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Abstract 

In cardiac magnetic resonance imaging (CMRI), the diagnostic radiologists/technologists have a significant challenge because 

to the intricate movement of the heart during contraction. The main goals of cardiac magnetic resonance imaging (CMRI) are 

to obtain detailed information about the anatomy and physiology of the heart. In cardiac MRI, the procedures and planning can 

be used to get pertinent morphologic and physiologic data in three planes; short axes (SA), horizontal long axes (HLA) and 

vertical long axes (VLA) [1, 4]. 
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Introduction 

A group of magnetic resonance imaging (MRI) techniques 

used to evaluate cardiac morphology, cardiac perfusion, 

tissue characterization, cardiac artery disease, and 

ventricular function are together referred to as 

cardiovascular magnetic resonance imaging (CMRI). MRI is 

a non-invasive, radiation-free method that can be used to 

assess treatment outcomes over an extended period of time 

as well as track the course of a diseases.  

Heart and respiratory movements present unique hurdles for 

CMRI compared to MRI of other body parts. Consequently, 

in order to overcome motion artifacts in CMRI, synchronous 

cardiac and respiratory gating or breath-holding approaches 

are needed. 

The fundamentals of MRI are covered in this article, along 

with an introduction to CMRI methods that can be improved 

for better clinical assessment. The detailed images of CMRI 

provides can be used by clinicians to aid in diagnosis and 

treatment planning of the heart [5, 7]. 

 

Aim and opjective: This article aims to provide a 

comprehensive overview of the planning process and 

essential sequences involved in cardiac MRI. The study was 

done in a tertiary Health Care Centre in North India. 

 

Morphology: Cardiac MRI is a powerful diagnostic tool 

used to evaluate the anatomy, function, and blood flow of 

the heart. 

 

The overview of the Morphology of Cardiac MRI 

1. Chambers of the Heart: The study left atrium, left 

ventricle, right atrium, and right ventricle; their size, 

shape, and function. 

 

2. Myocardium: The muscle tissue of the heart, is 

examined for signs of damage, inflammation, or 

abnormalities such as myocardial infarction, 

myocarditis, or cardiomyopathy. 

 

3. Valves: The tricuspid valve, pulmonary valve, mitral 

valve, and aortic valve. It can assess valve morphology, 

function, and any abnormalities such as stenosis or 

regurgitation. 

4. Pericardium: The sac surrounding the heart, can also 

be evaluated using cardiac MRI. It can detect 

pericardial effusion (fluid around the heart).  

 

5. Blood flow: Cardiac MRI can assess blood flow 

through the heart and major vessels. 

 

6. Scar tissue and fibrosis: MRI is particularly useful for 

detecting scar tissue and fibrosis within the 

myocardium. 

 

7. Function: Ejection fraction, or the proportion of blood 

pumped out of the heart with each contraction, is one of 

the factors that cardiac magnetic resonance imaging 

(CMRI) offers dynamic information. 

  

8. Vascular structures: MRI can also visualize major 

vascular structures related to the heart, such as the aorta 

and pulmonary arteries, providing information about 

their size, morphology, and any associated 

abnormalities. 

 

9. Tissue characterization: MRI techniques, such as T1 

and T2 mapping, can characterize tissue properties and 

to differentiate between various pathologies and normal 

tissue [8, 10]. 

 

Methods and materials 

CMRI study was performed using an MRI system operating 

at a static magnetic field strength of 3.0T MRI machine used 

for cardiac procedure: 

 

“Mri-Ingenias 3.0t Philips” 

Key features of the Ingenia 3.0T Philips: 

 

D Stream: This digital broadband architecture delivers 

high-quality images and extraordinary speed. Using 

channel-independent RF technology, it offers up to 40% 

higher Signal-to-Noise Ratio (SNR) and improved 

throughput. 

 

In-Bore experience: During the MRI exam, this feature 

provides patients with a soothing, entertaining visual or 
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auditory distraction. Through the headphones, voice 

assistance can be provided, assisting patients in calming 

down and maintaining stillness for improved image quality. 

 

Elevate clinical performance: Because of digitization at 

the patient, dStream digital broadband technology offers up 

to 40% higher SNR. This enables you to successfully 

complete increasingly complex neuro checks as well as the 

rapidly expanding body and heart exams. 

The system also uses adaptive software that automatically 

plans scanning geometries based on your authenticated 

scanning preferences.  

 

Specifications 

Philips Magnetic Resonance Ingenia 3.0T with Omega 

gradients with Omega HP gradients: 

 
Table 1: Magnet Parameters of “MRI-Ingenias 3.0T Philips” 

 

Magnet Parameters 

Field strength 3.0 T 

Frequency 127.7 MHz 

Design of magnet light weight and compressed 

Magnet length, width and height 1.62 x 1.88 x 2.29 meters 

Magnet weight with cryogen 4600 kg 

Magnet length 1.62 m 

Open bore diameter including shim, 

gradient & QBC) 
70 cm 

Maximum Focal of of vision Field of 

view (FOV) 
55 cm 

(5 G) axial x radial fringe field 3.05 x 4.95 m 

Axial x radial fringe field 1 G 4.20 x 7.25 m 

Stability over time 
< 0.1 ppm/hr is guaranteed. 

Average: 0.001 ppm/hour 

 

Basic anatomy of the heart 

The heart is made up of four chambers: Blood is 

collected in the two top chambers, or atrium. 

 

Ventricles: The heart's two lower chambers (where blood is 

ejected). 

The septum, a muscular wall, divides the left ventricle and 

atria from the right ventricle and atria. 

 

The wall of the heart made up of three layers of tissue: 

Epicardium: Mostly connective tissue-based protecting 

layer. 

 

Myocardium: the heart`s muscles mass. 

 

Endocardium: covers the heart's interior and shields its 

chambers and valves. 

The pericardium, a thin layer of heart tissue, encircles these 

layers. 

 

The valves 

The four heart valves work together to restrict blood flow in 

a one direction: 

 

Aortic valve: located between the left ventricle and the 

aorta. 

 

The mitral valve: located between the left atrium and the 

left ventricle.  

The pulmonary valve: located between the right ventricle 

and the pulmonary artery. The tricuspid valve is located 

between the right ventricle and the right atrium [11]. 

 

How the heart functions 

The heart's left and right sides are work together. Blood that 

has deoxygenated is received by the right side of the heart 

and sent to the lungs, whereas blood from the left side of the 

heart is received by the lung and circulated throughout the 

body. A regular heartbeat is produced by the successive 

contraction and relaxation of the ventricles and atria. 

 

Right side: The largest veins in the body, the superior and 

inferior vena cava, supply the right atrium with blood that 

has been deoxygenated. 

Blood enters the right ventricle as the right atrium contracts. 

When the right ventricle is full, it contracts and sends blood 

via the pulmonary artery to the lungs, where it absorbs 

oxygen and exhales carbon dioxide. 

 

Left side: The pulmonary vein returns freshly oxygenated 

blood to the left atrium. Blood is forced into the left 

ventricle by the left atrium's contraction. 

When the left ventricle fills up, it contracts, rerouting blood 

flow via the aorta to the body. 

Every heartbeat can be divided into two components that is 

diastole and systole; 

 

Diastole: the atria and ventricles relax and fill with blood. 

Systole: The ventricles constrict (ventricular systole) and 

force blood out of the heart when the atria start to relax. 

Atrial systole is the term for this process [12, 13]. 

 

Clinical conditions 

Cardiac MRI in ischemic heart disease 

Acute Coronary Syndrome 

Viability 

Scar  

Anomalous Coronary Arteries 

 

Cardiac MR in cardiomyopathies (non-ischemic) 

Acute myocarditis 

Cardiomyopathies of hypertrophies 

Noncompaction of the ventricles 

Heart related Arrhythmias 

 Sarcoidosis of heart 

Myocardial siderosis 

 

Cardiac MR intracardiac and extracardiac structure: 

Heart masses 

Benign tumors 

Cancerous growths 

Thrombus 

Pericardial conditions 

Vascular structure 

Aorta 

Pulmonary artery 

Pulmonary veins [14, 17] 

 

Planning and Sequences in Cardiac MRI 

Planning and Sequences: 

ECG Gated technique (avoid image blur & cardiac motion 

artifact). 
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Two types of techniques 

1. Dark blood technique: 

2. Bright blood technique.  

 

1. Dark Blood Technique: Spin Echo (blood appear 

black &fat is white). TSE, FSE, HASTE & Double-IR-

FSE etc. are the Spin Echo sequences [18]. 

 

2. Bright Blood Technique: GE Sequences (both blood 

& fat appear white). FLASH, SSFP, & Velocity 

Mapping etc are the Gradient (GE) sequences. (Dark 

blood sequences obtain anatomical information & 

bright blood show functional abnormalities). 

 

Pulse sequences: In cardiac imaging, pulse sequences fall 

into two primary categories: black-blood techniques and 

bright-blood techniques. Heart sequences using gradient 

echo are typically considered bright-blood techniques, while 

cardiac sequences using spin echo (SE) are typically 

considered black-blood techniques. 

 

SSFP sequence: Cine cardiac MR imaging now relies on a 

set of sequences called Steady State Free Precession (SSFP) 

as its foundation. True FISP, FIESTA, and Fast Field Echo 

(FFE). A variation on gradient echo imaging called SSFP 

yields blood pictures with a high degree of contrast between 

the myocardial and the blood in the heart (blood pool) [19]. 

 

IR sequence: Inversion Recovery (IR) pulses are utilized to 

counteract the signal from a specific tissue in order to 

emphasize adjacent disease. This method is commonly used 

to null the signal from the normal myocardium during 

delayed enhanced imaging [20]. 

 

Routine Cardiac MRI Protocol Philips Ingenia 3T 

 
Table 2: MRI Protocol of Philips Ingenia-3T. Routine, Inversion 

Recovery (IR), Steady State Free Precession (SSFP), Dynamic_ 

TFE Multiplane Sequences for earlier and late contrast enhance 

gadolinium (GEO) 
 

Localizier 

Pulse sequences: 

BB_SSH_Rtrig ---------------------------------TRA 

sBTFE_bh---------------------------------------2CH 

sBTFE_bh---------------------------------------4CH 

sBTFE_bh---------------------------------------SA 

INVERSION RECOVERY (IR) 

STIR-----------------------------------------------SA 

STIR---------------------------------------------HLA 

STIR---------------------------------------------VLA 

STEADY STATE FREE PRECESSION (SSFP) 

CINE ------------------------------------2CH (VLA) 

CINE ------------------------------------4CH (HLA) 

CINE -------------------------3CH (LVOT/RVOT) 

CINE ------------------------------4CH (SA) 

DYN_TFE MULTIPLANE --------GEO 

EGE-----------------------------------------------SA 

EGE----------------------------------------------HLA 

EGE----------------------------------------------VLA 

IR_TFE-LL-2b-----------------GEO 

LGE-----------------------------------------------SA 

LGE----------------------------------------------HLA 

LGE----------------------------------------------VLA 

Steps of planning 

Due to complex anatomy of heart and vascular structures 

and oblique position in body, to visualize the specific 

structures specific planes are acquired as stated below  

Some BASIC IMAGING PLANES taken in cardiac MRI 

examination are:  

STEP 1. Scouts and planning views 

STEP 2. Short axis (SAX) stacks acquisition (VLA, HLA) 

STEP 3. Long axis (LAX) views acquisition  

▪ 2 CH (VLA, HLA) View 

▪ 3 CH (RVOT OR LVOT) View 

▪ 4 CH (VLA, HLA and SA) View 

  

Basic cardiac view 

Scout for localization in 3 plane axial coronal and sagittal 

T1or T2W of entire chest that include kidneys and liver [21, 

24]. 

 

 
 

Fig 1: 2 Chambers Planning 

 

 
 

Fig 2: SHORT AXIS Planning [25] 

 

 
 

Fig 3: 3 CH/LVOT Planning [26] 

 

Cine imaging 

Cine pictures are brief films that show the action of the heart 

at various points during the cardiac cycle. Cine images are 

obtained by means of segmented imaging that is triggered 

by an ECG. 

Segmented acquisition (cine) is the process of dividing the 

cardiac cycle into many segments, or frames, to provide a 

set of images that can be viewed as a movie [27, 28].  

The cardiac cycle typically consists of 10 to 20 parts, 

depending on the heart rate. The ECG's R wave initiates it, 

and the following R wave ends it. Because each image in a 

movie is often made up of data gathered across multiple 
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heartbeats, depending on the sequence, a movie can be seen 

in breath holds of 10 to 20 seconds. [29]. 

 

 
 

Studying cardiac function, valve function, and blood flow 

via the heart can be greatly aided by these images. 

Throughout the cardiac cycle, the myocardium thickens and 

contracts; any anomaly in this wall motion suggests a 

myocardial condition, such as ischemia or an infarct [30]. 

 

Cardiac Imaging 

 
Table 3: 2 & 4 Chamber basic view of Pulse cardiac MRI with 

pulse sequences 
 

Pulse Sequences 

BB_SSH_Rtrig ------------------------TRA 

sBTFE_bh------------------------------2CH 

sBTFE_bh------------------------------4CH 

sBTFE_bh--------------------------------SA 

 
Table 4: SA, HLA and VLA view of Inversion recovery (IR) of 

cardiac MRI 
 

Inversion Recovery (IR) 

STIR----------------------------------------HLA 

STIR----------------------------------------VLA 

STIR-------------------------------------------SA 

 

The Inversion Recovery (IR) was evidently 

Cardiomyopathy in the heart's vertical long axis (VLA). 

This illness damages the heart muscle, making it harder for 

the heart to circulate blood throughout the body. 

Cardiomyopathy may be the cause of heart failure. 

 

Steady state free precession (SSFP) 

 
Table 5: 2CH (VLA), 4CH (HLA), 3CH (LVOT/RVOT) and 

4CH(SA) view of Cine Sequences of Cardiac MRI 
 

Cine Sequences 

CINE--------------------------------2CH (VLA) 

CINE--------------------------------4CH (HLA) 

CINE----------------------3CH(LVOT/RVOT) 

CINE----------------------------------4CH (SA) 

 

 
 

Fig 4: 3CH (Chamber) left ventricle outflow tract (LVOT), Cine-2 

Sequence [31] 

Contrast agents 

Gadolinium, the contrast agent used in MR angiography and 

tissue enhancement, is not nephrotoxic, but patients 

suffering from renal failure should use caution when 

administering it due to the possibility of nephrogenic 

systemic fibrosis, an uncommon but dangerous adverse 

effect. Before contrast is given, a pre-procedure creatinine 

level and creatinine clearance need to be completed [32]. 

 
Table 6: HLA, VLA and SA view of Early Gadolinium 

Enhancement (EGE) of cardiac MRI [33] 
 

Early Gadolinium Enhancement (EGE 

EGE----------------------------------------HLA 

EGE----------------------------------------VLA 

EGE------------------------------------------SA 

 

 
 

Fig 5: 2CH(Chamber) vertical long axis (VLA) Earlier 

Gadolinium enhancement (EGE) contrast study shows scar like 

pattern of cardiac tissue on left ventricle (LV) [34] 

 
Table 7: HLA, VLA and SA view of Late Gadolinium 

Enhancement (LGE) of cardiac MRI [35] 
 

Late Gadolinium Enhancement (LGE) 

LGE-----------------------------------------HLA 

LGE-----------------------------------------VLA 

LGE------------------------------------------SA 

 

These are gradient-echo, T1 weighted sequences. Ten 

minutes following the delivery of gadolinium contrast, 

image capture is carried out.  

There is a delayed gadolinium contrast wash off in focal 

myocardial fibrosis. A myocardial scar, and thus an 

evolving myocardial infarction, is indicated by a 

hyperenhancement. 

To increase contrast between the surrounding myocardium 

and the fibrosis, an additional inversion pulse is typically 

applied [36, 38]. 

 

Results 

Cardiac MRI Planning and Sequences would ideally 

contribute to the scientific understanding and advancements 

in the field of cardiac imaging. The Advancements in 

imaging techniques is improved cardiac MRI planning 

methods and sequences, potentially enhancing the quality 

and accuracy of cardiac imaging. 

 VLA 



International Journal of Radiology Research  www.radiologyjournal.in 

19 

The above study is showing clearly visibility of Cardiac 

myopathy, scaring of heart tissue, left ventricle outflow 

(LVOT) and function of heart. 

This research could involve comparative studies with 

existing cardiac imaging methods, highlighting the 

advantages of the proposed planning and sequences in 

comparison to established techniques [39].  

 

Discussion 

It is very technical challenges during the cardiac imaging 

study, because the heart is not in the same position in all the 

patients. Cardiac MRI sequences are entirely depended upon 

the planning. So, it is necessary to make the heart in true 

anatomical position by using routine pulse sequences and 

gradient sequences in both dark blood technique and bright 

blood technique. Once the heart is in proper anatomical 

position, then take three planes of heart; the true horizontal 

long axis (HLA), the true vertical long axis (VLA) and the 

true sort axis (SA).  

In the above study by taking axial cut of the body we get 4 

channel study for 4 chambers of heart. Right atrium (RA), 

right ventricle (RV), left atrium (LA) and left ventricle 

(LV). From left ventricle and left atrium, we get 2 chambers 

with mitral valve. And same on the right side with tricuspid 

valve. From the two chambers of either side, we get sort 

axis (SA), the other two plane HLA and VLA, all in true 

position. The three-plane position are saved. The saved 

position used for cine sequences, inversion recovery, earlier 

gadolinium and late gadolinium sequences. The study 

indicates cardiac myopathy, scaring of heart tissue and left 

ventricle outflow (LVOT) of heart [40, 41]. 

 

Conclusion 

In conclusion, cardiac magnetic resonance imaging (CMRI) 

stands as a pivotal diagnostic tool in the field of 

cardiovascular medicine, offering a non-invasive and overall 

assessment of the heart's structure and function. This 

advanced imaging modality provides detailed anatomical 

and functional information, contributing outstandingly to the 

diagnosis, treatment planning, and ongoing management of 

various cardiac conditions. 

The non-invasive nature of cardiac MRI reduces patient risk 

and discomfort compared to invasive procedures, making it 

a preferred choice in many clinical scenarios. Its role in 

research and education further advances our understanding 

of cardiovascular diseases, fostering continuous 

improvement in diagnostic techniques and treatment 

strategies [42]. 
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