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Cardiac imaging frequently will 

complement each other to come 

up with a correct diagnosis and 

help facilitate a treatment plan.



Introduction

 Echocardiogram

 AI

 3D/4D

 Nuclear imaging

 Cardiac amyloid

 PET imaging 

 Aortic stenosis

 Endocarditis

 Cardiac CT

 Coronary artery disease

 Photon-counting CT

 CT perfusion

 Structural planning

 Cardiac MRI

 CardioOncology

 Coronary artery disease

 4D Flow
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Figure 2 Automated technique for left-heart 3D chamber quantification. Following initial fully-automated 

detection of left ventricular and left atrial endocardial surfaces (left), the software allows the user to perform 

manual corrections of the endocardial boundaries when needed (centre), resulting in final 3D casts of the 

cardiac chambers. The optional correction are performed in anatomically correct non-foreshortened 2D planes 

showing focused long-axis views of the left ventricle (top) and left atrium (bottom), both automatically 

extracted from the 3D dataset.

https://doi.org/10.1093/ehjci/jew328
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Figure 1 Different left ventricular shapes that the automated software was trained to recognize. In 

addition to normal ventricles, the training set included a number of common abnormal/asymmetrical 

ventricular shapes. (Note that the program displays RV and RA casts but no volume values are provided 

because they have not been validated).

https://doi.org/10.1093/ehjci/jew328


Eur Heart J Cardiovasc Imaging, Volume 19, Issue 1, January 2018, Pages 47–58, https://doi.org/10.1093/ehjci/jew328

The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 3 Inter- and intra-technique comparisons for left ventricular end-diastolic volume. 

Correlation and Bland–Altman analysis for the automated measurements by the sites without and 

with contour correction against the conventional manual technique by the Core Lab (A and B, 

respectively), as well as against the corresponding automated technique by the Core Lab (C and D, 

respectively).

https://doi.org/10.1093/ehjci/jew328
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Figure 1.Two patient-specific static mitral valve models: normal patient (A) 

and organic mitral regurgitation patient (B), both at midsystole. Color 

scheme: Mitral annulus in gold, anterior leaflet in green, and posterior 

leaflet in blue.
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Figure 3.Patient-specific mitral leaflets strain intensities displayed 

at midsystole for a typical normal mitral valve (A) and for a typical 

organic valve with mitral regurgitation valve (B). The strain 

intensities color code range from dark orange for high strain to dark 

blue for low strain.
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Figure 6.Mean strain percentile curves and respective 95% confidence limits in 

anterior and posterior leaflets of normal mitral valves (MVs) and organic mitral 

regurgitation. Strain values are higher in organic mitral regurgitation (MR) than in 

normal valves.18
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From: Cardiac Amyloidosis Due to Transthyretin Protein: A Review
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Pathobiology of ATTR Amyloidosis and Cardiac ManifestationsCirculating TTR protein is synthesized by the liver as a homotetramer 

that dissociates or is proteolytically cleaved into intermediates that misfold and ultimately organize into amyloid fibrils. Amyloid fibrils 

then deposit in the heart, resulting in arrhythmia, conduction disease often requiring placement, and heart failure.
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Figure 6. Multimodality imaging of cardiac amyloidosis. A, 2D echocardiographic images demonstrating severe concentric LVH (Left and Center) and 

reduced circumferential strain involving only the base of the LV (images courtesy of Dr Frederick Ruberg). B, Representative transaxial MRI images 

representing the assumed progression of amyloid deposition in the heart over time. The earliest stages of amyloid infiltration demonstrate an 

expansion of the extracellular volume (ECV), quantified by T1 mapping, without obvious late gadolinium enhancement (LGE). With continued amyloid 

deposition, there is an increase in ECV and the appearance of subendocardial LGE (arrows). In the advanced stages of the disease, there is further 

increase in ECV and a progression to transmural LGE. Images are modified from Fontana et al71 with permission of the publisher. C, Molecular 

imaging of cardiac amyloid deposits using 99mTc-pyrophosphate (PYP) SPECT, and 18F-florbetapir PET imaging. The PYP images demonstrate 

intense myocardial uptake primarily in transthyretin (TTR) amyloidosis, but not in nonamyloid LVH. Light chain cardiac amyloidosis (AL) 

generally shows no or very mild tracer uptake on bone scintigraphy. 18F-Florbetapir uptake is typically present in both forms of amyloidosis, 

but quantitatively higher in AL than TTR. No uptake is seen in nonamyloid LVH. LVH indicates left ventricular hypertrophy; and SPECT, single-

photon emission computed tomography. 
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Figure 6.18F-fluorodeoxyglucose positron emission tomography (PET)/computed 

tomography scan demonstrating aortic root abscess (arrow) and tracking of 

infection along basal anterior interventricular septum on (A) standard PET and 

(B) time of flight imaging.
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Figure 2. Forrest plots of pooled data for 18F-fluorodeoxyglucose positron emission 

tomography/computed tomography to detect all infective endocarditis. A, pooled sensitivity 

and; B, pooled specificity.
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Figure 2.Targeted PET-CT imaging of aortic valve disease. A, Contrast-enhanced computed tomographic (CT) 

multiplanar reformatted views of the aortic valve and aortic root, with fused targeted images of calcium metabolism 

obtained with sodium fluoride (NaF) positron emission tomography (PET). B, Increased NaF uptake (arrows), reflecting 

active calcium deposition, despite no evidence of macroscopic calcifications on CT (images courtesy of Dr Marc Dweck, 

University of Edinburgh, England). LA indicates left atrium.
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Figure 3.Change in aortic valve computed tomography (CT) calcium score and 18F-sodium fluoride (NaF) positron emission 

tomography (PET) activity after 1 year. A and B, Coaxial short axis views of the aortic valve from 2 patients with mild aortic 

stenosis (top and bottom). On baseline CT scans (left) established regions of macrocalcification appear white. Baseline fused 

18F-NaF PET and CT scans (middle) show intense 18F-NaF uptake (red, yellow regions) both overlying and adjacent to 

existing calcium deposits on the CT. One-year follow-up CT scans (right) demonstrate increased calcium accumulation in 

much the same distribution as the baseline PET activity. C–E, Predictors of progression in aortic valve calcium score. An 

excellent correlation was observed between baseline 18F-NaF activity in the aortic valve and the subsequent change in 

calcium score at 1 year r=0.66, P<0.01 (A). This matched the current gold standard predictor of disease progression the 

baseline calcium score r=0.58, P=0.01 (B). By contrast, there was a poor correlation with 18F-fluorodeoxyglucose (FDG) 

activity in the valve r=−0.11, P=0.66 (C).
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Figure 10: Images from conventional CT (left) and photon-counting CT (right) for cardiac evaluation. (A, B) CT scans show that septal branches (arrowheads) are better depicted on maximum-intensity projections 

with photon-counting CT (B) than with conventional CT (A). (C, D) Curved planar reconstructions show that calcifications (inside the box) are more differentiable from the lumen on photon-counting CT scans (D) 

compared with conventional CT scans (C). (E, F) CT scans show that a stent (black arrowhead) and an outside calcification (white arrowhead) with focal disruption of the struts are better depicted with photon-

counting CT (F) than with conventional CT (E). (G, H) CT scans show that mitral leaflets (white arrowheads) and calcification in a left atrial diverticulum (black arrowhead) are better depicted with photon-counting 

CT (H) than with conventional CT (G). (Adapted, with permission, from reference 68.)

Dodd JD. Published Online: March 28, 2023
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Figure 4: (A) Schematic shows a typical CT perfusion protocol involving acquisition of a noncontrast scan, followed by CT perfusion after pharmacologic stress induction, 

followed by coronary CT. (B–D) Images in a 75-year-old man with hypertension and dyslipidemia with recent-onset atypical chest pain and abnormal T waves in 

anterolateral leads at electrocardiography. (B) Cardiac CT scan shows a large mixed plaque (arrow) in an ostial obtuse marginal branch causing luminal stenosis. (C) CT 

perfusion map shows reduced myocardial blood flow in anterior and anterolateral segments (arrow) (red indicates normal and green indicates reduced myocardial blood 

flow). (D) Invasive coronary angiogram shows confirmation of hemodynamically significant stenosis in the ostial obtuse marginal branch (thick arrow), with a corresponding 

downstream low invasive fractional flow reserve (FFR, thin arrow; FFR = 0.72). (Adapted, under a CC BY license, from reference 77.)
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Figure 6: Cardiac CT images for planning transcatheter mitral valve replacement. Top: Images show the multipoint segmentation arc (red line) of the d-shaped mitral valve 

annulus. Annulus size (area, septolateral [SL], and intercommissural [IC] distance) is used to determine eligibility for, and sizing of, the transcatheter mitral valve 

replacement. Middle: Images show a simulated virtual transcatheter mitral valve replacement (in this example, a Tendyne [Abbott Vascular] device is indicated in green), 

which can be manually adjusted for size and placed across the mitral annulus (red line). Bottom: Images show the center line technique drawn along the trajectory of the 

left ventricular outflow tract (LVOT; orange line). A cross-sectional area (curved dotted orange line) across the narrowest point of the LVOT forms the neo-LVOT (6.5 cm2 in 

this case). (Reprinted, under a CC BY license, from reference 33.)

Dodd JD. Published Online: March 28, 2023
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Figure 2. Suggested algorithm for monitoring left ventricular function before, during, and after cancer therapy for function monitoring.* 

CT indicates computed tomography; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging; PET, positron emission 

tomography; and Tx, treatment. Risk factors include (but are not limited to) age >50 years, hypertension, diabetes, cardiac 

arrhythmia, and prior heart failure. *Additional imaging during treatment should be tailored to the patient’s cardiotoxic risk profile 

and treatment. All patients initiating anthracycline and HER2 therapies should have a baseline LVEF assessment as part of risk 

stratification.
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Figure 4.Multimodality imaging in early detection of cardiac toxicity from cancer therapy. A, Black blood short-axis CMR image showing 

elevated T2 signal consistent with myocardial inflammation in several segments of the LV in a patient who started anthracycline-based 

chemotherapy several days before and presented with palpitations and a minimally elevated cardiac troponin. B and C, Contrast CMR 

short-axis images from a healthy control (B) and a patient who had anthracycline therapy for sarcoma 6 years before imaging (C) 

demonstrating no evidence of LGE. However, the extracellular volume from T1 measurements demonstrate a higher extracellular 

volume of 0.35 in the anthracycline-treated patient in comparison with a volume of 0.26 in the healthy control. (Images in A through E 

are courtesy of Dr Tomas Neilan, Massachusetts General Hospital, Boston, MA.) F and G, 2D echocardiographic images of a patient with 

breast cancer obtained before and after chemotherapy. There was normal LVEF prechemotherapy and 12 months after chemotherapy. 

Global longitudinal strain was normal at baseline but reduced 3 months after chemotherapy (images courtesy of Dr Thomas Marwick)



MRI in cardio‐oncology: A review of cardiac complications in oncologic care

Magnetic Resonance Imaging, Volume: 50, Issue: 5, Pages: 1349-1366, First published: 26 August 2019, DOI: (10.1002/jmri.26895) 

A 72‐year‐old female on therapy for diffuse large B‐cell lymphoma. Diastolic (a) and systolic (b) short‐axis bSSFP images with epicardial (green) and 

endocardial (red) tracings. LVEF was decreased to 35%. (c) Short‐axis native T1 map color image shows elevated T1 relaxation times of 1110 msec in 

the anterior wall. Endocardial peak velocity vectors are shown in LV relaxation (d) and contraction (e) phases as yellow arrows. (f) Graphic 

representation of global strain throughout the cardiac cycle: endocardial global circumferential strain (yellow line), myocardial global circumferential 

strain (purple line), and global radial strain (light blue line). Myocardial global circumferential strain was –9.0 and global radial strain was 39%, both 

are abnormally decreased based on Ref. . (g) Short‐axis postgadolinium phase sensitive inversion recovery image shows subtle mid‐myocardial late 

gadolinium enhancement in the inferior and lateral LV walls suggesting fibrosis. (h) Short‐axis double inversion recovery image shows patchy increased 

T2‐weighted signal in the lateral and anterior LV walls compatible with edema. (i) Short‐axis ECV image processed with Qmap software (Medis) shows 

increased ECV in the inferior wall of 33.6%. Findings were compatible with acute myocarditis. This patient suffered morbidity from disease relapse and 

therapy side effects and had died within 1 month following this MRI evaluation. Significantly decreased LVEF can be a late finding in the evaluation for 

cardiotoxicity with oncologic therapies.
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An 81‐year‐old male with abnormal LV myocardial deformation related to interventricular septum metastasis from small bowel 

carcinoid tumor. (a) Diastolic and (b) systolic tagged images show the selective RF pulse‐induced grid pattern which sticks with 

the myocardium during the cardiac cycle. Normal myocardial deformation during systole is seen in the anterolateral and 

inferior walls. Abnormal decreased contractility is noted by grid boxes which do not deform during systole (arrows). These 

short‐axis images are located basal to the interventricular metastasis. (c) Axial bSSFP image shows a hyperintense mass in the 

interventricular septum with focal myocardial thickening (arrow). (d) Axial T2‐weighted SPAIR image shows high T2‐weighted 

signal within the mass (arrow). In this case, the abnormal contractility is related to a nearby ventricular metastasis. However, 

abnormal myocardial strain is more commonly seen with myocarditis and cardiomyopathies. Quantification of the abnormal 

deformation of the tagged grid represents the basis for the earliest myocardial strain measurements.
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Conclusion

 Imaging is complimentary

 Software and hardware advancements have accelerated tremendously

 AI continues to advance make patient care better and more efficient

 The future is looking bright in cardiovascular imaging
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