
CORE Workshop 17 
Cardiac and Cardiovascular 

Developed by Stefan Tigges, Travis Henry 
and Carl R. Fuhrman 



Learning Objectives 

1. Identify positions of cardiac 
chambers and heart valves on 
chest radiographs 

2. Propose imaging for chest pain and 
dyspnea (of suspected cardiac 
origin) 

 



3.  Distinguish cardiogenic and non-
cardiogenic  pulmonary edema & 
list CXR findings of CHF 

4. Identify and recognize proper 
position of common devices and 
catheters used in the ICU on CXR 
(e.g., intra-aortic balloon pump 
(IABP) and Swan-Ganz) 
 



5. Compare roles of CT angiography 
and catheter angiography in 
suspected coronary artery disease 
for intermediate and low risk 
populations 

6. Compare radiation doses of cardiac 
nuclear medicine and CT imaging 

 



7. Propose initial imaging and follow 
up of a pulsatile abdominal 
abnormality found on physical 
exam 

8. Recognize abdominal aortic 
aneurysm on ultrasound 

9. Describe surgical and endovascular 
treatments for abdominal aortic 
aneurysm  

 



10. Compare advantages of CT 
angiography vs conventional catheter 
angiography for lower extremities 
 



Question 

What topics were challenging for you 
in this case? 
 

Presenter
Presentation Notes
Hopefully, the material in this workshop will help them with any problems that they had.



Presenter
Presentation Notes
So, here is a normal PA and lateral CXR.  Let’s think about heart chambers.

Q: Where is the right atrium and Which radiograph shows it better?   A: PA
Q: Where is the left atrium and Which radiograph shows it better?   A: Lateral
Q: Where is the right ventricle and Which radiograph shows it better?  A: Lateral
Q: Where is the left ventricle and  Which radiograph shows it better?  A:  We see its lateral extent better in PA

Remember that on a PA radiograph, the right atrium (RA) is on the far right while the left ventricle (LV) is on the far left. On a lateral radiograph, the left atrium (LA) is the most posterior chamber while the right ventricle (RV) is most anterior. (Use the following images to review normal valvular anatomy.)



Presenter
Presentation Notes
Q: Which chamber is shown in red?  A:  Right ventricle
Q: In yellow?  A:  Left atrium
Q: In blue?  A: Right Atrium
Q: In green?  A:  Left Ventricle




Presenter
Presentation Notes
Q: Which valve is depicted in blue?  A:  Tricuspid 
Q: Which valve is depicted in green?  A: Aortic
Q: Which valve is depicted in red?  A: Mitral
Q: Which valve is depicted in purple?  A: Pulmonic 



Presenter
Presentation Notes
Q: Point out the right atrium
Q: Can you point out left ventricle?
Q: Compare walls of left ventricle and walls of other cardiac chambers.   A: LV wall is thicker.






Presenter
Presentation Notes
Q: Can you point out the right ventricle?  A: Anterior heart border
Q: Can you point out the left atrium?  A: Posterior heart border



Presenter
Presentation Notes
Patient with mitral stenosis. Lateral CXR and frontal barium esophagram.
Q:  What cardiac chamber is enlarged in this patient?  A: Left Atrium 
Q:  Why is the esophagus deviated?  A: because the left atrium lies immediately anterior to the esophagus.



Presenter
Presentation Notes
This patient has a systolic murmur.   
Q: Do you see any calcifications in a region where there is a valve (look at lateral)?.  A: There are dense calcifications in the region of the AV.  
Q: Given the murmur and the calcifications, what do you think is her diagnosis?  A: She has aortic valve stenosis.



Presenter
Presentation Notes
Here are some axial CT images in the same patient. Notice that she now has an effusion on the right.
Q: Can you find the aortic valve in the first image?  A: it is the densely calcified structure.
Q: Point out the ascending aorta? The descending aorta? Which is larger? 
Q: Why is the Ascending aorta so big?  A: Post stenotic dilatation.
Q: What are the 3 cardinal symptoms of aortic stenosis?  A: angina, syncope, and CHF



Presenter
Presentation Notes
All four valves have been replaced, ask students to identify the valves.
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Presenter
Presentation Notes
Answers



Presenter
Presentation Notes
Q: What cardiac treatment has the patient had?  A: Patient has a dual lead pacemaker. 
Q: Where do the electrodes terminate?  A: R atrium and R ventricle.  
Q: How does the RV pacemaker lead get to the RV?  A: RV electrode would need to go through the Tricuspid valve to reach the RV.
Q: What valve has been replaced?. A: Pulmonic valve. 




69 year old man with dyspnea and 
new severe chest pain  
 
What imaging do you start with? 



Presenter
Presentation Notes
Patient has symptoms of CHF (suspected dyspnea cardiac origin). 
Q:  Why is chest radiography the best choice? A: Radiography is cheap, readily available, may confirm the diagnosis or may suggest an alternative diagnosis (including a pulmonary cause for dyspnea such as pneumonia or emphysema).
ACR Appropriateness Criteria has after the tables a nice summary discussion of the imaging choices and how to use them.



Presenter
Presentation Notes
Here is his first image and it is normal.




What happens to pulmonary 
venous pressure in heart failure 
(CHF)? 
 
In ARDS? 
How can we measure it? 
 
 

Presenter
Presentation Notes
Cardiogenic pulmonary edema (congestive heart failure) makes pulmonary venous pressure rise due to increase in hydrostatic pressure in pulmonary veins as blood returns to pumping chambers with failing capacity to pump blood forward.
Non-cardiogenic edema results instead from a direct capillary leak (and will not have peripheral Kerley B interstitial lines). Pulmonary inhalational injuries, shock, sepsis, and other insults  may cause leaky pulmonary capillaries that result in non-cardiogenic pulmonary edema like ARDS. In non-cardiogenic pulmonary edema, pulmonary capillary wedge pressures are NOT elevated, because the edema is NOT the result of increased hydrostatic pressure in non-cardiogenic pulmonary edema.
A pulmonary artery (Swan-Ganz) catheter is often used to measure pulmonary artery wedge pressure to confirm if  pulmonary edema is cardiogenic or non-cardiogenic.
NOTE: we do cover pulmonary edema in Workshop 4, but felt that this was important enough to bear some repetition but could skip some of the following slides if Workshop 4 was given
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Presenter
Presentation Notes
Here is a series of radiographs after emergent hospital admission for his sudden onset of severe crushing substernal chest pain and dyspnea. 
Q: Describe the progression of findings you see on these three images. 
A: Image 1 is normal
Image 2 has enlargement of the heart and pulmonary veins and some central parahilar haziness with cuffing around central bronchovascular structures, indicating interstitial edema. 
Image 3 has progressed to air-space opacities, pleural effusions, and worse cardiomegaly, indicating alveolar edema.



Presenter
Presentation Notes
Ask the student to compare the sizes of upper and lower zone vessels (above and below line).  
One image is normal and one is a Patient with known heart disease complaining of several days of worsening shortness of breath. 
Q:  Which is the patient and which is the normal?  A: Normal on right side.
Q: What is the abnormal finding?  A: The vessels in the upper lungs are abnormally prominent (cephalization)
Q: Can we recognize this abnormality on any chest x-ray in patients with CHF?  A: No, patient has to be upright, because this is a hydrostatic effect, and the gradient is visible only on upright x-rays




Presenter
Presentation Notes
Q: Name 2 CXR findings of interstitial edema. A:  1 Kerley B lines (dilated interlobular septal lines) and 2 peribronchial cuffing. 

Emphasize that Kerley B lines (dilated interlobular septal lines) touch the pleura (and blood vessels do not) which helps you confirm the presence of Kerley B lines.
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Where do Kerley B lines come from? 

Presenter
Presentation Notes
Q: What do Kerley B lines actually represent?   A: Dilated interlobular septal lines. In pulmonary edema, interstitial fluid collects in the linear lymphatics within the interlobular septa resulting in Kerley B
Q: What is a secondary pulmonary lobule?  and What are its component parts?  A: a central bronchovascular bundle contains pulmonary arteriole (blue) and a bronchus (brown), surrounding alveoli and the interlobular septa made up of peripheral connective tissue (black polygon)
Q: Can you identify secondary pulmonary lobules on the CT images? A: Yes. Polygonal structures in the apical portions of the lungs. These are 1-2.5cm 
More optional detail:
Q: What causes the thickening?  A: interstitial edema. Peribronchial thickening a second important diagnostic  finding of interstitial edema. It is called “Cuffing”, and this perivascular interstitial fluid makes the vessel margins less sharp, contributing to “perihilar haziness” you will see described in CXR reports on patients with interstitial edema.
Septal lines are present in everyone. We do NOT see them radiographically until they become thickened. We can also see septal lines in other conditions (e.g., tumor involvement in lymphagitic carcinoma or interstitial fibrosis in asbestosis and many other conditions) Mention that Kerley B lines are everywhere in the chest but we usually see them best at bases laterally (where they are perpendicular to the X-ray beam). 



Presenter
Presentation Notes
Patients like ours get admitted, and then have a number of support tubes and lines. Le’s consider lines and tubes…




Presenter
Presentation Notes
Q:  What lines and tubes are present?  
A:  Right Subclavian Swan-Ganz (Orange) ends in proximal Right pulmonary artery (tip does not extend beyond mediastinal margin).  Bilateral IJ (Green) and (Blue) end in mid-SVC. Left subclavian line (Purple) ends in upper SVC. NGT traverses GE jct and extends beyond image at LUQ, tracheostomy tube is appropriately positioned.





Presenter
Presentation Notes
So back to our 69 year old man with new dyspnea and chest pain. Here is his immediate post CABG portable CXR.
Q: is the Swan-Ganz catheter properly located?  A: Yes,  image shows catheter tip in main pulmonary artery, appropriately positioned.



Presenter
Presentation Notes
Different patient.
Q:  Are you happy with the tubes and lines?  A: NO. We should be concerned that the PA catheter tip lies too distal in the RLL artery. PA catheters should not be positioned beyond the main pulmonary artery bifurcation. These balloon tipped catheters are only inflated and floated distally for pressure measurement and immediately deflated and withdrawn back to safe position. 
Q: What is the hazard with PA catheter out too distal?  May cause pulmonary infarct or pseudoaneurysm and can result in fatal pulmonary hemorrhage.




70 year old diabetic woman with 
severe shortness of breath 

Presenter
Presentation Notes
Let’s consider another patient…



Presenter
Presentation Notes
So, this is your new patient, a 70 year old diabetic woman who suffers severe shortness of breath. Her EKG indicates she  is having an acute Myocardial infarction. 
Q: What will the CXR report say? A: ETT ends 3-4cm above carina, NGT extends into gastric body. Bilateral alveolar opacities (“bat wing” pattern). This is language you will see in reports.
Q: Why is the heart NOT enlarged?  A: As an acute recent event, her heart has not had time to dilate.
Q: What do you think will be next steps in her treatment?  A: (Go to next slide….)








4 hours later 

Presenter
Presentation Notes
Now, she has just returned from the Cardiac Catheterization lab, and this radiograph is 4 hours after the initial image you just saw.
Q: What do you think was done for this patient?  A: Emergent coronary angioplasty for acute myocardial ischemia/infarction in progress. 
Q: What new lines are present?  A: femoral approach Swan-Ganz and Intra-aortic balloon pump. 
Q: What happened to the airspace opacities on the original image?  A: Rapid improvement with improved cardiac function, now supported with IABP assist (Metallic shadow overlying the aorta on 2nd image) . Improvement this quick is not consistent with pneumonia as the cause for airspace opacities, which would take much longer than 4 hours to clear, and with a different clinical context.









Presenter
Presentation Notes
Here is another CCU patient you are caring for who had a CABG for ischemic CAD.
Q:  Can you account for all the tubes and lines?  A: ETT, NGT, RIJ Swan-Ganz, mediastinal surgical drains and and IABP
Q:  Is the IABP correctly positioned?  A: No, This IABP is  too low. IABP has tubular air (helium) density projecting over the expected course of the aorta and the small metal marker immediately superior to the air column. 
Q: Where should the IABP tip be located?  A: The tip of the IABP should be 2-4 cm below the top of the aortic arch: If the tip is too high, aortic arch vessels may be occluded, if too low, abdominal visceral vessels (celiac, SMA, renals) may be occluded. 



31 year old male personal fitness 
trainer  has twinges of chest 
discomfort while playing tennis 
 
Presents to Emergency Dept 
 
How will we evaluate? 

Presenter
Presentation Notes
Q: On a scale from 1-5 with 5 being highest, what is your suspicion that this man is suffering an acute myocardial infarction?  A: Suspicion should be on the lower end of the scale.
Q: What is the question that must be answered before the patient can be discharged from the ED?  A: Is his chest pain of cardiac origin? 





His CXR is negative 

Presenter
Presentation Notes
Q: What do we do now?  A:  Coronary CTA.  



Presenter
Presentation Notes
Q: What special advantage does CTA offer?   A: Negative Coronary CTA  accurately, effectively, and efficiently excludes coronary artery disease and allows for patient discharge from ED without the more prolonged and expensive approach of getting all the cardiac labs for myocardial infarction and admitting overnight for observation. 

Q: Why is coronary CTA great for ruling out disease but not as good for ruling in disease?  A: coronary CTA has great sensitivity (close to 100%), so a negative result rules out disease, but relatively poor specificity results in many (relatively) false positives. Other  limitations/contraindications to CTA include contrast allergy, poor renal function, tachycardia/arrhythmia. 

His CTA was negative, with normal RCA and left main/LAD origins shown. Teaching point: Negative CTA coronary excludes coronary artery disease.





62 year old male hypertensive 
diabetic  2 ppd smoker suffers new 
onset crushing substernal chest 
pain and dyspnea 
 
Presents to Emergency Dept 
 
How will we evaluate? 

Presenter
Presentation Notes
Q: What is the question that must be answered before the patient can be discharged from the ED?  A: Are his acute symptoms from an acute myocardial infarction?
Q: On a scale from 1-5 with 5 being highest, what is your suspicion that this man is suffering an acute myocardial infarction?  A: Suspicion must be on the high end of the scale. This is a patient with multiple high risk factors and symptoms of acute MI
Q: How would this patient best be managed?  A: He would be a candidate for coronary angiography, which also provides access, should a treatable lesion be encountered. Patient should be transferred from ED to Cardiac cath lab. This takes into account his higher probability of a positive test. 







Presenter
Presentation Notes
While both SPECT myocardial perfusion scan and Coronary angiography have ACR Appropriateness scores of 8, only the invasive coronary angio provides the needed access for immediate therapy, should a treatable cause for the patient’s myocardial ischemia be found. It is the gold standard approach against which all other diagnostic tests are measured.



How else besides CXR, CTA, 
coronary cath can we investigate 
the heart? 

Presenter
Presentation Notes
Nuclear (and MR) studies can help with functional and or metabolic aspects of the heart. We can evaluate myocardial viability, we can determine if functional changes from ischemia are from reversible ischemia or from  irreversible infarction. 
Nuclear cardiac studies deliver radiation doses in the range of 10-25 mSv (these levels have low-moderate risk for cancer induction, and are among the highest doses delivered in medical imaging)



Stress 

Rest 

Patient A Patient C Patient B 

Presenter
Presentation Notes
Q: Which of these stress/rest myocardial perfusion pairs is normal, which shows ischemia, which shows infarct? A: A: infarct (inf, RCA), B; Normal, C: ischemia (inf-lat, prob Cx) that shows as defect on stress, but reverses in resting state.
Q: Do they know what agents we can use for these studies? A: Thallium, sestamibi and similar technetium agents
Q: How do we ‘stress’ patients? A: exercise – treadmill, pharmacological vasodilator agents.  Note, we do not use dobutamine
Q: Any special preparation for pharmacological stress tests? A: No caffeine or other theophyllines for 24 hours prior to the study.



Radiation Doses of Cardiac Nuclear 
Medicine & Cardiac CTA for 50 yo 
man 

Exam Average Dose (mSv) Added lifetime risk of fatal 
cancer from examination 

Cardiac CTA 16 .0809% (1 in 1236) 

Technecium Cardiac Stress 9.4 .0475% (1 in 2104)  

Thallium Cardiac Stress 40.7 .2058% (1 in 486) 

Whole body PET 14.1 .0713% (1 in 1403) 

CT chest/abdomen/pelvis 21 .106% (1 in 942) 

www.xrayrisk.com Accessed 11/28/2014  

Presenter
Presentation Notes
It is important to recognize that nuclear cardiac studies  deliver large radiation doses, similar to the large doses delivered with CT based examinations. Cardiac nuclear studies are second after CT in overall medical radiation dose delivered to patients. So remember, nuclear cardiac studies have among the highest radiation doses delivered in medical imaging.


http://www.xrayrisk.com/calculator/calculator-normal-studies.php?id=34



67 year old man with pulsating 
palpable abdominal mass 
 
How shall we evaluate this? 
 
What clinical questions influence 
our choice? 
 
 

Presenter
Presentation Notes
Q: What do you worry about in this setting?  A: AAA

Q: What studies are well suited to detect AAA?  A: US is good initial study. CT and CTA are effective choices, but deliver radiation and contrast, so we would want those to be justified by clinical setting.

Q: What clinical question influences our choice for imaging?  A: Is the patient symptomatic. (i.e., severe back pain, tachycardia, hypotension vs asymptomatic presentation of pulsatile mass)





Presenter
Presentation Notes
Q: How might body habitus or acoustic window limit the usefulness of US?  A: Gas in overlying bowel may obscure the aorta which lies more deep. Large patients may require low frequency transducers in order to penetrate tissues deeply enough with lower resolution.

Q: When is non-contrast CT preferred as the initial study and why?  A: Preferred in symptomatic patients and in patients who are not good candidates for US. CT does a better job of detecting leakage/rupture than US. CT also has a larger field of view and can tell you what is going on in the rest of the abdomen.  If there is clinical concern for rupture, you should proceed immediately to CT imaging. 




Patient B Patient A 

Presenter
Presentation Notes
Here are images from two new male outpatients (hemodynamically stable with normal vitals) who were long time smokers in the Vascular surgery clinic. 
Q: What projection are these taken in A: Longitudinal/sagittal
Q:  Which patient is abnormal (the 67 year old man with the pulsatile abdominal mass)?  A:  Patient A 
Q:  What is the finding in our Patient A?  A:  Large localized dilatation of distal abdominal aorta indicates AAA.
Q:  What is the finding in Patient B?  A:  Normal aortic morphology
Q:  Our patient A mentioned to the US tech during his scan that he is having new back pain. What should be done for him?  A: (next slide)




72 year old man with rapidly 
declining condition (hypotension, 
tachycardia, severe back pain) 
 
What imaging is needed? 
 
What treatments can be offered? 
 
How do we choose therapy? 

Presenter
Presentation Notes
In an acutely symptomatic patient, the ACR Appropriateness Criteria direct us to CTA.

Currently, Endovascular Aortic Repair (EVAR) and open surgery are the viable and effective treatment options, and EVAR is offered as first line treatment unless the AAA has features NOT favorable for EVAR, in which case open surgery is offered. In general, EVAR is effective and offers shorter hospitalization and easier recovery. 

Choice depends on extent (i.e., just AAA or thoracic aneurysm too) and morphology of the aneurysm and we consider “Can this AAA be treated by EVAR, or will surgery have to be done?” . Special attention is paid to the length and diameter of the infrarenal segment of aorta, and the condition of the iliac vessels (through which the EVAR catheters and stents must be deployed using a femoral artery approach). A nicely detailed summary discussion is included in the ACR Appropriateness Criteria on this topic.



Presenter
Presentation Notes
Q: How might body habitus or acoustic window limit the usefulness of US?  A: Gas in overlying bowel may obscure the aorta which lies more deep. Large patients may require low frequency transducers in order to penetrate tissues deeply enough with lower resolution.

Q: When is CT preferred as the initial study and why?  A: Preferred in symptomatic patients and in patients who are not good candidates for US. CT does a better job of detecting leakage/rupture than US. CT also has a larger field of view and can tell you what is going on in the rest of the abdomen.  If there is clinical concern for rupture, you should proceed immediately to CT imaging. 




Presenter
Presentation Notes
That 72 year old man who was changing before our eyes with severe back pain, hypotension, and new tachycardia in the Vascular surgery clinic was rushed to the ED, and this study was done immediately. 

Q:  What study is this?  A: CTA of abdominal aorta.
Q:  Why was this exam appropriate?  A:  Patient is having acute symptoms suggesting AAA rupture and CTA is appropriate (both for diagnosis and for choosing/planning intervention).
Q:  What are the findings?  A:  Indistinct psoas margins and extraluminal Iodinated contrast extends out along the posterolateral aspect of the aneurysm to the right, toward the large retroperitoneal hematoma. 
Q;  Why are psoas muscles indistinct.  A:  Extravasated blood infiltrates into the retroperitoneal tissues, including psoas muscles, and lumbar plexus, which is very painful.



Presenter
Presentation Notes
CTA has the highest appropriateness scores for planning, but other modalities may have a role. 




Presenter
Presentation Notes
Post EVAR (endovascular aortic repair) angiogram, with good position of stent. Abdominal radiograph shows how EVAR stents look (Patient also had coils deployed at inferior iliac arteries, if a student inquires)



Presenter
Presentation Notes
CTA follow up shows no endoleak and EVAR stent in position



AAA F/U after EVAR or open surgery 

Presenter
Presentation Notes
Patients treated for AAA require ongoing follow up surveillance for recurrence of aneurysm or stent complications (most importantly, endoleaks), which can mean yearly CTA, a considerable amount of radiation and contrast. Criteria for follow up studies nicely reviewed in ACR Appropriateness Criteria summary after tables.



68 year old retired man has calf 
pain after walking about one 
block 
 
What diagnoses would you 
consider? 
 
How might this be evaluated? 

Presenter
Presentation Notes
Calf pain with typical length of activity (i.e., one block) is typical for peripheral arterial occlusive, and the history is very suggestive. 

Clinical differential diagnosis of calf pain has several diseases that present differently form our patient and include: osteoarthritis, venous disease, neurospinal disease, compartment syndrome, popliteal entrapment, reflex sympathetic dystrophy, diabetic neuropathy, venous thrombosis, etc. History and physical are very important in sorting out PAOD (peripheral arterial occlusive disease).

Segmental Doppler pressures and pulse volume recordings  (aka) Ankle-Brachial Index (ABI) to start. If < or = 0.95, ABI is abnormal, and imaging then is indicated. MRA & CTA have largely supplanted catheter angiogram for initial diagnosis.



Presenter
Presentation Notes

Q: Compare and contrast the advantages and disadvantages of catheter angio vs  CTA.   A: CTA is non-invasive, but may have some limitation for small vessels below the knee if they are heavily calcified. (Clinically, this is not a problem for CTA since these smaller vessels are not targets for revascularization in claudication patients). 
CTA shows the entire vessel, lumen + wall (Catheter angiogram shows only the lumen). However, in patients with limb threatening ischemia, it may be necessary to image these vessels to plan intervention. Catheter angiography provides access when intervention is required.




Normal CTA 

Presenter
Presentation Notes
CTA  studies start as axial image sets that can be processed on workstations to produce reformats of several types as shown here. Portions of the femoral arteries are hidden behind bone in the lower femur on the color images.  At a work station you would be able to rotate the image 360 degrees and see the entire vessel.  These types of images are meant to viewed on a workstation and not as static images.  When occlusion occurs, the vessel is discontinuous and the abnormality is conspicuous.




End  
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