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Background 

Cardiovascular Magnetic Resonance 

(CMR) is an accepted method for vari-

ous clinical indications, i.e. assess-

ment of coronary artery disease 

(CAD), cardiomyopathies, inflamma-

tory disease as well as valvular disor-

ders [1-3]. Particularly its unique 

capability to detect and differentiate 

myocardial injury helps to establish  

a new understanding of diseases.  

For over 10 years CMR has been used 

for therapy guiding in different indi-

cations such as revascularization 

therapy in CAD or chelate therapy  

in iron overload [4, 5]. The latter  

has also influenced patient outcome 

significantly. Whilst CMR plays an 

important role in a growing number 

of guidelines and position papers, its 

use in daily clinical routine should be 

accelerated. There are several obsta-

cles hampering wide distribution of 

CMR. It once had the reputation of 

being difficult and time consuming. 

However, modern techniques allow 

faster and more robust scans. There 

is no doubt that training as well as 

dedicated teaching is needed, similar 

to any other specialized methods  

[6, 7]. In our opinion referring doc-

tors as well as CMR performing doc-

tors need to be educated in the effec-

tive use of CMR in clinical routine. 

Recently, we published a paper intro-

ducing a novel teaching approach 

allowing time-effective teaching as 

well as an ongoing quality control 

[8]. Our aim is to enable CMR in all 

settings – hospitals of different sizes 

as well as in outpatient departments. 

CMR should be offered not only in a 

dedicated, stand-alone setting but 

also as part of a routine MR facility 

covering extra-cardiac indications. In 

this article, we aim to explain more 

details of the published approach and 

highlight the opportunity of remote 

scanning.

Spectrum of CMR indications

CMR is integrated in the work-up of 

different diseases as published regu-

larly. Our teaching program includes 

all current clinical indications and can 

state that this goal is achievable with 

high quality standards even in small 

hospitals. In this chapter we give an 

overview of the main CMR requests 

in adult cardiology. We assume that 

the same setting is also applicable  

in congenital heart disease (CHD), 

but usually patients with CHD should 

be referred to dedicated centers. 

Table 1 illustrates the main indica-

tions including average scan time in 

Table 1

Indication Average scan time in minutes 

Left and right ventricular function 3-10   

Adenosine perfusion 20-40  

Viability assessment 20   

Inflammatory disease 30   

Cardiomyopathies 20-40  

Valvular disorders 10-30 (depending on need for contrast-media) 

Masses 10-60 

Iron overload 10 

Angiography 10

Routine CMR indications and average scan time.

a routine setting. The broad number  

of indications beyond the capability  

of other imaging modalities has led to 

the growing interest in CMR and the 

consecutive interest in time-effective 

teaching opportunity.

Assessment of coronary artery disease 

is a major indication for CMR. Stress 

testing (Fig. 1) and assessment of  

viability (Fig. 2) cover up to 40% of 

referrals as shown in different regis-

tries [9, 10]. CMR is leading us to new 

insights as depicted in the case with  

a chronic myocardial infarction and 

fatty degeneration, which is also 

known from autopsy studies. The cur-

rent clinical impact is not systemati-

cally evaluated, as the differentiation 

applying fat/water separated images  

is currently not given at all scanners 

[11]. Another unique capability of CMR 

is the identification of microvascular 

obstruction (MVO) in acute myocardial 

infarction (Fig. 3). MVO is accepted as 
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76-year-old woman with atypical chest pain and preserved left ventricular ejection fraction (LVEF 75%). CMR with adenosine stress 

perfusion. Midventricular short axis view shows: (1A) SSFP cine short axis in end-diastole, (1B) adenosine stress perfusion with 

predominantly anterior and inferior perfusion defect and (1C) fibrosis imaging with late gadolinium enhancement (LGE) with no 

evidence for myocardial scar.

1

71-year-old patient with chronic myocardial infarction and slightly reduced LV function (LVEF 50%). All images are given in a 

two-chamber view. SSFP cine imaging in (2A) end-diastole and (2B) end-systole showing the anterior hypokinesia and the apical  

dyskinesia. Fat/water imaging showing fatty replacement (arrow) of the anterior wall (bright in 2C and dark signal in 2D) [9].  

(2E) Fibrosis imaging (LGE) showing a bright signal – indicating scar and fatty replacement. The combination of scar imaging and  

fat imaging allows the differentiation of tissue composition. This chronic myocardial infarction shows fatty degeneration of the scar.

2

56-year-old man with an acute 

anterior myocardial infarction and 

preserved ejection fraction (LVEF 

54%). Main information are given  

in a three-chamber view. (3A) SSFP 

cine imaging in diastole and (3B)  

in systole showing mild anterior 

hypokinesia. (3C) Fibrosis imaging 

(LGE) showing large area of micro-

vascular obstruction (dark signal, 

arrow), surrounded by bright signal 

indicating fibrosis. (3D) Edema 

imaging (T2-weighted, short axis 

view) indicating corresponding 

anterior edema.

3

1A

2A

2C 2D 2E

2B

1B 1C

3A

3C

3B

3D
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34-year-old man with acute myocarditis and preserved LV-function (LVEF 55%).  

SSFP cine in four-chamber view in end-diastole (4A) and end-systole (4B) with no 

wall motion abnormality. (4C) Edema imaging (T2-weighted, short axis view) 

showing large area of edema (arrow). Fibrosis imaging with LGE with typical pattern 

for acute myocarditis: (4D) Four-chamber view, lateral-basal subepicardial LGE,  

(4E) three-chamber view, inferolateral–basal LGE, and (4F) short axis view with 

subepicardial inferolateral and lateral LGE. 

4

75-year-old patient with amyloidosis with preserved LV function (LVEF 52%) and 

marked left ventricular hypertrophy. SSFP-cine in two-chamber view in end-diastole 

(5A) and end-systole (5B). Minimal pericardial effusion. (5C) T1-mapping (midven-

tricuar short axis) max. T1 1186 ms. LGE-imaging in two-chamber view (5D) and 

short axis view (5E) showing unusual enhancement with an inhomogenous pattern 

of myocardium. This finding is pathognomonic for amyloidosis.

5

being relevant to prognosis even 

despite impairment of the left  

ventricular ejection fraction [12]. 

Furthermore, CMR is uniquely  

capable of assessing inflammatory 

reaction including differentiation of 

reversible injury (Fig. 4). This is also  

a part of other clinical recommenda-

tions, including the assessment of 

different pathological mechanisms 

such as edema, hyperemia and fibro-

sis [11]. Parametric mapping tech-

niques are adding further informa-

tion and we assume that they will 

even replace some of current conven-

tional techniques [14, 15]. 

Interestingly, recent AHA-guidelines 

for eligibility and disqualification  

of athletes highlighted the role of 

CMR for assessment of myocarditis as  

well as its role in other cardiomyopa-

thies [16]. Differentiation of cardio-

myopathies including inflammatory 

disease is a major indication for CMR, 

often stated to be 40% of all patients 

[9, 10].

Diseases with left ventricular hyper-

trophy (LVH) are playing a major  

role in cardiology, as i.e. arterial 

hypertension is often characterized 

by increased wall thickness. The dif-

ferentiation of the underlying injury 

in LVH has changed the daily clinical 

work-up in several centers. Differenti-

ation of tissue composition can be 

performed based on quantitative 

mapping techniques. These novel 

parametric techniques allow the 

detection of fatty infiltration, as 

described in Fabry’s disease as well as 

in amyloidosis (Fig. 5) [17]. Hyper-

trophic cardiomyopathy has a major 

impact for the patient due to its sen-

sible risk profile for sudden cardiac 

death. CMR is well established for 

phenotyping and adding information 

about patient’s risk (Fig. 6). A world-

wide NIH-sponsored study is ongoing 

to evaluate the impact of different 

risk-markers or its combination. This 

also includes several CMR biomarkers 

such as fibrosis imaging [18].

Staging of valvular disease is often  

a challenge in cardiology. Routinely, 

transthoracic echocardiography is 

used, but it may fail due to impaired 

ultrasound conditions. In these cases 

CMR can be applied for assessment. 

Furthermore CMR can be utilized to 

avoid transesophageal echocardiog-

raphy e.g. in aortic stenosis (Fig. 7), 

which is published for the quantifica-

tion of native valves as well as bio-

prothesis [19, 20]. Quantification of 

regurgitation (Fig. 8) as well as appli-

cation of phase-contrast measure-

ments for shunt quantification are 

established as well. The diagnostic 

work-up of valvular disease especially 

aortic stenosis should also include an 

angiography, as concomitant abnor-

malities of the large thoracic arteries 

4A

4D
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Spotlight

10 MAGNETOM Flash | (64) 1/2016 | www.siemens.com/magnetom-world



30-year-old patient with hypertrophic cardiomyopathy, preserved LV function  

(LVEF 62%) and asymmetric hypertrophy of the septal wall. Furthermore the 

papillary muscles are hypertrophied and their insertion is atypically located in  

the apical region. SSFP cine imaging in the four-chamber end-diastolic view (6A) 

shows a maximal wall thickness of 26 mm, end-systolic view (6B). (6C) exemplary 

post-contrast SSFP cine short axis view with already depicted signs of fibrosis in  

the inferior insertion point of the right ventricle. Fibrosis imaging (LGE) in a four-

chamber view (6D) showing intramyocardial fibrosis in the septal wall and basal 

lateral (arrow). Fibrosis imaging (LGE) in a short axis view (6E) showing fibrosis in 

the inferior insertion point of the right ventricle and less intensive anterior (arrow).

6 56-year-old patient with aortic 

stenosis based on a congenital 

bicuspid valve. (7A) SSFP cine  

in diastole: bicuspid aortic valve 

between LCC and RCC-type 1LR. 

(7B) SSFP cine in systole: valve 

area 1.2 cm2 (opening index  

0.6 cm2/m2). (7C) Contrast-

enhanced 3D angiography 

showing of the aorta thoracalis 

with normal diameters. 

7

67-year-old patient  

with aortic regurgitation.  

(8A) Three-chamber view  

in SSFP cine shows aortic 

regurgitation jet. The yellow 

line indicates the positioning 

of the phase contrast flow 

measurement in (8D).  

(8B) SSFP cine showing  

the tricuspid aortic valve  

in systole (opening area  

2.4 cm2). (8C) Same image 

as (8B) in diastole giving  

the regurgitation – missing 

closure of the cusps.  

(8D) Flow curve as a result  

of the PC-measurements 

showing the regurgitation 

(regurgitation fraction 28%).

8
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50-year-old patient with a myxoma,  

all images are given in a four-chamber 

view. (9A) SSFP cine view showing a 

mass in the left atrium, the signal is 

hypo- to isointense in comparison to  

the myocardium. The mass showed 

extensive movement during the heart 

cycle. (9B) T2-weighted image – the 

mass shows a hyperintensive signal  

in comparison to the myocardium.  

(9C) LGE shows isointense signal in 

comparison to the myocardium with  

a slightly inhomogeneous pattern.

9

49-year-old patient with a pleuropericardial cyst adjacent to the right atrium (arrow), 

all images are given in an atypical four-chamber view (adapted to delineate the extra-

cardiac mass). (10A) SSFP cine imaging showing a well-defined structure without any 

infiltration of cardiac structures. Signal intensity is hyperintense in comparison to the 

myocardium (10B) T2-weighted image, signal intensity is hyperintense in comparison 

to the myocardium (10C+D). Fat/water imaging excluded fat component within the 

mass [9].

10

are common. The enhanced distribu-

tion of CMR leads to a growth in this 

application as well. 

Since the early years of CMR differen-

tiation of masses has been a major 

indication. Using different CMR tech-

niques it is possible to differentiate 

the tissue composition of a mass as 

well as to find signs for malignant 

growth pattern (Figs. 9, 10). 

This short overview of CMR indica-

tions is not exhaustive, but it reflects 

the width of indications driving the 

intention to offer CMR in hospitals of 

all sizes.

Current CMR teaching modes 

For standardization of CMR certifica-

tion dedicated teaching systems have 

been defined by different radiology 

(i.e. American College of Radiology 

(ACR)), cardiology (i.e. European 

Society of Cardiology (ESC)) and 

interdisciplinary societies (i.e. Society 

for Cardiovascular Magnetic Reso-

nance Imaging (SCMR)). 

These guidelines require a multi-

modal teaching system with lectures, 

seminars and case studies, as well as 

a dedicated teaching center provid-

ing the necessary volume of CMR 

scans. In order to meet these require-

ments, training courses typically 

require periods of off-site training of 

a potential trainee in a high-volume 

CMR center such as ours. 

There exist several teaching modali-

ties for CMR, i.e. in our institution  

we offer four different types of CMR 

courses. As illustrated in Figure 11, 

weekend courses provide basic  

CMR knowledge whereas three in-

depth courses with different features 

enable participants to acquire 

advanced skills in CMR interpretation.

In traditional fellowship teaching, 

trainees typically spend several 

weeks in an experienced CMR center. 

Teaching is provided by experienced 

CMR supervisors, sometimes on a 

one-on-one basis, and structured 

along daily clinical cases. However, 

this teaching mode requires signifi-

cant times away from the individual 

home facility, typically six to twelve 

weeks.

9A
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Communication (Push) to  

DICOM server requires sender’s IP, 

Port and AE-Title

Cardiac-MRI

Evaluation  

Terminal

Trainee

Communication (Query and 

Retrieve) from DICOM server 

requires recipient’s IP,  

Port and AE-Title

Feedback

Evaluation Terminal

Supervisor

Berlin

Central Server

Central  

DICOM server

Central DICOM server 

receives, stores and  

sends DICOM studies

Basic CMR knowledge

All advanced CMR  

training courses include

• >30 hours lectures on  

physical and clinical 

CMR prinicples

• >150 self-conducted 

CMR evaluations

• all topics required by  

SCMR certification 

guidelines

Weekend CMR courses

• lectures (6 hours)

• seminars (3 hours)

• hands-on CMR cases  

(6 hours)

Advanced CMR knowledge

Module-based network teaching

• 5 weeks one-on-one case-guided teaching in our CMR center  

(module I/III)

• 4-8 months flexible self-guided CMR training in home facility  

with remote co-evaluation/supervision by our CMR center within  

one working day (modules II/IV)

Fellowship teaching

• 8-12 weeks one-on-one case-guiding teaching in our CMR center

Laptop teaching

• 6 weeks one-on-one case-guided teaching in our CMR center

• 4-8 months flexible virtual CMR training in home facility with  

150 pre-defined CMR cases on laptop (incl. regular review/ 

correction by level II/III expert in our center)

Our center also offers a laptop-based 

teaching course, which requires less 

time off-site in our facility where basic 

standard CMR protocols and evaluation 

tools are introduced. Afterwards  

trainees return to their individual 

home facility, equipped with a laptop 

containing selected CMR cases for  

self-interpretation. Participants evalu-

ate all cases and discuss results with 

an expert in the teaching center upon 

completion. Additionally, if needed,  

ad hoc discussions on a particular  

case are arranged via telephone or 

web conference.

CMR teaching network 

The HELIOS CMR network consists  

of a central DICOM server and  

several clients in hospitals through-

out Germany (Fig. 12). 

The CMR network has three  

major objectives: 

Firstly, it is used for remote teaching 

purposes. Trainees who have been 

educated in basic CMR evaluation in 

our center return to their individual 

home facility and self-interpret CMR 

cases using their individual scan  

environment and staff. Afterwards, 

facilitating the network, DICOM files 

and reports are uploaded onto a  

central DICOM server and remotely 

co-evaluated by SCMR level II/III 

supervisors within one working day. 

This enables remote guidance of  

a trainee in their home facility,  

where they are faced with their own 

interpretational errors and technical  

hurdles arisen in their working  

environment – but with the backup 

of an experienced teaching center. 

Secondly, it is used as an expert  

platform even beyond training 

courses. This ranges from simple  

Overview of CMR teaching options. Adapted from [3].11

HELIOS CMR network structure.12
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Cardiac-MRI

Evaluation  

Terminal

User

Expert at CMR center  

remotely watches scan  

procedure and gains control 

of remote MRI workstation,  

if needed.

Remote MR scanner operation

Receiving DICOM studies

Expert

Berlin

second expert evaluation of a scan 

transmitted to the CMR expert center, 

up to the development of case data-

bases for rare findings, common 

errors and image artifacts.

Thirdly, it is utilized for real-time 

remote scan control. Having estab-

lished a full two-way connection 

between two MRI workstations, 

Expert-i software (Siemens Health-

care, Erlangen, Germany) enables 

supervisors and technical assistants 

to remotely control and conduct a 

CMR scan elsewhere. Over recent 

years, members within our CMR net-

work have leveraged this capability 

and contacted our center to obtain 

remote assistance in the event of 

technical CMR issues or an inconclu-

sive CMR finding (Fig. 13). If neces-

sary, the remote supervisor in our 

center is able to actively adjust  

CMR sequence parameters and even  

conduct the entire scan remotely  

in real-time. 

Since its first initialization in 2009 

our CMR teaching network expanded 

from initially five sites to fourteen 

sites by September 2015. These  

14 sites consist of five small hospitals 

(<400 beds), five medium sized  

hospitals (400-1,000 beds) and  

four large hospitals (>1,000 beds). 

Accordingly, our CMR network has 

enabled even small institutions to 

acquire CMR expertise, which has 

enhanced the portfolio of medical 

care in these institutions – some-

thing that would have been much 

more challenging outside a network 

structure.

Comparison to other 
imaging networks

Tele-learning modalities were  

introduced in response to advances 

in technology and the increasing 

demand for flexible learning oppor-

tunities that are not time- and  

location-dependent [21].

At the same time there is an increas-

ing demand for expert networks in a 

number of medical fields, particularly 

due to centralization of expertise in 

larger institutions and an increasing 

degree of sub-specialization in medi-

cine [22]. Most networks mainly con-

centrate on facilitation of communi-

cation, knowledge exchange and 

research collaboration between insti-

tutions [23, 24]. Particularly knowl-

edge exchange and real-time expert 

advice were studied in neurology,  

i.e. in so-called ’tele-stroke networks‘ 

enabling remote clinical stroke evalu-

ation and therapy guidance [25].  

A combination of time pressure  

and incomplete national and global 

coverage with neurologic expertise 

has supported the introduction of 

telemedicine especially in rural areas 

and was demonstrated by several pro-

spective studies to be cost effective 

and quality improving [26, 27].

Even cost savings can be expected due 

to earlier diagnosis and treatment as 

well as through the avoidance of refer-

rals to larger centers, if imaging net-

works enable even small hospitals to 

conduct a broader portfolio of imaging 

modalities. This has also been proven 

for telemedicine in stroke patients  

[24-26] and is of utmost importance 

when it comes to rural areas where the 

next available specialized imaging cen-

ter might be hundreds of miles away. 

Furthermore, studies have shown,  

i.e. for CT colonoscopy, that especially 

in complicated cases, good detection 

rates are achieved only if state-of-the-

art protocols and experienced readers 

are directly involved [27]. Hence, high 

quality imaging networks should be 

built not only for basic educational 

purposes but also function as plat-

forms for continuous expert access.

One particular area of concern in 

remote networks arises from data 

safety and legal issues, especially in 

case of potential cross-border net-

works. While these hurdles may be  

difficult to overcome in general, there 

are examples for bilateral agreements 

between countries as potential means 

13

Real-time remote CMR scan control and supervision.13
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to overcome legal barriers as they  

regulate the distribution of responsi-

bility, i.e. in a German-Estonian part-

nership for congenital heart disease 

[28]. In our network, data safety issues 

were less problematic as the network 

is national and firm-owned with an 

intranet connection for all clinics that 

has ensured consistently high data 

security standards.

Remote scanner access

In a subgroup of sites Expert-i was 

applied. The remote scanner access 

was used to supervise the new center 

during their first own MR-scan experi-

ence. An active interaction was only 

used in case of major difficulties and 

ceased to be necessary after fewer 

than 10 scans. The implementation 

was fast and uneventful. It was usually 

done by an experienced CMR-techni-

cian. In our experience, that back-up 

was well received and shortened the 

scan time, as small optimization could 

be operated immediately. Further-

more, we have also operated own 

scans from outside the hospital to test 

the capability of remote scanning. The 

only potential obstacle is the available 

bandwidth of the network itself. The 

procedure is illustrated in Figure 13.

In the case of pharmacological stress 

or unstable patients, a medical doctor 

has to be onsite as well, but a dedi-

cated CMR experience must not be 

given. That setting enables sites with-

out CMR-specialists to run a CMR.  

But it provides also the possibility to 

teach potential CMR users, as an 

enabling seems to be preferable. 

Meanwhile, CMR is robust enough to 

perform basic protocols worldwide 

also in small sites. Standard protocols, 

reporting- and post-processing guide-

lines are published and will be updated 

regularly [29].

Future perspectives 

CMR has a growing acceptance as  

indicated in different guidelines, but 

for different reasons the use is limited 

in different regions of the world. One 

obstacle is a missing reimbursement in 

several countries that should be faced 

by local authorities but needs a joint 

effort. Knowledge of CMR has to be 

disseminated and teaching plays a key 

role. Referring doctors have to be 

educated worldwide using confer-

ences as well as educational papers. 

Fortunately, it is only a matter of 

time as CMR is today part of the 

teaching at medical schools. Another 

crucial point is the hands-on teaching 

at the scanner as well as image- 

interpretation. Our introduced  

setting will help to accelerate the  

distribution of knowledge and is 

applicable in different settings.

References

1 Garbi M, McDonagh T, Cosyns B, et al. 

Appropriateness criteria for cardiovas-

cular imaging use in heart failure: report 

of literature review. Eur Heart J 

Cardiovasc Imaging. 2015 

Feb;16(2):147-53.

2 Wolk MJ, Bailey SR, Doherty JU, et al. 

ACCF/AHA/ASE/ASNC/HFSA/HRS/SCAI/

SCCT/SCMR/STS 2013 multimodality 

appropriate use criteria for the detection 

and risk assessment of stable ischemic 

heart disease: a report of the American 

College of Cardiology Foundation Appro-

priate Use Criteria Task Force, American 

Heart Association, American Society of 

Echocardiography, American Society of 

Nuclear Cardiology, Heart Failure Society 

of America, Heart Rhythm Society, 

Society for Cardiovascular Angiography 

and Interventions, Society of Cardiovas-

cular Computed Tomography, Society for 

Cardiovascular Magnetic Resonance, and 

Society of Thoracic Surgeons. J Card Fail. 

2014 Feb;20(2):65-90.

3 Muehlberg F, Toepper A, Prothmann M, 

et al. MRI applications on infiltrative 

cardiomyopathies. J Thorac Imag. 2015 

[in press].

4 Kim RJ, Wu E, Rafael A, et al. The use of 

contrast-enhanced magnetic resonance 

imaging to identify reversible myocardial 

dysfunction. N Engl J Med. 2000 Nov 

16;343(20):1445-53.

5 Anderson LJ, Holden S, Davis B, et al. 

Cardiovascular T2-star (T2*) magnetic 

resonance for the early diagnosis of 

myocardial iron overload. Eur Heart J. 

2001 Dec;22(23):2171-9.

6 Kim RJ, de Roos A, Fleck E, et al. Guide-

lines for training in Cardiovascular 

Magnetic Resonance (CMR). J Cardiovasc 

Magn Reson. 2007;9(1):3-4.

7 Weinreb JC, Larson PA, Woodard PK, et 

al. American College of Radiology clinical 

statement on noninvasive cardiac 

imaging. Radiology. 2005;235(3):723-7.

8 Muehlberg F, Neumann D, von Knobels-

dorff-Brenkenhoff F, et al. A multicenter 

cardiovascular MR network for tele-

training and beyond: setup and initial 

experiences. J Am Coll Radiol. 2015 

Aug;12(8):876-83.

9 Bruder O, Wagner A, Lombardi M, et al. 

European Cardiovascular Magnetic 

Resonance (EuroCMR) registry--multina-

tional results from 57 centers in 15 

countries. J Cardiovasc Magn Reson. 

2013 Jan 18;15:9.

10 von Knobelsdorff-Brenkenhoff F, Bublak 

A, El-Mahmoud S, et al. Single-centre 

survey of the application of cardiovas-

cular magnetic resonance in clinical 

routine. Eur Heart J Cardiovasc Imaging. 

2013 Jan;14(1):62-8.

11 Kellman P, Hernando D, Shah S, et al. 

Multiecho dixon fat and water separation 

method for detecting fibrofatty infil-

tration in the myocardium. Magn Reson 

Med. 2009 Jan;61(1):215-21.

12 Wu KC, Zerhouni EA, Judd RM, et al. 

Prognostic significance of microvascular 

obstruction by magnetic resonance 

imaging in patients with acute 

myocardial infarction. Circulation. 1998 

Mar 3;97(8):765-72.

13 Friedrich MG, Sechtem U, Schulz-Menger 

J, et al. Cardiovascular magnetic 

resonance in myocarditis: A JACC White 

Paper. J Am Coll Cardiol. 2009 Apr 

28;53(17):1475-87.

14 Bohnen S, Radunski UK, Lund GK, et al. 

Performance of t1 and t2 mapping 

cardiovascular magnetic resonance to 

detect active myocarditis in patients with 

recent-onset heart failure. Circ 

Cardiovasc Imaging. 2015 Jun;8(6).

15 Ferreira VM, Piechnik SK, Dall’Armellina 

E, et al. T(1) mapping for the diagnosis 

of acute myocarditis using CMR: 

comparison to T2-weighted and late 

gadolinium enhanced imaging. JACC 

Cardiovasc Imaging. 2013 

Oct;6(10):1048-58.

16 Maron BJ, Udelson JE, Bonow RO, et al. 

Eligibility and Disqualification Recom-

mendations for Competitive Athletes 

With Cardiovascular Abnormalities: Task 

Force 3: Hypertrophic Cardiomyopathy, 

Arrhythmogenic Right Ventricular Cardio-

myopathy and Other Cardiomyopathies, 

and Myocarditis: A Scientific Statement 

From the American Heart Association 

and American College of Cardiology. J 

Am Coll Cardiol. 2015 Oct 27. pii: 

S0735-1097(15)06571-7.

17 Sado DM, White SK, Piechnik SK, et al. 

Identification and assessment of 

Anderson-Fabry disease by cardiovas-

cular magnetic resonance noncontrast 

myocardial T1 mapping. Circ Cardiovasc 

Imaging. 2013 May 1;6(3):392-8.

18 Kramer CM, Appelbaum E, Desai MY, et 

al. Hypertrophic Cardiomyopathy 

Registry: The rationale and design of an 

international, observational study of 

hypertrophic cardiomyopathy. Am Heart 

J. 2015 Aug;170(2):223-30.

19 John AS, Dill T, Brandt RR, et al. Magnetic 

resonance to assess the aortic valve area 

in aortic stenosis: how does it compare 

to current diagnostic standards? J Am 

Coll Cardiol. 2003 Aug 6;42(3):519-26.

Spotlight

MAGNETOM Flash | (64) 1/2016 | www.siemens.com/magnetom-world 15



Contact

Prof. Dr. Jeanette Schulz-Menger, M.D.

University Medicine Berlin  

Charité Campus Buch, ECRC

HELIOS Clinics Berlin-Buch  

Department for Cardiology and Nephrology

Schwanebecker Chaussee

13125 Berlin, Germany

Phone: +49 30 9401153536 

jeanette.schulz-menger@charite.de

20 von Knobelsdorff-Brenkenhoff F, Rudolph 

A, Wassmuth R, Schulz-Menger J. 

Assessment of mitral bioprostheses using 

cardiovascular magnetic resonance. J 

Cardiovasc Magn Reson. 2010 Jun 

23;12:36.

21 Tomlinson J, Shaw T, Munro A, et al. How 

does tele-learning compare with other 

forms of education delivery? A 

systematic review of tele-learning educa-

tional outcomes for health professionals. 

N S W Public Health Bull. 

2013;24(2):70-5.

22 Kirsh SR, Ho PM, Aron DC. Providing 

specialty consultant expertise to primary 

care: an expanding spectrum of modal-

ities. Mayo Clin Proc. 

2014;89(10):1416-26.

23 Latifi R, Weinstein RS, Porter JM, et al. 

Telemedicine and telepresence for 

trauma and emergency care 

management. Scand J Surg. 

2007;96(4):281-9.

24 Weinstein RS, Lopez AM, Joseph BA, et 

al. Telemedicine, telehealth, and mobile 

health applications that work: opportu-

nities and barriers. Am J Med. 

2014;127(3):183-7.

25 Rubin MN, Wellik KE, Channer DD, et al. 

A systematic review of telestroke. 

Postgrad Med. 2013;125(1):45-50.

26 Schenkel J, Reitmeir P, Von Reden S, et al. 

[Cost analysis of telemedical treatment 

of stroke]. Gesundheitswesen. 

2013;75(7):405-12.

27 Lauridsen C, Lefere P, Gerke O, et al. Effect 

of a tele-training programme on radiogra-

phers in the interpretation of CT colonog-

raphy. Eur J Radiol. 2012;81(5):851-6.

28 Kohler F, Schierbaum C, Konertz W, et al. 

Partnership for the heart. German-

Estonian health project for the treatment 

of congenital heart defects in Estonia. 

Health Policy. 2005;73(2):151-9.

29 Schulz-Menger J, Bluemke DA, Bremerich J, 

et al. Standardized image interpretation 

and post processing in cardiovascular 

magnetic resonance: Society for Cardiovas-

cular Magnetic Resonance (SCMR) board of 

trustees task force on standardized post 

processing. J Cardiovasc Magn Reson. 

2013 May 1;15:35.

Jeanette 

Schulz-Menger

Edyta BlaszczykFabian Muehlberg

Go to

Clinical Corner > Protocols
www.siemens.com/magnetom-world

Spotlight

16 MAGNETOM Flash | (64) 1/2016 | www.siemens.com/magnetom-world


