lschemic
myocardial injury
(Regional or global
abnormal LEG, T1
or ECV)

SUPPORTIVE CRITERIA

Fig. 12.1 Overview of the updated Lake Louise criteria
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updated 2018 criteria proposed the following two 
categories of CMRI parameters to support myo-
cardial inflammation: (1) T2-based markers of 
myocardial edema: T2 weighted imaging or T2 
mapping; (2) T1-based markers of myocardial 
injury: delayed enhancement (LGE), T1 map-
ping, or ECV.  In the revised criteria, EGE was 
removed and superseded by T1 quantification. 
The Consensus Group recommends that in 
patients with a high pretest clinical probability of 
AM, having both positive T1 and T2 markers will 
provide the strongest evidence of acute myocar-
dial inflammation with high specificity; having 
only one of the two markers may still support a 
diagnosis of acute myocardial inflammation, 
albeit with less specificity [8]. The updated 
 criteria also include functional and pericardial 
abnormalities as supporting evidence for the 
diagnosis of myocarditis.

The updated 2018 criteria represent a “two out 
of two” approach, and different combinations may 
have different diagnostic performances. The com-
bination of T2 mapping and LGE produces very 
good diagnostic accuracy, according to two pub-
lished studies [36, 37]. Combining T2-based CMR 
with native T1-mapping is attractive because it 
does not require contrast agent administration. 
Combining T2 mapping and ECV may increase 
sensitivity in cases of diffuse edema where LGE 
may be negative. A recent study compared the 
original LCC with the updated 2018 criteria in a 
cohort and demonstrated better diagnostic perfor-
mance for the updated criteria, with a sensitivity of 
87.5% and a specificity of 96.1% [40].

12.8  Utility of CMRI in FM

In contrast to acute non-FM, the utility of CMRI 
in FM has not been systematically studied, but 
individual reports and personal experiences of 
experts. A small study at our center has described 
the appearance of CMRI and the application of 
multiparametric CMR in detecting and monitor-
ing myocardial inflammatory injury in FM [41]. 
Here, we describe the appearance of FM based 
on our experience and unpublished data. It is 
worth noting that CMRI is usually not the initial 
diagnostic modality for FM.  In our center, the 
CMRI examination time in most patients was in 
the convalescence stage, usually a few days 
before discharge, and a very small percentage of 
patients were in the very early stage before dete-
rioration of the disease. The median interval 
between patient admission and CMRI scan was 7 
days, and the average hospitalization time at our 
center for FM was 12 days. Therefore, the char-
acteristics of CMRI in FM summarized here may 
not represent the true characteristics of FM in the 
peak or mostly active stage of inflammatory 
myocardial injury, which may have the best diag-
nostic performance for FM.

Myocardial Edema Compared with acute non-
 FM, myocardial edema in FM is usually diffuse 
and presents as a diffusive or global enhanced 
signal on T2WI (Fig. 12.2a). Some patients with 
FM may also present with patchy areas of edema, 
which are typically in a non-coronary distribu-
tion as non-complicated AM. Due to the lack of 

a b c

Fig. 12.2 CMRI in a 19-year-old male with a clinical 
diagnosis of FM.  On T2WI, there was global enhanced 
signal in the left ventricular myocardium (a, yellow 
arrowheads), significant EGE (b, orange arrowheads) and 

LGE (c, blue arrowheads) signals in the corresponding 
segments, predominant involving the mid-wall and sub- 
epicardium myocardium, and involving the left ventricu-
lar septum
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a b

c d

Fig. 12.3 T1 and T2 mapping in the same patient as in 
the Fig. 12.1. (a) and (b) showed significantly increased 
T1 (1460 ms) and T2 relaxation time (48 ms); (c) and (d) 
showed decreased T1 (1290 ms) and T2 relaxation time 

(38 ms) to the level of about normal range in the repeated 
CMRI at 3-month follow-up visit. Normal references of 
T1 and T2 relaxation time are about 1240 and 40 ms in our 
center

normal myocardium as a reference for diffusive 
edema, T2WI is likely negative and quantitative 
T1 and T2 mapping and ECV are superior to 
T2WI in the case of FM. Patients with FM had 
significantly higher T1 and T2 relaxation times 
than normal controls (Fig. 12.3a, b), indicating a 
wider involvement of the myocardium and more 
severe inflammatory injuries. In the healing stage 
of FM, T1 and T2 relaxation times decreased sig-
nificantly but were still higher than normal con-
trols (Fig.  12.3c, d). Therefore, T1 and T2 
mappings are excellent tools to discriminate FM 
from healed myocarditis and are useful in moni-
toring changes in inflammatory myocardial 
injury [41].

Hyperemia and Capillary Leakage EGE, 
assessed in T1-weighted CMR images before and 
shortly after GBCA administration, also appear 
as diffusive or global hyperintensities 
(Fig. 12.2b).

Myocardial Necrosis and Fibrosis LGE are 
also diffusive in most patients with FM. The spa-
tial extent of LGE is more extensive in patients 
with a regional LGE appearance. The sub- 
epicardium and mid-myocardium are predomi-
nantly involved, but some patients with FM had 
transmural involvement (Fig.  12.2c). It remains 
unclear whether patients with transmural LGE 
have a poor prognosis. Our unpublished data 
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showed that LGE in most patients with FM pre-
dominantly involved the sub-epicardium and 
mid-myocardium, while 34% of them had trans-
mural LGE. Meanwhile, LGE in the interventric-
ular septum was observed in 93% of cases, 
followed by the inferior wall of the left ventricle; 
38% of cases presented with diffuse LGE, while 
others presented with linear or patchy LGE. The 
LGE appearance in FM demonstrated that 
patients with FM had more extensive and severe 
myocardial injury than those with non-fulminant 
AM, which is consistent with the more severe 
clinical manifestations of patients with 
FM.  However, further studies are warranted to 
prove whether the extent and location of LGE can 
predict the outcomes of FM.

Cardiac Structural and Functional 
Abnormalities Compared with non-fulminant 
AM, all patients with FM had a variable reduc-
tion in left ventricular systolic function 
(Fig.  12.4a). Our unpublished data showed that 
the average left ventricular ejection fraction was 
47.8% in patients with FM, and it is worth noting 
that the CMRI scans in most patients were per-
formed in the convalescence stage at our center. 
In addition, patients with FM usually had a 
thicker interventricular septum than normal con-
trols, with an average thickness of 10.6  mm 
(Fig.  12.4a, b). However, the thickened septum 
returned to the normal range during follow-up 
(Fig. 12.4c, d). A previous study using echocar-
diography also showed a thicker interventricular 

a b

c d

Fig. 12.4 Structural and functional abnormalities 
showed by CMRI in a 55-year-old woman with clinical 
diagnosis of FM. The four-chamber and short-axis views 
were shown. (a and b) were initial CMRI during hospital-
ization, and (c and d) were repeated CMRI at 3 months 
follow-up. The patients had reduced LVEF (47%) that 

recovered to 56% at 3 months follow-up. The interven-
tricular septum was thickened at a wall thickness of 
1.2 cm initially (a and b) and decreased to normal (0.9 cm) 
at following-up (c and d). In addition, pericardial and 
bilateral pleural effusion were present initially (a and b) 
and disappeared at the follow-up (c and d)
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septum in AM than in non-FM [42]. Overall, 
compared with acute non-FM, patients with FM 
have a greater reduction in left ventricular sys-
tolic function and greater thickness in the inter-
ventricular septum. Furthermore, patients with 
FM are more likely to have pericardial effusion 
and pericardial inflammation. In our unpublished 
data, 85% of patients with FM had pericardial 
effusion (Fig.  12.3a, b), which usually disap-
peared during the healing stage (Fig. 12.4c, d).

12.9  Prognostic Value of CMRI 
in Myocarditis

CMRI is not only used as an excellent diagnostic 
tool, but it can also provide prognostic informa-
tion for patients with myocarditis. However, 
studies on CMRI measurements as prognostic 
indicators of myocarditis are also mainly in non- 
fulminant AM, and the prognostic role of CMRI 
in FM is less investigated. In uncomplicated AM, 
the presence and extent of LGE may be a power-
ful predictor of cardiac events, and LGE located 
in the septum is considered to have the worst 
prognosis [11, 25, 43]. Another study involving 
670 patients with suspected myocarditis with a 
median follow-up period of 4.7 years showed that 
septal and midwall LGE had the strongest asso-
ciations with major adverse cardiovascular events 
(MACE) and LGE extent (per 10% increase) cor-
responding to a 79% increase in the risk of 
MACE [44]. In contrast, a normal CMR corre-
sponded to a low annual MACE and death rate 
[44]. In addition to LEG, T1 and T2 mappings 
provide excellent performance to differentiate 
acute from healed myocarditis, and abnormal T2 
mapping correlated with adverse outcomes [45, 
46]. ECV may also have incremental value in the 
risk stratification of patients with suspected myo-
carditis [47]. A CMRI is suggested to be repeated 
in the follow-up in athletes with myocarditis 
before restarting active training [48], and the 
absence of edema on CMRI may be an indicator 
of physical activity reintroduction, as suggested 
by Ammirati et al. [7].

12.10  Limitations of CMRI in FM

CMRI scans take a long time to complete and 
cannot be performed at the bedside. Patients with 
FM are often hemodynamically unstable or with 
severe heart failure on admission. They are often 
treated with mechanical assistance devices in the 
acute stage, making it unlikely to perform CMRI 
scans in FM. Therefore, CMRI is not usually the 
initial diagnostic tool for FM. In our study, most 
CMRI examinations were performed in the con-
valescent period before discharge and therefore 
cannot represent true myocardial injury in the 
acute phase of FM. Therefore, the early clinical 
diagnostic value of CMRI examinations for 
patients with FM may be limited. For the same 
reason, CMRI cannot be repeated frequently and 
is unsuitable for dynamic monitoring of disease 
changes in the acute stage of bedside echocar-
diography. Furthermore, CMRI cannot identify 
the histological type of myocarditis, which has 
prognostic and therapeutic implications in FM 
[49]. In the case of FM, EMB is still recom-
mended to characterize the histological type of 
FM, thus guiding optimal medical treatment [5].

12.11  Conclusion

In conclusion, CMRI can be used to “image” 
myocardial histological characteristics, including 
edema, hyperemia/capillary leakage, myocardial 
necrosis, and subsequent fibrosis, which means 
that CMRI can provide pathophysiological infor-
mation on myocardial injury in myocarditis and 
thereafter has been a noninvasive diagnostic tool 
in myocarditis. New CMRI techniques, such as 
T1 and T2 mapping, have the advantage of quan-
titatively evaluating features of myocardial tissue 
and can provide incremental evidence of inflam-
matory activity. Currently, CMRI has been 
widely used in clinical practice as a substitute 
“gold standard” for EMB in the diagnosis of 
myocarditis. CMRI can also be used in the dif-
ferential diagnosis of myocarditis and has a cer-
tain value in predicting the prognosis of the 
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disease. Combined with elevated myocardial 
injury markers, such as troponin and other suspi-
cious clinical manifestations, CMRI presentation 
in accordance with the diagnostic criteria of 
myocardial inflammation, a clinical diagnosis of 
myocarditis can be made.

Key Points

 1. Evidence of active myocardial inflammation 
by CMRI: First, T2 imaging suggests myocar-
dial edema, including enhanced regional 
myocardial signal in T2WI, ratio of myocar-
dial signal to adjacent skeletal muscle signal 
≥2.0, or increased T2 relaxation time sug-
gested by quantitative T2 mapping; Second, 
T1 imaging suggests myocardial injury, 
including increased LGE, T1 relaxation time, 
and ECV, indicating myocardial necrosis and 
fibrosis, myocardial hyperemia or capillary 
leakage, and intracellular and extracellular 
edema.

 2. Meeting two of the above criteria has the 
highest specific diagnostic value for AM; 
meeting one of the two criteria supports the 
diagnosis of AM in certain clinical settings.

 3. Other CMRI findings, including abnormal left 
ventricular function, pericardial effusion, 
pericardial thickening, as well as pericardial 
hyperintensity in T2WI, increased pericardial 
T1/T2 relaxation time, and abnormal pericar-
dial LGE, may be supporting evidence of the 
presence of myocarditis.

 4. The characteristic manifestations of AM on 
CMRI can provide diagnostic evidence of 
myocardial inflammation and allow the diag-
nosis of myocarditis in patients with clinically 
suspected FM, and help distinguish FM from 
myocardial infarction.

 5. Although CMRI is the imaging gold stan-
dard and has a higher specificity for the diag-
nosis of AM, it is of limited value in early 
diagnosis and monitoring the dynamic 
changes of myocardial injury in the case of 
FM due to the intrinsic requirements to per-
form CMRI scans and the unstable status of 
patients with FM.
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