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Abstract
Objectives: This study was aimed to systematically review the existing literature 
and explore more the diagnostic value of T1 and T2 mapping in acute myocarditis.
Methods: Studies were searched from five electronic databases. Sensitivity, 
specificity, diagnostic odds ratio (DOR), and summary receiver operating char-
acteristic curves (SROC) were calculated to present diagnostic performance. 
A meta- regression and subgroup analysis was performed based on validation 
(endomyocardial biopsy [EMB] vs. clinical criteria).
Results: A total of 10 studies were included, with 400 myocarditis patients 
and 266 controls. Native T1, T2, and extracellular volume (ECV) values were 
significantly increased in the myocarditis group. Pooled sensitivities for T1, T2 
mapping, and ECV were 0.84 (0.78– 0.88), 0.77 (0.69– 0.83), and 0.69 (0.50– 
0.83), respectively. Pooled specificities were 0.86 (0.69– 0.95), 0.83 (0.73– 0.89), 
and 0.77 (0.63– 0.87), respectively. The DORs were 32 (12– 87), 16 (8– 30), and 
7 (4– 14), respectively. The areas under the curve (AUC) of SROC were 0.87 
(0.84– 0.90), 0.86 (0.82– 0.89), and 0.80 (0.76– 0.83), respectively. In the meta- 
regression and subgroup analysis, significantly lower specificities of T1 and T2 
mapping were observed in EMB studies (p < 0.01).
Conclusion: The currently available evidence shows that T1 and T2 mapping 
including ECV alone offer comparably good diagnostic performance for the de-
tection of acute myocarditis. The reason for the observed mismatch with EMB 
findings should be further investigated.
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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1 |  INTRODUCTION

Myocarditis is an inflammatory cardiovascular disease 
that is always blamed for the progression of myocar-
dial injury, sudden cardiac death, and nonischemic di-
lated cardiomyopathy.1,2 Data in biopsy studies have 
shown that the inflammation had a contribution to 9% 
of dilated cardiomyopathy.3 Furthermore, it is reported 
that myocarditis accounts for sudden cardiac death in 
20%– 40% of young adults.1 Although an early and ac-
curate diagnosis of myocarditis is necessary to reduce 
the risk of progression, the diagnosis is still a challenge 
in modern cardiology because of the variety of clinical 
representations of myocarditis and undetermined diag-
nostic criteria.4

Cardiovascular magnetic resonance (CMR) imag-
ing has emerged as a reliable non- invasive diagnos-
tic tool in patients with suspected myocarditis.5 The 
diagnosis of acute myocarditis using CMR is based 
on the Lake Louise criteria (LLC), which were recently 
supplemented by quantitative imaging parameters.6 
These quantitative techniques consist of T1 and T2 
mapping including extracellular volume (ECV) frac-
tion, which allows for the accurate quantification of 
myocardial fibrosis and edema.7,8 Both T1 and T2 
mapping have been shown to be reliable diagnostic 
markers for acute myocarditis and offer a more objec-
tive assessment of myocardial tissue characterization 
while overcoming the limitations of semiquantitative 
approaches.5,9 However, their diagnostic performance 
remains inconsistent across the literature. Although 
there were several published meta- analyses com-
bining evidence to validate their diagnostic quality, 
some limitations existed and biased the results, such 
as limited data or a mixed patient cohort of acute and 
chronic myocarditis.10– 12

To improve the clinical practice of CMR for patients 
with suspected acute myocarditis, this systematic re-
view and meta- analysis were conducted to explore 
more the diagnostic value of T1 and T2 mapping in 
acute myocarditis by synthesizing more available pub-
lished studies.

2 |  METHODS

This systematic review and meta- analysis were pre-
sent in accordance with the guideline of the Preferred 
Reporting Items for Systematic reviews and Meta- 
Analyses statement (PRISMA).13

2.1 | Study selection

Studies were searched from PubMed, Embase, 
ScienceDirect, Scopus, and Cochrane Library up to 
March 2020, using the following keywords in separate 

and in combination: “myocarditis,” “cardiac magnetic 
resonance,” “magnetic resonance,” “CMR,” “MR,” and 
“MRI.” Additionally, references from identified studies 
were manually searched. Two independent authors 
first reviewed titles and abstracts to retrieve relevant 
articles, and then read the full texts to identify the 
included studies. Discrepancies were resolved by 
consensus.

2.2 | Inclusion and exclusion criteria

Studies were considered eligible based on the fol-
lowing inclusion criteria: (1) cohort or case- control 
studies evaluating the utility of CMR in adult patients 
with clinically suspected acute myocarditis; (2) using 
endomyocardial biopsy (EMB) or clinical criteria as 
the reference standard; (3) reporting T1 mapping, T2 
mapping, or ECV; (4) using CMR on a 1.5T scanner, in 
order to minimize the inconsistency across the studies 
and given CMR at 1.5T was most commonly used in 
the literature; (5) providing the essential data to con-
struct a 2 × 2 contingency table for calculation, namely 
true-  and false- positive values and true-  and false- 
negative values, if diagnostic yields were reported 
only; (6) complete analytic study written in English. If 
two or more studies were analyzing the same cohorts, 
the study with the most sufficient data was included. 
Studies that included patients with onset of symp-
toms >2 weeks before CMR were excluded. Studies 
enrolling complex patient cohorts without examining 
the outcomes of myocarditis patients alone were also 
excluded.

2.3 | Data extraction

Data from each included study were independently 
extracted by two reviewers into a predefined Excel 
spreadsheet. The extracted data included: the first au-
thor's name, publication year, location, study design, 
sample size, patients selection criteria, patients base-
line characteristic, reference standard, CMR imaging 
protocol, the interval from symptom onset to CMR, and 
CMR results on mapping techniques. Differences be-
tween reviewers were resolved by discussion.

2.4 | Study quality assessment

The methodological quality of included studies was ap-
praised using the QUADAS- 2 (Quality Assessment for 
Diagnostic Accuracy Studies) tool.14 The QUADAS- 2 
tool consists of four domains, namely patient selec-
tion, index test, reference standard, and flow and 
timing. In each domain, the risk of bias and applicabil-
ity of studies was rated as low, high, or unclear. The 
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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study assessment was completed by two independ-
ent researchers and consensus was achieved after 
discussion.

2.5 | Statistical analysis

Continuous data including native T1 value, T2 relaxa-
tion time, and ECV were summarized using weighted 
mean differences (WMDs) and 95% CIs as their effect 
sizes, and a 95% CI excluding the point of no effect 
indicates statistical significance. The pooled sensitiv-
ity, specificity, and diagnostic odds ratio (DOR) with 
the accompanying 95% confidence intervals (CIs) were 
calculated to determine the diagnostic value of CMR for 
the detection of acute myocarditis. Summary receiver 
operating characteristic curves (SROCs) were gener-
ated to estimate the effect of sensitivity and specific-
ity. The area under the curve (AUC) of the SROC was 
estimated to show the overall efficacy of a given CMR 
parameter, and a higher AUC value reflects better diag-
nostic performance.

Heterogeneity across studies was assessed using I2 
statistic and an I2 > 50% was considered as significant 
heterogeneity. We chose a random- effects model to es-
timate the overall effect if I2 > 50%; otherwise we used 
a fixed- effects model. The threshold effect, which was 
a potential source of heterogeneity because of different 

cutoff values to define a positive or negative test result, 
was assessed by Spearman correlation coefficients. 
A strong positive correlation between sensitivity and 
[1 -  specificity] (p < 0.05) confirmed the evidence of a 
threshold effect. The least significant difference tests 
and Scheffe tests were used for comparing the diag-
nostic performance among the mapping techniques. A 
meta- regression and subgroup analysis was performed 
to summarize the sensitivity and specificity based on 
reference standards and determine if different gold 
standards could affect the heterogeneity and overall 
diagnostic value. Additionally, tests of interaction were 
conducted to compare subgroups. We used STATA soft-
ware version 15.0 to perform all statistical analyses.

3 |  RESULTS

3.1 | Study identification

A total of 3483 articles were identified from the initial lit-
erature search. Of these, 3357 duplicated or irrelevant 
studies were excluded based on titles and abstracts, 
and the remaining 126 papers underwent full- text re-
view. Subsequent identification rejected 116 studies 
based on the eligibility criteria and 10 studies were fi-
nally included and used to meta- analyze.15– 24 The flow-
chart of study selection was shown in Figure 1.

F I G U R E  1  Flowchart of study identification
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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3.2 | Study characteristics and quality

All the included studies were published between 2014 
and 2019, with eight16– 20,22– 24 of prospective design and 
two15,21 of the retrospective design. Of these studies, 
only two studies19,20 were conducted in multi- center. 
The majority of studies were located in Germany. 
Totally, 666 participants were enrolled, with 400 in the 
myocarditis group and 266 in the control group. The 
mean age of the patients included varied from 24.5 to 
54 years, with proportions of males ranging from 45% 
to 80%. Seven studies15,18– 22,24 made the diagnosis of 
acute myocarditis based on clinical validation and three 
studies16,17,23 based on EMB findings. The study char-
acteristics are summarized in Table 1.

The quality of the included studies was considered 
moderate and acceptable according to the QUADAS- 2 
tool. In detail, all studies were assessed as low risk of 
bias in all domains with the exception of index tests, in 
which eight studies17– 24 were graded as unclear risk of 
bias since the blindness to the results of the reference 
standard being unreported, suggesting a possibility of 
applicability concerns. The summary of the critical ap-
praisal is presented in Figure S1.

3.3 | CMR characteristics

CMR results on native T1, T2 time, and ECV were re-
ported in 9, 8, and 7 studies, respectively. After data 
synthesis, the pooled results showed that patients with 
acute myocarditis were associated with T1 prolonga-
tion (WMD: 69.15, 95% CI: 45.75– 92.55, I2 = 90%), 
elevated T2 values (WMD: 5.42, 95% CI: 4.59– 6.25, 
I2 = 18%), and increased ECV (WMD: 4.32, 95% CI: 
3.10– 5.52, I2 = 10%). All differences between groups 
were significant.

3.4 | Native T1 mapping

The application of native T1 mapping for identifying 
acute myocarditis patients presented a pooled sensi-
tivity of 0.84 (95% CI: 0.78– 0.88, I2 = 29%), a pooled 
specificity of 0.86 (95% CI: 0.69– 0.95, I2 = 82%) 
(Figure 2A). The pooled DOR was 32 (95% CI: 12– 
87). The AUC of SROC was 0.87 (95% CI: 0.84– 0.90) 
(Figure 2B). The assessment of the Spearman correla-
tion coefficient (−1.00; p = 1.00) showed no existence of 
a significant threshold effect.

3.5 | T2 mapping

For the evaluation of the diagnostic performance of 
T2 mapping, the pooled sensitivity was 0.77 (95% CI: 
0.69– 0.83, I2 = 44%) and the pooled specificity was 0.83 

(95% CI: 0.73– 0.89, I2 = 45%) (Figure 3A). The pooled 
DOR was 16 (95% CI: 8– 30). The AUC of SROC was 
0.86 (95% CI: 0.82– 0.89) (Figure 3B). The threshold ef-
fect was not present because the Spearman correlation 
coefficient was negative (−0.23) with p = 0.05.

3.6 | ECV

In the accuracy calculation for ECV mapping, the meta- 
analysis generated a pooled sensitivity of 0.69 (95% CI: 
0.50– 0.83, I2 = 78%) and a pooled specificity of 0.77 
(95% CI: 0.63– 0.87, I2 = 45%) (Figure 4A). The pooled 
DOR was 7 (95% CI: 4– 14). The AUC of SROC was 
0.80 (95% CI: 0.76– 0.83) (Figure 4B). Threshold analy-
sis revealed a Spearman correlation coefficient of 0.60 
(p = 0.36), indicating the absence of threshold effect in 
this group of studies.

3.7 | Comparison of diagnostic 
performance

The least significant difference and Scheffe tests 
showed that there were no significant differences 
among the three mapping techniques regarding sensi-
tivity, specificity, DOR, or SROC (p > 0.05).

3.8 | Meta- regression and 
subgroup analysis

A subgroup analysis, separating studies according 
to reference standards (clinical findings or EMB), 
was performed. The analysis revealed that refer-
ence standards had no significant effect on the di-
agnostic accuracy of each CMR mapping parameter 
or the heterogeneity across studies. (Table 2) When 
comparing the two subgroups, P value for tests of 
interaction showed that there were no significant dif-
ferences, except that significantly lower specificities 
of T1 and T2 mapping were observed in EMB studies 
(p < 0.01).

4 |  DISCUSSION

This meta- analysis integrated the available evidence on 
CMR- based quantitative T1 and T2 mapping in patients 
with acute myocarditis and demonstrated that native T1 
and T2 including T1- derived ECV were all significantly 
increased in the myocarditis group and could provide 
reliable diagnostic performance, with AUCs of above 
0.8. However, both T1 and T2 specificity subsided in 
the setting of EMB- proven myocarditis, indicating that 
other pathology with similar presentations might be 
often misdiagnosed by CMR mapping.
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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T1 and T2 values can be obtained directly and are 
independent of the variation in signal intensity, which 
allows for the quantitative and objective assessment of 
myocarditis. Native myocardial T1 relaxation time was 
significantly higher in patients with acute myocarditis 
compared to control subjects. The prolongation of T1 
values is attributed to cellular edema, increased extra-
cellular space and water, inflammation, and myocyte 

necrosis, all of which commonly occur in the early 
stage of myocarditis.5,25 Then in the current study, this 
CMR approach yielded good diagnostic performance 
in patients suspected of having acute myocarditis as 
reflected by its AUC value of 0.87. Myocardial T2 re-
laxation time also has a close relationship with free tis-
sue water content, thus making it a promising marker 
to detect the diseased myocardium.22,26,27 T2 values 

F I G U R E  2  Diagnostic accuracy of 
native T1 mapping in the diagnosis of 
acute myocarditis. (A) Pooled sensitivity 
and specificity. (B) Summary receiver 
operating characteristic curve
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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were significantly elevated in patients compared with 
controls according to our results, and T2 mapping had 
a comparable diagnostic yield to native T1 with an AUC 
of 0.86.

The ECV is estimated from pre-  and post- contrast 
T1, which may allow for extracellular volume space 
quantification and accurate myocardial fibrosis correla-
tion.28 With statistical significance, an ECV elevation 

was detected in acute myocarditis. Following this re-
sult, ECV showed a good diagnostic potential to de-
tect suspected acute myocarditis with an AUC of 0.80. 
However, the diagnostic performance might be ham-
pered in the early course of the disease when the extent 
of interstitial edema might not suffice to allow for ECV 
elevation in diseased myocardium.18,22,24 In the same 
way, Dabir et al. yielded the lowest ECV sensitivity of 

F I G U R E  3  Diagnostic accuracy of 
T2 mapping in the diagnosis of acute 
myocarditis. (A) Pooled sensitivity 
and specificity. (B) Summary receiver 
operating characteristic curve
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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47% among the included studies with a short time to 
CMR of 3 days on average.18 Therefore, in the setting 
of suspected myocarditis with a short time interval be-
tween the onset of symptoms and CMR, the diagnosis 
employing exclusively extracellular information should 
be with caution.

As for the difference among T1, T2, and ECV, they 
have different diagnostic targets. While T1 is non- 
specific for infiltration or edema, T2 is specific for 
edema, especially intracellular. Therefore, T2 quickly 
loses sensitivity after the acute phase, but is very spe-
cific for acute phase, T1 and ECV may stay positive 
even after acute inflammation. What is more, neither T1 
nor ECV is specific for acute inflammation early after 
symptom onset. Pre- existing myocardial injury may 

render patients more susceptible to inflammation and 
thus, T1 or ECV may have a higher prevalence in this 
population and not necessarily reflect acute disease. 
This may explain the observed lower sensitivity of T2 in 
comparison to T1 in this meta- analysis. We know from 
previous experiences with CMR in myocarditis that the 
combination of CMR parameters might be better than 
single parameters.6 In this paper, the included study of 
von Knobelsdorff- Brenkenhoff et al. showed a high di-
agnostic performance when combining native T1 and 
T2, with a sensitivity of 0.78 and a specificity of 0.94. 
Based on two parameters, the diagnosis of acute myo-
carditis is even more secure. However, this result was 
achieved from clinically proven myocarditis, and the ev-
idence should be further investigated.

F I G U R E  4  Diagnostic accuracy of 
extracellular volume in the diagnosis of 
acute myocarditis. (A) Pooled sensitivity 
and specificity. (B) Summary receiver 
operating characteristic curve
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1 |  INTRODUCTION

To date three types of electron conformal therapy (ECT) 
have been studied, bolus ECT (BECT), segmented- 
field ECT, and modulated electron radiation therapy 
(MERT).1 Each has advantages and disadvantages 
compared with the others; however, only BECT tech-
nology is widely available in today's clinic. In BECT, a 
variable thickness bolus abutting the patient surface 
is used to modulate laterally the therapeutic range, for 
example, R90, so that the 90% dose surface conforms 
to (circumscribes) the patient planning target volume 
(PTV). BECT offers the potential for lower whole body 
dose, reducing secondary cancer risks, and equal or 
lower dose to nearby critical structures, reducing nor-
mal tissue complications, as compared to that of inten-
sity modulated x- ray therapy (IMXT).

Historically, electrons have been an important mo-
dality for (1) the treatment of skin, lip, head, and neck 
tumors, (2) boost doses to superficial lymph nodes, 
and (3) postmastectomy chest wall irradiation.2– 5 
Since the onset of 3D treatment planning, BECT has 
been shown useful for posterior chest wall6– 8; post-
mastectomy chest wall7,9– 11; ear, parotid, and buccal 
mucosa7,12; nose13; and extremities (hand and foot).8 
As a result, BECT is currently available from two 
companies that provide bolus design software, which 
integrate with one's treatment planning system,8,14 
and bolus fabrication methods (milled or printed).6,8

The typical BECT treatment and delivery process 
consists of patient immobilization, CT scanning, PTV and 
normal tissue delineation, beam design, bolus design, 
dose calculation, bolus fabrication, and quality assur-
ance.6 Bolus design is typically an iterative optimization 
process.8,14 Physical quality assurance following fabri-
cation can be made by bolus thickness measurement 
at multiple off- axis locations. Clinical, dosimetric quality 
assurance can be made using a repeat CT scan from a 
CT simulator or pre- treatment cone beam CT to perform 
a patient dose calculation with bolus in place.6,13

Clinical experience has demonstrated that in some 
cases, the upstream bolus surface is sufficiently irregular 
to cause undesirable dose heterogeneities in the PTV, that 
is, volumes of increased dose (hot spots) and decreased 
dose (cold spots). However, Kudchadker et al.7 showed 

that the introduction of modest intensity modulation (70%– 
100%) across the beam, followed by moderate redesign of 
the bolus, can significantly reduce PTV dose heterogene-
ity while maintaining a dose distribution conformal to the 
PTV. Hence, intensity modulated BECT, that is, IM- BECT, 
can conform the therapeutic dose surface (e.g., 90%) to 
the distal PTV surface, while producing a reasonably uni-
form dose in the PTV (≈10%– 15% dose spread).

Recently, Hogstrom et al.15 developed a simple, po-
tentially economical method for design and fabrication of 
a passive radiotherapy intensity modulator for electrons 
(PRIME) device,16 analogous to the utilization of x- ray com-
pensators for IMXT prior to the widespread availability of 
x- ray multi- leaf collimators (MLCs).17,18 The objective of this 
paper is to describe a process that should be suitable for 
planning and delivery of IM- BECT. The process, detailed 
and demonstrated for two patient sites, includes adding 
techniques for design, fabrication, and quality assurance of 
the intensity modulator19,20 to the current BECT process.6

2 |  METHODS

Methods for planning and delivering IM- BECT are 
demonstrated using data from two patients previously 
treated using BECT. For each patient, treatment plan-
ning was done using research versions of a BECT 
bolus design system in which the ability to utilize inten-
sity modulators was added. The intensity modulators 
(PRIME devices) resulting from the treatment plans 
were fabricated, then the process of clinical quality 
assurance of the fabricated intensity modulators was 
demonstrated by comparing dose calculations with 
measurements beneath the intensity modulators in a 
water phantom. Planning and delivery techniques, that 
is, bolus and intensity modulator design, patient dose 
calculation, fabrication of intensity modulator, and qual-
ity assurance, are presented.

2.1 | Patient data

Two anonymized patient CT data sets (HIPAA com-
pliant) were selected for two sites, postmastectomy 
chest wall and temple. Each patient had been treated 

Conclusion: These results demonstrated the feasibility of translating IM- BECT 
to the clinic using the techniques presented for treatment planning, intensity 
modulator design and fabrication, and quality assurance processes.
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Having more stringent inclusion criteria and exclu-
sively analyzing CMR mapping techniques at 1.5 T, the 
present study showed a similar diagnostic yield of both 
T1 and T2 mapping, as reported by two previous meta- 
analyses.10,11 However, considering the variability of ref-
erence standard may bias the results, subgroup analysis 
based on validation was conducted. Interestingly, when 
differentiating participants with positive findings at EMB 
from those with negative findings, we found a reduction 
in both specificities of T1 (0.63 vs. 0.92; p < 0.01) and 
T2 (0.68 vs. 0.89; p < 0.01) in the EMB- based studies 
than those in clinically diagnosed studies. The main rea-
son may be that the T1 and T2 mapping lack specificity 
for acute myocarditis as compared with other pathology 
with similar symptoms. Besides, Radunski et al.29 found 
T1 and T2 mapping were not sensitive enough to acute 
myocarditis when they included patients with subacute 
or chronic myocarditis (T1: 0.64; T2: 0.57). That is to 
say, our results confirm that native T1 and T2 may allow 
for a reliable distinction between injured and normal 
myocardium, but still struggle to discriminate between 
acute myocarditis and noninflammatory cardiomyopa-
thy or myocarditis with a chronic presentation, which is 
of more clinical significance and deserves further evalu-
ation in CMR studies. Perhaps, multiparametric imaging 
approach to acute myocarditis may yield superior diag-
nostic efficacy,15 to which attention should be played in 
future studies.

The present meta- analysis represents more com-
plete analysis for the diagnostic value of CMR- based 
T1 and T2 mapping techniques than prior published 
meta- analyses10– 12 as this study included more recent 
studies and made an additional analysis based on the 
type of validation test. More importantly, we restricted 
the timing from the onset of symptoms to CMR assess-
ment to ≤14 days in patients. The findings would help to 
provide more insight into the diagnostic value of T1 and 
T2 mapping and inform better guidelines for patients 
undergoing CMR for the suspicion of acute myocardi-
tis. However, some limitations must be acknowledged. 
First, even though a meta- regression analysis had 
been conducted to explore the source of heterogeneity, 
significant heterogeneity remained in T1 specificity and 

ECV sensitivity, which may be resulted from various 
population selection, patient baseline characteristics, 
observers' interpretation, or CMR acquisition proto-
cols. Second, all the included CMR data are performed 
on a 1.5- T scanner from only two vendors (Philips and 
Siemens), thus the results may not be generalizable to 
other field strengths or vendors. Third, the number of 
the included studies was still small, which limited us to 
conduct publication bias and draw a definite conclu-
sion. Thus, more studies are needed to verify our re-
sults, especially in patients' cohorts with EMB- proven 
myocarditis.

5 |  CONCLUSION

In conclusion, the currently available evidence shows 
that T1 and T2 mapping including ECV alone offer com-
parably good diagnostic performance for the detection 
of acute myocarditis. The reason for the observed mis-
match with EMB findings should be further investigated.
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