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Introduction
Cardiovascular imaging with computed tomography (CT) 
and cardiovascular magnetic resonance (CMR) have seen  
a notable increase in indications and requests in recent 
years. This shows clearly when comparing clinical indica-
tions available in 2004 [1] with an update published by the 
Society for Cardovascular Magnetic Resonance (SCMR) [2], 
and by looking at the more recent European Society of  
Cardiology guidelines for acute coronary syndromes [3] 
and cardiomyopathies [4] in which cardiac CT and CMR 
both have a relevant role within the diagnostic work-up 
and prognostic stratification. Amidst the increasing impor-
tance of these techniques in the clinical arena, the need 
has emerged to expand training in advanced cardiac imag-
ing and to boost the sharing of competencies between  
the different actors at play, including both radiologists and 
cardiologists [5, 6]. Continuing medical education, train-
ing, and certification of competencies remain of utmost 
importance, with the aim of delivering appropriate guide-
lines-directed diagnostic procedures to the highest share  
of eligible patients. Here, we summarize the approach  
to advanced cardiac imaging as practiced at our center, 
Madre Giuseppina Vannini Hospital in Rome, Italy, a 

first-level community hospital. Managing a relatively  
high volume of unselected patients, close collaboration  
between cardiologists and radiologists, and continuous  
optimization of resources are mandatory to effectively  
continuing our activities.

The Heart Imaging Team
At our hospital, cardiologist-radiologist collaboration  
started about twenty years ago with the implementation  
of cardiac CT and CMR services. During this time, we devel-
oped and put into practice the concept of a pragmatic  
multidisciplinary approach quite conventionally in the form 
of a “heart team” made up of cardiologists and cardiac sur-
geons [7]. Our Heart Imaging Team (HIT) works in concert 
to provide the most appropriate use of advanced cardiac 
imaging, including discussion of indications, running of the 
service, and interpretation of reported results in the clinical 
context of the patient. The high quality of the CMR service 
is testified by the level 3 EACVI certification held by team 
members and the ESC accreditation of our CMR laboratory 
[8]. Our team consists of four physicians: two cardiologists 
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Optimizing resources
Optimizing the available resources is essential in our daily 
clinical practice. Indeed, our community hospital serves  
a densely populated, multicultural, and diverse neighbor-
hood in the city of Rome, providing access to patients 
through a dedicated emergency department and offering, 
among others, surgical and orthopedic health services.  
Our CMR service shares the infrastructure with these other 
providers. In this context, the ability to perform a quick  
examination is essential. Our standard CMR protocol can  
be carried out in approximately 30 minutes (Table 1) and 
provides the relevant information needed for the diagnosis 
of the main pathologies encountered in clinical practice. 
This approach is in line with the more recent SCMR recom-
mendations [11]. Moreover, correct patient preparation 
and briefing before the scan can help improve the quality 
of the images and reduce the duration of the examination; 
breathing instructions should be clearly understood and 
reproduced by the patient, the feeling of contrast injection 
should be anticipated. The protocol reported in Table 1 can 
be further personalized for specific patient needs. For ex-
ample, flow imaging can be added if valvular heart disease 
is present, or contrast agent administration can be avoided 
if tissue mapping is sufficient to reach a diagnosis (Fig. 2) 
as may be the case with cardiac amyloidosis [12]. Reducing 
the scan time can improve patient adherence to the 
breathing instructions, result in better diagnostic imaging 
quality and better access to care in the context of limited 

and two radiologists, all working under the supervision of 
their respective unit directors in cardiology and radiology. 
The decision to perform CT or CMR procedures is made 
both by internal (HIT) or external referring physicians. 
However, the HIT provides support through a dedicated 
cardio-radiologic outpatient service where the requests  
for an advanced cardiac imaging examination from exter-
nal referring physicians are critically reviewed. In this way, 
we ensure to maximize the appropriateness of indications. 
Even though each member of the HIT is an independent 
and expert user who can autonomously perform and  
report advanced cardiac imaging examinations, we strive  
to guarantee the presence of at least two HIT members, 
one cardiologist and one radiologist, when scans are per-
formed. By doing so, we aim to exploit specific expertise, 
for example regarding the appropriate evaluation of extra-
cardiac findings [9] (Fig. 1) and the tailoring of the scan  
to the special clinical characteristics of the patient [10].  
Indeed, we pay great attention to the clinical background 
of our patients, where the result of the imaging examina-
tion is often just one piece of a more complex puzzle.  
The review of any relevant clinical documentation such as 
electrocardiograms, echocardiograms, and coronary angio-
grams is performed before execution/reporting of the ex-
amination. Finally, we are keen to share feedback with re-
ferring physicians and to discuss the clinical implications of 
the imaging findings. Overall, it is our opinion that  
this kind of multidisciplinary approach could contribute  
to improving the patients’ care.

Cine- 
bSSFP TIRM T1 

MAPPING
T2 

MAPPING
PERFU-
SION

Cine- 
bSSFP T1 SCOUT T1 LGE

T1 
MAPPING 

POST

Acquisition time (s) 6 per slice 12 per 
slice 11 per slice 8 per slice 60 6 per slice 28 per slice 12 per slice 

(high-res) 11 per slice

Slice thickness (mm) 8 8 8 8 8 8 8 8 8

Gap 25% 50% 150% 150% 90% 25% 20% 20% 150%

Matrix 256 × 143 256 × 143 256 × 143 160 × 75 160 × 75 256 × 143 192 × 78 256 × 160 256 × 143

TE (ms) 1.21 52 1.8 1.8 1.18 1.21 1.12 3.19 1.8

TR (ms) 51.3 593 306.2 213 177.70 51.3 23 635 306.2

Flip angle 70° 180° 35° 70° 12° 70° 50° 25° 35°

Planes 4-chamber 
2-chamber 
3-chamber

4-chamber
Basal-SAX
Mid-SAX

Apical-SAX

4-chamber
Basal-SAX
Mid-SAX

Apical-SAX

4-chamber
Basal-SAX
Mid-SAX

Apical-SAX

4-chamber
Basal-SAX
Mid-SAX

Apical-SAX

SAX Mid-SAX SAX 
(overview)
4-chamber
(high-res)
2-chamber
(high-res)
3-chamber
(high-res)

4-chamber
Basal-SAX
Mid-SAX

Apical-SAX

Table 1:  Our standard CMR protocol.
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resources. A special situation is that of patients with  
suspected myocardial ischemia undergoing CMR stress  
perfusion imaging. In these cases, the clinical question can 
be evaluated with an abbreviated protocol lasting approxi-
mately 20 minutes (Table 2) [13]. In these patients, except 
for those where scar imaging is needed to identify ischemic 
necrotic myocardium, tissue characterization is less import-
ant; nevertheless, we strive to perform T1 and T2 mapping 
in all patients given the known prognostic relevance of this 

evaluation in patients with coronary artery disease [14].  
In our opinion, rest perfusion can be avoided in most of 
the cases. Indeed, literature suggests that, in the presence 
of an expert operator, it does not improve the diagnostic 
accuracy of stress imaging by itself (plus LGE) [15] (Fig. 3). 
When stress perfusion CMR is performed, at least two 
members of the HIT are present at the scanner. One stands 
at the control station to guide perfusion imaging acquisi-
tion and contrast media administration, the other is in the 

2A

2E 2F 2G 2H

2B 2C 2D

2   Images from a 64-year-old male with left bundle branch block and non-ischemic dilated cardiomyopathy. (2A) Trufi localizer showed a right 
pulmonary hilar mass (arrow) close to the right pulmonary artery (asterisk) with linear consolidation in the lung parenchyma (arrowhead).  
T2 STIR (2B), and T1-weighted images (2C) confirm the solid mass. (2E) Cine 4-chamber view shows left ventricle dilatation and tissue close 
to right inferior pulmonary vein (arrows). (2F) Short-axis view confirmed the mild left ventricle dilatation without signs of fibrosis on late 
gadolinium enhancement image (2G). (2D) Portal phase mediastinal view and (2H) lung window confirmed the presence of a right hilar mass 
(arrows) infiltrating right pulmonary artery (asterisk) and determining partial atelectasia of the right inferior lobe (arrowhead).

3A 3B 3C

3   A 92-year-old patient hospitalized for heart failure underwent CMR due to suspected amyloidosis. TrueFISP images show left ventricular 
hypertrophy and large pleural effusion (3A). The non-contrast CMR with tissue mapping revealed relevant increase of native T1 affecting the 
hypertrophied interventricular septum (3B) and mild increase of T2 values (3C) indicating concomitant mild myocardial edema. CMR findings 
are consistent with cardiac amyloidosis. In-center normality range for native T1 is 970 ± 20 msec and for T2 is 46 ± 2 msec.
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scanner room to administer the stress agent, monitor  
patient reactions and vital signs, and treat any side  
effects should they develop. Adenosine as a pharma-
cological stress agent can cause several non-severe side- 
effects, such as flushing, chest pain, palpitations, and 
breathlessness, for which patients should be briefed  
before the examination to improve adherence to breathing 
instructions. The patient is required to sign a specific  
informed consent form for stress-perfusion imaging.

Implementing a clinical and research 
workflow
The presence of a HIT and the close collaboration with  
the hospital clinics where the two HIT cardiologists also 
serve as consultants for the ward, echo lab, and emer-
gency departments, leads to the smooth integration of  
the radiological data with the patient’s subsequent man-
agement, including treatment changes and planning of 
further medical procedures. One typical example of the  
impact that a CMR examination can have is that of patients 
with myocardial infarction with non-obstructive coronary 
artery disease (MINOCA) [16], for which the etiology is  
unclear after first-level examinations. In this context, CMR 
can provide relevant information to drive the diagnosis  
and subsequent treatment [17]. The presence of a scar, 
whether ischemic or non-ischemic, can inform the clinician 
about further treatments and specific follow-ups to be  
performed (Fig. 4).

Cine- bSSFP PERFUSION 
(test)

PERFUSION 
(stress) Cine-bSSFP T1 SCOUT T1 LGE PERFUSION  

(rest – optional)

Acquisition time (s) 6 per slice 10 60 6 per slice 28 per slice 12 per slice 
(high-res) 60

Slice thickness (mm) 8 8 8 8 8 8 8

Gap 25% 90% 90% 25% 20% 20% 150%

Matrix 256 × 143 160 × 75 160 × 75 256 × 143 192 × 78 256 × 160 256 × 143

TE (ms) 1.21 1.18 1.18 1.21 1.12 3.19 1.8

TR (ms) 51.3 177.70 177.70 51.3 23 635 306.2

Flip angle 70° 12° 12° 70° 50° 25° 35°

Planes 4-chamber 
2-chamber 
3-chamber

Basal-SAX
Mid-SAX

Apical-SAX

Basal-SAX
Mid-SAX

Apical-SAX

SAX Mid-SAX SAX (overview)
4-chamber
(high-res)
2-chamber
(high-res)
3-chamber
(high-res)

Basal-SAX
Mid-SAX

Apical-SAX

Table 2: Abbreviated protocol.

4A

4C

4B

4D

4   First-pass perfusion imaging in a patient with effort angina shows 
a subendocardial defect affecting the subendocardium of 
interventricular septum at mid-left ventricular level (4A). LGE 
imaging shows absence of replacement fibrosis (4B). The patient 
underwent coronary angiography with fractional flow reserve 
revealing a significant stenosis (FFR 0.79) of the left anterior 
descending artery (4C), which was effectively treated with 
angioplasty and stent implantation (FFR 0.96) (4D).
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5   Images from a patient in his thirties, presented to the emergency department after complaining of chest pain and fever. ECG consistent  
with inferior STEMI. Urgent coronary angiography revealed patent coronary arteries; troponin T rose to 1130 pg/mL (normal value below  
14 pg/mL). CMR examination was performed a few days later. Native T1 (4-chamber long-axis view in 5A) and T2 (basal short-axis view in 5B) 
revealed increased signal intensity in the lateral to inferior left ventricular wall (arrows). Bottom panels represent LGE imaging (5C) and  
T2 STIR imaging (5D) in the same view as the upper panel; areas of increased signal intensity are indicated by the arrows. The presence of 
non-ischemic LGE (patchy sub-epicardial and intra-myocardial) plus myocardial edema is consistent with a diagnosis of acute myocarditis.

5A 5B

5D5C

This comprehensive approach to advanced cardiac  
imaging used in our institution, from the indications to  
the execution, reporting, and clinical impact of these  
procedures, makes it possible to collect relevant data for 
research purposes. This activity is also supported by the 
availability of relatively recent quantitative tools for tissue 
characterization, such as T1 and T2 mapping. Prospective 
and standardized collection of this data is performed on 
consecutive patients, especially that pertaining to some 
specific subgroups of diseases, such as myocarditis [18] 
(Fig. 5) and takotsubo syndrome [19] (Fig. 6). Notably,  
the analysis of mapping data is made in accordance with 

indications from expert consensus [20] and by using stan-
dardized and reproducible methods [21] (Fig. 2). Finally, 
we often undervalue the amount of information acquired 
during a CMR scan. Indeed, even with standard T1 and T2 
mapping acquisition, a large volume of extracardiac data 
pertaining to the lungs, spleen, and liver is collected and 
can be further analyzed [22, 23]. To this extent, the imple-
mentation of artificial intelligence-based technology could 
boost analysis of images and potentially very large datasets 
[24] and further improve the role of tissue characterization 
in magnetic resonance imaging as a pivotal diagnostic  
examination in a wide range of cardiac and non-cardiac  
pathologies.
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Summary
A high-quality CMR service can be effectively deployed in 
the context of a first-level setting of care, in accordance 
with current clinical practice guidelines. To enhance the 
clinical relevance of imaging findings, a multimodality  
(imaging) and multispecialty (physicians) approach is  
essential. This requires appropriate training, infrastructure 
availability, and close collaboration between the profes-
sionals involved.
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Patient Education Poster
Your MRI examination 
explained simply

Magnetic Resonance Imaging (MRI) is an imaging technique used in 
radiology for examining internal organs. Unlike other imaging methods 
that use radiation such as CT, MRI uses a magnetic field and radio waves 
to generate precise images. 

Since an MRI does not expose a patient to radiation, the exam is a very 
safe diagnostic procedure. Nevertheless, do inform the staff if you are  
pregnant or allergic to any medicines.

If you have any further questions, please do not hesitate to talk to the medical staff.  
You can also watch this video for more in-depth information on how to prepare for your MRI exam:

siemens-healthineers.com/mri-patient-education

What does an MRI exam entail?

What is important when having  
an MRI exam?

Metal objects are not allowed inside the MRI 
suite due to an MRI’s strong magnetic field. 
Please inform staff if you have any metal 
objects inside of your body that cannot be 
removed such as implants, a pacemaker,  
and stents. 

You won’t feel anything during the exam.  
You will receive earplugs to protect your ears 
from the loud thumping noises of the MRI 
scanner. Lying inside a narrow tunnel can  
be an unusual experience, which is why we 
recommend closing your eyes. However,  
if a contrast agent is used, the area where  
it enters your body may feel warm or cold. 
Large or colored tattoos may also feel warm 
during the exam. 

In the patient questionnaire, you enter  
information that is important for your  
examination. If contrast agent is required  
to detect certain structures in your body 
more clearly, you will be fitted with a port.

An MRI exam lasts approximately 20 to  
60 minutes. During your exam, try to remain 
as still as possible. Movements can adversely 
affect the quality of the images and result  
in delays or rescans.

To achieve best image quality, a receiver  
coil will be placed on the region of your body 
to be examined. Once ready for the exam, 
you will be moved slowly into the MRI tunnel 
and the scan will begin.

You must remove any metal objects on  
your body before the start of the exam 
including piercings, jewelry, eyeglasses, 
hearing aids, phones, or underwire bras. 

What does an MRI exam 
feel like?
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Ihre MRT-Untersuchung  
leicht erklärt

Die Magnetresonanztomographie (MRT) wird auch Kernspintomographie 
genannt und eignet sich besonders gut zur Darstellung innerer  
Organe. Im Gegensatz zu anderen bildgebenden Verfahren arbeitet  
das MRT-Gerät mit einem Magnetfeld und Radiowellen –  
also ohne Strahlenbelastung. 

Eine MRT-Untersuchung ist daher ein sehr sicheres Diagnoseverfahren. 
Bitte informieren Sie das Personal trotzdem über eine bestehende 
Schwangerschaft oder eine Medikamentenallergie.

Sollten Sie weitere Fragen haben, sprechen Sie gerne das medizinische Personal an.  
Zur weiteren Vorbereitung finden Sie hier ein Video, das die MRT-Untersuchung erklärt:

siemens-healthineers.com/mri-patient-education

Wie läuft die MRT-Untersuchung ab?

Worauf muss ich bei der 
MRT-Untersuchung achten?

Aufgrund des starken Magnetfeldes dürfen 
keine Metallgegenstände in die Nähe des 
MRT-Gerätes gelangen. Bitte weisen Sie  
daher das Personal auf metallische Objekte  
in Ihrem Körper hin (z.B. Implantate, 
Herzschrittmacher, Stents).

Die Untersuchung selbst können Sie  
nicht spüren. Um Sie vor den lauten Klopf-
geräuschen des MRT-Gerätes zu schützen, 
erhalten Sie einen Gehörschutz. Die Enge  
des Tunnels kann ungewohnt sein, weshalb 
es vielen Patienten gut tut, die Augen zu 
schließen. Sollte bei Ihrer Untersuchung 
Kontrastmittel verwendet werden, kann  
sich die Stelle beim Einlaufen etwas warm 
oder kalt anfühlen. Auch farbige, groß-
flächige Tattoos können sich während der 
Untersuchung erwärmen.

Im Patientenfragebogen geben Sie  
Informationen an, die für Ihre Untersuchung 
wichtig sind. Wenn ein Kontrastmittel 
benötigt wird, um bestimmte Strukturen  
im Körper deutlicher zu erkennen,  
wird Ihnen hierfür ein Zugang gelegt.

Die Untersuchung dauert ca. 20 bis  
60 Minuten. Bleiben Sie dabei so ruhig  
wie möglich liegen, da Bewegungen die  
Qualität der Bilder beeinträchtigen und  
somit zu Verzögerungen führen können.

Um eine optimale Bildqualität zu 
gewährleisten, wird eine Empfangsspule  
um die zu untersuchende Körperregion 
gelegt. Danach werden Sie langsam  
in den Magnettunnel gefahren und  
die Untersuchung beginnt.

Alle Metallobjekte, die Sie an Ihrem  
Körper tragen, müssen Sie vor der  
Untersuchung ablegen (z.B. Piercings,  
Schmuck, Brille, Hörgeräte oder  
BH-Bügel).

Wie fühlt sich eine  
MRT-Untersuchung an?
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Tu prueba de RM explicada  
de forma simple

La resonancia magnética (RM) es una técnica de imagen que se utiliza  
en Radiología para examinar órganos internos. A diferencia de otros 
métodos de imagen que usan radiación como CT, RM usa un campo 
magnético y ondas de radio para generar imágenes precisas. 

Dado que una resonancia magnética no expone al paciente a radiación,  
el examen es un procedimiento de diagnóstico seguro. No obstante, 
informe al personal si está embarazada o es alérgica a algún medicamento.

Si tiene más preguntas, no dude en hablar con el personal médico. También puede ver este video  
para obtener información más detallada sobre cómo prepararse para su examen de resonancia magnética:

siemens-healthineers.com/mri-patient-education

¿Qué implica un examen de resonancia magnética?

¿Qué es importante al realizarse un examen
de resonancia magnética?

No se permiten objetos metálicos dentro de 
la sala de resonancia magnética debido al 
fuerte campo magnético existente. Informe 
al personal si tiene algún objeto metálico 
dentro de su cuerpo que no se pueda quitar, 
como implantes, marcapasos y stents.

El examen en sí mismo no se puede sentir.  
Recibirá tapones para proteger sus oídos  
del sonido emitido por la resonancia 
magnética. Tumbarse dentro de un amplio 
túnel, puede ser una experiencia inusual,  
por lo que recomendamos cerrar los ojos.  
Si se usa un medio de contraste, podrá notar 
sensación de calor o frío en la zona. En los 
tatuajes grandes o de colores podrá también 
notar una pequeña sensación de calor.

En el cuestionario del paciente, se cumpli-
menta información que es importante para 
su examen. Si se requiere un agente de 
contraste para detectar ciertas estructuras 
en su cuerpo con mayor claridad, se le  
colocará una vía intravenosa.

Un examen de resonancia magnética dura 
aprox. de 20 a 60 minutos. Durante su 
examen, intente permanecer lo más quieto 
posible. Los movimientos pueden afectar  
negativamente la calidad de las imágenes 
resultando en retrasos o repeticiones.

Para lograr la mejor calidad de imagen, una 
bobina receptora será colocada en la región 
de su cuerpo que se examinará. Una vez  
que esté listo para el examen, lo trasladarán 
lentamente al túnel de resonancia magnética 
y comenzará la exploración.

Deberá quitarse cualquier objeto  
metálico de su cuerpo antes del inicio  
del examen, incluidos piercings, joyas, 
gafas, audífonos, teléfonos o sujetadores 
con aros.

¿Que se siente durante
el examen?
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Patient MeditationChildren’s Book and Movie

Into the  
Magic Imaging Cave 

What happens  
when you have an MRI scan 

Narrative text and illustration
Sylvia Graupner 

Idea, scientific advice and explanatory text
Professor Rolf Vosshenrich, M.D.

Patient Education Video

75siemens-healthineers.com/magnetom-world
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