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Objectives

This self-assessment module is a component of the American College of Radiology’s Continuous Professional Improvement (CPI) program. The intent of the CPI program is to assess your overall imaging knowledge including areas evaluated by the American Board of Radiology’s examination and to provide you with information on the items tested. After completing this activity, the participant should be better able to:


	Describe how to assess and manage a variety of hypothetical clinical situations related to cardiac imaging.

	Identify image findings and exercise independent medical judgment based on the images and/or facts provided concerning cardiac imaging.

	Cite clinical and imaging principles relevant to the cases encountered and topics discussed in the practice of cardiac imaging.

	Review clinical practice strategies based on the practitioner’s self-assessment in the area of cardiac imaging.


Instructions

This activity should take approximately 8 hours. Locate the Answer Sheet (page iii) and begin answering the multiple choice questions. Rationales and references for each question are printed following the Answer Key. Refer to the Answer Key located after the question section and total the number of questions you answered correctly. Follow the Claiming Credit Online instructions below to enter your score online. You must receive an overall score of 80% to earn CME credit for this activity.

Credit-Claiming Online


	Go to https://myeducation.acr.org. Enter your ACR username and password.

	Locate the My Pending Activities tab and click on the CPI module title. This will open a new window. If you do not see the Instructions page, you may need to disable the pop-up blocker.

	Fill in Your Scores by entering the total number of questions you answered correctly. Agree to the Attestation Statement by checking the checkbox.

		Complete the Required Program Evaluation and close the pop-up window.

		Click the My Completions/Certificates tab. Your credits for the CPI module will be recorded, and you may access your CME certificate by clicking Print Certificate.


Accreditation Statement

The American College of Radiology (ACR) is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to provide continuing medical education for physicians.

Designation Statement

The American College of Radiology (ACR) designates this enduring material activity for a maximum of 8 AMA PRA Category 1 Credits™. Physicians should claim only the credit commensurate with the extent of their participation in the activity.

Accredited CME Activity that Includes Evaluation of the Learner with Feedback 

This activity includes evaluation of the learner with feedback for American Board of Radiology diplomates not completing their OLA annual progress requirement.

For information about the accreditation of this program, please contact the ACR at info@acr.org.
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Self-Assessment Module

CPI Cardiac Imaging Special Edition Module

 

Introduction to Cardiovascular Multimodality Imaging

Cardiovascular magnetic resonance (CMR) and cardiac computed tomography (CT) are cross-sectional imaging modalities for the functional and anatomical assessment of various cardiovascular diseases. In order to facilitate descriptions of cardiac anatomy, cardiac walls are described in traditional views (Figure 1) that were first described in the echocardiography literature. These same views can be obtained with cardiac CT and CMR. These traditional views are consistent between echocardiography, CMR, and cardiac CT allowing consistent clinical communication when using these modalities.
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Figure  1. Traditional cardiovascular views of the heart. Cardiovascular magnetic resonance (CMR) cine SSFP. End-diastole. Short-axis image (red box) is obtained perpendicular to the long axis of the left ventricle of the two- and four-chamber views (red lines). The two-chamber view (yellow box) is obtained through the anterior and inferior left ventricular walls and through the left atrium and left ventricular apex (yellow lines). The three-chamber view (white box) is obtained through the anteroseptal and inferolateral left ventricular walls and through the atrium and left ventricular apex (white lines). The four-chamber view (blue box) is obtained through the inferoseptal and anterolateral left ventricular wall and through the left atrium and left ventricular apex (blue lines). A=anterior. AL=anterolateral. AS=anteroseptal. I=inferior. IL=inferolateral. IS=inferoseptal. LA=left atrium. LV=left ventricle. RA=right atrium. RV=right ventricle.



With these traditional cardiovascular views, the left ventricle wall can be divided into a variable number of segments to correlate with regional analysis of left ventricular function and perfusion (Figure  2). The American Heart Association supports this 17-segment model to identify wall segments of the left ventricle (6 basal segments, 6 mid segments, 4 apical segments, and the apex) (Cerqueira et al). Although there is variability in the coronary artery blood supply to myocardial segments, the 17-segment model allows an appropriate framework to assign individual segments to specific coronary artery territories.
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Figure  2. Diagram of the 17 myocardial segment model. CMR cine SSFP. End diastole. The left ventricle is divided into equal thirds perpendicular to the long axis of the heart. This will generate 3 circular basal, mid-cavity, and apical short-axis slices of the left ventricle. The basal third typically extends from the mitral annulus to the tips of the papillary muscles at end-diastole. The mid-cavity view includes the entire length of the papillary muscles. The apical short-axis view is the area beyond the papillary muscles to just before the cavity ends. The true apex is the area of myocardium beyond the end of the left ventricular cavity. A=anterior. AL=anterolateral. AS=anteroseptal. I=inferior. IL=inferolateral. IS=inferoseptal.



Short-axis images are obtained perpendicular to the long axis of the left ventricle of the two- and four-chamber views. The two-chamber view is obtained through the anterior and inferior left ventricular walls and through the left atrium and left ventricular apex. The three-chamber view is obtained through the anteroseptal and inferolateral left ventricular walls and through the atrium and left ventricular apex. The four-chamber view is obtained through the inferoseptal and anterolateral left ventricular wall and through the left atrium and left ventricular apex. Multiple successive short-axis images are obtained throughout the myocardium, and a summation of disc method in diastole and systole is used to calculate left and right ventricular volumes and masses (Figure  3). The volume and mass measurements can be reported as absolute values or indexed to the patient’s body surface area.
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Figure  3. Short-axis stack CMR at end-diastole and end-systole with left ventricular volumes and mass measurements. Circles of the endocardial border (purple circles) at end-diastole are used to calculate the left ventricular end-diastolic volume and at end-systole are used to calculate the left ventricular end-systolic volume. The difference of the epicardial border (teal circles) and the endocardial border (purple circles) at end-diastole are used to calculate the left ventricular end-diastolic mass.



Reference(s):

Cerqueira MD, Weissman NJ, Dilsizian V, et al. Standardized myocardial segmentation and nomenclature for tomographic imaging of the heart. A statement for healthcare professionals from the Cardiac Imaging Committee of the Council on Clinical Cardiology of the American Heart Association. Circulation. 2002;105(4):539-542.





IMAGE-RELATED QUESTIONS

1.   A 67-year-old man with a history of acute chest pain and ST-segment elevation myocardial infarction underwent coronary artery stenting 46 hours after initiation of symptoms. A contrast-enhanced cardiac magnetic resonance (CMR) imaging study was performed. Which statement is CORRECT regarding the finding indicated by the arrow in Figure  1-1?

A. It is due to infarct in the left circumflex coronary artery distribution.

B. There is a high likelihood of functional recovery after revascularization therapy.

C. It may be associated with abnormal myocardial remodeling.

D. It is due to myocardial infiltration with noncaseating granulomas.

Review Answer 1
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Fig 1-1. Heart. Cardiac magnetic resonance (CMR). Late gadolinium enhancement (LGE). Three-chamber view.







2.   A 50-year-old man with a history of a myocardial infarction undergoes CMR imaging to assess for viable tissue. Based on the short-axis (Figure  2-1) and two-chamber (Figure  2-2) late gadolinium enhancement (LGE) images, which of the following diagnoses would be CORRECT for most patients?

A. Left circumflex coronary artery territory infarct with viable myocardium

B. Left circumflex coronary artery territory infarct without viable myocardium

C. Right coronary artery territory infarct with viable myocardium

D. Right coronary artery territory infarct without viable myocardium

Review Answer 2
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Fig 2-1. Heart. CMR. LGE. Short-axis view.
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Fig 2-2. Heart. CMR. LGE. Two-chamber view.







3.   Figures  3-1 and 3-2 are from a cardiac magnetic resonance (CMR) imaging examination. Based on these image findings, what is the BEST subsequent management of this patient’s recent chest pain?

A. Medical therapy

B. Coronary angioplasty

C. Coronary stenting

D. Bypass graft surgery

Review Answer 3
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Fig 3-1. Heart. CMR. LGE. Short-axis view.
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Fig 3-2. Heart. CMR. LGE. Two-chamber view.







4.   A patient is experiencing premature ventricular contractions. What is the CORRECT diagnosis based on Figures  4-1 and 4-2?

A. Sarcoidosis

B. Amyloidosis

C. Infarction

D. Arrhythmogenic right ventricular cardiomyopathy

Review Answer 4
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Fig 4-1. Heart. CMR. LGE. Short-axis view.
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Fig 4-2. Heart. CMR. LGE. Three-chamber view.







5.   Based on the cardiac morphology seen in Figure  5-1, a steady-state free precession sequence, what pattern of LGE is likely to be present?

A. Hazy midmyocardial enhancement

B. Nodular subepicardial enhancement

C. Linear, focal subendocardial enhancement

D. Linear, diffuse subendocardial enhancement

Review Answer 5
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Fig 5-1. Heart. CMR. Cine steady-state free precession (SSFP). Two-chamber view. End-diastole.







6.   A 29-year-old patient has a left ventricular ejection fraction of 35% and unexplained heart failure. Based on Figures  6-1 and 6-2, what is the CORRECT diagnosis?

A. Mitral valve prolapse

B. Noncompaction cardiomyopathy

C. Cardiac sarcoidosis

D. Cardiac amyloidosis

Review Answer 6


[image: art]

Fig 6-1. Heart. CMR. SSFP. Four-chamber view.
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Fig 6-2. Heart. CMR. SSFP. Short-axis view. Level through the mid cavity.







7.   Based on the timing of myocardial and blood pool nulling on the inversion time scout sequence (Figure  7-1), what is the MOST likely diagnosis?

A. Arrhythmogenic right ventricular cardiomyopathy

B. Muscular dystrophy

C. Cardiac amyloidosis

D. Myocarditis

Review Answer 7
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Fig 7-1. Heart. CMR. Sequential postcontrast inversion recovery scout sequence. Timing increases from the reader’s left to right.







8.   A 19-year-old male collegiate athlete had chest pain with exercise. In the past, his younger brother died suddenly while playing basketball. His electrocardiogram (ECG) showed T-wave inversion in the anterior leads, lead III, and lead aVF and an isolated premature ventricular complex. His transthoracic echocardiogram showed mild right ventricular chamber dilatation with normal systolic function. His four-chamber CMR image is shown (Figure  8-1). Table 1 reports the biventricular volumes and ejection fractions from the CMR image. What is the CORRECT diagnosis?

A. Dilated cardiomyopathy

B. Arrhythmogenic right ventricular cardiomyopathy

C. Primary hypertrophic cardiomyopathy

D. Athlete’s heart

E. Uhl anomaly

Review Answer 8
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Fig 8-1. Heart. CMR. Cine SSFP. Four-chamber view. End-systole.





	
	Right ventricle

	Left ventricle




	End-diastolic volume, indexed to BSA
	111 mL/m2

	87 mL/m2




	End-systolic volume, indexed to BSA
	61 mL/m2

	37 mL/m2




	Ejection fraction
	44%

	57%





Table 1. Biventricular volumes and ejection fractions from the CMR image (Figure  8-1). BSA=body surface area.





9.   A 30-year-old woman presents to the emergency department with worsening dyspnea. She undergoes CMR imaging. Two-chamber (Figure  9-1) and three-chamber (Figure  9-2) steady-state free precession images and two-chamber (Figure  9-3) and short-axis (Figure  9-4) LGE images are shown. Left ventricular ejection fraction is 65% and wall motion is normal. What is the underlying cause of the abnormal imaging findings?

A. Deposition of abnormal protein

B. Eosinophilic infiltration

C. Deposition of noncaseating granulomas

D. Lymphocytic infiltration

Review Answer 9
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Fig 9-1. Heart. CMR. Cine SSFP. Two-chamber view.
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Fig 9-2. Heart. CMR. Cine SSFP. Three-chamber view.
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Fig 9-3. Heart. CMR. LGE. Two-chamber view.
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Fig 9-4. Heart. CMR. LGE. Short-axis view.







10. An 8-year-old boy presented with chest pain and a run of nonsustained ventricular tachycardia. He had fever, fatigue, and rhinorrhea for 1 week prior to presentation. He has a history of anomalous origin of the right coronary artery from the left coronary cusp of the aortic root. He underwent an elective unroofing procedure 1 year before presentation. Contrast-enhanced CMR imaging showed normal biventricular size and systolic function. LGE imaging is shown in Figure  10-1. Which of the following is the CORRECT diagnosis?

A. Ischemic cardiomyopathy

B. Arrhythmogenic cardiomyopathy

C. Myocarditis

D. Dilated cardiomyopathy

Review Answer 10
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Fig 10-1. Heart. CMR. LGE. Short-axis stack. A=base. B=mid. C=mid. D=apical.







11. A 57-year-old man presented with progressive edema, dyspnea, and an abnormal echocardiogram. The results of cardiac catheterization were normal. His short-axis steady-state free precession (Figure  11-1), first-pass perfusion (Figure  11-2), and 10-minute LGE (Figure  11-3) MR images are shown. What would an endomyocardial biopsy MOST likely show?

A. Nonnecrotizing granulomas

B. Apple-green birefringence

C. Myocyte disarray and fibrosis

D. Lymphocytes and necrosis

Review Answer 11
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Fig 11-1. Heart. CMR. Cine SSFP. Short-axis view. End-diastole. No contrast enhancement. Level through the mid cavity.
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Fig 11-2. Heart. CMR. GRE first-pass perfusion. During rest. Short-axis view. Level through the mid cavity.
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Fig 11-3. Heart. CMR. SSFP. Inversion recovery. LGE. Short-axis view. Level through the mid cavity.







12. Cardiac MR inspiration (Figure  12-1) and expiration (Figure  12-2) images are shown. What is the CORRECT diagnosis for the finding (arrow)?

A. Acute pericarditis

B. Constrictive pericarditis

C. Pericardial tamponade

D. Absence of the pericardium

Review Answer 12
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Fig 12-1. Heart. CMR. Diastolic. Real-time SSFP. Short-axis view. Image obtained in deep inspiration. Arrow points to finding.
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Fig 12-2. Heart. CMR. Diastolic. Real-time SSFP. Short-axis view. Image obtained in expiration. Arrow points to finding.







13. An 84-year-old woman underwent transcatheter aortic valve replacement. Immediately after the procedure she experienced acute hypotension and diaphoresis. A computed tomography (CT) scan (Figures 13-1, 13-2, and 13-3) is ordered. What is the MOST likely diagnosis?

A. Retroperitoneal hematoma

B. Cardiac tamponade

C. Acute pericarditis

D. Right ventricular myocardial infarction

Review Answer 13
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Fig 13-1. Heart. Computed tomography (CT). No contrast enhancement. Axial plane. Level below the implanted transcatheter aortic valve replacement. Prominent mid heart linear densities are due to part of the aortic valve replacement in the image plane.
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Fig 13-2. Heart. CT. Contrast enhancement. Axial plane. Same level as Figure  13-1.
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Fig 13-3. Abdomen. CT. Contrast enhancement. Axial plane. Level of the right hepatic lobe.







14. A 34-year-old man presents to urgent care with a 3-week history of fever and fatigue. Contrast-enhanced chest CT is performed. Based on Figure  14-1, what is the MOST likely diagnosis?

A. Hodgkin lymphoma

B. Thymoma

C. Pericardial recess fluid

D. Lymphatic malformation

Review Answer 14
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Fig 14-1. Chest. CT. Contrast enhancement. Axial plane. Level through the aortic arch.







15. A coronary CT angiogram (CTA) (Figure  15-1) and its corresponding ECG tracing (Figure  15-2) are provided. What is the MOST likely cause of the artifact (arrows)?

A. Prospective ECG gating

B. Respiratory motion

C. Missed ECG synchronization point

D. Atrial fibrillation

Review Answer 15
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Fig 15-1. Heart. CT. Contrast enhancement. Maximum intensity projection. Reconstruction. Coronal oblique plane. Arrows point to artifact.
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Fig 15-2. Scanner-generated Digital Imaging and Communications in Medicine (DICOM) image of electrocardiogram (ECG) tracing and reconstruction corresponding to the CT image. The rectangles correspond to image acquisition in relation to the cardiac cycle on the ECG (Figure  15-1).







16. A 31-year-old patient with a suspected bicuspid aortic valve underwent a cardiac MRI examination. After seeing the transverse flow velocity mapping (Figure  16-1) and magnitude (Figure  16-2) images of the aortic root, how would you adjust the MRI scanner parameters?

A. Increase the field of view

B. Increase the transmitter bandwidth

C. Increase the number of averages

D. Increase the velocity-encoding range

Review Answer 16
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Fig 16-1. Heart. CMR. Phase-contrast flow velocity mapping. Aortic root view.
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Fig 16-2. Heart. CMR. Phase-contrast magnitude image. Aortic root view.







17. Which of the following is MOST commonly associated with the finding in Figure  17-1?

A. Aortic coarctation

B. Cor triatriatum

C. Klinefelter syndrome

D. Pulmonary artery aneurysm

Review Answer 17
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Fig 17-1. Chest. CT. Contrast enhancement. 2D reconstruction. Sagittal oblique plane. Level of the aortic valve.







18. Based on the chest radiograph (Figure  18-1), which statement regarding the ratio of pulmonary to systemic blood flow (Qp:Qs) is CORRECT?

A. Qp:Qs equals 0.

B. Qp:Qs is less than 1.

C. Qp:Qs equals 1.

D. Qp:Qs is more than 1.

Review Answer 18
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Fig 18-1. Chest. Radiograph. Posteroanterior.







19. A 35-year-old man with Marfan syndrome presents with dyspnea on exertion. What is the diagnosis based on the axial (Figure  19-1) and sagittal oblique (Figure  19-2) CTA images?

A. Annuloaortic ectasia

B. Diverticulum of Kommerell

C. Sinus of Valsalva aneurysm

D. Aortic dissection

Review Answer 19
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Fig 19-1. Thoracic aorta. CTA. Multiplanar reformat. Axial plane.
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Fig 19-2. Thoracic aorta. CTA. Multiplanar reformat. Sagittal oblique plane.







20. A child with d-transposition of the great arteries who underwent an arterial switch operation undergoes cardiac MR angiography. Based on Figure  20-1, which of the following pathophysiologic findings are MOST likely to be present in this patient?

A. Elevated right ventricular (RV) pressure

B. Abnormal differential pulmonary blood flow

C. Decreased RV ejection fraction

D. Decreased cardiac output

Review Answer 20
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Fig 20-1. Heart. MR angiogram. Maximum intensity projection. Gadolinium enhancement. Axial oblique plane.







21. A child who has undergone truncus arteriosus repair has a finding on chest radiography (Figure  21-1) and subsequent CMR imaging (Figure  21-2). Which of the following risk factors MOST likely predisposed the patient to developing this finding?

A. Bilateral branch pulmonary artery stenosis

B. Aortic root dilatation

C. Later age at repair

D. Ventricular septal defect closure

Review Answer 21
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Fig 21-1. Chest. Radiograph. Anteroposterior.
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Fig 21-2. Right ventricle. MR. Double inversion recovery T1 turbo spin echo. Coronal plane.







22. A 43-year-old woman undergoes CTA of the aorta. A 5-mm-thick maximum intensity projection image (Figure  22-1) is shown. Which of the following is TRUE regarding this congenital abnormality?

A. It is more commonly associated with congenital heart disease when it involves the right pulmonary artery than when it involves the left pulmonary artery.

B. The lung parenchyma on the affected side is usually abnormal.

C. It is usually acquired during the neonatal period.

D. Most patients present in early infancy.

Review Answer 22
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Fig 22-1. Aorta. CTA. Axial plane. 5 mm thick. Maximum intensity projection. Level of the main pulmonary artery.







23. A 72-year-old man with a history of coronary artery bypass grafting performed 17 years earlier presented to the emergency department with acute chest pain. A gated CT coronary angiogram (Figures 23-1, 23-2, and 23-3) was performed to evaluate the patency of the coronary artery bypass graft. What is the CORRECT diagnosis?

A. Bypass graft aneurysm with rupture

B. Kawasaki disease

C. Constrictive pericarditis

D. Acute aortic dissection

Review Answer 23
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Fig 23-1. Heart. CT coronary artery angiogram. No contract enhancement. Axial plane. Level of the left atrium. White circled area density is 55 Hounsfield units (HU).
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Fig 23-2. Heart. CT coronary artery angiogram. Contrast enhancement. Axial plane. Level of the left atrium.
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Fig 23-3. Heart. CT coronary artery angiogram. Curved multiplanar reformat. Coronal plane through the right saphenous vein to the posterior descending coronary artery bypass graft.







24. A 29-year-old man with recurrent chest pain undergoes cardiac CTA. Figure  24-1 is an axial oblique multiplanar reformat image. What is the MOST appropriate treatment?

A. Coronary artery bypass grafting

B. Coronary artery stenting

C. Coronary artery reimplantation

D. No further treatment

Review Answer 24
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Fig 24-1. Heart. CTA. Axial oblique plane. Curved multiplanar reformat through the aortic root. H=head. F=foot. R=right. L=left.







25. A 33-year-old woman presents to the emergency department with acute-onset abdominal pain and palpitations. She has a history of tetralogy of Fallot and has had “several surgeries throughout her lifetime.” Her hospital record shows that her most recent surgery was at 12 years of age for right ventricle-to-pulmonary artery conduit replacement with a valved pulmonary homograft. Her ECG showed atrial flutter with rapid ventricular response requiring electrical cardioversion. Her echocardiogram showed a dilated right ventricle and decreased systolic function. Figure  25-1 is from her contrast-enhanced CT study. Which of the following statements is CORRECT regarding her chest CT?

A. An anomalous left main coronary artery is arising from the right sinus.

B. A left anterior descending coronary artery is arising from the right coronary artery.

C. The coronary artery anatomy is normal.

D. There is a single coronary artery.

Review Answer 25
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Fig 25-1. Chest. CT. Contrast enhancement. Axial plane through the coronary arteries. Patient has a history of tetralogy of Fallot. Ao=aorta. MPA=main pulmonary artery. RVPA=right ventricle-to-pulmonary artery conduit.







26. A 2-month-old boy presents with lethargy and poor feeding. A gated cardiac CTA examination (Figures  26-1 and 26-2) was performed. What is the CORRECT diagnosis?

A. Interarterial course of the left main coronary artery

B. Dual left anterior descending coronary artery with septal and prepulmonic courses

C. Anomalous origin of the left main coronary artery from the pulmonary artery

D. Normal coronary CTA

Review Answer 26
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Fig 26-1. Heart. CTA. Axial oblique plane.
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Fig 26-2. Heart. CTA. Four-chamber view. 5 mm thick.







27. A 67-year-old man with acute onset of chest pain undergoes multiphase CTA of the aorta (Figures  27-1 and 27-2) at presentation. A repeat CTA (Figures  27-3 and 27-4) is performed 3 weeks later for routine follow-up. What is the MOST likely diagnosis for the finding indicated by the arrow in Figure  27-4?

A. Intramural blood pool

B. Ulcerated plaque on the aorta

C. Aortic dissection

D. Ulcer-like projection of the aorta

Review Answer 27
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Fig 27-1. Aorta. CT. No contrast enhancement. Axial plane. Level through the aortic arch. Performed at time of initial clinical presentation.
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Fig 27-2. Aorta. CTA. Contrast enhancement. Axial plane. Same level as Figure  27-1. Performed at time of initial clinical presentation.
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Fig 27-3. Aorta. CT. No contrast enhancement. Axial plane. 3 weeks after initial presentation.
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Fig 27-4. Aorta. CTA. Contrast enhancement. Axial plane. Same level as follow-up CT (Figure  27-3). 3 weeks after initial presentation. Arrow points to an abnormality that has developed since the previous examination.







28. A 13-year-old boy presented to the emergency department with fatigue, vomiting, diarrhea, and slurring of speech. He had a history of bicuspid aortic valve and coarctation of the aorta and underwent stent angioplasty 4 months earlier. He had an infected toenail requiring oral antibiotic treatment 2 months before presentation. He had tachycardia, fever, and an elevated white blood cell count. His chest radiograph showed the aortic stent in stable position. The echocardiogram showed normal systolic function and no evidence of endocarditis. What finding is present on the chest CT (Figure  28-1)?

A. Pulmonary embolism

B. Aortitis

C. Aortic dissection

D. Aortic intramural hematoma

Review Answer 28
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Fig 28-1. Chest. CT. Contrast enhancement. Axial plane. Level through the aortic stent from distal trachea to bifurcation.







29. A 16-year-old boy has had mild, intermittent dysphagia over the last 1 to 2 years. His chest radiography findings are normal with a left aortic arch. He underwent a barium swallow study that showed posterior indentation. Figure  30-1 is his CT chest with contrast. Which of the following is a TRUE statement regarding his anatomy?

A. This is a left aortic arch with an aberrant right subclavian artery and does not represent a vascular ring.

B. This is a left aortic arch with an aberrant right subclavian artery and does represent a vascular ring.

C. This is a right aortic arch with an aberrant left subclavian artery and does not represent a vascular ring.

D. This is a right aortic arch with an aberrant left subclavian artery and does represent a vascular ring.

Review Answer 29


[image: art]

Fig 29-1. Chest. CT. Contrast enhancement. Axial plane. Through the level of the aortic arch and its takeoff vessels.







30. A 40-year-old woman presents to the emergency department with chest pain. She undergoes echocardiography, which shows a mass in the left ventricle. MRI was obtained with a four-chamber steady-state free precession image (Figure  30-1), a T1-weighted precontrast image (Figure  30-2), and a T1-weighted postcontrast image (Figure  30-3). What is the MOST likely diagnosis?

A. Cardiac metastasis

B. Left atrial thrombus

C. Lymphoma

D. Myxoma

Review Answer 30
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Fig 30-1. Heart. CMR. Cine SSFP. End-diastole. Four-chamber view.
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Fig 30-2. Heart. CMR. T1 weighted. No contrast enhancement. Four-chamber view.
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Fig 30-3. Heart. CMR. T1 weighted. Contrast enhancement. Four-chamber view.







31. A 24-year-old woman presented with chest pain and dyspnea. She underwent echocardiography, which showed a cardiac mass and a moderate pericardial effusion. A cardiac MR examination (Figures 31-1, 31-2, and 31-3) was performed. Subsequent positron emission tomography–CT (not shown) showed no evidence of uptake outside the heart and pericardium. What is the MOST likely diagnosis of her cardiac mass (arrows)?

A. Myxoma

B. Lymphoma

C. Angiosarcoma

D. Metastasis

Review Answer 31


[image: art]

Fig 31-1. Heart. CMR. SSFP. Four-chamber view. No contrast enhancement. Plane through the right atrium. Arrow points to the cardiac mass.
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Fig 31-2. Heart. CMR. First-pass gadolinium enhancement. GRE. Four-chamber view. 5 seconds after intravenous (IV) administration. Arrow points to the cardiac mass.
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Fig 31-3. Heart. CMR. First-pass gadolinium enhancement. GRE. Four-chamber view. 15 seconds after IV administration. Arrow points to the cardiac mass.







32. A child underwent an MR examination to evaluate a cardiac mass. Based on Figures 32-1, 32-2, and 32-3, what is the MOST likely diagnosis?

A. Rhabdomyoma

B. Fibroma

C. Lipoma

D. Myxoma

Review Answer 32
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Fig 32-1. Heart. CMR. T1 weighted. No contrast enhancement. Short-axis view.
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Fig 32-2. Heart. MR. T2 weighted. No contrast enhancement. Short-axis view.
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Fig 32-3. Heart. CMR. LGE. Short-axis view.







33. A 55-year-old woman with atrial fibrillation undergoes CTA for pulmonary vein mapping (Figure  33-1). Which of the following strategies is MOST useful to distinguish true thrombus from pseudothrombus in the left atrial appendage of this image?

A. Delayed phase imaging

B. Nitroglycerin administration

C. Contralateral upper extremity contrast injection

D. Hounsfield unit measurement

Review Answer 33
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Fig 33-1. Heart. CTA. Axial plane. Contrast enhancement. Level of the main pulmonary artery.







NONIMAGE-RELATED QUESTIONS

34. A 72-year-old woman with chest pain undergoes coronary CTA. Her images are submitted for CT fractional flow reserve (FFR) analysis (Figure  34-1). She has a 67% stenosis in the proximal left anterior descending coronary artery (arrowhead) and a 75% stenosis in the mid left circumflex coronary artery (arrow). What is the cutoff value often used both in direct catheter FFR and in FFR-CT measurements to delineate between a hemodynamically insignificant and a significant stenosis?

A. 0.70

B. 0.80

C. 0.90

D. 1.0

Review Answer 34





35. For patients with hypertrophic cardiomyopathy, which parameter helps stratify the risk of sudden death?

A. End-systolic left ventricular wall thickness

B. Normalized left atrial volume

C. Quantitative LGE

D. Multiple myocardial crypts

Review Answer 35





36. What pattern of myocardial LGE is MOST suggestive of a diagnosis of cardiac sarcoidosis?

A. Subepicardial

B. Hinge point

C. Diffuse subendocardial

D. Transmural

Review Answer 36





37. A 17-year-old boy presents to the emergency department with acute chest pain. He has a history of rhinorrhea, cough, and fever for the last 2 to 3 days. His ECG and chest radiograph are normal. He has an elevated troponin level of 3.2 ng/dL. His echocardiogram shows normal biventricular size and systolic function with normal coronary artery origins. A cardiac MR examination shows normal biventricular size and systolic function. Patchy areas of hyperintensity of the myocardium are present on T2-weighted images. There is epicardial LGE of the left ventricular lateral wall on postcontrast inversion recovery images. Which statement is TRUE regarding this patient’s CMR examination?

A. The abnormalities seen on T2-weighted and LGE imaging confirm the diagnosis of myocarditis.

B. The combination of abnormal T2-weighted and LGE findings offers stronger support for inflammatory myocarditis than if abnormalities are seen on either sequence alone.

C. The abnormalities seen on T2-weighted imaging confirm myocardial edema and subsequently inflammatory myocarditis; LGE imaging is not needed.

D. The abnormalities seen in LGE imaging confirm epicardial myocardial fibrosis and inflammatory myocarditis; T2-weighted imaging is not needed.

Review Answer 37





38. Which of the following MRI techniques is BEST suited to identify myocardial scarring?

A. Steady-state free precession imaging

B. LGE imaging

C. MR angiography

D. Flow-sensitive velocity-encoding imaging

Review Answer 38





39. An 11-year-old boy was diagnosed 14 days earlier with dilated cardiomyopathy. CMR imaging with and without contrast was ordered to obtain accurate ventricular volume measurements and evaluate the degree of myocardial fibrosis. His recent echocardiograms continue to show a dilated left ventricle with an ejection fraction of 30%. His liver and kidney functions are normal. His last creatinine level was obtained yesterday and was in the reference range. He cannot follow breath-holding instructions despite coaching from a child life specialist, and the technologist asks for your advice. What is the BEST recommendation?

A. Stop the CMR imaging because poor acquisition of information will not benefit the patient.

B. Stop the CMR imaging and reschedule it with anesthesia.

C. Convert to a free-breathing technique by adding multiple signal averages.

D. Change to prospective ECG gating to shorten the breath-hold time.
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40. Which of the following statements is TRUE regarding valve assessment by CMR imaging?

A. Direct planimetry of the aortic valve orifice is the most useful technique for quantifying stenosis severity.

B. Through-plane velocity mapping in an outflow tract is the preferred method to identify the location of maximal velocity.

C. Valve regurgitation quantification can be calculated by in-plane flow mapping.

D. Steady-state free precession sequences are more sensitive than gradient-echo sequences for evaluating turbulent jets.
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41. Which of the following statements is TRUE regarding ventricular assessment in a normal heart?

A. Normal ventricular volume reference ranges obtained by CMR imaging do not exist for children.

B. Ventricular volumes, myocardial mass, and functional calculations cannot be obtained by CT.

C. Ventricular volumes and myocardial mass do not differ by sex or age.

D. The right ventricle is slightly larger because it holds more blood than the left ventricle.
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42. A patient with an MR-conditional implantable cardioverter defibrillator (ICD) is scheduled for a brain and cardiac MR examination. Which of the following statements regarding management of an MR-conditional ICD in an MRI environment is TRUE?

A. No adjustments should be made to ICD settings, both the brain and cardiac MRI should be completed, and then the patient can be discharged.

B. The ICD should be placed in MRI-safe mode, the brain MRI should be completed, and then the patient can be discharged.

C. The ICD should be placed in MRI-safe mode, both the brain and cardiac MRI should be completed, and then the patient can be discharged.

D. The ICD should be placed in MRI-safe mode, both the brain and cardiac MRI should be completed, the ICD should be returned to original settings, and the patient can be discharged.
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43. A patient with headaches undergoes CT, which reveals a brain tumor. Which of the following implantable devices would contraindicate obtaining a brain MR examination?

A. Implantable cardiac loop recorder

B. Transvenous pacemaker

C. Left ventricular assist device

D. Mechanical heart valve
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44. A 15-year-old patient with hypoplastic left heart syndrome who has undergone total cavopulmonary anastomosis (Fontan operation) presents with dyspnea. An echocardiogram reveals an area concerning for a thrombus in the inferior vena cava. What change to the CTA protocol is recommended for this patient?

A. Simultaneously inject contrast in the right and left arms.

B. Cancel the CTA and order an MR angiogram.

C. Increase the speed of contrast injection to 6 mL/s.

D. Ensure image acquisition in the delayed phase of contrast opacification.
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45. Which of the following indicates the presence of a hemodynamically significant gradient across an untreated aortic coarctation?

A. The “figure 3” sign

B. Inferior rib notching

C. The “E” sign

D. Ascending aortic aneurysm
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46. An 18-year-old has a history of tetralogy of Fallot and pulmonary valve stenosis. His only surgery was a repair with a transannular patch of his right ventricular (RV) outflow tract at 4 months of age. A recent echocardiogram showed severe pulmonary valve insufficiency and increased RV chamber size. CMR imaging was ordered to evaluate RV chamber size and systolic function. What CMR imaging finding would suggest a need for pulmonary valve replacement?

A. RV end-diastolic volume index of 170 mL/m2

B. RV end-systolic volume index of 75 mL/m2

C. RV ejection fraction of 55%

D. Mild aortic valve insufficiency
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47. A CMR imaging study is obtained in an adolescent patient with hypoplastic left heart syndrome after undergoing a Fontan procedure. The following phase-contrast data are obtained. These data are MOST consistent with which of the following lesions?



	Superior vena cava
	25 mL/beat



	Inferior vena cava
	35 mL/beat



	Left pulmonary artery
	22 mL/beat



	Right pulmonary artery
	28 mL/beat



	Left pulmonary veins
	22 mL/beat



	Right pulmonary veins
	28 mL/beat



	Aortic net stroke volume
	60 mL/beat




 

A. Fenestration or baffle leak

B. Aortopulmonary collaterals

C. Venovenous collaterals

D. Left pulmonary artery stenosis
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48. A cardiac MR examination was performed on a child with concern for congenital heart disease. The following data are obtained. These data are MOST consistent with which of the following lesions?



	Volumetric data:




	Right ventricular stroke volume
	50 mL/beat



	Left ventricular stroke volume
	80 mL/beat



	Phase-contrast data:




	Main pulmonary artery net stroke volume
	80 mL/beat



	Aortic net stroke volume
	50 mL/beat




 

A. Mitral regurgitation

B. Atrial septal defect

C. Ventricular septal defect

D. Patent ductus arteriosus
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49. In patients with an anomalous left coronary artery with an interarterial course, which of the following findings on coronary CTA is MOST suggestive of an intramural segment?

A. High origin

B. Obtuse angulation at origin

C. Aortic wall thickening

D. Slit-like origin
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50. A 5-month-old patient has a history of inspiratory stridor. An esophagram swallow study shows anterior compression of the esophagus. What abnormality would be expected given that finding?

A. Left pulmonary artery sling

B. Double aortic arch

C. Right aortic arch with an aberrant left subclavian artery

D. Left aortic arch with an aberrant right subclavian artery

Review Answer 50
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1.       C

2.       C
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26.     C
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28.     B
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32.     B
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35.     C
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44.     D

45.     B

46.     A

47.     A

48.     C

49.     D
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Rationales and References

Answer 1 is C.

The cardiac magnetic resonance (CMR) image (Figure  1-1) shows the high intensity of transmural late gadolinium enhancement (LGE) in the anterior wall and apex of the left ventricle, compatible with a myocardial infarct of the left anterior descending (LAD) coronary artery. Within the infarct are several foci of hypointensity, indicating microvascular obstruction (MVO), sometimes referred to as a no-reflow zone. This indicates a severe myocardial injury that occurs following reperfusion after a prolonged period of myocardial ischemia. Blood flow cannot penetrate beyond the myocardial capillary bed. Therefore, a dark center area is noted within the middle of the hyperintense infarction since the gadolinium contrast does not enter that portion of the myocardium.


[image: art]

Fig 1-1. Myocardial infarct of the left anterior descending (LAD) coronary artery. Annotated. Heart. CMR. Late gadolinium enhancement (LGE). Three-chamber view. Arrow points to hypointensity within the LAD territory infarct, indicating microvascular obstruction.



CMR imaging can identify the precise location of the infarct site, including the presence of MVO, and can accurately quantify segmental left ventricular function. If present, MVO peaks 1 to 2 days after reperfusion, and the abnormal image will completely resolve 4 to 6 weeks after the acute episode. The resolution of MVO is likely related to scar contraction. The cardiac muscle, however, is permanently scarred; the area is not salvageable. Patients with MVO are more likely to experience adverse left ventricular remodeling and greater left ventricular dilatation and dysfunction. They also have an increased risk of future major adverse cardiac events.

Patients with MVO demonstrate greater left ventricular end-diastolic and end-systolic volumes at follow-up evaluation, indicating poor myocardial remodeling. Patients with MVO on LGE typically demonstrate persistent global left ventricular dysfunction, with less improvement in left ventricular ejection fraction when compared with patients without MVO.

Option A is not correct.

The transmural LGE with MVO is due to an infarction, but not of the circumflex coronary artery territory. Involvement of the anterior wall is due to infarct in the LAD territory and not the circumflex coronary artery territory. The circumflex coronary artery territory involves the left ventricular lateral wall.

Option B is not correct.

Figure  1-1 demonstrates transmural injury to the myocardium secondary to an infarct in the LAD territory. This degree of injury is associated with a lack of functional recovery after revascularization. Additionally, the presence of MVO makes functional recovery unlikely.

Option D is not correct.

Myocardial infiltration with noncaseating granulomas would be seen with cardiac sarcoidosis. Sarcoidosis would be expected to manifest with a nonischemic pattern of LGE, most often involving the epicardium or mid myocardium. In the test case, the transmural LGE is limited to the LAD territory.

Review Question 1
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Abbas A, Matthews GH, Brown IW, Shambrook JS, Peebles CR, Harden SP. Cardiac MR assessment of microvascular obstruction. Br J Radiol. 2015;88(1047):20140470.

Pineda V, Merino X, Gispert S, Mahía P, Garcia B, Domínguez-Oronoz R. No-reflow phenomenon in cardiac MRI: diagnosis and clinical implications. AJR Am J Roentgenol. 2008;191(1):73-79.

Wu KC. CMR of microvascular obstruction and hemorrhage in myocardial infarction. J Cardiovasc Magn Reson. 2012;14(1):68.





Answer 2 is C.

Short-axis (Figure  2-1) and two-chamber (Figure  2-2) CMR images show subendocardial LGE involving the basal inferior and inferoseptal segments. Because the enhancement involves less than 50% of the myocardial thickness, the myocardium is considered viable, meaning the chance of functional recovery after intervention is good. This territory of infarct is supplied by the posterior descending coronary artery, which is supplied by either the right coronary artery (RCA) or left circumflex (LCx) coronary artery, depending on which coronary is dominant. Since approximately 70-80% of people are RCA dominant, for most patients this territory would be supplied by the RCA, making option C the correct choice.
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Fig 2-1. Myocardial infarct of the basal inferior and inferoseptal segments of the left ventricle. Annotated. Heart. CMR. LGE. Short-axis view. LGE (arrowhead) involves less than 50% of the myocardial thickness.
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Fig 2-2. Myocardial infarct of the right coronary artery territory. Annotated. Heart. CMR. LGE. Two-chamber view. Enhancement (arrowhead) involves less than 50% of the myocardial thickness.



Option A is not correct.

The territory of infarct is supplied by the posterior descending coronary artery, which is supplied by either the RCA or LCx coronary artery, depending on which is dominant. Since approximately 70% of people are RCA dominant, in most patients this territory would be supplied by the RCA and not the LCx coronary artery.

Option B is not correct.

The thickness of the delayed enhancement is less than 50%. The myocardium is therefore considered viable, and the patient should undergo revascularization. Additionally, the vascular territory is most likely the RCA. The territory of infarct is supplied by the posterior descending coronary artery, which is supplied by either the RCA or LCx coronary artery, depending on which is dominant. Since approximately 70-80% of people are RCA dominant, this territory in most patients would be supplied by the RCA, not the LCx coronary artery.

Option D is not correct.

The thickness of the delayed enhancement is less than 50%. The myocardium is therefore considered viable, and the patient should undergo revascularization. Revascularization involves restoring perfusion to the coronary artery typically by stent angioplasty in the cardiac catheterization laboratory.

Review Question 2

Reference(s):

Kennedy JW, Kaiser GC, Fisher LD, et al. Clinical and angiographic predictors of operative mortality from the collaborative study in coronary artery surgery (CASS). Circulation. 1981;63(4):793-802.
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Answer 3 is A.

Short-axis (Figure  3-1) and two-chamber (Figure  3-2) LGE images show transmural enhancement, indicating nonviable myocardium in the distal interventricular septum and left ventricular apex due to left anterior descending coronary artery territory infarct. In the context of nonviable myocardium, revascularization procedures do not result in functional recovery and may result in poor outcomes as compared with medical management. Hence, medical therapy is the correct answer.

Option B in not correct.

Coronary angioplasty utilizes a balloon to open a blockage in a coronary artery narrowed by atherosclerosis. Coronary angioplasty is generally not performed in cases with nonviable myocardium because it would not likely result in functional recovery of the myocardium. Angioplasty may result in such cases in poor outcomes as compared with medical therapy.

Option C is not correct.

Coronary stenting utilizes a stent to open a blockage in a coronary artery narrowed by atherosclerosis. Coronary stenting is generally not performed in the presence of nonviable myocardium because it would not likely result in functional recovery of the myocardium and may result in poor outcomes as compared with medical therapy.

Option D is not correct.

Bypass graft surgery involves bypassing a coronary artery blockage with a vein graft from the aorta to the coronary artery distal to the narrowing. Coronary artery bypass graft is generally not performed in cases with nonviable myocardium because it would not likely result in functional recovery of the myocardium and may also result in poor outcomes as compared with medical therapy.

Review Question 3

Reference(s):

Kim RJ, Wu E, Rafael A, et al. The use of contrast-enhanced magnetic resonance imaging to identify reversible myocardial dysfunction. N Engl J Med. 2000;343(20):1445-1453.





Answer 4 is A.

The short-axis (Figure  4-1) and three-chamber (Figure  4-2) images show a subepicardial focal area of hyperenhancement in the basal inferior/inferolateral segments suggesting a nonischemic cause. Subendocardial LGE occurs due to myocardial ischemia. Subepicardial LGE accounts for nonischemic myocardial damage. The most likely diagnosis in this scenario is cardiac sarcoidosis or prior myocarditis-related left ventricular scarring. Both sarcoidosis and myocarditis result in nonischemic myocardial damage with subepicardial LGE present on CMR.
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Fig 4-1. Sarcoidosis. Annotated. Heart. CMR. LGE. Short-axis view. Subepicardial LGE (arrow) in the inferolateral left ventricular wall.
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Fig 4-2. Sarcoidosis. Annotated. Heart. CMR. LGE. Three-chamber view. Subepicardial LGE (arrows) in the basal inferolateral left ventricular wall.



Sarcoidosis is a multisystem inflammatory disorder resulting in formation of noncaseating granulomas. Cardiac sarcoidosis has been reported in up to 25% of patients with sarcoidosis. Patients typically present with conduction abnormalities, arrhythmias, congestive heart failure, or sudden death. The diagnosis of cardiac involvement can be challenging. Myocardial biopsy is considered the gold standard, but because of the patchy nature of the disease, biopsy results are not always reliable.

CMR is helpful in diagnosing cardiac involvement in sarcoidosis, allowing for noninvasive evaluation of myocardial scars or edema. It helps evaluate abnormalities of myocardial function and/or perfusion. Patients with cardiac sarcoid will most often show areas of LGE in subepicardial or midmyocardial areas, though there may be substantial variation in the involved location. The varying nature of myocardial involvement makes CMR an ideal diagnostic tool to appropriately evaluate the patchy nature of sarcoidosis.

Option B is not correct.

Amyloidosis presents with a diffusely thickened myocardium with subendocardial or diffuse delayed enhancement. Pleural effusions are often present because of the resultant restrictive cardiomyopathy.

Option C is not correct.

In myocardial infarction, the damage starts in the subendocardial layer of the myocardium and is usually limited to vascular territories. In the test case, subendocardial delayed enhancement is absent.

Option D is not correct.

The portions of the right ventricle visible in the test case images have normal chamber sizes without any morphological abnormalities. Arrhythmogenic right ventricular cardiomyopathy is diagnosed when there is right ventricular wall motion abnormalities and right ventricular dilation or decreased systolic function.

Review Question 4
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Answer 5 is A.

Figure  5-1 shows abnormal focal thickening of the left ventricular apex, consistent with the apical variant of primary hypertrophic cardiomyopathy (HCM). This cardiomyopathy is associated with hazy midmyocardial LGE, as seen in Figure  5-2. Hazy LGE is defined by varying degrees of enhancement typically in the areas of hypertrophy.
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Fig 5-1. Primary hypertrophic cardiomyopathy. Annotated. Heart. CMR. Cine steady-state free precession (SSFP). Two-chamber view. End-diastole. There is asymmetrical thickening of the periapical walls of the left ventricle. The entire anterior and inferior walls (arrowheads) are thickened. This can be compared to relatively normal thickness of basal portion of inferior wall (arrow).






[image: art]

Fig 5-2. Primary hypertrophic cardiomyopathy. Annotated. Heart. CMR. SSFP. LGE. Two-chamber view. Arrow points to small area within large hazy mid myocardial LGE. The spade-like appearance of the left ventricular cavity is considered a classic characteristic of apical hypertrophic cardiomyopathy.



Primary HCM is the most common genetic cardiovascular abnormality, typically reflecting a mutation resulting in sarcomere dysfunction. Diagnosing HCM usually relies on echocardiography. However, technical limitations of echocardiography combined with phenotypic heterogeneity make CMR imaging a useful additional modality. Apical HCM can be difficult to diagnose by echocardiography, but the unlimited imaging planes and windows afforded by MR imaging make it a preferred modality in evaluating this phenotype.

The LGE pattern can help diagnose HCM. Typically, there is patchy or hazy midmyocardial LGE in the areas of hypertrophy. The extent of LGE in HCM has been associated with clinical outcomes. Patients with LGE of greater than 15% of myocardial mass have poor outcomes.

Option B is not correct.

Nodular subepicardial LGE is associated with sarcoid or myocarditis.

Option C is not correct.

Linear, focal subendocardial LGE is associated with infarct.

Option D is not correct.

Linear, diffuse subendocardial LGE is associated with cardiac amyloidosis. In cardiac amyloidosis, the entire myocardium is thick.

Review Question 5
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Answer 6 is B.

Figures  6-1 and 6-2 show marked trabeculations of both the left ventricular and right ventricular myocardium. The adjacent compacted myocardium is thinned. The ratio of the noncompacted to compacted myocardium is 4.6:1, made by linear measurements. This is greater than the 2.3:1 threshold often used to make the diagnosis of left ventricular noncompaction (LVNC) cardiomyopathy. False tendons, aberrant bands, or prominent trabeculations limited to the left ventricular apex can mimic LVNC cardiomyopathy.

LVNC is a cardiomyopathy characterized by increased trabeculation related to noncompacted myocardium in the left ventricle. LVNC cardiomyopathy is characterized by excessive and unusual trabeculations within the mature left ventricle (LV). LVNC has been considered to be a developmental failure of the heart to form fully the compact myocardium during the later stages of cardiac development. LVNC cardiomyopathy is a genetic abnormality with heterogeneous clinical presentations that may include left ventricular dilatation, hypertrophy, or restriction. The clinical severity of LVNC ranges from asymptomatic patients to those with end-stage heart failure.
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Fig 6-1. Left ventricular noncompaction (LVNC) cardiomyopathy. Annotated. Heart. CMR. SSFP. Four-chamber view. Marked low-intensity trabeculations of both the left ventricular (black arrow) and right ventricular (white arrow) myocardium are seen. The dashed line indicates thickness of the noncompacted myocardium in the left ventricle. The white box indicates the width of the compacted myocardium. These measurements allow determination of the noncompacted-to-compacted myocardium ratio.
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Fig 6-2. LVNC cardiomyopathy. Annotated. Heart. CMR. SSFP. Short-axis view. Level through the mid cavity. Arrows point to marked low-intensity trabeculations of the left ventricular myocardium.



Option A is not correct.

The mitral valve is not seen on the test case images. There is no evidence of the mitral valve leaflets bulging posteriorly into the left atrium, making mitral valve prolapse (Figure  6-3) incorrect.
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Fig 6-3. Mitral valve prolapse. Annotated. Heart. CMR. SSFP. Three-chamber view. End-systole. The mitral valve is seen prolapsing into the left atrium at end-systole (arrows) extending past the mitral valve annulus (asterisks).



Option C is not correct.

This pattern of increased myocardial trabeculation with thinned, adjacent, compacted myocardium would not be seen with sarcoid, making cardiac sarcoidosis incorrect.

Option D is not correct.

This pattern of increased myocardial trabeculation with thinned, adjacent, compacted myocardium would not be seen with amyloidosis, which usually shows concentric left ventricular hypertrophy with enlarged atria and pleural effusions. Therefore, cardiac amyloidosis is incorrect.

Review Question 6
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Answer 7 is C.

Myocardial nulling is the term for a time (eg, 280-300 msec) at which there is uniform dark signal in the myocardium. This allows for the ready discovery of an abnormality of LGE. Cardiac amyloidosis changes the expected time of such nulling. Figure  7-1 shows an abnormal pattern of myocardial nulling (loss of signal). The signal within the myocardium nulls (third panel) before nulling of the blood pool (fourth panel). The task of identifying an appropriate inversion time (TI) for myocardial nulling may be challenging in the setting of cardiac amyloidosis, which may be manifested by poor-quality delayed enhancement images or images in which the signals of the myocardium and within the blood pool are similar. This occurs in amyloidosis because of the large volume of gadolinium retained in the expanded extracellular space.
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Fig 7-1. Cardiac amyloidosis. Annotated. Heart. CMR. Sequential postcontrast inversion recovery scout sequence. Timing increases from the reader’s left to right. Images are used to determine null time for myocardium and blood pool. An arrowhead points to the time point in this patient in which the myocardium nulls before the blood pool nulls (asterisk). This is abnormal and associated with cardiac amyloidosis.



In the normal myocardial and blood pool nulling, the blood pool nulls before the myocardium. The myocardial nulling prior to the blood pool in amyloidosis occurs for two reasons: 1) The myocardial amyloid deposition causes an increase in extracellular space resulting in gadolinium accumulation and shortening of the myocardial T1 time and 2) the systemic amyloid load tends to decrease the gadolinium from the blood pool, causing a prolongation of the blood pool T1 time.

Careful review of the postcontrast inversion recovery scout images may be helpful in this setting. An abnormal order of nulling of the myocardium relative to the blood pool is suggestive of cardiac amyloidosis and thus may explain the difficulty in obtaining adequate nulling of the myocardium. In a patient without amyloidosis, the sequential order of nulling is blood pool nulling followed by that of the myocardium. This order may be reversed in patients with cardiac amyloidosis (Figure  7-1), or the myocardium and blood pool may null simultaneously.

Option A is not correct.

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an autosomal dominant inheritable cardiomyopathy characterized by fibrofatty replacement of the myocardium. The diagnosis of ARVC is based upon the presence of major and minor criteria covering a number of domains, including global and regional dysfunction, tissue characterization, repolarization and conduction abnormalities, arrhythmias, and family history. Although LGE may occur, it is not a diagnostic criterion for ARVC, nor is myocardial nulling abnormal in these patients.

Option B is not correct.

Muscular dystrophies (Figure  7-2) include several inherited conditions resulting in abnormal skeletal and cardiac muscle. The classic pattern of delayed enhancement in patients with Duchenne muscular dystrophy is subepicardial delayed enhancement involving the lateral and inferolateral walls of the left ventricle. An abnormal sequence of myocardial nulling, as seen in amyloidosis, does not occur.
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Fig 7-2. Muscular dystrophy. Annotated. Heart. CMR. LGE. Short axis stack. Subepicardial LGE of the mid to apical anterior wall and basal to apical septal, inferior, and lateral walls (arrows).



Option D is not correct.

Myocarditis is most commonly viral in etiology. It may present with a number of abnormalities including wall-motion abnormalities, myocardial edema, and abnormal myocardial early and LGE. An abnormal sequence of myocardial nulling, as seen in amyloidosis, does not occur.

Review Question 7
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Answer 8 is B.

Figure  8-1 shows dyskinetic/disorganized motion of the right ventricular free wall, which presents on the still image as an accordion-like appearance. Table 1 reveals a normal left ventricular chamber size and systolic function and a dilated right ventricle and decreased systolic function.
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Fig 8-1. Right ventricular dyskinesia. Annotated and magnified. Heart. CMR. Cine SSFP. Four-chamber view. End-systole. Coned down. The accordion appearance (arrows) indicates ventricular dyskinesia.





	
	Right ventricle

	Left ventricle




	End-diastolic volume, indexed to BSA
	111 mL/m2

	87 mL/m2




	End-systolic volume, indexed to BSA
	61 mL/m2

	37 mL/m2




	Ejection fraction
	44%

	57%






Table 1. Biventricular volumes and ejection fractions from the CMR image (Figure  8-1). BSA=body surface area.

 

The CMR imaging findings are consistent with arrhythmogenic right ventricular cardiomyopathy (ARVC). ARVC is a genetic cardiomyopathy with fibrofatty replacement of the myocardium, typically affecting the right ventricle. The direct visualization and quantification of a fibrofatty mixture are difficult to identify macroscopically. Therefore, the criteria for the diagnosis focus on the consequence of this replacement. A definitive diagnosis of ARVC is based on 2 major, 1 major and 2 minor, or 4 minor criteria from different categories. CMR imaging findings may qualify as either a major or a minor criterion, as outlined in Table 2.

 



	CMR imaging findings qualifying as a major criterion
	Regional RV akinesia or dyskinesia or dyssynchronous RV contraction AND 1 of the following:



	
	Indexed RV end-diastolic volume to BSA ≥110 mL/m2 (male) or ≥100 mL/m2 (female)





	
	OR RV ejection fraction ≤40%





	CMR imaging findings qualifying as a minor criterion
	Regional RV akinesia or dyskinesia or dyssynchronous RV contraction AND 1 of the following:



	
	Indexed RV end-diastolic volume to BSA ≥100 mL/m2 and <110 mL/m2 (male) or ≥90 mL/m2 and <100 mL/m2 (female)





	
	OR RV ejection fraction >40% and ≤45%






Table 2. Revised task force criteria for ARVC diagnosis by CMR imaging. BSA=body surface area. RV=right ventricular.

 

Based on the revised task force criteria, CMR imaging has a good sensitivity (68%-76%) and excellent specificity (90%-98%) to diagnose ARVC. CMR imaging is the gold standard for assessing right ventricular volumes because of its ability to clearly image the right ventricle in unrestricted planes. For this reason, CMR imaging is preferred over echocardiography to evaluate the global or regional dysfunction and structural alterations seen in ARVC.

The test patient meets a major CMR imaging criterion because clear regional right ventricular dyskinesia is present (Figure  8-1) and the indexed right ventricular end-diastolic volume to body surface area is greater than 110 mL/m2 (Table 2). Additional diagnostic categories for ARVC include tissue characterization of the myocardial wall, repolarization abnormalities, depolarization/conduction abnormalities, arrhythmias, and family history. The test patient also meets major repolarization criteria based on an electrocardiogram (ECG) with T-wave inversion in the anterior precordial leads (V1-V4). Therefore, the test patient had 2 major criteria and a definitive diagnosis of ARVC. The test patient had genetic testing that showed a deletion in the PKP2 gene on chromosome 12 known to cause ARVC. An automated implantable cardiac defibrillator was placed soon after the diagnosis.

Option A is not correct.

Dilated cardiomyopathy is associated with dilatation of the left ventricle with decreased systolic function. The left ventricle in the test case is normal in size with normal systolic function (Table 1). Dilated cardiomyopathy is an incorrect choice.

Option C is not correct.

Primary hypertrophic cardiomyopathy is typically associated with asymmetric hypertrophy of the left ventricle. The pattern of hypertrophy can vary but typically involves the septum or the apex. In hypertrophic cardiomyopathy, the left ventricular cavity is underfilled with normal to hyperdynamic systolic function. Because the left ventricle wall thickness is normal in the test case, hypertrophic cardiomyopathy is an incorrect choice.

Option D is not correct.

Athlete’s heart is seen in patients who exercise regularly and are quite physically fit. Athlete’s heart presents with top-normal left ventricular wall thickness to mild concentric left ventricular hypertrophy and concordant cavity dilatation. The right ventricle is usually equally affected with top-normal to mild dilatation and hypertrophy. Systolic function is preserved in both ventricles and no regional wall-motion abnormalities are present. Because the left ventricle is normal in chamber size and wall thickness while the right ventricle appears dyskinetic in the test case, athlete’s heart is incorrect.

Option E is not correct.

Uhl anomaly is a very rare congenital heart disease associated with absent right ventricular myocardium. The classic features include a parchment-like right ventricular free wall with absent trabeculations and severely decreased right ventricular systolic function. As the test patient had a normal right ventricular free wall thickness with appropriate trabeculations and mild right ventricular systolic dysfunction, Uhl anomaly is not the correct diagnosis.

Review Question 8
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Answer 9 is B.

As stated in the test patient’s history, left ventricular function is normal and there are no wall-motion abnormalities. The patient also had worsening dyspnea. Within the left ventricle there is a hypointense filling defect (Figures  9-1 and 9-2) that shows no LGE on delayed imaging (Figures  9-3 and 9-4). Additionally, there is extensive subendocardial LGE on delayed imaging (Figures  9-3 and 9-4). This constellation of findings is nearly pathognomonic for Loeffler endocarditis, which is caused by eosinophilic myocardial infiltration concentrated along the subendocardial surfaces of the ventricle. As eosinophils damage the endocardium, extensive subendocardial enhancement is observed. Mural thrombus often forms in regions of injury. Thrombus does not have LGE present, but other myocardial masses can have LGE present. Either or both ventricles can be involved. This process can occur in isolation or be associated with systemic hypereosinophilic syndrome.

Option A is not correct.

Deposition of abnormal protein is the cause of amyloidosis. Although both Loeffler endocarditis and amyloidosis can lead to restrictive cardiomyopathy and diffuse subendocardial enhancement, areas of mural thrombus would be highly atypical for amyloidosis. Additionally, the myocardium in amyloidosis is thickened, and in the test case it is normal.

Option C is not correct.

Deposition of noncaseating granulomas is seen with cardiac sarcoidosis. Cardiac sarcoidosis would not present with ventricular mural thrombus and diffuse subendocardial enhancement. Enhancement in sarcoidosis is usually seen in a midmyocardial or subepicardial distribution.
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Fig 9-1. Left ventricle thrombus in Loeffler endocarditis. Annotated. Heart. CMR. Cine SSFP. Two-chamber view. Arrow points to low intensity filling defect in the left ventricle, consistent with thrombus. Thrombus formation is a common finding in Loeffler endocarditis.






[image: art]

Fig 9-2. Left ventricle thrombus in Loeffler endocarditis. Annotated. Heart. CMR. Cine SSFP. Three-chamber view. Arrow points to filling defect in the left ventricle, consistent with contained thrombus. Thrombus formation is a common finding in Loeffler endocarditis.
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Fig 9-3. Loeffler endocarditis. Annotated. Heart. CMR. Two-chamber view. LGE. Arrows point to nonenhancing thrombus within the left ventricle. Arrowheads point to extensive subendocardial LGE of the left ventricle. The combination of diffuse subendocardial delayed enhancement and adherent thrombus in a patient with normal cardiac wall motion is classic for Loeffler endocarditis.
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Fig 9-4. Loeffler endocarditis. Annotated. Heart. CMR. LGE. Short-axis view. Arrow is within nonenhancing thrombus within the left ventricle. Arrowheads point to extensive subendocardial LGE of the left ventricle. The combination of diffuse subendocardial delayed enhancement and adherent thrombus in a patient with normal wall motion is classic for Loeffler endocarditis.



Option D is not correct.

Lymphocytic infiltration is seen with myocarditis. Myocarditis would not present with ventricular mural thrombus and diffuse subendocardial enhancement. Enhancement in myocarditis is usually seen in a midmyocardial or subepicardial distribution.

Review Question 9
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Answer 10 is C.

Figure  10-1 shows mid to epicardial LGE of the basal to apical inferolateral and anterolateral walls of the left ventricle. The endocardium is relatively spared. The LGE is patchy and present in the epicardial region. The delayed enhancement pattern is consistent with an inflammatory process such as myocarditis. As a rule, the subendocardium is typically not involved in an isolated fashion in myocarditis, distinguishing the test case pattern from injury related to ischemia.

The myocardial biopsy result on this test patient showed mild interstitial fibrosis and interstitial lymphocytes. The coxsackievirus group B titer was elevated. Coxsackievirus is a common cause of viral myocardial inflammation.
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Fig 10-1. Myocarditis. Annotated. Heart. CMR. LGE. Short-axis stack. A=base. B=mid. C=mid. D=apical. Subepicardial LGE of the basal to apical lateral wall (arrows) consistent with a nonischemic form of myocardial damage such as myocarditis.



Option A is not correct.

The delayed enhancement pattern expected in cases of myocardial ischemia is subendocardial along a coronary artery distribution. The pattern of LGE in the test patient is neither subendocardial nor in the distribution of the right coronary artery. A right coronary artery distribution would involve the inferior and inferoseptal wall of the left ventricle. The test patient’s history was notable for an abnormal right coronary artery origin requiring surgical correction, so if there was ischemia, the involved area would be that of the right coronary distribution. Additionally, both coronary arteries were widely patent on cardiac catheterization. Therefore, ischemic cardiomyopathy is incorrect.

Option B is not correct.

The patient did have ventricular tachycardia, which can be present in arrhythmogenic cardiomyopathy. However, there is no report of right ventricular dyskinesia or dysfunction. Therefore, arrhythmogenic cardiomyopathy is incorrect.

Option D is not correct.

Patients with dilated cardiomyopathy have dilated left ventricles with decreased systolic function. The test patient had normal left ventricular size and systolic function. The delayed enhancement pattern of patients with dilated cardiomyopathy can vary from normal to multiple patchy midmyocardial LGE areas. The test patient may yet develop a dilated cardiomyopathy secondary to myocarditis, but this has not occurred by presentation.

Review Question 10
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Answer 11 is B.

Cardiac amyloidosis typically results in concentric left ventricular hypertrophy, as seen on Figure  11-1, and restrictive physiology. Restrictive physiology is defined on CMR by atrial dilation. Classically, at the first-pass perfusion, the initial blush of gadolinium contrast through myocardium shows diffuse subendocardial hypoperfusion (Figure  11-2). LGE sequences show diffuse subendocardial enhancement (Figure  11-3). However, multiple other patterns have also been described. The large pleural effusion is secondary to the restrictive cardiac physiology.

Cardiac amyloidosis involves infiltration of unstable proteins that misfold forming amyloid fibrils in the myocardium. These proteins gather into the interstitial space between the myocytes. In biopsy specimens, amyloid protein binds Congo red stain, resulting in apple-green birefringence. Deposition of amyloid protein in the interstitial space is associated with expansion of the interstitial space and relatively increased uptake of gadolinium within the myocardium as compared to the blood pool. This change in the distribution of gadolinium creates problems with nulling the myocardium appropriately.

Option A is not correct.

Nonnecrotizing granulomas are seen in patients with sarcoidosis. In cardiac sarcoidosis, there are patchy areas of midmyocardial or subepicardial enhancement, a finding that is not present in the test case. Diffuse subendocardial enhancement as seen in the test case images (Figure  11-3) would be highly atypical for cardiac sarcoidosis.

Option C is not correct.

Myocardial biopsy showing general myocyte disarray with areas of fibrosis is diagnostic of primary hypertrophic cardiomyopathy (HCM). In patients with primary HCM, the hypertrophy is usually localized, whereas in the test case, the hypertrophy is diffuse. In addition, in primary HCM, the areas of hypertrophy classically show hazy midmyocardial enhancement, a finding that is not present in this case.

Option D is not correct.

Lymphocytic infiltration with myocyte necrosis is a feature of myocarditis. Patchy areas of midmyocardial or subepicardial enhancement, which are not seen in test case, can also be seen in patients with myocarditis. Diffuse subendocardial enhancement, as seen in this case, would not be an expected finding in patients with myocarditis.

Review Question 11
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Answer 12 is B.

Figure  12-1 shows inspiratory septal inversion during ventricular filling, and Figure  12-2 shows expiratory septal normalization, consistent with inspiratory accentuation of septal bounce. These findings are consistent with constrictive physiology. In patients with constrictive pericarditis, the rigid pericardium results in increased ventricular interdependence because the total cardiac volume is limited by the outer pericardial rigidity. Ventricular interdependence occurs in conditions where an increase in volume of one ventricle causes a decreased volume in the opposite ventricle. During inspiration, negative intrathoracic pressure preferentially augments right ventricular filling, while left ventricular filling is limited by the pericardium, resulting in septal flattening toward the left ventricle. The reverse is true during expiration, when positive intrathoracic pressure reduces systemic venous return to the right heart, allowing increased left ventricular filling from augmented pulmonary venous return. As the left ventricle fills, the right ventricle has decreased blood volume, and the ventricular septum moves toward the right ventricle. Therefore, the ventricular septum motion is exaggerated toward the left ventricle and then toward the right ventricle, creating a septal bounce.

In constrictive pericarditis, the pericardium is usually abnormal in appearance, with varying degrees of thickening (Figure  12-3) and enhancement and occasionally effusion (effusive constrictive pericarditis). However, cases of pericardial constriction have been reported in which patients do not have any noticeable pericardial thickening.
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Fig 12-1. Constrictive pericarditis. Annotated. Heart. CMR. Diastole. Real-time SSFP. Short-axis view. Image obtained in deep inspiration. During inspiration the negative intrathoracic pressure preferentially augments right ventricular filling while left ventricular filling is limited by the pericardium resulting in ventricular septum movement toward the left ventricle (arrow).
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Fig 12-2. Constrictive pericarditis. Annotated. Heart. CMR. Diastole. Real-time SSFP. Short-axis view. Image obtained in expiration. During expiration, positive intrathoracic pressure reduces systemic venous return to the right heart, allowing increased left ventricular filling from augmented pulmonary venous return, and the ventricular septum moves toward the right ventricle (arrow).
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Fig 12-3. Constrictive pericarditis. Annotated. Heart. CMR. T1 weighted. No intravenous contrast enhancement. Fat suppressed. Axial plane. There is pericardial thickening (arrows) with increased T1 signal (lowest arrow).



Option A is not correct.

Acute pericarditis is usually not associated with constrictive physiology. Typical magnetic resonance imaging (MRI) findings in acute pericarditis are pericardial thickening, pericardial edema/increased T2 signal, early and delayed phase enhancement, and pericardial effusion. Typically, constriction develops as the pericardium transitions from acute inflammatory changes to more chronic pericardial disease due to fibrosis.

Option C is not correct.

Pericardial tamponade is usually associated with a pericardial effusion, typically from fluid, of varying size and diastolic inversion (diastolic right ventricular free wall collapse or early systolic and late diastolic right atrial free wall collapse) on imaging. These findings are not present in the test case.

Option D is not correct.

Congenital absence of the pericardium can be partial or total. It usually results in leftward displacement and rotation of the heart. Absence of the pericardium may prevent a patient from developing pericardial constriction because it acts as a natural pericardiectomy, the definitive treatment of constrictive pericarditis.

Review Question 12
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Answer 13 is B.

Figures  13-1 and 13-2 show a moderate volume of high-density fluid throughout the pericardial space, corresponding to a mixture of blood and contrast. The test patient had contrast injected during the aortic valve replacement procedure. The wall of the right atrium is flattened (Figure  13-1). Figure  13-3 shows reflux of contrast into the inferior vena cava, hepatic veins, and liver parenchyma.

Cardiac tamponade results from the accumulation of fluid or other material in the pericardial space, leading to hemodynamic compromise by increasing intrapericardial pressure. This in turn compresses the cardiac chambers, reducing cardiac filling and cardiac output. CT signs of cardiac tamponade include reflux of contrast into the inferior vena cava and hepatic veins (Figure  13-3), dilated superior and inferior venae cavae and azygous vein, and flattening of the walls of the cardiac chambers. Because of the thinner walls and relatively lower pressures in the right-sided chambers, right atrial and right ventricular wall flattening occurs more commonly. Rapid accumulation of a small volume of pericardial fluid (as little as 100-200 mL) can lead to tamponade physiology.

Transcatheter aortic valve replacement (TAVR) is a common treatment for aortic valve stenosis in older adults. In older adults, surgical valve replacement is not the procedure of choice typically due to other comorbidities. Therefore, TAVR has become the procedure of choice for older adults with significant aortic valve stenosis.
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Fig 13-1. Cardiac tamponade. Annotated. Heart. Computed tomography (CT). No contrast enhancement. Axial plane. Level below the implanted transcatheter aortic valve replacement. Prominent mid heart linear densities are due to part of aortic valve replacement in image plane. Moderate high-density pericardial effusion (asterisks) due to a mixture of blood and contrast is present. The right atrium is flattened (arrows) due to the increasing pressure on the right atrium from the pericardial effusion.
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Fig 13-3. Contrast reflux in systemic veins from cardiac tamponade. Annotated. Abdomen. CT. Contrast enhancement. Axial plane. Level of the right hepatic lobe. Reflux of contrast into the inferior vena cava (white asterisk), hepatic veins (arrows), and liver parenchyma (black asterisk) is seen.



Option A is not correct.

Vascular access complications can occur in the setting of transcatheter aortic valve replacement and may lead to major bleeding events such as retroperitoneal hematoma. TAVR is performed through the femoral vessels, and vascular injury of the femoral vessels superior to the inguinal ligament causes retroperitoneal hematoma. Vascular complications are typically associated with smaller vessel diameter and/or larger vascular access sheaths. The test case images do not demonstrate injury to the peripheral access or retroperitoneal bleeding.

Option C is not correct.

Pericardial thickening and enhancement are compatible with a diagnosis of pericarditis, which may be secondary to a variety of causes, including infection, uremia, and connective tissue disease. The pericardium is not thickened on the images provided.

Although hemopericardium can cause pericardial inflammation, this is not the best answer option.

Option D is not correct.

Patients with right ventricular myocardial infarction may present with hypotension as a result of a decrease in cardiac output. Some of the findings of right ventricular failure overlap with those of cardiac tamponade, including reflux of contrast and dilated systemic venous structures. However, the presence of hemopericardium is not common in patients with myocardial infarction, nor is right-sided chamber wall flattening.

Review Question 13
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Answer 14 is C.

Figure  14-1 shows fluid within the superior aortic recess, a normal recess of the pericardium. The superior aortic recess is classically located anterior to the ascending aorta and insinuates itself between the aorta and main pulmonary artery as well as between the ascending aorta and superior vena cava. The posterior extension of this recess may lie posterior to the aorta and may be mistaken for lymphadenopathy. The lack of a fat plane between the pericardial recess and aorta and the fluid density are clues to help correctly identify this normal structure.
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Fig 14-1. Superior aortic recess fluid. Annotated. Chest. CT. Contrast enhancement. Axial plane. Level through the aortic arch. Arrows point to fluid within the superior aortic recess.



Option A is not correct.

Hodgkin lymphoma is a common hematologic malignancy in patients of this age group (teenagers and young adults) and may present with vague systemic symptoms similar to those reported by the test patient. In the chest, Hodgkin lymphoma most commonly involves the anterior mediastinum. It presents as a soft-tissue mass or as a group of enlarged lymph nodes rather than as a fluid-density structure as in this case. There are no prominent lymph nodes in the figure.

Option B is not correct.

Thymic epithelial tumors, such as thymomas, are anterior mediastinal soft-tissue masses. At times, cystic or necrotic components may be seen and point to thymoma as the cause of a mediastinal mass. Cystic or necrotic components of a mass are not present in lymphoma. The test case images show no soft-tissue mass, wall thickening, septations, enhancement, or other signs of malignancy.

Option D is not correct.

Lymphatic malformations are usually homogeneous and cystic in appearance on CT. However, they may contain complex material such as blood or proteinaceous material. Although the finding in Figure  14-1 is fluid density, the classic location and absence of a fat plane with the aorta confirms the diagnosis of normal pericardial recess rather than a lymphatic malformation.

Review Question 14
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Answer 15 is C.

Figure  15-1 demonstrates a large band of artifact in the middle portion of the image that is stretched in the cranial-caudal direction (z-axis) and has a very well-defined start and stop and is clearly abnormal.
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Fig 15-3. Addition of a synchronization point. Scanner-generated DICOM image of ECG tracing and reconstruction corresponding to the CT scan (Figure  15-1). After adding a synchronization point for the missed QRS complex (arrow), appropriate reconstruction (arrowhead) is now visualized.



Normal ECG tracings consist of a QRS complex with the tall and narrow spike corresponding to ventricular depolarization, which usually serves as the trigger for ECG gating. In normal sinus rhythm, the QRS complex is usually preceded at short, regular intervals by a smaller P wave corresponding to atrial depolarization and followed at regular intervals by a broader T wave corresponding to ventricular repolarization. The CT data are collected only in diastole, corresponding to the P wave on the ECG and the rectangle, when the heart is relaxed and not moving. The ECG tracing in the test patient (Figure  15-2) demonstrates a QRS complex with a slightly different morphology in the middle of the scan that was not recognized by the scanner (between the fourth and fifth data reconstructions, rectangles in Figures  15-2 and 15-3). This missed synchronization point resulted in a gap in reconstructed data, causing the artifact. Because the study was retrospectively gated, the scan can be salvaged by inserting a synchronization point to correspond to the missed QRS complex and repeating the reconstruction (Figures  15-3 and 15-4).
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Fig 15-4. Salvaged study image due to added synchronization point. Heart. CT. Contrast enhancement. Maximum intensity projection. Reconstruction. Coronal oblique plane. Arrows point to resolution of artifact seen in Figure  15-1 and demonstration of the distal left anterior descending coronary artery. Moving the fifth rectangle from Figure  15-3 to correspond to the P wave and diastole allowed appropriate image reconstruction and a good quality CT examination with contrast.



Option A is not correct.

The study was retrospectively gated, and the artifact is related to a missed ECG synchronization point. Retrospective gating scans the patient continuously, although only certain portions of the scan (rectangles in diastole, Figure  15-3) are used to reconstruct the image. In prospective gating, the CT scanner will scan only when triggered by the correct timing from the ECG.

Option B is not correct.

Respiratory motion is a common cause of image artifact. However, the characteristics of the artifact demonstrated in Figure  15-1 would be unusual for respiratory motion. The artifact characteristics in Figure  15-1 include the very distinct cranial and caudal margins of the artifact and the fact that the area affected by the artifact appears to be smeared perfectly in the cranial-caudal direction with no apparent side-to-side component or step artifact. Side-to-side or step artifact (Figure  15-5) occurs when heart structures are in different places while the structures move from respiratory motion.
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Fig 15-5. Step artifact. Annotated. Chest and abdomen. CT. Contrast enhancement. Coronal plane. Step artifact (arrows) in the abdomen is seen due to respiratory motion.



Option D is not correct.

The ECG tracing demonstrates normal sinus rhythm with normal-appearing P waves followed by QRS complexes and T waves. Rate and rhythm are regular. The missed QRS complex may have had slightly different morphology because of a loose ECG lead and/or patient movement. Atrial fibrillation is an arrhythmia in which normal sinus rhythm is lost and the QRS complexes become irregularly irregular, with randomly distributed P waves that no longer maintain regular spacing or a 1:1 ratio with the QRS complex.

Review Question 15
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Answer 16 is D.

Figure  16-1 is the transverse flow velocity mapping MR image of the aortic root and Figure  16-2 is the magnitude image for anatomical orientation. The phase-contrast image measures the phase shift that occurs as protons in the blood move through the magnetic field, obtaining information such as the velocity and direction of blood. The magnitude image is a gradient echo image of the corresponding plane to evaluate anatomy. The bicuspid aortic valve causes aortic stenosis, and the velocity of blood flow through the valve is above normal. The flow velocity mapping image (Figure  16-1) shows aliasing, demonstrated by bright white pixels at the aortic root. This finding indicates that the velocity-encoding (VENC) range is lower than the peak velocity of the blood flow at that location, resulting in the wrapping around of velocity information.
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Fig 16-1. Aliasing artifact at the aortic root due to relatively high blood flow velocities. Annotated. Heart. CMR. Phase-contrast flow velocity mapping. Aortic root view. Arrow points to aliasing artifact seen as bright white pixels in the aortic root. The velocity-encoding range is lower than the peak velocity of the blood flow at that location, resulting in the wrapping around of velocity information (pixels change from black to white).



Hence, the best MRI scan parameter adjustment is to increase the VENC range. The VENC range used in this test case was 150 cm/s. After increasing the VENC range to 250 cm/s, the artifact resolved. Resolution of the artifact results in a uniform color, in this case black, in the aortic root indicating the speed of the blood at that level of the aortic root is less than 250 cm/s (Figure  16-3).
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Fig 16-3. Normal aortic root flow. Annotated. Heart. CMR. Phase-contrast flow velocity mapping. Aortic root view. Arrow points to normal aortic root velocity with no aliasing.



Option A is not correct.

Increasing the field of view would increase the signal-to-noise ratio and lower the spatial resolution. This could be used to resolve phase wrapping (Figure  16-4). However, it would not fix aliasing.
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Fig 16-4. Phase wrap. Annotated. Heart. CMR. Cine SSFP. In systole. Aortic valve. Arrows point to phase wrap of the chest wall into the right ventricle. This can be corrected by increasing the field of view, and then the phase wrap will move into the chest wall rather than be seen within the heart.



Option B is not correct.

Increasing the transmitter bandwidth can reduce scan times by allowing reduction in the minimum repetition time and echo time. This will increase noise. Increasing the bandwidth can also reduce susceptibility artifacts from metal. However, this would not fix aliasing.

Option C is not correct.

Increasing the number of averages (number of excitations) is a good tool for acquiring images in patients who cannot hold their breath because it averages out respiratory motion. In general, 3 to 4 averages are required with this technique. The images are obtained 3 or 4 times, and then the data are averaged into one image. This accounts for respiratory motion over time. The disadvantage to this technique is that it increases the scan time proportional to the number of averages. This would not fix aliasing.

Review Question 16

Reference(s):

Lotz J, Meier C, Leppert A, Galanski M. Cardiovascular flow measurement with phase-contrast MR imaging: basic facts and implementation. RadioGraphics. 2002;22(3):651-671.





Answer 17 is A.

The test patient has a bicuspid aortic valve with only 2 clearly defined cusps (Figure  17-1). Bicuspid aortic valve is the most common congenital heart disease in adults, with a prevalence of 1% to 2% in the general population. Bicuspid aortic valve is 2-4 times more common in males than in females. Coarctation of the aorta is much less common, representing 5% to 8% of all forms of congenital heart disease with a prevalence of only 3 in 10,000 live births. However, there is a strong association between coarctation of the aorta and bicuspid aortic valve. Up to 85% of patients with coarctation of the aorta have a bicuspid aortic valve. Normal aortic valves have 3 cusps (Figure  17-2). A bicuspid aortic valve results most commonly from fusion of the left and right coronary cusps (70% of cases), less commonly from congenital fusion of the right coronary cusp with the noncoronary cusp (10%-20% of cases), and least frequently from fusion of the left coronary cusp with the noncoronary cusp (<10% of cases). Aortopathy is the most common association in patients with bicuspid aortic valve and causes an increased propensity for aortic dilatation, aneurysm, and dissection.
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Fig 17-1. Bicuspid aortic valve. Annotated. Chest. CT. Contrast enhancement. Reconstruction. Sagittal oblique plane. Level of the aortic valve. There is an asymmetric bicuspid aortic valve. Arrows point to the commissures separating the 2 cusps. Failed development of the commissure between the left and right aortic valve cusps leads to cusp fusion.
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Fig 17-2. Normal tricuspid aortic valve. Annotated. Chest. CT. Contrast enhancement. 2D reconstruction. Sagittal oblique plane. Level of the aortic valve. A normal tricuspid aortic valve is demonstrated with 3 distinct, equal-sized cusps, each completely separated from the others by low density commissures (arrows).



Option B is not correct.

Obstructive left heart lesions can be associated with bicuspid aortic valve, but there is no published link between bicuspid aortic valve and cor triatriatum. Shone complex is a rare congenital cardiac malformation associated with obstructive left heart lesions such as supravalvular mitral membrane, parachute mitral valve, subvalvular aortic stenosis, and coarctation of the aorta. Therefore, cor triatriatum is incorrect as it is rarely associated with a bicuspid aortic valve.

Option C is not correct.

Klinefelter syndrome (47,XXY) is a set of symptoms associated with 1 or more extra X chromosomes in a male. It has no significant association with bicuspid aortic valve. A strong association exists between Turner syndrome (45,XO, missing an X chromosome) and bicuspid aortic valve as well as coarctation of the aorta.

Option D is not correct.

Bicuspid aortic valve is associated with aneurysmal dilatation of the aorta rather than the pulmonary artery. Dilatation of the ascending aorta in the setting of a bicuspid aortic valve is called bicuspid aortopathy.

Review Question 17

Reference(s):

Bennett CJ, Maleszewski JJ, Araoz PA. CT and MR imaging of the aortic valve: radiologic-pathologic correlation. RadioGraphics. 2012;32(5):1399-1420.





Answer 18 is D.

The chest radiograph (Figure  18-1) demonstrates a curvilinear tubular structure along the right heart border associated with a small right lung, consistent with scimitar syndrome. Scimitar syndrome, also termed congenital pulmonary venolobar syndrome, is a combination of a hypogenetic right lung and a partial anomalous pulmonary venous return (PAPVR), usually draining into the inferior vena cava (IVC) (Figures  18-1 and 18-2). Figure  18-2 shows the anomalous pulmonary vein draining into the IVC. No right pulmonary veins are seen entering the left atrium. Therefore, the blood flow enters the right pulmonary artery to the lung, then to the right pulmonary veins that drain into the IVC, and then back to the right atrium, right ventricle, and right pulmonary artery again.
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Fig 18-1. Scimitar syndrome. Annotated. Chest. Radiograph. Posteroanterior. A curvilinear structure (arrows) along the right heart border is seen with an associated small right lung.
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Fig 18-2. Scimitar syndrome. Chest. CTA. Coronal oblique plane. Maximum intensity projection. Reconstruction. Contrast enhancement. Image demonstrates anomalous pulmonary venous drainage of the right lung into the inferior vena cava (arrows), consistent with scimitar syndrome. Note the lack of right-sided pulmonary veins draining into the left atrium (arrowheads).



With any form of PAPVR, oxygenated pulmonary venous blood drains into the systemic venous system, causing a left-to-right shunt. The shunt increases the pulmonary blood flow (Qp) as compared with systemic blood flow (Qs), leading to a Qp:Qs ratio of greater than 1.

The ratio of pulmonary to systemic blood flow can be determined volumetrically by comparing right-sided and left-sided cardiac output. However, the volume method of calculating the Qp:Qs ratio becomes inaccurate in the setting of any significant valvular regurgitation. A more accurate method of determining the Qp:Qs ratio involves cine velocity-encoded phase-contrast cardiac MR techniques that can directly measure forward and reverse blood flow in the pulmonary artery and aorta. A Qp:Qs ratio above 1.5 is often considered hemodynamically significant, indicating the need for shunt correction. However, the decision to treat should not be based on the shunt fraction alone and should take into account the patient’s symptoms and presence of recurrent respiratory infections.

Option A is not correct.

A Qp:Qs ratio equal to 0 would imply no blood flow to the pulmonary bed, which is not compatible with life.

Option B is not correct.

A Qp:Qs ratio of less than 1 is consistent with a right-to-left shunt. Right-to-left shunts are seen in congenital heart disease with right-sided obstruction, or they can occur with a cardiac shunt with flow reversal related to severe pulmonary hypertension, also known as Eisenmenger physiology. The test case image demonstrates scimitar syndrome, a well-described variant of PAPVR in which pulmonary venous blood drains into the systemic venous system, bypassing the left heart and systemic arterial circulation. Scimitar syndrome results in increased flow returning to the right heart and a Qp:Qs ratio that is greater than 1.

Option C is not correct.

A Qp:Qs ratio equal to 1 is normal physiology, whereas the chest radiography findings are consistent with PAPVR and therefore a Qp:Qs ratio greater than 1.

Review Question 18

Reference(s):
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Answer 19 is C.

Figures  19-1 and 19-2 demonstrate a saccular outpouching arising from the right aortic sinus, compatible with a sinus of Valsalva aneurysm.
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Fig 19-1. Sinus of Valsalva aneurysm. Annotated. Thoracic aorta. CTA. Multiplanar reformat. Axial plane. A saccular outpouching (arrows) is seen arising from the right coronary sinus (asterisk). It is compatible with a sinus of Valsalva aneurysm.
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Fig 19-2. Sinus of Valsalva aneurysm. Annotated. Thoracic aorta. CTA. Multiplanar reformat. Sagittal oblique plane. A saccular outpouching (arrows) is noted arising from the right sinus. It is compatible with a sinus of Valsalva aneurysm.



A sinus of Valsalva aneurysm may be congenital or acquired. Acquired aneurysms are commonly caused by infectious diseases, atherosclerosis, or injury. Sinus of Valsalva aneurysms are also associated with connective tissue disease, as in Marfan syndrome. Although they may be asymptomatic, they may also be associated with complications such as aortic regurgitation or myocardial ischemia from mass effect upon adjacent coronary arteries. Rupture of a sinus of Valsalva aneurysm may result in an aortocardiac shunt with associated congestive heart failure and dyspnea on exertion.

The diagnosis of a sinus of Valsalva aneurysm can be made by echocardiography. ECG-gated, contrast-enhanced CT allows detailed anatomic evaluation of the surrounding structures potentially affected by the aneurysm. The advantages of CMR imaging in patients with an aneurysm are the evaluation of left ventricular function, identification of aortic valve insufficiency, and quantification of an aortocardiac shunt.

Option A is not correct.

Annuloaortic ectasia is dilatation of the aortic root and aortic annulus. Although it occurs at the level of the sinuses of Valsalva, it would not produce the saccular outpouching seen in a sinus of Valsalva aneurysm.

Option B is not correct.

Diverticulum of Kommerell is incorrect because a diverticulum of Kommerell occurs just beyond the aortic arch, at the proximal descending aorta at the origin of an aberrant subclavian artery origin. Figures  19-1 and 19-2 show the aortic root, and there is no evidence of an aberrant subclavian artery origin.

Option D is not correct.

Aortic dissection is incorrect because no intimal flap is seen in the aorta on the test images.

Review Question 19

Reference(s):
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Answer 20 is B.

Figure  20-1 demonstrates the pulmonary bifurcation anterior to the ascending aorta. This is a result of the LeCompte maneuver, which is performed as part of the arterial switch operation. Because of the position of the pulmonary artery bifurcation, branch pulmonary artery stenosis is a common sequela, as seen in the test case, with discrete left pulmonary artery stenosis but an unobstructed right pulmonary artery.

With unilateral left pulmonary artery stenosis, flow can travel to the right pulmonary artery without obstruction. Thus, the differential pulmonary blood flow will be unbalanced in favor of the unobstructed right pulmonary artery. Through-plane phase-contrast imaging of the branch pulmonary arteries can be performed to calculate the distribution of blood flow to the lungs. This information is helpful to identify patients who meet indications for stent angioplasty of the affected artery. Stent angioplasty of a pulmonary artery would be possible for patients with less than 20% blood flow to one lung.

Option A is not correct.

Because flow can travel to the other pulmonary artery, right ventricular (RV) pressure does not increase in the absence of pulmonary hypertension on the contralateral side. Pressure is equal to flow times resistance (Ohm’s law). Although 1 branch pulmonary artery may be stenotic (ie, may have increased resistance), flow decreases through the stenotic branch, and pressure need not be elevated. Over time, pulmonary vascular disease can develop on the side of the unobstructed branch pulmonary artery, and pressures may begin to increase. The extra flow to the unobstructed pulmonary artery causes intimal hyperplasia of the arteriole leading to elevated pulmonary artery pressure.

Option C is not correct.

Because RV pressure need not elevate, the overall afterload is not increased with unilateral branch pulmonary artery stenosis, so RV ejection fraction is preserved.

Option D is not correct.

Because 1 pulmonary artery is unobstructed, the pulmonary circuit can tolerate normal cardiac output, at least at rest. A patient who became symptomatic might have exercise intolerance because of an inability to tolerate the demands of higher cardiac output.

Review Question 20

Reference(s):
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Answer 21 is A.

Figures 21-1 demonstrates a left upper lung field mass. Figure  21-2 demonstrates that the mass is due to a large pseudoaneurysm from the base of the right ventricle to the pulmonary artery conduit. A pseudoaneurysm is defined as outpouching of the ventricular cavity outside the typical ventricular orientation and is associated wall thinning. On cine imaging, a pseudoaneurysm will have dyskinetic wall motion as there is no myocardial tissue present in this area.
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Fig 21-2. Pseudoaneurysm of the right ventricular outflow tract. Annotated. Right ventricle. MR. Double inversion recovery T1 turbo spin echo. Coronal plane. A pseudoaneurysm of the right ventricular outflow tract (arrows) is present. The right ventricle extends past the typical right ventricular outflow tract (dashed line).



Truncus arteriosus is a congenital heart disease with a single semilunar valve with an associated ventricular septal defect and the pulmonary artery arising from the aorta. Repair of truncus arteriosus requires closure of the ventricular septal defect (VSD) using the truncal valve as the neoaortic valve, removing the pulmonary arteries from the truncus, and connecting the pulmonary arteries to the right ventricle via a conduit. With placement of a right ventricle to pulmonary artery conduit, the patient may develop a pseudoaneurysm at the suture line of the conduit with the right ventricle.

Pseudoaneurysms are important to recognize because they often require repair and have been mistaken for various pathologic mediastinal masses. Risk factors for pseudoaneurysm development include elevated right ventricular pressure (eg, from a nonrestrictive VSD [large defect with equal pressure between the ventricles] or from conduit or bilateral branch pulmonary artery stenosis).

Option B is not correct.

The pseudoaneurysm is related to the right ventricle to pulmonary artery conduit, not to the aorta. Patients with truncus arteriosus can develop aortic root dilatation, but this is not related to pseudoaneurysm development.

Option C is not correct.

A case series has shown that patients at a younger age (around 7 months) at the time of right ventricle to pulmonary artery conduit placement were at higher risk of developing pseudoaneurysm than were patients at a later age (around 12 months). Therefore, younger rather than older age at time of conduit placement is a risk factor for pseudoaneurysm development.

Option D is not correct.

Although VSD closure is part of the repair for truncus arteriosus, the pseudoaneurysm is related to the conduit and not to the VSD patch. In fact, leaving the VSD open and unrepaired could predispose the patient to pseudoaneurysm because the right ventricle would then be at systemic pressure.

Review Question 21

Reference(s):
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Answer 22 is B.

Figure  22-1 shows complete absence of the right pulmonary artery with prominent bronchial artery collaterals coursing into the right hilum, consistent with unilateral proximal interruption of the pulmonary artery (UIPA). The affected lung ipsilateral to the absent pulmonary artery is often small and can display a variety of abnormalities, including reticulation, subpleural cystic change (Figure  22-2), and bronchiectasis. These lung abnormalities are thought to be due to hypoperfusion and the systemic arterial vascular supply to the affected lung. UIPA is a rare congenital abnormality. It is seen in association with various abnormalities including tetralogy of Fallot, ventricular septal defects, and coarctation of the aorta.
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Fig 22-1. Unilateral proximal interruption of the pulmonary artery (UIPA). Annotated. Aorta. CTA. Axial plane. 5 mm thick. Maximum intensity projection. Level of the main pulmonary artery. Arrow points to the area of expected right pulmonary artery that is absent in this case. Bronchial collateral arteries (arrowheads) can be seen coursing into the right hilum. Along with intercostal arteries, bronchial collateral arteries help supply blood to the right lung in such cases.
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Fig 22-2. Lung changes in UIPA. Chest. Axial plane. CT. Lung window. Subpleural cysts i>(arrows) are seen in the right lower lobe. This is thought to be due to hypoperfusion and systemic arterial vascular supply to the affected lung.



Option A is not correct.

UIPA is more commonly associated with congenital heart disease when it involves the left pulmonary artery than when it involves the right pulmonary artery. When it involves the right pulmonary artery, it is often an isolated abnormality. However, left-sided involvement is usually associated with various forms of congenital heart disease, with tetralogy of Fallot being most common.

Option C is not correct.

UIPA is secondary to embryologic involution of the sixth aortic arch. Although acquired forms such as vasculitis or chronic thromboembolic disease should be excluded, when the pulmonary artery is completely absent, as in this test case, it is most likely congenital.

Option D is not correct.

The average age of presentation of UIPA is 14 years. Patients with left UIPA present earlier than those with right UIPA because of the association with other forms of congenital heart disease. Right-sided UIPA, which is often an isolated finding, can be incidentally discovered in adulthood.

Review Question 22
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Answer 23 is A.

Figure  23-1 demonstrates a high-density circumferential pericardial collection of 55 HU, which is compatible with hemopericardium.
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Fig 23-1. Hemopericardium. Annotated. Heart. CT coronary artery angiogram. No contrast enhancement. Axial plane. Level of the left atrium. White circled area density is 55 HU. Circumferential high-density fluid (arrows) in the pericardium is compatible with hemopericardium.



Figures  23-2 and 23-3 show a focal fusiform dilatation of the right coronary artery (RCA) graft, compatible with a saphenous vein bypass graft aneurysm (SVGA). Thrombus is present within this aneurysm sac.
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Fig 23-2. Saphenous vein graft aneurysm. Annotated. Heart. CT coronary artery angiogram. Contrast enhancement. Axial plane. Level of the left atrium. A partially enhancing circular structure (arrow) in the right atrioventricular groove is compatible with a bypass graft aneurysm. High-density contrast is seen eccentrically within the lumen surrounded by low-density material (asterisk), consistent with thrombus.
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Fig 23-3. Right coronary artery (RCA) saphenous vein bypass graft with aneurysm. Annotated. Heart. CT coronary artery angiogram. Curved multiplanar reformat. Coronal plane through a right saphenous vein to the posterior descending coronary artery bypass graft. The RCA vein bypass graft contains an aneurysm (arrows) with the aneurysm containing a large amount of mural thrombus (asterisk). Calcium deposits in the saphenous vein bypass graft as seen commonly over time, are present distal to the aneurysm.



Although bypass graft aneurysms may be asymptomatic, the presence of hemopericardium and the patient history of acute chest pain raise concern for aneurysm rupture. Nearly 70% of SVGAs occur more than 10 years after initial coronary artery bypass grafting, whereas approximately 10% occur within the first 5 years. The size varies, but in case reports the average SVGA exceeded 6 cm in diameter. SVGAs most commonly involve SVGs to an RCA distribution. Although growth rates vary widely among studies, there is no clear size at which an SVGA can be considered a benign process. One-third of all untreated SVGAs are associated with an adverse event; this rate increases to 69.2% for aneurysms with a diameter greater than 10 cm.

Option B is not correct.

Kawasaki disease would manifest as an aneurysm in a native coronary artery. It is most commonly seen in children.

Option C is not correct.

Constrictive pericarditis is diagnosed on the basis of clinical symptoms, pericardial thickening, and dynamic imaging showing interventricular dependence. Ventricular interdependence occurs in conditions where an increase in volume of one ventricle causes a decreased volume in the opposite ventricle, described in detail in Answer 12. Without dynamic imaging (cine imaging during inspiration and expiration), this would not be the best diagnosis for these static images.

Option D is not correct.

The abnormality shown involves the coronary artery bypass graft. The visualized portion of the aorta is normal; therefore, acute aortic dissection is incorrect.

Review Question 23

Reference(s):
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Answer 24 is D.

Figure  24-1 demonstrates anomalous retroaortic course of a coronary artery. In most instances, the retroaortic vessel is either the anomalous left circumflex coronary artery or left main coronary artery (LM). Rarely, the right coronary artery (RCA) may have a retroaortic course. The retroaortic vessel may arise directly from the RCA or may have a separate ostium from the right sinus of Valsalva, as in the test case. This course is benign, does not lead to sudden cardiac death, and does not require treatment. Accelerated atherosclerosis in the retroaortic vessel has been reported, but in the test case there is no sign of atherosclerotic disease. Despite a benign course, its presence and anomalous course should be documented because it could be injured during aortic valve or aortic root surgery.
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Fig 24-1. Benign anomalous retroaortic course of the left circumflex coronary artery. Annotated. Heart. CTA. Axial oblique plane. Curved multiplanar reformat through the aortic root. H=head. F=foot. R=right. L=left. A left circumflex coronary artery (arrows) is seen arising from the right sinus of Valsalva and coursing posteriorly between the left atrium (LA) and aortic root (Aorta). This is an anomalous but benign course.



Option A is not correct.

Figure  24-1 demonstrates a benign anomaly that is usually encountered incidentally. Coronary artery bypass grafting is not necessary or recommended for this variant. Various treatment options are available for potentially malignant anomalies, the most common of which is an interarterial course. In this course, the RCA, left anterior descending coronary artery (LAD), or left main (LM) coronary artery arises from the opposite sinus of Valsalva and courses between the aorta and pulmonary artery. An interarterial course of the LAD or LM is the second most common cause of sudden cardiac death in young athletes and is therefore generally treated by surgical intervention. The need for surgical treatment of an anomalous coronary artery in older adults remains controversial. An interarterial course of the RCA is often an incidental finding. Patients with angina symptoms who have an interarterial course of the RCA are generally evaluated with a stress perfusion study to document a perfusion defect prior to surgical intervention. When the anomaly is discovered in an asymptomatic patient, treatment paradigms vary depending on institution.

Option B is not correct.

Figure  24-1 demonstrates a benign anomaly that is usually encountered incidentally. Coronary artery stenting is not necessary or recommended for this variant.

Option C is not correct.

Figure  24-1 demonstrates a benign anomaly that is usually encountered incidentally. Coronary artery reimplantation is not necessary or recommended for this variant.

Review Question 24
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Answer 25 is B.

Figure  25-1 shows the left anterior descending coronary artery (LAD) arising from the right coronary artery. The circumflex coronary artery is seen arising normally from the left sinus. The pulmonary valve is calcified and narrowed.
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Fig 25-1. Left anterior descending coronary artery arising from the right coronary artery. Annotated. Chest. CT. Contrast enhancement. Axial plane through the coronary arteries. Patient has a history of tetralogy of Fallot. The left anterior descending (LAD) coronary artery is seen arising from the right coronary artery (RCA) and coursing between the right ventricle-to-pulmonary artery conduit (RVPA) and main pulmonary artery (MPA). The left circumflex coronary artery (LCx) arises from the left sinus. The RVPA conduit is not as wide as the aorta, consistent with narrowing. Ao=aorta.



The most common coronary artery abnormality in patients with tetralogy of Fallot (3% of patients) is an anomalous LAD arising from the right coronary artery. This anatomical finding is important to recognize to help guide surgical and interventional procedures. The anomalous LAD can be at risk during pulmonary valve replacement surgery or with placement of a transcatheter pulmonary valve. A transcatheter pulmonary valve would be a poor option in this case because dilation of the existing pulmonary homograft could cause LAD compression following balloon inflation of the right ventricle-to-pulmonary artery conduit (RVPA). Surgical replacement of the RVPA conduit is the procedure of choice to appropriately identify the LAD and avoid potential damage.

Option A is not correct.

The circumflex coronary artery can be seen arising from the left cusp. Therefore, the anomalous vessel is the LAD and not the left main coronary artery. In addition, the LAD is arising from the right coronary artery, not arising from the right sinus of Valsalva.

When the left main coronary artery arises from the right coronary artery, the anatomy is a single coronary artery. A single coronary artery is present in 0.3% of patients with tetralogy of Fallot.

Option C is not correct.

The coronary artery anatomy present is not normal. When coronary artery anatomy is normal, the left main coronary artery arises from the left sinus of Valsalva and branches into the LAD and circumflex coronary artery. The right coronary artery arises from the right sinus of Valsalva. Normal coronary artery anatomy is present in 88% of patients with tetralogy of Fallot.

Option D is not correct.

A single coronary, whether right or left, is a single coronary vessel extending from the aorta. The test patient does not have a single coronary artery. The right coronary artery can be seen arising from the right sinus of Valsalva and the circumflex coronary artery can be seen arising from the left sinus of Valsalva. A single left coronary artery is present in only 0.2% of patients with tetralogy of Fallot.

Review Question 25
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Answer 26 is C.

On the axial oblique image (Figure  26-1), the left main coronary artery can be seen arising from the pulmonary artery and not the aorta. The four-chamber view (Figure  26-2) shows left atrial and ventricular dilation. The left atrial and ventricular dilation is related to extensive myocardial hypoperfusion (not shown) in the left main coronary artery territory due to a combination of ischemic and infarcted myocardium. The test patient has anomalous origin of the left main coronary artery from the pulmonary artery (ALCAPA). If not detected and repaired, this anomaly often leads to sudden cardiac death within weeks or months of birth. Patients typically present with signs of heart failure, such as pallor and sweating during feeding, as infants.
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Fig 26-1. Anomalous origin of the left main coronary artery from the pulmonary artery (ALCAPA). Annotated. Heart. CTA. Axial oblique plane. The left main coronary artery can be seen arising from the pulmonary artery (PA) (arrow) and not the aorta (Ao).
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Fig 26-2. ALCAPA. Annotated. Heart. CTA. Four-chamber view. 5 mm thick. LA=left atrium. LV=left ventricle. RA=right atrium. RV=right ventricle. The left atrium and ventricle are severely dilated compared to the right atrium and ventricle. The severe chamber dilation is due to ongoing ischemia of the left main coronary artery causing myocardial hypoperfusion and decreased systolic function.



Option A is not correct.

Interarterial course of the left main coronary artery is a potentially malignant anomaly with a high rate of sudden cardiac death. In this anomaly, the left main coronary artery or left anterior descending coronary artery (LAD) arises from the right sinus of Valsalva and courses posteriorly between the aorta and pulmonary artery. Although this can lead to myocardial ischemia, this anomalous coronary artery course is not seen in the test case.

Option B is not correct.

Dual-LAD circulation with septal and prepulmonic courses is one of the many forms of a dual LAD. It is an anomaly wherein 2 different vessels, hence the term dual, supply the LAD territory. Dual-LAD circulation has numerous classifications. In most classifications, a type IV dual LAD consists of a short septal branch that supplies the base and a prepulmonic LAD that supplies the mid left ventricular cavity and apex. However, this anomaly is not seen in the test case.

Option D is not correct.

This is not a normal CTA. ALCAPA with myocardial ischemia/infarct is present.

Review Question 26
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Answer 27 is D.

Figures  27-1 and 27-2 show a crescentic high-density area at the lateral area of the transverse aorta. These findings are compatible with a type A intramural hematoma involving the aortic arch and proximal descending thoracic aorta. Type A intramural hematomas involve the ascending aorta and aortic arch, and type B intramural hematomas are restricted to the descending thoracic aorta. No dissection flap or additional abnormality is present on the images. Figure  27-3 shows an evolving intramural hematoma as the high-density crescentic area long the lateral transverse aorta is thicker in the follow-up. Figure  27-4 shows interval development of a localized blood-filled outpouching protruding from the aortic lumen into the intramural hematoma in the aortic wall.
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Fig 27-1. Type A intramural hematoma. Annotated. Aorta. CT. No contrast enhancement. Level through the aortic arch. Axial plane. Performed at the time of initial clinical presentation. The crescentic high-density area (arrows) along the lateral transverse aorta is the intramural hematoma.
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Fig 27-2. Type A intramural hematoma. Annotated. Aorta. CT. Contrast enhancement. Same level as Figure  27-1. Axial plane. Performed at the time of initial clinical presentation. The crescentic high-density area (arrows) along the lateral transverse aorta is the intramural hematoma.
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Fig 27-3. Type A intramural hematoma. Annotated. Aorta. CT. No contrast enhancement. Axial plane. 3 weeks after initial presentation. The crescentic high-density area (arrows) along the lateral transverse aorta is thicker than what was seen earlier in Figure  27-1, supporting the diagnosis of an evolving intramural hematoma.



This finding is a classic appearance of an ulcer-like projection, which is a type of focal contrast enhancement described in the setting of intramural hematoma. Ulcer-like projections are defined as focal areas of contrast enhancement extending from the aortic lumen into the intramural hematoma with a visible communication with the aortic lumen. Ulcer-like projections are distinct from penetrating aortic ulcers in that they are not present at the time of the initial CT but develop on subsequent follow-up imaging. They also are not associated with the presence of atherosclerosis. Finding an ulcer-like projection is of prognostic concern since the area of abnormality may develop aortic dissection or aneurysm in up to 50% of cases.

Option A is not correct.

Intramural blood pools are also focal regions of contrast enhancement within an intramural hematoma but have no or a very small visible connection to the aortic lumen. A communication with an intercostal or lumbar artery branch is often observed. Intramural blood pools more commonly occur in the descending thoracic aorta and may be multiple. If an intramural blood pool is seen, the prognosis is more uncertain than that of an ulcer-like projection. Intramural blood pools may increase the risk of incomplete reabsorption of the intramural hematoma, and the true incidence is unknown.

Option B is not correct.

Ulcerated plaque is distinct from ulcer-like projections. Ulcerated plaque is a manifestation of atherosclerosis, appearing as focal indentations into the mural plaque within the lumen of the aorta. Ulcer-like projections are associated with intramural hematomas and are not related to atherosclerosis.

Option C is not correct.

No aortic dissection flap is present on either the initial (Figures  27-1 and 27-2) or follow-up (Figures  27-3 and 27-4) CTA images. An intramural hematoma and a developing ulcer-like projection are present.
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Answer 28 is B.

The CT chest with contrast (Figure  28-1) shows circumferential aortic wall thickening in the region of the aortic stent, concerning for aortitis. Aortitis is a generic term for inflammatory changes of the aortic wall, regardless of whether the underlying cause is noninfectious or infectious. Causes of noninfectious aortitis include vasculitis, collagen vascular diseases, radiation, immunoglobulin G4–related disease, and other idiopathic causes. Infectious aortitis is an inflammatory process of the aortic wall induced by microorganisms. The aorta is usually resistant to infection unless abnormalities of the aortic wall (atherosclerotic disease, preexisting aneurysm, diabetes, medical devices, or surgery) make it more susceptible. This patient had preexisting problems of the aorta: coarctation and a stent. His blood culture grew methicillin-sensitive Staphylococcus aureus. Unfortunately, the patient later developed a large mycotic (infectious) pseudoaneurysm of the aorta (Figure  28-2) in the area of the stent. He required emergency removal of the infected aorta and replacement with a graft.
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Fig 28-2. Large mycotic pseudoaneurysm of the aorta. Chest. CT. Contrast enhancement. Axial plane. Images taken a few weeks after Figure  28-1. The CT of the chest with contrast shows the development of large outpouchings of contrast beyond the confines of the aortic stent but within the thick-walled aortic wall, consistent with aortitis. The outpouchings were due to a large pseudoaneurysm. Cases of aortitis may progress to aortic rupture or pseudoaneurysm development.



Option A is not correct.

There are no filling defects in the branch pulmonary arteries and therefore no evidence of a pulmonary embolism.

Option C is not correct.

There is no evidence of an aortic dissection on the CT images. The patient is at risk for a dissection despite his young age because of the previous stent angioplasty of the coarctation of the aorta. Given the clinical history, detailed evaluation of the aorta to ensure that aortic dissection is not present is important.

Option D is not correct.

There is no evidence of an intramural hematoma of the aorta. An intramural hematoma typically shows focal, crescentic regions of eccentrically thickened aortic wall on CT. The diagnosis can often be made by noting attenuation on the noncontrast phase of such an examination. A noncontrast CT phase study should therefore be considered when evaluating aortic abnormality in those at risk for intramural hematoma of the aorta.
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Answer 29 is A.

The CT scan (Figure  29-1) outlines the aortic arch anatomy of a left aortic arch with an aberrant right subclavian artery. This anatomy does not represent a vascular ring. There is no evidence of a vascular ring as there is no structure along the right side of the esophagus and trachea to complete the ring.
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Fig 29-1. Left-sided aortic arch with aberrant right subclavian artery. Annotated. Chest. CT. Contrast enhancement. Axial plane. Through the level of the aortic arch and its takeoff vessels. The aberrant right subclavian artery is the fourth vessel to arise from the aortic arch and courses posterior to the esophagus causing a posterior indentation. ARSA=Aberrant right subclavian artery, Eso=Esophagus, LCA=Left common carotid artery, LSA=Left subclavian artery, RCA=Right common carotid artery.



A vascular ring is an aortic arch anomaly in which the trachea and esophagus are completely surrounded by vascular structures that may or may not be patent. The test patient has no evidence of a diverticulum extending from the aorta and beyond the arch, or a right-sided descending aorta. Therefore, the ligamentum arteriosum (remnant of the ductus arteriosus) is left sided, and it would not complete the vascular ring as that would be on the same side as the aortic arch. Dysphagia secondary to mechanical obstruction is the typical presentation resulting from aortic arch abnormalities, as is present in this case. The term dysphagia lusoria was originally coined in 1794 by David Bayford, a British surgeon, when he described a postmortem case of a left aortic arch with an aberrant retroesophageal right subclavian artery in a patient with a history of chronic dysphagia as a lusus naturae (Latin for “trick or freak of nature”). This term has historically been linked to dysphagia in this specific aortic arch abnormality. However, it has slowly evolved to describe swallowing difficulties in patients with any aortic arch abnormality or vascular ring.

Option B is not correct.

Aortic arch sidedness is defined by the specific bronchus (left or right) that the aortic arch crosses over. This patient has a left aortic arch with an aberrant or retroesophageal right subclavian artery. However, for such anatomy to create a vascular ring, the ligamentum arteriosum (ductus arteriosus remnant) would have to be to the right of the trachea and esophagus. Imaging a prominent diverticulum or dimple of the descending thoracic aorta or a right-sided descending thoracic aorta might suggest such a vascular ring. These findings are not seen in the test case.

Option C is not correct.

A right aortic arch with an aberrant left subclavian artery without a diverticulum would not be considered a vascular ring. In such a case, anatomically, the ligamentum arteriosum would be ipsilateral to the arch, on the right side of the trachea and esophagus, and therefore would not complete the vascular ring. The test patient has a left aortic arch with an aberrant right subclavian artery. Therefore, Option C is incorrect because the patient does not have a right aortic arch.

Option D is not correct.

A right aortic arch is defined by the aortic arch crossing the right bronchus superiorly. A right aortic arch (Figure  29-2) with an aberrant left subclavian artery from a diverticulum of Kommerell represents a vascular ring. A diverticulum of Kommerell refers to the aneurysmal section of the aortic arch that typically is the point of origin of an aberrant subclavian artery.
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Fig 29-2. Right-sided aortic arch with an aberrant left subclavian artery in a different patient. Chest. CT. Contrast enhancement. Axial plane. A right aortic arch (white arrow) with an aberrant left subclavian artery from a diverticulum of Kommerell (black arrow) represents a vascular ring. The presence of a diverticulum of Kommerell always indicates the presence of a vascular ring because the imaging of its aneurysmal segment indicates a contralateral ligamentum arteriosum that completes the ring.



It was first described by Burckhard F. Kommerell, a German radiologist. The presence of a Kommerell diverticulum always indicates a vascular ring because the aneurysmal segment indicates a contralateral ligamentum arteriosum (Figure  29-2). The left-sided ligamentum arteriosum, in combination with the right aortic arch and aberrant left subclavian artery, completes a vascular ring.
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Answer 30 is D.

The MR images show a myxoma. Figures  30-1 and 30-2 show a low-intensity mass in the left atrium attached to the region of the fossa ovalis. Figure  30-3 shows the same mass with mild enhancement after contrast administration. Most myxomas occur in the left atrium and nearly all of these are attached to the interatrial septum in the region of the fossa ovalis (Figure  30-1). These benign tumors are slightly hypointense to isointense to muscle on T1-weighted images (Figure  30-2) and will enhance on T1-weighted postcontrast sequences (Figure  30-3).
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Fig 30-1. Left atrial myxoma. Annotated. Heart. CMR. Cine SSFP. End-diastole. Four-chamber view. Arrow points to a low-intensity mass in the left atrium attached to the region of the fossa ovalis, which is the most common location for a myxoma. The mass prolapses through the mitral valve, potentially reducing diastolic flow into the left ventricle.
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Fig 30-2. Left atrial myxoma. Annotated. Heart. CMR. T1 weighted. No contrast enhancement. Four-chamber view. The attachment of the mass (arrow) to the region of the fossa ovalis in the left atrium is better seen. The mass is isointense to hypointense in relation to myocardium, as is common for this tumor.



Left atrial myxoma is the most common primary cardiac tumor. Although these tumors are benign, they are removed because they can obstruct mitral valve inflow and/or embolize in the systemic circulation. The test patient presented with a myocardial infarction in the right coronary artery territory because a portion of the tumor, which can be seen prolapsing into the left ventricle during diastole on the short-axis image (Figure  30-4), embolized into the coronary artery, a rare complication of myxoma. The tumor embolus was removed, and the patient recovered some of the function in her inferior wall.
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Fig 30-3. Left atrial myxoma. Annotated. Heart. CMR. T1 weighted. Contrast enhancement. Four-chamber view. Arrow points to the attachment of the mass to the region of the fossa ovalis. The mass demonstrates mild enhancement, a common finding with this tumor.
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Fig 30-4. Left atrial myxoma. Left ventricle. MR. Inversion recovery. LGE. Diastole. A high-intensity area in myocardium (white arrow) is consistent with myocardial infarction in the right coronary artery territory. It was due to a portion of the low-intensity tumor (black arrow) seen prolapsing into the left ventricle, having embolized into the right coronary artery.



Option A is not correct.

Although metastases are the most common tumors overall, this clinical appearance is nearly diagnostic of a myxoma. Metastases can occur anywhere in the heart but are usually intramyocardial. Treatment for cardiac metastasis is usually via systemic chemotherapy.

Option B is not correct.

Although left atrial thrombus is common, it usually occurs in the left atrial appendage. A thrombus attached to the fossa ovalis would be very rare. In addition, a thrombus would not be expected to show any contrast enhancement. Thrombus is treated with anticoagulation.

Option C is not correct.

Cardiac lymphoma is usually secondary. Primary cardiac lymphomas do occur. In their primary or secondary forms, they usually present as infiltrative myocardial masses. The test case appearance of a focal mass would not be typical for lymphoma.
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Answer 31 is C.

The infiltrative cardiac mass (Figure  31-1) is centered on the right atrium and extends into the right atrioventricular groove. The location is characteristic for a cardiac angiosarcoma. In addition to its characteristic location, this mass shows classic findings on first-pass perfusion, a technique where contrast is injected and continuous imaging is obtained. Five seconds after contrast administration (Figure  31-2), the mass shows no contrast enhancement because contrast is just starting to reach the right ventricle and has not yet reached the aorta. At 15 seconds later (Figure  31-3), the mass shows dramatic enhancement and is as bright as the surrounding blood pool. Figure  31-1 also shows pericardial and bilateral pleural effusions. This feature would be uncommon for tumors other than angiosarcoma.

Cardiac angiosarcomas are the most common primary malignant cardiac tumor, comprising approximately 9% of all primary cardiac tumors. These tumors are very aggressive, invasively invading surrounding structures, and patients often develop hemorrhagic pericardial effusions and tamponade.

Option A is not correct.

Approximately a quarter of cardiac myxomas occur in the right atrium. Unlike left atrial myxomas, which characteristically occur along the fossa ovalis, right atrial myxoma locations can be more variable. However, myxomas are benign tumors and would not infiltrate into and through the wall of the right atrium. In addition, they would not enhance as brightly as what is seen on Figure  31-3 within 15 seconds after administration of intravenous contrast.

Option B is not correct.

Cardiac lymphoma is usually secondary, although primary cardiac lymphomas can occur. In their primary and secondary forms, they usually present as infiltrative, invading into the myocardium from the mediastinum, myocardial masses. Although a lymphoma could potentially arise in this location, it would not enhance this brightly (Figure  31-3) so soon after administration of intravenous contrast.

Option D is not correct.

Although cardiac metastases are more common than primary cardiac angiosarcomas and can occur anywhere within the heart, the rapid first-pass perfusion is diagnostic of an extremely vascular tumor. Given the characteristic location and extremely rapid enhancement, a cardiac angiosarcoma is more likely than a metastasis. Additionally, positron emission tomography–CT showed uptake only in the region of the heart and pericardium, going against the possibility of metastases.
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Answer 32 is B.

The test case images show a large solitary mass in the anterior wall of the left ventricle. The mass is isointense on the T1-weighted (Figure  32-1) and T2-weighted (Figure  32-2) images. The mass enhances on LGE images (Figure  32-3), which is consistent with fibrosis. The hypointense portion likely reflects a core that is not perfused. The mass characteristics defined by the CMR images indicate the mass to be a fibroma.

Fibroma is the most common solitary tumor in children and is composed of connective tissue and fibroblasts. Fibromas are typically intramyocardial and characteristically bright on LGE images with or without a hypoenhancement (dark) core. Fibromas are typically resected because of the risk for ventricular inflow or outflow obstruction or arrhythmia.

Option A is not correct.

Although rhabdomyomas are the most common cardiac tumors in children, they are often multiple and irregularly shaped, and their imaging characteristics are identical to those of myocardium. Rhabdomyomas are isointense after contrast administration similar in appearance to the surrounding myocardium. Rhabdomyomas are more common in patients with tuberous sclerosis.

Option C is not correct.

Fat has a short T1, so a lipoma should be hyperintense on T1-weighted images. A lipoma would not enhance on LGE imaging.

Option D is not correct.

Myxomas are more common in adults than children. Myxomas are more commonly seen in the atria, arising from the interatrial septum. They are usually mobile.
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Answer 33 is A.

Figure  33-1 shows a low-density filling defect in the left atrial appendage (LAA).

Pseudothrombus due to stasis or slow contrast mixing in the LAA is a common artifact that may mimic LAA thrombus. The dilated and poorly contractile left atrium of patients with atrial fibrillation predisposes these patients to true LAA thrombus as well as pseudothrombus. On CTA, a smooth, graded transition of density within the LAA and a straight interface between higher and lower densities are both suggestive of a mixing artifact, although these features may not be present in every case and cannot be depended on with certainty. A delayed phase or dual-phase CT has been shown to be an effective method for excluding LAA thrombus (Figure  33-2). The sensitivity and specificity of delayed phase CT for LAA thrombus has been reported to be as high as 100%.
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Fig 33-1. Pseudothrombus. Annotated. Heart. CTA. Axial plane. Level of the main pulmonary artery. A low-density filling defect (arrow) is seen in the left atrial appendage (LAA).
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Fig 33-2. Pseudothrombus. Heart. CTA. Low-dose radiation. Delayed phase. Obtained at 50 seconds after contrast injection. The filling defect has resolved and was therefore due to slow filling of the LAA.



Option B is not correct.

Nitroglycerin is administered during coronary CTA to dilate the coronary arteries. Coronary artery dilation is not helpful in distinguishing between true intracardiac thrombus and pseudothrombus.

Option C is not correct.

Contralateral upper extremity contrast injection may be helpful in patients with suspected unilateral central venous stenosis or occlusion to ensure adequate contrast opacification of cardiac structures. This approach has also been described in the imaging of patients with repaired congenital heart disease and Glenn circulation to reduce contrast mixing artifacts in the pulmonary arteries. However, this approach is generally not useful in distinguishing LAA thrombi from pseudothrombi.

Option D is not correct.

The range of CT densities of intracardiac thrombi may overlap with the density of nonopacified blood at the tip of the LAA in a case of pseudothrombus. Therefore, this approach is usually not useful in distinguishing these 2 entities in all cases.
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Answer 34 is B.

Fractional flow reserve (FFR) analysis was initially developed for direct catheter angiography as a method to measure the pressure differences proximal to and distal to a stenosis. FFR is measured by using a pressure wire during a coronary artery catheterization. For instance, a 10% pressure drop across a stenosis equals an FFR value of 0.90, and a 30% pressure drop across a stenosis would equate to an FFR value of 0.70. Robust evidence has validated the accuracy of FFR measurements obtained by contrast-enhanced coronary CT angiography (CTA) with FFR measured at invasive coronary angiography.

FFR-CT has a reported pooled sensitivity and specificity of 93% and 82%, respectively, in the identification of ischemia-inducing coronary artery stenosis. FFR values of 0.80 or greater (better) rule out lesion-specific ischemia with a negative predictive value of greater than 95%. FFR values of 0.75 (a 25% pressure drop or lower numbers, ie, greater pressure drops across a stenotic lesion) indicate lesions that are hemodynamically significant. A gray zone exists for FFR-CT values between 0.75 and 0.80. However, to reduce the number of false-negative measurements, a cutoff value of ≤0.80 is routinely used to determine hemodynamic significance.

In Figure  34-1, the FFR-CT values across the stenoses in the left anterior descending coronary artery and left circumflex coronary artery are 0.68 and 0.70, respectively. These numbers were confirmed on catheter angiography and the lesions were stented.
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Fig 34-1. Fractional flow reserve-computed tomography (FFR-CT) analysis. Volume-rendered coronary artery diagram. FFR-CT values of 0.68 and 0.70 correspond to a 67% stenosis in the proximal left anterior descending coronary artery and a 75% stenosis in the mid left circumflex coronary artery, respectively. Both stenoses are flow-limiting lesions as they are less than 80%.



Option A is not correct.

Although a lesion with an FFR-CT value of 0.70 will be an ischemia-inducing lesion, an FFR-CT value of 0.80 is used as a cutoff to determine when a lesion is ischemia inducing.

Option C is not correct.

An FFR-CT value of 0.90 is greater and therefore indicative of a lesser pressure drop between the area proximal and that distal to a coronary artery stenosis compared to the adopted 0.80 cutoff value.

Option D is not correct.

An FFR-CT value of 1.0 suggests there is no stenosis.
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Answer 35 is C.

A large multicenter study of patients with hypertrophic cardiomyopathy (HCM) demonstrated a 2-fold increase in the risk of sudden cardiac death for patients with LGE involving 15% or more of the left ventricular mass. The amount of LGE on delayed contrast-enhanced cardiac imaging can be quantified with postprocessing software as a percentage of the overall left ventricular mass (Figure  35-1).

Other factors associated with an increased risk of cardiac sudden death in patients with HCM include family history of HCM-associated sudden death; unexplained syncope; multiple episodes of nonsustained ventricular tachycardia; abnormal blood pressure response to exercise; and massive left ventricular hypertrophy, defined as maximum end-diastolic left ventricular wall thickness of 30 mm or greater (a parameter that can also be assessed with CMR imaging).
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Fig 35-1. Apical variant hypertrophic cardiomyopathy. Left ventricle. Postprocessing software. LGE. Short-axis view. This image was used to calculate the percentage of left ventricular mass demonstrating LGE/fibrosis (yellow). The percentage of myocardium demonstrating LGE on this image was about 42%. Since more than 15% of left ventricular mass had LGE, there is a predicted increased risk of sudden death. Because of this, the patient is a candidate for primary prevention with defibrillator placement.



Option A is not correct.

Increased end-diastolic left ventricular wall thickness (≥30 mm) is a risk factor for sudden death. However, end-systolic left ventricular wall thickness is not a risk factor. In general, left ventricular wall thickness should be measured at end-diastole and on a perpendicular imaging plane to prevent any overestimation of wall thickness.

Option B is not correct.

Left atrial volume has not been identified as an independent risk factor for sudden death in HCM.

Option D is not correct.

The prevalence of myocardial crypts, deep trabecular recesses, is higher in the HCM population compared to the general population. Crypts have been suggested as a predictor of HCM gene carrier status. However, crypts have not been identified as an independent risk factor for sudden death in patients with HCM.
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Answer 36 is A.

Cardiac sarcoidosis may result in a variety of LGE patterns on MR, often with a patchy or nodular appearance. Subepicardial and midwall, or midmyocardial, distributions of LGE are seen most commonly in cardiac sarcoidosis. Subepicardial and midwall LGE patterns are also common in myocarditis, which is often included in the differential diagnosis list for these patterns. The presence of LGE in patients with sarcoidosis is associated with an increased risk of ventricular arrhythmias and cardiac death, so noting delayed enhancement is of prognostic importance. Only a small percentage of patients with systemic sarcoidosis have cardiac symptoms, however the presence of cardiac sarcoidosis is reported in a far greater proportion of autopsied patients.

Option B is not correct.

Hinge point LGE is defined as the septal wall where the right ventricle inserts and is seen in patients with hypertrophic cardiomyopathy and in those with right ventricular pressure overload due to pulmonary hypertension. Although patchy LGE in sarcoidosis may involve a ventricular hinge point, involvement of the ventricular hinge points alone is not a classic finding of cardiac sarcoidosis.

Option C is not correct.

Diffuse subendocardial LGE is a characteristic finding in patients with cardiac amyloidosis or Loeffler endocarditis. Regional subendocardial LGE is most commonly seen in the setting of ischemia, where it is confined to a coronary vascular territory.

Option D is not correct.

Occasionally, sarcoidosis may present with focal transmural LGE, although this pattern is most suggestive of ischemia. Transmural LGE is most commonly the result of ischemia or myocardial infarction occurring in a coronary vascular territory.
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Answer 37 is B.

CMR imaging has become the primary tool for noninvasive assessment of myocardial inflammation in patients with suspected myocarditis. CMR imaging uses different sequences to evaluate tissue characteristics of the myocardium to help diagnose myocarditis. CMR imaging can identify 3 types of myocardial injury from myocarditis: myocardial edema, hyperemia, and myocardial fibrosis. Myocardial edema appears as an area of increased signal on T2-weighted images (Figure  37-1). Hyperemia or capillary leak, also known as early gadolinium enhancement, appears as an area of increased signal on contrast-enhanced T1-weighted images (not shown). Myocardial LGE appears as increased signal in areas of acute injury or fibrosis (Figure  37-2). If 2 or more of these 3 tissue-based criteria are present, myocardial inflammation can be predicted with a diagnostic accuracy of 78%, known as the Lake Louise criteria. Therefore, abnormalities seen in T2-weighted and LGE imaging combined are stronger support for an inflammatory myocarditis than are abnormalities seen in either modality alone.
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Fig 37-1. Myocardial edema. Heart. CMR. T2 weighted. No contrast enhancement. Short-axis view. Areas of subepicardial increased signal (arrow) are due to edema.
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Fig 37-2. Myocyte necrosis/fibrosis. Heart. CMR. LGE. Contrast enhancement. Short-axis view. Subepicardial area of prominent contrast uptake (arrow) can be secondary to acute myocyte necrosis or fibrosis.



Option A is not correct.

Although CMR imaging is an excellent diagnostic imaging tool for myocardial tissue characterization, no imaging modality can definitively confirm the myocardial inflammation associated with myocarditis. Therefore, Option A is incorrect. Myocardial biopsy is considered the gold standard. However, the patchy nature of myocardial inflammation limits the sensitivity of myocardial biopsy because of sampling error. In addition, severe complications like myocardial perforation occur in 0.1% to 0.5% of biopsy procedures. Biopsy is not recommended in many patients, especially those with less-severe disease.

Option C is not correct.

The diagnostic accuracy of the presence of 2 of the 3 characteristics (myocardial edema, hyperemia, and myocardial fibrosis) is better than the presence of myocardial edema alone. Myocardial edema can be regional or global. Quantitative analysis of the signal intensity of the myocardium relative to skeletal muscle (>2:1) has been shown to reliably predict global myocardial edema.

Option D is not correct.

As is the case with myocardial edema, the presence of LGE with T2 hyperintensity has a higher sensitivity and specificity at predicting myocardial inflammation than LGE alone. LGE in the acute stage is due to myocyte necrosis, which in time will lead to fibrosis and scar formation. The pattern of LGE in myocarditis is typically subepicardial along the left ventricle inferolateral wall. However, the presence of LGE in the anteroseptal wall is associated with worse prognosis.
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Answer 38 is B.

Normal and scarred myocardium exhibit different contrast kinetics. Owing to the relatively higher amount of extracellular space in scarred myocardium, a greater volume of contrast will accumulate in scarred myocardium than in normal myocardium. This is because gadolinium chelates are extracellular contrast agents that are inert and cannot cross myocyte cell membranes. In normal myocardium, myocytes are densely packed and the myocyte intracellular space forms most of the healthy myocardial volume. Furthermore, contrast washes out from scarred myocardium at a much slower rate than from normal myocardium. Therefore, on LGE imaging (obtained 5-10 minutes after the intravenous delivery of gadolinium), areas of myocardial scarring will exhibit contrast enhancement, whereas normal myocardium will be hypointense/null.

This differential signal intensity is well suited to identify and localize myocardial scarring. In the setting of chronic infarction, myocytes have been replaced with collagenous scar. The greater extracellular space within scar tissue leads to increased gadolinium concentration and hyperenhancement. There is more extracellular space within scar tissue because the dead myocytes contract. The ability of delayed enhancement CMR imaging to detect subendocardial infarcts is excellent.

Option A is not correct.

Steady-state free precession imaging produces bright blood images that are best suited to evaluate cardiac wall motion and ejection fraction. The evaluation of myocardial scarring requires LGE imaging.

Option C is not correct.

MR angiography is best suited to evaluate arteries such as the aorta and pulmonary arteries. Although MR angiography can detect intravascular pathology, the detection of myocardial scarring requires LGE imaging.

Option D is not correct.

Flow-sensitive velocity-encoding imaging allows for quantification of blood flow and gradients across cardiac valves. It is well suited to quantify stenosis and/or regurgitation in the cardiac valves but cannot detect myocardial scarring.

Review Question 38

Reference(s):
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Answer 39 is C.

Converting to a free-breathing technique by adding multiple signal averages and reassessing image quality is the best answer in the test case scenario. The test patient may have difficulty with breath holds because of the difficulty of lying flat with dilated cardiomyopathy. He may be able to proceed with the study by using a free-breathing technique that does not require any breath holds. If his heart rate and respiratory rate are relatively consistent, this technique usually provides appropriate images for interpretation.

New sequences that acquire entire ventricular volumes in 1 breath hold by using compressed sensing are available but are not completely validated or available on all imaging platforms. Real-time sequences that do not require breath holding are available on all platforms but have limited temporal resolution compared with cine steady-state free precession (SSFP) sequences. Real-time sequences can be used if free-breathing cine SSFP does not provide adequate results.

Option A is not correct.

Stopping the MRI because of poor acquisition of information is appropriate only if all other options to optimize image quality have been tried. Other options, like adding parallel imaging to shorten breath holds, that were available to improve image quality were not tried in this scenario.

Option B is not correct.

Stopping the MRI and rescheduling it with anesthesia is common. Anesthesia is usually a very safe process with few risks. However, the test patient has severely decreased left ventricular systolic function. If possible, anesthesia should be avoided. Instead, every effort should made to optimize image quality before recommending sedation.

Option D is not correct.

It is accurate that changing to prospective ECG gating and shortening the acquisition time would shorten the breath-holding time. This technique may improve image quality, but it would not provide the most accurate information. This technique would eliminate end-diastole from ventricular volume calculations. This would falsely lower the left ventricular end-diastolic volume and alter the calculated ejection fraction. Prospective ECG gating can be used to counteract different arrhythmias. Converting to a free-breathing technique uses all of the cardiac cycle and provides information that is more accurate.

Review Question 39

Reference(s):
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Answer 40 is A.

Direct planimetry of the aortic valve (Figure  40-1) is the most useful technique to quantify stenosis severity by CMR imaging. Direct planimetry involves measuring the minimal valve orifice to obtain a valve area. Identifying the true orifice requires identifying the leaflet tips by using multiple parallel, thin (5-mm) image slices. Valve velocity can be assessed with phase-contrast mapping, but the peak velocity may be underestimated. Image slice thickness larger than stenotic jet width (in-plane imaging) results in a partial volume effect. Turbulence from high-velocity jets leads to signal loss. Both of these situations can lead to an underestimate of peak velocity. Therefore, direct planimetry of the aortic valve orifice is the preferable CMR imaging method to define valve stenosis severity.
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Fig 40-1. Aortic stenosis. Heart. CMR. Axial oblique plane. The patient has a bicuspid aortic valve. Magenta denotes an aortic valve area of 1.2 cm2, consistent with moderate aortic stenosis.



Option B is not correct.

In-plane velocity mapping in an outflow tract is the preferred method to identify the location of maximal velocity (Figures  40-2 and 40-3).
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Fig 40-2. Pulmonary valve stenosis. Heart. CMR. In-plane phase contrast. Right ventricular outflow tract. The patient underwent pulmonary valve replacement. Turbulence (arrow) at the proximal portion of the valved conduit indicates stenosis.
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Fig 40-3. Pulmonary valve stenosis. Heart. CMR. SSFP. Right ventricular outflow tract. Thickened valve leaflets (arrow) noted by low intensity signal in pulmonary valve stenosis correspond to turbulence seen on the in-plane phase contrast image (Figure  40-2). The patient underwent pulmonary valve replacement.



In-plane velocity mapping can demonstrate the origin and direction of a turbulent jet and is used for planning the subsequent perpendicular or through-plane slice.

Option C is not correct.

Through-plane flow mapping is a reliable way to quantify valve regurgitation, but it is not the only way. There are indirect ways of calculating valve regurgitation by using ventricular stroke volumes or a combination of stroke volumes and through-plane flow mapping. Assuming that no other valve regurgitation or shunt is present, differences in ventricular stroke volumes can be used to calculate a specific valve regurgitation. This assumes accurate volumetric assessment of both left ventricular and right ventricular end-diastolic and end-systolic volumes. Indirect quantification of mitral valve regurgitation by subtracting the aortic systolic flow mapping from left ventricular stroke volume is recommended.

Option D is not correct.

Gradient-echo sequences are more sensitive than steady-state free precession (SSFP) sequences for evaluating the presence and magnitude of turbulent jets because of an increased echo time. Using only SSFP sequences to visually assess the severity of valve regurgitation can be problematic.

Review Question 40

Reference(s):
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Answer 41 is D.

In most patients the right ventricle is slightly larger because it holds more blood than the left ventricle. The average right ventricular end-diastolic volume (EDV) is larger than the left ventricular EDV. This difference has been shown in children and adults in different published CMR imaging reference ranges. The right ventricle is more compliant than the left ventricle and this leads to a slightly higher EDV. Both ventricles have the same stroke volume if no significant valve regurgitation or cardiac shunts are present.

Option A is not correct.

Ventricular volume reference ranges measured by CMR imaging exist for most but not all ages. Current pediatric CMR imaging ventricular volume reference ranges exist for patients greater than 8 years old. No published reference ranges are available for patients less than 8 years of age because most younger patients require sedation for a complete CMR imaging examination. Anesthetic medications alter afterload and myocardial mechanics and thus affect ventricular volumes. New free-breathing real-time sequences are not validated to traditional steady-state free precession imaging but could provide an avenue for ventricular assessment without sedation in younger patients. A recent single-center study using motion-corrected, real-time cine imaging evaluated ventricular volumes in nonsedated children with normal heart function as young as 22 days old.

Option B is not correct.

Cardiac CT can provide reliable ventricular volumes, myocardial mass, and functional calculations. Detailed ventricular assessment by CT is a good option in patients who are unable to have CMR imaging.

Option C is not correct.

Ventricular volumes and myocardial mass differ according to sex and age. On average, male patients have larger EDV and myocardial mass than do female patients. As patients age, ventricular volumes decrease, and mass stays constant.

Review Question 41
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Answer 42 is D.

Many different MRI-safe pacemakers and implantable cardioverter defibrillators (ICDs) exist. An MR-conditional ICD is an ICD that can safely enter the MR environment as long as certain conditions are followed. The overall concepts of completing MRI scans safely are the same across different pacemaker and ICD products. The ICD should be placed in MRI-safe mode before scanning. This will suspend the defibrillator function and atrial or ventricular sensing and will pace the heart at a certain rate. The brain and cardiac MRI can be completed, and the heart rate should be monitored throughout both scans. A health care professional familiar with cardiovascular physiology and trained in advanced life support should be present during the scans. Once the scans are completed, the ICD must be returned to its original settings. If the original settings are not returned, the patient will be discharged with an ICD that will not detect abnormal rhythms or deliver a defibrillation. Once the ICD is returned to the original settings, the patient can be discharged.

Option A is not correct.

Several different steps are required to safely place a patient with an MRI-safe ICD in the MRI environment. The typical prescan MR safety screen should be completed. In addition, the following protocol should also be completed. The ICD should be placed in MRI-safe mode before scanning. This will suspend the defibrillator function and atrial or ventricular sensing and will pace the heart at a certain rate. The brain and cardiac MRI can be completed, and the heart rate should be monitored throughout both scans. A health care professional familiar with cardiovascular physiology and trained in advanced life support should be present during the scans. Once the scans are completed, the ICD must be returned to its original settings. Each vendor that makes MRI-conditional pacemakers and ICDs publishes recommendations on placing the device in the MRI environment.

Option B is not correct.

Both the brain and cardiac MRI can be completed. The heart rate should be monitored during both the brain and cardiac MRI to ensure that no arrhythmias develop during the scans. An issue with completing a cardiac MRI in a patient with an ICD is that metal artifact obscures the region of interest. Different techniques like gradient-recalled echo and spin-echo sequences often improve metal artifact problems. Newer techniques like wideband LGE sequences make the metal artifact less prominent.

Option C is not correct.

Placing the ICD in MRI-safe mode before placing the patient in the MRI environment is certainly important. However, it is equally important to return the ICD to its original settings before patient discharge. If the patient is discharged before returning the ICD to the original settings, the patient will not have a functioning ICD because the defibrillator function is suspended in MRI-safe mode.

Review Question 42

Reference(s):

Do DH, Eyvazian V, Bayoneta AJ, et al. Cardiac magnetic resonance imaging using wideband sequences in patients with nonconditional cardiac implanted electronic devices. Heart Rhythm. 2018;15:218-225.

Muthalaly RG, Nerlekar N, Ge Y, Kwong RY, Nasis A. MRI in patients with cardiac implantable electronic devices. Radiology. 2018;289:281-292.





Answer 43 is C.

A left ventricular assist device (LVAD) is not MRI safe. A patient with a LVAD should not enter the MRI environment for any reason. The LVAD contains many different ferromagnetic components, and its introduction to the MRI environment could cause serious injury to the patient. There are no case reports of a patient with a LVAD having an MRI. Patients with a LVAD can obtain CT scans. There are many case reports and case series indicating successful chest CT scans obtained in patients with various LVAD implantation devices.

Option A is not correct.

A patient with an implantable cardiac loop recorder can enter the MRI environment. A loop recorder records the patient’s heart rhythm, and it does not pace or defibrillate the heart. The recommendations are for the loop recorder to be interrogated, the ECG recordings recently acquired reviewed, prior to entry into the MRI environment. The time of the MRI should be noted because rhythm recordings may not be reliable while in the MRI environment.

Option B is not correct.

A patient with a transvenous pacemaker can undergo MRI safely if specific protocols are followed. Several types of MR-conditional pacemakers are designed with the MR environment in mind. However, many different studies have highlighted the safety of MR-nonconditional transvenous pacemakers in the MR environment. MR-nonconditional devices were not made specifically to function normally within the MR environment. The pacemaker should be placed in a pacing-only mode, and other functions to treat tachyarrhythmias should be suspended during the study. A health care provider trained in advanced life support should be present. Once the study is complete, the pacemaker should be interrogated and the original settings restored.

Option D is not correct.

Mechanical heart valves are MR-safe or conditional depending on the make and model. The presence of a mechanical heart valve should not prohibit the acquisition of a needed MRI.

Review Question 43

Reference(s):
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Answer 44 is D.

A detailed review of the patient’s surgical history with complete understanding of the central venous anatomy is recommended before suggesting a method of intravenous access. The total cavopulmonary anastomosis (TCPC) involves the superior and inferior venae cavae connecting directly to the pulmonary arteries, with several variations depending on surgical technique and patient anatomy. Pulmonary embolism is common (up to 33% of cases) in patients after TCPC. Since the pulmonary arteries fill passively from the systemic venous circulation, complete opacification of the TCPC and pulmonary arteries can be difficult by CTA. Early-phase CTA may not completely opacify the TCPC and the pulmonary arteries, giving the false impression of a thrombus being present. Delayed phase acquisition (approximately 90 secs after upper extremity injection) allows the contrast enough time to completely fill the TCPC and pulmonary arteries.

Option A is not correct.

Dual injection in the upper and lower extremities is recommended but not mandatory. Contrast equilibrium will occur with a single injection, but the contrast injection rate and time of delayed phase imaging would need to be adjusted. Simultaneous injection in the right and left arms will only highlight the superior cavopulmonary anastomosis (Glenn shunt). There would be no added benefit of simultaneous right and left arm injections.

Option B is not correct.

An MR angiogram would be able to identify the anatomy and possible thrombus. However, the CTA would provide the imaging quicker, and with adjustments the CTA can provide accurate information. In addition, some Fontan patients have metal stents or coils that preclude detailed imaging by MR angiography.

Option C is not correct.

Increasing the speed of contrast injection would only make the complete opacification of the TCPC less likely. If a single intravenous site injection is employed, the contrast injection speed should be slowed from 4 mL/s to 2 mL/s to allow ample time for contrast equilibration within the TCPC. Increasing the speed from 4 mL/s to 6 mL/s would have the opposite affect and would be incorrect.

Review Question 44

Reference(s):
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Answer 45 is B.

Rib notching in the setting of aortic coarctation indicates the presence of intercostal artery collateralization. If the degree of stenosis is hemodynamically significant, arterial collateralization will develop. The intercostal arteries (about the fourth to eighth) often serve to connect the postcoarctation aorta to the precoarctation aorta via the internal mammary arteries. These large, tortuous intercostal arteries can remodel the underside of the adjacent rib, resulting in inferior rib notching. Thus, the presence of inferior rib notching in the setting of coarctation implies the presence of collateralization, which further implies that the coarctation is hemodynamically significant. Branches of the thyrocervical and thoracoacromial trunks can also participate in collateralization (Figure  45-1).
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Fig 45-1. Intercostal artery collateralization. Chest. CTA. Contrast enhancement. Maximum intensity projection. 2D reconstruction. Coronal oblique plane. Large intercostal collateral arteries (arrow) drain into the descending thoracic aorta just distal to a hemodynamically significant aortic coarctation (arrowhead).



Coarctation is more frequent in male patients than in female patients, and most coarctations presenting in adolescence or adulthood involve the aortic isthmus. Aortic coarctation was classically categorized on the basis of its location relative to the ductus arteriosus (preductal, juxtaductal, or postductal). However, a more descriptive approach including severity, relationship to arch vessels, and associated anomalies is now considered more helpful clinically. Associated abnormalities include bicuspid aortic valve (seen in up to 80% of cases), Turner syndrome, cerebral artery aneurysms (screening may be appropriate), septal defects, and complex congenital heart disease (such as transposition of the great arteries or persistent truncus arteriosus). Patients often present with uncontrolled hypertension and will have a significant difference between upper extremity and lower extremity blood pressures.

Option A is not correct.

The “figure 3” sign describes the way in which a coarctation alters the appearance of the proximal descending thoracic aorta on a chest radiograph. The figure 3 sign (Figure  45-2) is caused by relative dilatation of the precoarctation and postcoarctation aorta with an intervening indentation, or “tuck,” at the actual site of coarctation.
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Fig 45-2. Postductal aortic coarctation. Chest. CTA. Contrast enhancement. Reconstruction. Sagittal oblique plane. Level through the aorta. An aortic coarctation with a “tuck” resulting in a classic “figure 3” appearance of the descending aorta (curved white line in the form of a 3) is noted. Aneurysmal dilation of the ascending aorta (asterisk) is also present and is probably related to bicuspid aortopathy. This patient had a bicuspid aortic valve in addition to the coarctation, a common association.



This sign is not dependent on the presence of arterial collateralization and therefore does not directly imply that a coarctation is hemodynamically significant.

Option C is not correct.

The “E” sign, also known as the reverse figure 3 sign, describes the appearance of the esophagus on a contrast esophagram in the presence of aortic coarctation. It is essentially the mirror image of the figure 3 sign and is caused by mass effect on the esophagus by the precoarctation and postcoarctation aorta.

Option D is not correct.

There are many potential etiologies for aneurysmal dilatation of the ascending aorta in the setting of aortic coarctation. These associations do not necessarily imply that the degree of stenosis at the coarctation is significant. For example, bicuspid aortic valve is a common association, and patients with bicuspid aortic valves often have aneurysmal dilatation of the ascending aorta related to bicuspid aortopathy (Figure  45-2).

Review Question 45
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Answer 46 is A.

CMR imaging has been shown to aid in the timing of pulmonary valve replacement (PVR) in patients with tetralogy of Fallot. Despite many publications on the subject, an optimal timing for PVR in adults and children has not been agreed upon.

The 2018 AHA/ACC Guideline for the Management of Adults with Congenital Heart Disease recommends PVR for adult tetralogy of Fallot patients with symptomatic moderate or greater pulmonary regurgitation. It states that in asymptomatic patients with moderate or greater pulmonary regurgitation, PVR is a reasonable treatment to help preserve ventricular size and function in a patient with at least 2 of the following CMR criteria: mild to moderate RV or LV systolic dysfunction or severe RV dilatation. RV dilation is diagnosed by noting an RV end-diastolic volume index of ≥160 mL/m2, an RV end-systolic volume index of ≥80 mL/m2, or an RV to LV end-diastolic volume ratio of >2. In symptomatic patients only one of these criteria would support pulmonary valve replacement.

Option B is not correct.

In an asymptomatic patient with moderate or greater pulmonary regurgitation, the RV end-systolic volume index should be greater than 80 mL/m2 to support an indication for PVR.

Option C is not correct.

An RV ejection fraction of 55% is in the normal range. Decreased RV systolic function (<47%) would support an indication for PVR in an asymptomatic patient with moderate or greater pulmonary regurgitation.

Option D is not correct.

Mild aortic valve insufficiency is not a criterion for PVR. Severe aortic valve insufficiency would support indication for PVR in a symptomatic patient. Severe aortic valve insufficiency requires surgical correction. If the patient, in addition, has severe pulmonary valve insufficiency, the pulmonary valve should be replaced at the time of the aortic valve surgery.

Review Question 46
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Answer 47 is A.

Phase-contrast imaging measures the phase shift that occurs as protons in the blood move through the magnetic field, providing information such as the velocity and direction of blood. This is measured in volume per heartbeat (mL/beat). In the Fontan circuit, systemic venous return through the superior vena cava (SVC) and inferior vena cava (IVC) travels directly to the branch pulmonary arteries without an intervening ventricle. Figure  47-1 shows the anterior view of a 3D MR angiogram of a lateral tunnel Fontan with the SVC and IVC passively filling the branch pulmonary arteries. Figure  47-2 shows the posterior view of the same anatomy to show the left pulmonary artery (LPA), right pulmonary artery (RPA), left pulmonary vein, and right pulmonary vein.

The flow in the branch pulmonary arteries (LPA [22 mL/beat]+ RPA [28 mL/beat] = 50 mL/beat) is lower than the systemic venous return (SVC + IVC = 60 mL/beat). This suggests that some flow exited the Fontan circuit prior to reaching the pulmonary arteries. This typically occurs in a fenestration of the Fontan or a baffle leak.
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Fig 47-1. Hypoplastic left heart syndrome status post lateral tunnel Fontan. Heart. MR angiogram. 3D reconstruction. Gadolinium enhancement. Anterior view. Lateral tunnel Fontan with the SVC and IVC connecting to the branch pulmonary arteries. White lines overly entire corresponding vessels (SVC=superior vena cava, IVC=inferior vena cava, AAO=ascending aorta), showing the areas for flow assessment on MR.
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Fig 47-2. Hypoplastic left heart syndrome status post lateral tunnel Fontan. Heart. MR angiogram. 3D reconstruction. Gadolinium enhancement. Posterior view. White lines overly entire corresponding vessels (LPA=left pulmonary artery, RPA=right pulmonary artery, LPV=left pulmonary vein, RPV=right pulmonary vein), showing the areas for flow assessment on MR.



Option B is not correct.

Aortopulmonary collaterals would demonstrate an increase in pulmonary venous flow relative to the pulmonary arteries because flow from the aortic system travels to the lungs. Aortopulmonary collaterals can occur in any patient with slow or low blood flow to the branch pulmonary arteries, as is common in a patient with single ventricle physiology. There would also be a decrease in flow from the aorta to the systemic venous return (SVC + IVC) because flow from the collaterals returns via the pulmonary veins rather than the systemic veins.

Option C is not correct.

Venovenous collaterals would have the same pattern as aortopulmonary collaterals (increase in pulmonary venous flow relative to the pulmonary arteries, and decrease from the aorta to the systemic venous return) because they travel from systemic veins (proximal to the SVC and IVC) and fill the pulmonary veins. The primary differentiation is that venovenous collaterals bypass the lungs, so the patient would have a lower saturation, less than 95%.

Option D is not correct.

Although the LPA flow is lower than the RPA flow, the differential flow (22/50 = 44% to the left) is normal. The differential pulmonary blood flow is compared to the total pulmonary blood flow. As the RPA flow is 28 mL/beat, the RPA and LPA flow equals 50 mL/beat. Therefore, there is slightly more blood flow to the RPA (28/50 = 56%).

Review Question 47
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Answer 48 is C.

With a ventricular septal defect (VSD), flow is typically left to right. Thus, the left ventricle (LV) must eject the VSD flow in addition to the aortic flow, and the LV stroke volume is greater than the aortic flow. The main pulmonary artery (MPA) flow is increased because of the additional flow across the ventricular septum (right ventricular [RV] stroke volume plus VSD flow). The RV stroke volume is not affected because the flow is in systole, when the pulmonary valve is open, and thus there is no diastolic overload for the RV. A VSD leads to a volume load on the LV but not the RV. The additional blood volume from the VSD will return to the LV during diastole. This leads to LV dilatation in the presence of a large VSD.

Option A is not correct.

In mitral regurgitation, the LV ejects the regurgitant volume in addition to the aortic flow. Thus, the LV stroke volume is higher than the RV stroke volume and higher than the aortic stroke volume, just as is seen in the test patient. However, in the test patient the MPA stroke volume is higher than the aortic stroke volume (pulmonary flow [Qp] is greater than systemic flow [Qs], consistent with a shunt). In mitral regurgitation, the MPA stroke volume is equal to the RV stroke volume. In the test case, the MPA stroke volume was greater than the RV stroke volume.

Option B is not correct.

An atrial septal defect (ASD) typically shunts from left to right and is proximal to the ventricles. Thus, the shunt will increase the RV stroke volume and the MPA flow but not the LV stroke volume or aortic flow. Diastolic filling of an ASD leads to a volume load on the RV but not on the LV. In the test patient, the RV stroke volume is less than the MPA flow. Therefore, the shunt cannot be proximal to the RV or above the tricuspid valve.

Option D is not correct.

A patent ductus arteriosus (PDA) is distal to the semilunar valves. The aortic flow will be higher than the MPA flow because it contains both the systemic flow and the flow that will cross the PDA into the branch pulmonary arteries. This increased flow will return to the left side of the heart. Thus, the LV and aortic flows are increased but not the RV stroke volume or MPA flow. If flow were measured in the branch pulmonary arteries, this would also be increased.

Review Question 48
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Answer 49 is D.

Intramural segments of anomalous coronary arteries are those that travel within the wall of the aorta. Identification of an intramural segment is important because this is a particularly high-risk feature of an anomalous coronary artery and may be amenable to a distinct approach at surgical repair termed unroofing. Not all interarterial anomalous coronary arteries have intramural segments. Those that do usually involve the most proximal portion of the anomalous coronary artery. CT features of an intramural segment include marked narrowing or a slit-like appearance of the coronary artery ostium, an acute angle of origin from the aorta, and an elliptical shape of the coronary artery in cross section, with height greater than width.

Option A is not correct.

Anomalously high origin of a coronary artery occurs when the vessel arises more than 1 cm above the sinotubular junction, more commonly occurring with the right coronary artery than the left. High origins from above the correct sinus do not suggest an intramural location of the anomalous vessel.

Option B is not correct.

An acute angulation at the origin with the aorta, not an obtuse angulation, is suggestive of an intramural segment.

Option C is not correct.

Although the intramural segment travels in the wall of the aorta, significant aortic wall thickening does not occur. If significant aortic wall thickening is present, a diagnosis of vasculitis or intramural hematoma should be considered instead.

Review Question 49
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Answer 50 is A.

Left pulmonary artery sling (Figure  50-1) is the only anatomical abnormality of the provided options that causes anterior compression of the esophagus. Patients typically present with stridor or recurrent pneumonias early in life. Left pulmonary artery sling can be associated with congenital heart disease and tracheal rings.
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Fig 50-1. Left pulmonary artery (LPA) sling. Annotated. Chest. CT. Level of the pulmonary arteries. The LPA arises directly from the right pulmonary artery (RPA), coursing posterior to the trachea (asterisk) and anterior to the esophagus. An arrow points to a nasogastric tube (NG Tube) within the esophagus.



Option B is not correct.

Double aortic arch is the most common vascular ring. It is caused by the persistence of both the right and left embryonic fourth aortic arches. Typically, double aortic arch has a dominant right arch and is not associated with congenital heart disease. The right arch is typically higher than the left arch. A swallow study will reveal right lateral, perhaps left lateral, and posterior compression of the esophagus. Presentation depends upon the degree of tracheal and esophageal compression with a “tight ring” presenting earlier in life with stridor and recurrent respiratory tract infections and a “loose ring” presenting later in life with dysphagia.

Option C is not correct.

With a right aortic arch and aberrant left subclavian artery with a diverticulum, the left-sided ligamentum arteriosum completes the vascular ring. This is the second most common vascular ring. Patients typically present later in life with dysphagia because the ring is relatively loose. An esophagram will reveal right lateral and posterior indentation of the esophagus.

Option D is not correct.

Left aortic arch with an aberrant right subclavian artery is a common variant reported in 0.5% to 1% of the population. This anatomy does not represent a vascular ring. Patients are typically asymptomatic. Later in life with stiffening of the arteries, patients can develop dysphagia. A swallow study will reveal left lateral and posterior indentation of the esophagus.

Review Question 50
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