
REVIEW

Cardiothoracic imaging plays a pivotal role in routine di-
agnosis, risk stratification, and management of cardiovas-

cular and pulmonary diseases. The field continues to evolve, 
with recent innovations resulting in improved visualization 
and understanding of thoracic and cardiovascular diseases 
and their underlying pathophysiology. These advances in 
imaging have enabled a comprehensive understanding of 
cardiothoracic diseases and have led to more precise diagno-
sis and patient management. This review aims to provide an 
overview of notable developments in cardiac, vascular, and 
thoracic imaging published in Radiology: Cardiothoracic Im-
aging between October 2021 and October 2022. The scope 
of the review encompasses various aspects of coronary artery 
and congenital heart diseases, vascular diseases, thoracic im-
aging, and health services research.

The article selection process was guided by a system-
atic approach considering multiple factors. Articles were 
initially ranked by number of downloads and Altmetric 
scores, and the 10 articles with the highest number of 
downloads and scores, respectively, were included. Given 
that these metrics favor articles published earlier in the 
time period, we also considered timeliness, novelty, and 
reader interest during the review process. Articles were ini-
tially reviewed by trainee editorial board members (D.M. 
and G.J.A.), with additional editorial input from Radiol-
ogy: Cardiothoracic Imaging editors.

Of the 63 total articles published between October 
2021 and October 2022, 25 articles were selected for in-
clusion. The writing group would like to acknowledge all 
authors of manuscripts published in Radiology: Cardiotho-
racic Imaging. Each author has made a substantial contri-
bution to the journal, its readers, and our field, and we 
were able to highlight only a limited number of articles in 
this review.

Articles were grouped into nine categories, which in-
clude coronary imaging, myocardial blood flow (MBF) as-
sessment, photon-counting CT, congenital heart disease, 
cardiac MRI, cardiac imaging in COVID-19, vascular im-
aging, thoracic imaging, and health services research.

Coronary Imaging
Coronary CT angiography (CCTA) has multisociety 
guideline recommendations for the evaluation of coro-
nary artery disease (CAD) in patients with acute and 
stable chest pain (1). The Coronary Artery Disease Re-
porting and Data System (CAD-RADS) is a standard-
ized reporting system aimed at enhancing the accuracy 
and reproducibility of CCTA results for the diagnosis 
and management of CAD. CAD-RADS 2.0 was released 
in September 2022 (2), addressing some of the limita-
tions of the previous version. Notably, the plaque burden 
category was added with the “P” modifier, which clas-
sifies the overall amount of coronary artery plaque into 
four levels (P1–P4) (Table). Several options for plaque 
quantification methods are available, including coronary 
artery calcium scoring, and imagers have the flexibility 
of choosing the method most appropriate at their insti-
tution and for a given patient. Technological advances 
regarding ischemia evaluation with CT fractional flow 
reserve and CT perfusion have also led to the incorpo-
ration of the new “I” modifier. This modifier is given 
only when ischemia testing is performed. It considers the 
hemodynamic significance of coronary stenoses and can 
alter the recommended management on the basis of the 
presence or absence of ischemia. An additional modifier, 
“E” (for exceptions), was also added, and the prior “V” 
(for vulnerable plaque) modifier was revised to “HRP” 
(for high-risk plaque).
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determined with CCTA. The primary goal was to assess the 
association of baseline aspirin or statin use with major adverse 
cardiac events, MI, or death (6). Use of statins was associated 
with a lower rate of major adverse cardiac events (hazard ratio, 
0.59 [95% CI: 0.40, 0.87]; P = .007) in participants with non-
obstructive CAD. Conversely, the use of aspirin was not associ-
ated with a lower rate of adverse outcomes. Secondary results 
demonstrated that aspirin or statin use was not protective in 
participants without any detectable coronary plaque at base-
line. CCTA may play an important role in guiding treatment 
decisions, including recommendations for statins.

CCTA is a key step in the imaging workup prior to trans-
catheter aortic valve replacement (TAVR). In a retrospective, 
single-center study, Aquino and Decker et al (7) used a simpli-
fied, CCTA-derived measurement of ventricular longitudinal 
strain, left ventricular long-axis shortening, using pre-TAVR 
multiphasic CCTA in 175 patients with severe aortic stenosis 
(Fig 2). In a multivariable analysis, left ventricular long-axis 
shortening greater than −9.01% was independently associated 
with post-TAVR mortality (hazard ratio, 2.83 [95% CI: 1.13, 
7.07]; P = .03). CCTA is also useful in guiding coronary in-
terventions. A review by Tzimas et al (8) highlighted the role 
of CCTA in guiding percutaneous coronary interventions, 
including the development of an anatomy roadmap to guide 
interventionalists, plaque characterization, and assessment of 
coronary translesional physiology.

MBF Assessment
MBF can be quantified using stress perfusion cardiac MRI 
or PET perfusion imaging (9,10). CT perfusion can also be 
used to quantify MBF (MBFCT) by using dual-source CT 
(11). However, MBFCT underestimates true PET-derived MBF 
(MBFPET) because of inherent differences in myocardial ki-
netics between iodine contrast media and oxygen 15–labeled 
water (15O-water) (11). A single-center prospective study with 
34 participants used an equation to correct dynamic MBFCT 
and assess its accuracy versus MBF with 15O-water PET/CT as 
the reference standard (Fig 3) (12). Prior to correcting MBFCT, 
MBF values were significantly lower for CT than for PET (1.24 
mL/min/g ± 0.33 [SD] vs 2.67 mL/min/g ± 7, respectively; P 
< .001). However, after applying the correction method to CT, 
there was no evidence of a difference between MBFCT and MB-
FPET values (2.64 mL/min/g ± 1.94 vs 2.67 mL/min/g ± 1.87, 
respectively; P = .88) (12).

Photon-counting Detector CT
Photon-counting detector CT (PCD CT) is a new genera-
tion of CT technology that offers high spatial resolution and 
excellent image quality (13,14). Using an investigational CT 
scanner with both energy-integrating detector (EID) and PCD 
subsystems on a coronary artery phantom, Rajagopal et al (15) 
compared the detection of coronary plaque composition with 
and without stents by using EID CT, standard PCD CT, and a 
high-resolution PCD CT kernel (Fig 4). High-resolution PCD 
CT helped detect plaque composition more accurately in coro-
nary phantoms with and without stents when compared with 
EID CT and standard PCD CT, although it had higher noise, 

Distinguishing type 1 from type 2 myocardial infarction (MI) 
is important to guide management. Type 1 MI refers to a pri-
mary coronary event attributable to plaque rupture or erosion, 
whereas type 2 MI occurs secondary to an acute imbalance in 
myocardial oxygen supply and demand without atherothrombo-
sis. Antithrombotic therapy and invasive imaging are not recom-
mended for type 2 MI and can do more harm than good (3,4). 
However, clinical risk factors and blood biomarkers alone may 
be insufficient to differentiate type 1 versus type 2 MI. Meah 
et al (5) aimed to distinguish type 1 from type 2 MI by using 
quantitative CCTA plaque analysis (Fig 1). In this study of 327 
participants, low-attenuation plaque burden was an indepen-
dent predictor of type 1 MI (adjusted odds ratio, 3.44 [95% CI: 
1.84, 6.95]; P < .001) compared with type 2 MI and had better 
discriminatory ability for type 1 MI (C statistic = 0.75) com-
pared with other CCTA parameters, such as noncalcified plaque 
(C statistic = 0.62) and maximal area stenosis (C statistic = 0.61).

The Coronary CT Angiography Evaluation for Clinical 
Outcomes: An International Multicenter Registry, or CON-
FIRM, study evaluated 5-year outcomes of 6386 partici-
pants with nonobstructive CAD (less than 50% stenosis) as 

Abbreviations
CAD = coronary artery disease, CAD-RADS = Coronary Artery 
Disease Reporting and Data System, CCTA = coronary CT angiog-
raphy, EID = energy-integrating dectector, LGE = late gadolinium 
enhancement, MAPCA = major aortopulmonary collateral artery, 
MBF = myocardial blood flow, MBFCT = CT-derived MBF, MBFPET 
= PET-derived MBF, MI = myocardial infarction, PCD CT = pho-
ton-counting detector CT, PREFUL = phase-resolved functional 
lung, TAVR = transcatheter aortic valve replacement

Summary
Recent advancements in cardiothoracic imaging have improved the 
detection and prognostication of cardiothoracic disease, resulting in 
more accurate diagnosis and better patient management.

Essentials
 ■ The revised Coronary Artery Disease Reporting and Data System, 

CAD-RADS 2.0, addresses and adapts to the current state of 
coronary CT angiography (CCTA) use, with notable changes in-
cluding integration of ischemia testing results and plaque burden 
quantification.

 ■ Novel developments and applications of CCTA include quantita-
tive CCTA plaque analysis and quantitative perfusion with estima-
tion of myocardial blood flow.

 ■ Cardiac MRI evaluation of myocarditis following COVID-19 
vaccination demonstrated less severe cardiac injury compared with 
other causes and improvement at follow-up, although minimal late 
gadolinium enhancement can persist.

 ■ CT angiography–derived imaging features, such as entry tear 
dominance, are crucial for developing patient-specific strategies 
to predict the risk of future adverse events in patients with aortic 
dissection.

 ■ CT-guided fiducial marker placement is an effective and safe 
method for preoperative planning of pulmonary nodules.

Keywords
Pediatrics, CT Angiography, CT-Perfusion, CT–Spectral Imaging, 
MR Angiography, PET/CT, Transcatheter Aortic Valve Implantation/
Replacement (TAVI/TAVR), Cardiac, Pulmonary, Vascular, Aorta, 
Coronary Arteries
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three-dimensional time-resolved phase-contrast MRI (ie, four-
dimensional flow) provides additional hemodynamic markers, 
such as energetics of the Fontan circulation and ventricular ef-
ficiency (Fig 6).

Using two-dimensional phase-contrast MRI, Lam et al (19) 
compared blood flow in 55 fasting pediatric patients with a Fon-
tan circulation to 19 healthy participants and found significant 
differences in systemic and splanchnic blood flow, with lower 
blood flow on average in the Fontan group. They also demon-
strated a positive moderate correlation between Fontan flow and 
exercise capacity, as determined by peak oxygen consumption 
(ie, VO2). Interestingly, the relationship between Fontan blood 
flow and catheter-measured pre-Fontan mean pulmonary arte-
rial pressure was inverse. Altogether, this study reinforces the 
concept that reduced blood flow from collateral circulation 
could lead to organ hypoperfusion (19).

In a multicenter, retrospective study, Raimondi et al (20) 
used four-dimensional flow to investigate collateral circulation 
in 75 patients with Fontan circulation  (Fig 7). Overall, 49% 
(37 of 75) of patients had substantial shunts (total shunt vol-
umes > 1.0 L/min), the majority of which were venovenous 
collaterals (30 of 37, 81%). All nine patients with high car-
diac output (>4.0 L/min/m2) had high-flow shunts, mainly 

and high-resolution PCD CT images were the least affected by 
stent artifacts and blooming. Similar ability to detect in-stent 
findings with a high-resolution kernel is supported by a recent 
study assessing the impact of different scan modes and recon-
struction kernels on a clinical PCD CT system (16).

Congenital Heart Disease
Congenital heart diseases with low antegrade pulmonary flow 
can lead to the formation of major aortopulmonary collateral 
arteries (MAPCAs). A review by Alex et al (17) highlighted the 
causes, pathophysiology, classification, reporting parameters, 
management options, and differential diagnoses of MAPCAs. 
Reporting of MAPCAs should include a description of their 
origin, course, segmental vascular supply, and other cardiac 
and pulmonary features to influence decision-making and po-
tentially guide treatment planning (Fig 5).

Cardiac MRI is frequently used for presurgical evaluation 
and lifelong postsurgical monitoring in patients with Fontan ca-
vopulmonary connections. Puricelli et al (18) reviewed multiple 
MRI sequences that play specific roles in the evaluation of the 
Fontan cavopulmonary connections. In addition to traditional 
sequences such as contrast-enhanced MR angiography and two-
dimensional phase-contrast imaging, the authors showed that 

2022 CAD-RADS 2.0 Suggested Text for Recommendations Section of CCTA Reporting in Patients with Stable Chest Pain

Stenosis Plaque Suggested Recommendation for Report

CAD RADS 0 N/A Reassurance. Consider nonatherosclerotic causes of symptoms.
CAD RADS 1 or CAD RADS 2 P1 Consider nonatherosclerotic causes of symptoms

Consider risk factor modification and preventive pharmacotherapy
P2 Consider nonatherosclerotic causes of symptoms.

Risk factor modification and preventive pharmacotherapy.
P3 or P4 Consider nonatherosclerotic causes of symptoms.

Aggressive risk factor modification and preventive pharmacotherapy.
CAD RADS 3 P1/P2/P3/P4 Consider CT-FFR, CTP or stress testing

Aggressive risk factor modification and preventive pharmacotherapy
Other treatments (including antianginal therapy) should be considered per guide-

line directed care
If I+ Consider ICA, especially if frequent symptoms persist after guideline-directed 

medical therapy
CAD RADS 4 P1/P2/P3/P4 Consider ICAa or functionalb assessment

Aggressive risk factor modification and preventive pharmacotherapy.
Other treatments (including antianginal therapy and options of revascularization) 

should be considered per guideline directed care
CAD RADS 5 P1/P2/P3/P4 Consider ICAa, functionalb, and/or viability assessment

Aggressive risk factor modification and preventive pharmacotherapy.
Other treatments (including antianginal therapy and options of revascularization) 

should be considered per guideline directed care

Note—Adapted, with permission, from reference 2. CAD-RADS = Coronary Artery Disease Reporting and Data System, CCTA = coro-
nary CT angiography, CT-FFR = CT fractional flow reserve, CTP = CT perfusion, ETT = exercise tolerance test.
a ICA-invasive coronary angiography may be favored if high-grade stenosis (> 90%), high-risk plaque features or I + (presence of lesion-spe-
cific ischemia on CT FFR or perfusion defects by CTP) or concordant ischemia by other stress tests and a candidate for revascularization. 
It should be clarified that benefit of revascularization should be confined to patients with persistent symptoms despite optimal medical 
therapy.
b Functional Assessment includes CT-FFR, CTP, stress testing (ETT, stress echocardiogram, SPECT, PET, Cardiac MRI) or invasive FFR.
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LGE in patients with atrial fibrillation (Fig 9). Left atrial fibrosis 
in atrial fibrillation was more extensive in the left inferior pul-
monary vein area and correlated negatively with the distance 
between the descending thoracic aorta and left atrial wall (rs = 
−0.49, P < .01).

Myocardial strain analysis using cardiac MRI feature tracking 
is often performed using an endocardial layer approach, although 
recent technical developments allow for multilayered analysis. Is-
sak et al (24) evaluated the diagnostic performance of cardiac 
MRI feature tracking layer-specific strain analysis in patients 
with suspected acute myocarditis. They found that diagnostic 
performance for acute myocarditis varied depending on the 
layer analyzed, with the highest area under the receiver operat-
ing characteristic curve values for midmyocardial circumferential 
strain (0.82) and subepicardial longitudinal strain (0.77). This 
finding might be explained by the pathophysiology of myocar-
ditis, which frequently involves the subepicardial myocardium.

Cardiac Imaging in COVID-19
Cardiothoracic imaging is commonly used in the evaluation 
of patients with COVID-19, including for the detection of 
pneumonia and pulmonary embolism (25,26). Although re-
spiratory symptoms predominate in acute COVID-19, early 
recognition of myocardial injury in a minority of patients with 
severe COVID-19 fueled substantial research in this area. Was-

venovenous, suggesting that collateral circulation may contrib-
ute to the high-output state.

Cardiac MRI
A key strength of cardiac MRI is myocardial tissue character-
ization, including late gadolinium enhancement (LGE) imag-
ing. Parametric mapping sequences allow the quantification of 
myocardial tissue changes with incremental clinical value (21). 
François et al (22) evaluated differences in cardiac MRI pa-
rameters in young adults born prematurely. Native T1 values 
at 3 T were significantly higher in participants born preterm 
compared with age-matched participants born at term (1477 
msec ± 77 vs 1423 msec ± 71, P = .0019), although there was 
substantial overlap between groups (Fig 8). Higher T1 values 
were associated with larger cardiac chamber size and impaired 
systolic strain. These results support the possibility of a distinct 
cardiomyopathy associated with premature birth and suggest 
that clinical follow-up to monitor for adverse cardiovascular 
outcomes may be warranted.

Although cardiac CT is typically used for preprocedural 
evaluation and planning in patients with atrial fibrillation, high-
resolution cardiac MRI sequences for tissue characterization 
have also been applied for the evaluation and quantification of 
atrial fibrosis. Hopman et al (23) quantified the extent of left 
atrial fibrosis globally and regionally by using three-dimensional 

Figure 1: Representative images of CT plaque analysis demonstrate differences between type 1 and type 2 myocardial infarction. Left panel: Images in a 42-year-old 
man diagnosed with type 1 myocardial infarction. (A) Invasive angiography demonstrates severe stenosis in the distal left anterior descending artery. (B) Coronary CT an-
giogram, curved planar reformation, (C) quantitative plaque analysis, and (D) three-dimensional quantitative plaque analysis demonstrate a high burden of low-attenuation 
plaque. Right panel: Images in a 74-year-old man diagnosed with type 2 myocardial infarction. (E) Electrocardiogram demonstrates broad-complex tachycardia consis-
tent with ventricular tachycardia. (F) Coronary CT angiogram, curved planar reformation, (G) quantitative plaque analysis, and (H) three-dimensional quantitative plaque 
analysis demonstrate a low burden of low-attenuation plaque. Both participants have obstructive coronary artery disease detected with coronary CT angiography. Quan-
titative plaque analysis demonstrates clear differences, with a much higher burden of low-attenuation plaque in the participant presenting with type 1 myocardial infarction 
compared with the participant presenting with type 2. (Reprinted, with permission, from reference 5.)
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vaccine booster dose. Subsequent reports have demonstrated 
that myocardial edema typically resolves over weeks, with nor-
malization of left ventricular function and interval decrease in 
LGE (32).

Patel et al (33) compared clinical and cardiac MRI findings 
among 14 patients with myocarditis after mRNA COVID-19 
vaccination and 14 patients with acute myocarditis from other 
causes. They found that patients with COVID-19 vaccination–
associated acute myocarditis had better left ventricular ejection 
fraction, higher left ventricular global circumferential and radial 
strain, and less LGE. This is concordant with other studies dem-
onstrating that the extent of myocardial injury in myocarditis after 
vaccination may be less severe compared with other causes (30).

Vascular Imaging
The long-term prognosis of patients with aortic dissection is 
of substantial clinical interest because of the potential for late 
complications resulting from chronic degeneration of the false 
lumen (34,35). However, the rate of false lumen dilatation is 
highly variable, making it challenging to prospectively identify 
high-risk patients who would benefit from thoracic surgical 

senaar et al (27) used feature tracking strain analysis to evalu-
ate 188 athletes referred for cardiac MRI a median of 30 days 
after COVID-19 diagnosis. Global circumferential strain was 
weaker in athletes after COVID-19 infection compared with 
a control group, and this difference persisted following adjust-
ment for age, sex, body mass index, heart rate, and systolic 
blood pressure (β coefficient, 1.29 [95% CI: 0.20, 2.38]; P 
= .02). In other patient populations, cardiac MRI abnormali-
ties after COVID-19 infection have been shown to improve or 
resolve when re-evaluated at longer-term follow-up (28), high-
lighting the importance of timing with respect to interpreta-
tion of imaging findings.

Soon after the introduction of COVID-19 vaccination cam-
paigns, early reports of myocarditis following mRNA vaccina-
tion emerged, particularly in younger men. Sanchez Tijmes et al 
(29) summarized current data on cardiac MRI in patients with 
myocarditis after COVID-19 illness and after vaccination, high-
lighting that the pattern of injury at MRI in postvaccine myo-
carditis was similar to other causes (Fig 10) (30). Sanchez Tijmes 
et al (31) also described one of the earliest multimodality imag-
ing reports in a patient with myocarditis following a COVID-19 

Figure 2: Measurement of coronary CT angiography–derived left ventricular (LV) long-axis shortening (LAS) using a recon-
structed four-chamber view. Images at (A) end diastole and (B) end systole in an 87-year-old woman with LV-LAS of −11.24%, an 
ejection fraction of 75%, and a Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) of 6.0% who remained alive 
after undergoing transcatheter aortic valve replacement (TAVR) for severe aortic stenosis. Images at (C) end diastole and (D) end 
systole in an 88-year-old man with LV-LAS of −5.54%, an ejection fraction of 67%, and an STS-PROM of 3.6% who died 9 months 
after undergoing TAVR for severe aortic stenosis. (Reprinted, with permission, from reference 7.)
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Figure 3: Images in a 72-year-old man with diabetes and hyperlipidemia. (A) Coronary CT angiographic image shows severe stenosis (red arrow) in the proximal 
portion of the left anterior descending artery (LAD). Both the (B) MBF CT map and (C) MBF PET map demonstrate similar distribution of abnormal perfusion in the antero-
septal wall and apex corresponding to the LAD stenosis. (D) The dynamic CT perfusion (CTP) images and time-attenuation curve obtained with dynamic CTP are demon-
strated. AIF = arterial input function, LCX = left circumflex artery, MBF = myocardial blood flow, MBFCT = CT-derived MBF, MBFCT-corrected = CT-derived MBF after correction 
with the fitting curve, MBFPET = PET-derived MBF, RCA = right coronary artery. (Reprinted, with permission, from reference 12.)

Figure 4: Coronary phantom content and imaging. Each column shows a different region of interest (ROI), with the detailed 5-mm probe content shown 
in the top row. Cross-sections of the probe at energy-integrating detector CT (EID; second row), photon-counting CT (PCCT; third row), and high-resolution 
PCCT (HR PCCT; fourth row) with and without stents. Window and level for unstented cases was 1600 HU and 300 HU and for stented cases was 1000 
HU and 250 HU, respectively. (Reprinted, with permission, from reference 15.)

http://radiology-cti.rsna.org
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or endovascular aneurysm repair (34). Cuellar-Calabria et al 
(36) hypothesized that an increased false lumen pressure result-
ing from an imbalance in the size of proximal and distal tears 
would lead to a higher risk of late adverse events. The authors 
evaluated the difference in size between proximal and distal 

tears in 72 participants with aortic dissection who underwent 
CTA of the aorta in the subacute phase (9 weeks). Adverse 
events were defined as the occurrence of elective intervention, 
unexplained sudden death, or acute complications leading to 
surgical or endovascular treatment or death. Entry tear domi-

Figure 5: Diagram representing the common sites of major aortopulmonary collateral arteries origin and classification. 
D4–D6 = dorsal vertebrae 4 to 6, IMA = internal mammary artery. (Reprinted, with permission, from reference 17.)

Figure 6: Four-dimensional (4D) flow assessment in an 11-year-old patient with hypoplastic left heart syndrome after intra-atrial lateral tunnel 
Fontan procedure. (A) Streamline visualization with velocity color coding of 4D flow data. (B) Flow quantification in the aorta (Ao) (red), superior 
vena cava (SVC) and lateral tunnel (LT) (green), left pulmonary artery (LPA) (yellow), and right pulmonary veins (RPVs) (blue). IVC = inferior vena 
cava, SV = single ventricle. (Reprinted, with permission, from reference 18.)

http://radiology-cti.rsna.org
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nance (Fig 11), defined as a difference of greater than 1.2 cm2 
between proximal and distal entry tears, was a significant pre-
dictor of adverse events (hazard ratio, 5.2 [95% CI: 2.1, 13]; 
P < .001). On the other hand, participants without entry tear 
dominance or any other associated risk factors, such as genetic 
aortic disease or a maximum aortic diameter greater than 45 

mm, had a low risk of late adverse events (7%, three of 41) (Fig 
11). This study suggests that imaging features may play a key 
role in formulating patient-specific strategies to predict the risk 
of late adverse events in aortic dissection (37).

CTA is instrumental for the diagnosis and management of 
patients with suspected acute aortic syndrome. However, the 

Figure 7: Four-dimensional (4D) flow visualization of venovenous and aortopulmonary collateral vessels to determine the cause of systemic-
pulmonary venous shunting. First are two patients with large venovenous collateral vessels (red arrow): (A) a 5-year-old boy and (B) a 12-year-old 
boy, with drainage directly into the atrium bypassing the pulmonary arteries. (C) In a 13-year-old girl, a small aortopulmonary collateral artery is 
seen arising from the descending thoracic aorta (white arrow). Finally, on the bottom row, a 33-year-old man with large serpiginous venous col-
lateral vessels (orange dashed arrows in D and E) is shown on (D) 4D flow and (E, F) cardiac CT angiographic images, illustrating large venous 
varices and their direct supply from the hepatic venous confluence (blue arrow). (Reprinted, with permission, from reference 20.)

Figure 8: Cardiac MR native T1 mapping images in adults born (A) term and (B) preterm. Native T1 values were 
measured in a midventricular section, with global left ventricular (LV) values recorded as a mean native T1 value for the entire 
mid-LV section (T1LV) and as a mean T1 value for a 1-cm2 region of interest in the septum (dotted line). RV = right ventricle. 
(Reprinted, with permission, from reference 22.)

http://radiology-cti.rsna.org
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unique structure of the aorta and its related hemodynamics can 
lead to the occurrence of flow-related artifacts that can mimic 
aortic injury. A case report by Ropp et al (38) showcased the 
“Dean effect,” an unusual artifact observed during early arterial 

phase imaging that can be mistaken for aortic disease. The arti-
fact is caused by differences in blood flow velocities and vortex 
formations between the greater and lesser curvature of the aorta, 
resulting in a dissection flap–like interface between strongly 

Figure 9: Position of the descending aorta relative to the left atrium (LA). (A) Multiplanar reconstruction displaying a 
posterior view of the LA and the descending aorta (AOD). (B) Multiplanar reconstruction displaying an axial view of the LA 
and the AOD. (C) Contrast-enhanced MR angiogram of the LA and aorta. (D) Late gadolinium enhancement MRI of the LA 
and the aorta. (E) An illustration of the LA incorporating a common location of the AOD. AOA = ascending aorta, LAA = LA 
appendage, LIPV = left inferior PV, LSPV = left superior PV, PA = pulmonary artery, PV = pulmonary vein, RIPV = right inferior 
PV, RSPV = right superior PV. (Reprinted, with permission, from reference 23.)

http://radiology-cti.rsna.org
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Figure 10: COVID-19 vaccine–associated myocarditis. Case example in a 27-year-old man with myocarditis 3 days following CO-
VID-19 vaccine administration. Images from cardiac MRI performed at 1.5 T demonstrate subepicardial late gadolinium enhancement at 
the (A) basal to mid anterior lateral, inferior lateral, and inferior wall (red arrows), with (B) corresponding high T2 signal (orange arrows), 
(C) high regional native T1 (1173 msec), and (D) high regional native T2 (59 msec) on short-axis images. (Reprinted, with permission, from 
reference 29.)

enhanced and minimally enhanced blood in the proximal de-
scending thoracic aorta; this occurs at the aortic arch because of a 
combination of the aortic curvature and specific flow conditions 
(38) (Fig 12). The authors recommend using the sagittal plane 
to reliably distinguish the artifact from pathologic conditions, as 
it best visualizes the layering of contrast material (Fig 12). Alter-
natively, repeat CTA with a longer delay could be considered.

Although rare, acute aortic injuries can occur during invasive 
coronary angiography and percutaneous coronary interventions 
(39). Cappellini et al (4) reported a case series of four patients 
with iatrogenic aortic root injury who underwent postproce-
dural CTA. Most iatrogenic aortic injuries in this series occurred 
during intervention of the right coronary artery and were visible 
at CT as isolated subintimal contrast media staining in the aortic 
wall. All patients without imaging evidence of communication 
between the subintimal contrast media staining and the lumen 
of the aortic root had a favorable short-term prognosis, with 

complete resolution of the accumulation of undiluted contrast 
media. Notably, only one patient developed a type A dissection, 
which was attributed to underlying media degeneration. The 
authors recommended the use of electrocardiographically gated 
acquisition and a CTA protocol including nonenhanced and 
contrast-enhanced arterial phase images when catheterization-
related aortic injury is suspected.

Thoracic Imaging
The widespread use of CT has resulted in a growing number of 
incidentally identified pulmonary nodules that require surgical re-
section. Intraoperative localization can be challenging depending 
on the size, location, and attenuation of the nodule. Radiologists 
can aid in the preoperative localization of pulmonary nodules by 
placing fiducial markers or microcoils under CT guidance (40).

In a recent study, McDermott et al (41) retrospectively 
investigated success and complication rates of preoperative 
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Figure 11: On the left: Multiplanar reconstructions of a CT angiographic study show (A, C) the proximal entry tear in the aortic isthmus and (B, D) the distal entry tear 
in the left external iliac artery in a 49-year-old man with an uncomplicated type B aortic dissection 3 months after discharge. Entry tears are measured in a double oblique 
en face view close to the (A) coronal plane in a 1.2-cm2 proximal tear and (B) in the axial plane in a 0.5-cm2 distal tear. (C) A sagittal plane of the arch and descending 
thoracic aorta and (D) a coronal plane of the left iliac artery are provided as references for tear location and plane adjustment. Crosshairs indicate the exact location of 
each tear in two planes. On the right: Distribution and rate of adverse events in study participants according to risk group. Only three of 41 participants in the low-risk group 
(7%), which comprised 57% of the total cohort (41 of 72), had a nonacute long-term aortic event (elective surgery). Max = maximum, Min = minimum. (Adapted, with per-
mission, from reference 36.)

Figure 12: On the left: The “Dean effect” artifact in a 71-year-old woman with increasing dyspnea and a history of hypertension, atrial fibrillation, mitral regurgitation, 
and congestive heart failure (New York Heart Association grade IV) with an estimated ejection fraction of 20%. One sagittal (left) maximum intensity projection and three 
axial (right; 3.0-mm section thickness) contrast-enhanced (Omnipaque 350; GE Healthcare) CT angiographic images of the thorax through the level of the aortic arch in 
a narrowed and decentered soft-tissue window (convolutional kernel l40) demonstrate a flow-related artifact with distinct flow separation. This results in a heterogeneous 
hypoattenuation along the inner curvature of the arch due to incomplete mixing of unopacified blood with contrast material. The sagittal plane best demonstrates that the 
finding is artifactual. On the right: Artist’s conceptual illustration of the proposed process of flow perturbation and mixing of blood as it flows from the proximal aorta (supe-
riormost cross section) to the descending aorta (inferiormost cross section). The highest-velocity flow (red) occurs at the outer curvature, while the lowest-velocity flow (blue) 
occurs at the inner curvature. This unique separation of differential flow velocities is the hypothesized origin of the artifact. As the Dean vortices form (second cross section) 
and begin to experience flow perturbation and mixing (third cross section), there is eventual flow velocity homogenization and a return to more normal laminar flow as the 
blood enters the straight tube of the descending aorta (fourth cross section). (Illustration reprinted, with permission, from Aletta Ann Frazier MD.) (Figures adapted, with per-
mission, from reference 38.)

http://radiology-cti.rsna.org


12 rcti.rsna.org ■ Radiology: Cardiothoracic Imaging Volume 5: Number 3—2023

Radiology: Cardiothoracic Imaging Highlights 2022

Figure 13: Images in a 50-year-old woman with an incidentally detected, enlarging, 10-mm, left upper lobe, part-solid nodule proven to be adenocarcinoma (100% 
lepidic). (A) Preliminary axial CT image shows a left upper lobe nodule (arrow). (B) The coaxial introducer needle was advanced through the subcutaneous tissue to the 
pleura. (C) The needle was advanced deeply to the nodule. (D) The first 3-mm gold fiducial marker was deployed, and the needle was retracted. (E) The second fiducial 
marker was deployed with the nodule sandwiched between fiducial markers and the pleura. (F) Postprocedure radiograph demonstrates the two fiducial markers in the left 
upper lung (arrow). (G) Radiograph of the specimen with two fiducial markers in the specimen. (Reprinted, with permission, from reference 41.)

fiducial marker placement in 190 patients with pulmonary 
nodules (Fig 13) and demonstrated a 98.5% technical success 
rate, with only three of the 198 fiducial marker placement pro-
cedures performed being unsuccessful. Pneumothorax was the 
most frequent complication (n = 42, 21%), resolving sponta-
neously in most patients, with only 11 (6%) requiring a chest 
tube. Surgical resection of the nodules was successful in all but 
one patient (0.5%).

A retrospective study of cardiac left ventricular function 
in chronic obstructive pulmonary disease (ie, CLAIM study) 
trial data analyzed dynamic MRI data with the phase-resolved 
functional lung (PREFUL) technique in a subset of patients 
(n = 50) (42). PREFUL is an MRI postprocessing algorithm 
developed to quantify perfusion and ventilation dynamics. 
Voskrebenzev and Kaireit et al (42) found that PREFUL MRI 
helped identify treatment-related changes in chronic obstruc-
tive pulmonary disease. Compared with placebo, treatment 
with indacaterol-glycopyrronium increased mean flow-volume 
loop correlation (least squares mean treatment difference: 0.05 
[95% CI: 0.03, 0.07], P < .0001) and reduced ventilation 

heterogeneity (least squares mean treatment difference: −0.05 
[95% CI: −0.07, −0.03], P < .0001) (Fig 14).

Health Services Research
The COVID-19 pandemic has brought critical challenges 
in health care, including a worldwide shortage of iodinated 
contrast media. In a recent special report, Ananthakrishnan 
et al (43) discussed disruptions in the delivery of radiology 
services caused by the iodinated contrast media shortage and 
described strategies to address supply chain issues that can be 
implemented in a large academic center. The authors empha-
sized the importance of early engagement with health system 
leadership to establish a dedicated task force composed of all 
key stakeholders and ensure a coordinated response. Techni-
cal principles and tactics were suggested, such as repackag-
ing commercially available containers of contrast media to 
better match needed volumes for clinical scans, adapting 
scanning protocols to match multiples of repacked contrast 
media aliquots, and using virtual monoenergetic reconstruc-
tions to improve contrast-to-noise ratio. The use of advanced 
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Figure 14: PREFUL MRI parameter maps following treatment with placebo and IND-GLY in one patient. Shown are the FVL-CM (see Figs 1 and 2 in reference 42), 
RVent, Q, VQMCM, and VQMRVent of one patient with COPD (man, 67 years old, postbronchodilator FEV1 at baseline of 31.6% and FEV1 postbronchodilator treatment 
of 36.7%, GOLD stage 3) for one coronal section located at the tracheal bifurcation. Note the difference between postplacebo and postbronchodilator treatment: (A) 
80% versus 86% (FVL-CM), (B) 8% versus 12% (RVent), (C) 57 versus 85 mL/min/100 mL (Q), (D) 50% versus 60% (VQMCM), and (E) 36% versus 51% (VQMRVent), 
respectively. Ventilation and perfusion defects (VDP and QDP) were defined as values below threshold (Q < 20 mL/min/100 mL, FVL-CM < 0.9, RVent < 0.075). Im-
ages were acquired without contrast agent administration using a two-dimensional gradient-echo sequence in coronal orientation. COPD = chronic obstructive pulmonary 
disease, FVL-CM = flow-volume loop correlation map, GOLD = Global Initiative for Chronic Obstructive Lung Disease, IND/GLY = indacaterol-glycopyrronium, PREFUL = 
phase-resolved functional lung, Q = perfusion, QDP = perfusion defect percentage, RVent = regional ventilation, V = ventilation, VDP = ventilation defect percentage, V/Q 
= ventilation-perfusion, VQM = ventilation-perfusion match, VQMCM = ventilation-perfusion match with Q and FVL-CM, VQMRVent = ventilation-perfusion match with Q and 
RVent. (Adapted, with permission, from reference 42.)

CT scanner technology, such as spectral imaging and photon-
counting CT, may offer additional opportunities to reduce 
contrast media dose (44).

Technological advancements and shifts in health care deliv-
ery models have led to changes in the use of cardiac imaging. 
Reeves et al (45) examined trends in the use of imaging among 
Medicare beneficiaries between 2010 and 2019. The patterns of 
noninvasive cardiac imaging use were analyzed among radiolo-
gists and cardiologists, focusing on the shifts among four main 
locations: physician offices, hospital outpatient departments, in-
patient settings, and emergency departments. Overall imaging 
rates per 100 000 beneficiaries, aggregated by location and spe-
cialty, increased for cardiac PET (202 to 496, +146%), CCTA 
(169 to 312, +84%), and cardiac MRI (53 to 119, +125%). 
Conversely, the combined rate of transthoracic echocardiogra-
phy, transesophageal echocardiography, and stress echocardiog-
raphy decreased by 3% (23 911 to 23 188), while the number 
of transthoracic echocardiography examinations performed by 
emergency department providers surpassed those performed by 
cardiologists, likely because of the growing use of point-of-care 
US. Myocardial perfusion imaging rates declined (7817 to 4996, 
−36%) in physician offices and inpatient settings but increased 
in hospital outpatient departments (935 to 1598, +71%).

Future Perspectives
There is growing interest in clinical applications of artificial 
intelligence in thoracic and cardiovascular imaging, with ongo-
ing research at different stages in the imaging value chain. Such 
applications include choosing an appropriate imaging test to 
improve diagnostic accuracy and direct risk prediction from 

cardiovascular imaging (46). The emergence of PCD CT has 
generated substantial interest in cardiovascular applications, 
with the potential to reduce radiation exposure and enhance 
image quality (47,48).

Conclusion
The field of cardiothoracic imaging is constantly advancing and 
has potential to improve diagnostic accuracy and patient out-
comes for a wide range of cardiovascular and thoracic diseases. 
As research continues to evolve, we can expect to see even more 
sophisticated imaging tools and techniques that may greatly 
benefit patients and radiologists alike.
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