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Introduction to the 1st edition:


With the introduction of the new American Board of Radiology (ABR) Core Exam (a 13.5-hour, 2-day marathon) after the 3rd year of radiology residency, many residents are not receiving adequate interventional radiology (IR) exposure prior to the exam. The results of the recent Core Exam reflect this as IR again ranked lowest in mean national scores across all imaging modalities, similar to 2013. We decided that innovative teaching methods must be employed to improve our institution’s radiology resident’s performance on the IR section of the ABR initial certifying exam.


To that end, we have developed a weekly educational program that e-mails one or more IR questions to our radiology residents using a commercially available survey tool. These questions are written to help the resident understand an important concept in clinical interventional radiology. A few days after the question is sent out, the resident receives an e-mail with the answer/explanation in a PDF file. Radiology residents not affiliated with our institution can join the fun by contacting me at requarth@wakehealth.edu.


Our second educational tool is this self-assessment book, which is a compilation of the weekly e-mail questions. To date, we have written 57 weekly questions; thus, we have obviously added additional questions; nevertheless, this book is not a complete review of the field of interventional radiology. Hopefully, I will be able to fill in the omissions in coming editions. As the editor, I had to make the question and choose the most correct answer; thus, I am ultimately responsible for any mistakes in content, spelling, and grammar. Please feel free to e-mail me with any comments, corrections, and omissions; you may be able to help future generations of radiology residents.


Our third educational tool is the MyCareLibrary.com website. This free website has information about image-guided palliative care procedures for both physicians and patients. The website can be viewed as webpages or downloaded in a PDF format. Many of our questions use content, hyperlinks, and images/diagrams from this website. The MyCareLibrary.com website is written to fulfill the palliative medicine needs of interventional radiology. Any monies generated from this book will be used to fund the MyCareLibrary.com website.


Good luck with your exam; I hope this material helps.


Sincerely,


Jay A. Requarth, MD, FACS


Associate Professor


Vascular and Interventional Radiology


Wake Forest School of Medicine


Winston Salem, NC


Requarth@wakehealth.edu




ISBN: 978-1-4835487-1-5


   Terms of use:


This book is intended to provide general information about interventional radiology. Any information contained in this bookis not meant to replace the information contained on product labeling or sound medical judgment. If you are a patient, this text is not meant to be a substitute for the advice provided by your own health care provider. While the authors use reasonable efforts to include accurate and up-to-date information, the authors do not intend to provide specialist advice concerning the products, services, or other health care advice. The authors make no warranties or representations as to this book’s accuracy. The authors disclaim all liability and responsibility for any errors or omissions in the content in this book.


Your use of the bookis at your risk. The authors nor any other party involved in creating, producing, or developing this book will be liable for any direct, incidental, consequential, indirect, or punitive damages arising out of your access to, or use of, this book. WITHOUT LIMITING THE FOREGOING, EVERYTHING IN THIS BOOK IS PROVIDED TO YOU "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT. Please note that some jurisdictions may not allow the exclusion of implied warranties, so some of the above exclusions may not apply to you. Check your local laws for any restrictions or limitations regarding the exclusion of implied warranties.


Any communication or material you transmit to the authors by electronic mail or otherwise, including any non-personal data, questions, comments, suggestions, requests or the like is, and will be treated as, non-confidential and non-proprietary. Furthermore, the authors are free to use any ideas, concepts, know-how, or techniques contained in any communication you sendfor any purpose whatsoever, including but not limited to developing, manufacturing, and marketing products using such information.


Images, diagrams, products, people or places displayed in this book are either the property of Dr. Requarth, or used with MyCareLibrary.com ’spermission. The use of these images by you, or anyone else authorized by you, is prohibited. Any unauthorized use of the images may violate copyright laws, trademark laws, the laws of privacy and publicity, and communications regulations and statutes. To request the use ofphotos, drawings, designs, images, other printed materials for educational purposes, please contact Dr. Jay Requarth at requarth@wakehealth.edu for more information.


The trademarks, logos, and service marks (collectively the "Trademarks") displayed in this book are registered and unregistered Trademarks. Products depicted in this book may be protected and covered in one or more foreign and/or U.S. patents (collectively the “Patents”). Nothing contained in this book should be construed as granting, by implication, estoppel, or otherwise, any license or right to use any Patent-protected product or Trademark displayed in the bookwithout the advance written permission of Dr. Jay Requarth or such third party that may own the Trademarks displayed on the website. Your misuse of the Trademarks or Patent-protected products displayed in this book is strictly prohibited. Please be advised that the authors will aggressively enforce its intellectual property rights to the fullest extent of the law, including the seeking of criminal prosecution.


Any links or pointers to Internet websites maintained by third parties that are provided in this book are for convenience purposes only. The authors have not reviewed all of the third party sites linked to this website, and any information, products, services or claims on these third party sites are not operated or controlled in any respect by the authors. Such third party sites are provided "as is” and without warranties of any kind, either express or implied, and the linking to off-site pages or other sites are at your own risk.




Chapter 3: Veins


Section 3.1: No so basic venous anatomy


Question 3.1.1:


During an IVC filter placement, an IVC venogram is performed with the following findings. What is the most correct statement?


[image: image]


A. Normal IVC-gram. Deploy the IVC filter.


B. The patient has an azygous continuation of the IVC. Deploy the filter.


C. The patient has a large circum-aortic renal vein. Deploy the filter below the renal veins.


D. The patient will need 2 IVC filters.


E. The patient will need a bird’s nest IVC filter





3.1.1: The most correct answer is D: The patient will need 2 IVC filters.


This patient has a duplicated IVC and will need 2 IVC filters – both placed below the renal vein confluence. See the next diagram for an explanation of the anatomy.


[image: image]


A duplicated IVC may be seen in approximately 1% of the population with the renal veins draining into the ipsilateral IVC limb.


Some more bizarre veins you should know:


Venous collaterals in portal hypertension


[image: image]


Portal hypertension collaterals can also include retroperitoneal collaterals from the splenic hilum to the ipsilateral adrenal or renal veins.


Circum-aortic renal vein: Just that, at least 2 renal veins go round the aorta. Must place an IVC filter below the lowest.


Azygous Continuation:


[image: image]





Question 3.1.2:


A 54-year-old female presents with a significant left iliofemoral DVT. The referring physician wants to know why he keeps seeing LEFT leg DVT’s. What is the most correct statement?


A. Random chance.


B. Right leg DVTs occur in the southern hemisphere.


C. Left sided colon cancer is known to cause compression of the left sided pelvic veins


D. A design flaw in humans, we were supposed to be walking on all 4’s.


E. Paget-Schroetter disease.





3.1.2: The most correct (and religiously inappropriate) answer is D: A design flaw in humans, we were supposed to be walking on all 4’s.


This problem is called the May-Thurner syndrome and is caused by compression of the left common iliac vein by the aortic bifurcation. This patient’s venogram is given below. The venogram was performed in the supine position with the catheter tip in the left external iliac vein. Note the left-to-right collaterals in the pelvis indicating a hemodynamically significant narrowing.


[image: image]


Although, this compression can be caused by an extrinsic mass, it is usually caused by the right common iliac artery (May Thurner Syndrome). As we get older the aorta becomes less compliant and starts to dilate due to atherosclerosis; thus the extrinsic pressure on the left iliac vein increases over time. This design flaw explains why most DVTs occur in the left leg.


[image: image]


The above diagram is helpful, but you can recreate this any time with your fingers. Point the index and middle fingers of both hands toward the floor in an upside down “V”. Place your left hand (the make believe aorta) over your right hand (the make believe IVC) – and you will see the left index finger (right common iliac artery) compressing the right index finger (left common iliac vein). To get this correct, all you need to remember is that the artery is in front of the vein and causing the compression.


[image: image]


Angioplasty for the May-Thurner Syndrome never works because the problem is outside the vein. Primary placement of a large stent is necessary. The image above shows the left leg venogram after stent placement. Note the lack of collaterals indicating a widely patent left iliac vein.





Question 3.1.3:


An 18-year-old starting pitcher for the local semi-professional baseball team is seen in your clinic for a swollen pitching arm. Other than the swelling, he has no other symptoms. What is the most correct statement?


A. The arm is not swollen; rather, the arm is hypertrophied because of muscular development.


B. The patient has a DVT and will need 6 months of anticoagulation.


C. The patient has a DVT in the pitching arm caused by over-use and will have to give up baseball.


D. The patient has an effort thrombosis of the subclavian vein and will need a first rib resection. He will be able to return to baseball.


E. The patient has an effort thrombosis of the subclavian vein and will need catheter directed fibrinolytic therapy. No other treatment is necessary. He will be able to return to baseball.





3.1.3: The most correct answer is D: The patient has an effort thrombosis of the subclavian vein and will need a first rib resection. He will be able to return to baseball.


The Paget-Schroetter Syndrome is defined as effort thrombosis of the subclavian vein and is similar to the May-Thurner syndrome. The Paget-Schroetter Syndrome is caused by another design flaw: the subclavian vein pinch-off point between the first rib and clavicle. Often seen in young baseball pitchers and older hemodialysis patients as shown below. This is a type of the Thoracic outlet syndrome – just the venous component. A venogram with the arm in the neutral position (by the patient’s side) may not show any obstruction; however, when the arm is abducted, the obstruction becomes more apparent.


[image: image]


The previous digital subtraction venogram of the left upper extremity demonstrates an occlusion of the left subclavian vein at the pinch-off point. Multiple collaterals indicate a hemodynamically significant obstruction.


The next diagram is my interpretation of the anatomic issues. Note that the subclavian vein is in it’s own compartment isolated in front of the scalenous anterior muscle and pinched between the clavicle and first rib. As the baseball pitcher exercises his arm the scalenous anterior becomes larger. That, in addition to the trauma to the vein during the throwing motion causes the effort thrombosis.


[image: image]


It is important to treat this patient correctly – for both the patient and you. This pitcher may have a career worth tens of millions of dollars per year. A malpractice suit could be expensive. Treatment requires getting rid of the bone-bone vise. Since resecting the clavicle would destroy his pitching motion, the only logical treatment is first rib resection. The vein needs to be declotted with fibrinolytics, stented, or surgically replaced.


For the rest of us, the treatment is less draconian. Most of the time, long-term anticoagulation allows collaterals to develop so that the arm swelling resolves without first rib resection. Another technique is to place a graft to connect the subclavian vein to the internal jugular vein.


Why not just use angioplasty and/or a stent? Without removing the bone vise, angioplasty is not a long-term solution and the bone vise would just crush a stent.





Question 3.1.4:


42-year-old renal failure patient on maintenance hemodialysis through an internal jugular vein dialysis catheter presents for catheter malfunction. The venogram is performed during catheter exchange. Choose the correct responses.


[image: image]


A. The patient has a fibrin sheath around the tip of the catheter


B. The patient has an occluded SVC and an enlarged azygous vein.


C. The catheter was positioned in a left internal thoracic vein


D. The patient has an anomalous Type 4 pulmonary venous return


E. The patient has a Glenn shunt for hypoplastic right heart syndrome





3.1.4: The most correct answer is B. The image shows an enlarged azygous vein associated with SVC obstruction.


The catheter tip is in the azygous vein. No fibrin sheath is seen on this image.


The left internal thoracic vein should be to the left of the cardiac silhouette. Anomalous pulmonary venous return is from a pulmonary vein to the right heart. A Glenn’s shunt is a SVC-to-pulmonary artery shunt used in children with hypoplastic right-heart syndrome. The Blalock-Taussig shunt is a synthetic shunt from the subclavian artery-to-pulmonary artery for the same hypoplastic right-heart syndrome.





Question 3.1.5:


Same 42-year-old renal failure patient develops significant hematemesis during the hospitalization. Choose the correct responses.


See previous image:


A. The patient has hepatorenal syndrome and has developed liver failure. Death is likely.


B. The patient has cirrhosis possibly from hepatitis contracted from blood transfusions. TIPS can be considered.


C. BRTO is effective.


D. SVC reconstruction is curative.


E. The Sagura procedure is not an effective surgical option.





3.1.5: The correct response is D.


The image shows an enlarged azygous vein, which collateralizes with the esophageal venous system making esophageal varices. This is an example of downhill esophageal varices, which is a type of pre-sinusoidal portal hypertension. This patient does not have cirrhosis; rather, this patient has variceal bleeding from a dilated esophageal varix.


Hepatorenal syndrome is a patient with liver failure who subsequently develops renal failure just before death.


Balloon-occluded Retrograde Transvenous Obliteration (BRTO) is another treatment for sinusoidal portal hypertension – such as cirrhosis.


The Sagura procedure is a surgical devascularization of the esophageal veins using a circular stapling device. But again this procedure would be used in sinusoidal portal hypertension. Other mechanical techniques are esophageal balloon tamponade and esophageal stents.





Question 3.1.6:


A patient is referred for central venous access after coronary artery bypass grafting. Her right arm is not usable because of a known occlusion of the right subclavian vein. During her hospitalization she has had several unexplained transient ischemic attacks. After examining the image given below, choose the best single option.


[image: image]


A. PICCs are contraindicated in patients with current deep venous thromboses.


B. A PICC should not be placed in the left arm.


C. A PICC should be placed in the left arm with the tip of the catheter at the junction of the superior vena cava and right atrium.


D. A central venous catheter should be placed through a common femoral vein as there is no increase in the risk of infection over neck and arm central venous catheters.


E. A tunneled central venous catheter should be placed through the left internal jugular vein.





3.1.6: The most correct answer is B. The PICC should be cancelled and an ultrasound-guided peripheral IV should be placed in the right arm.


The Image shows an intubated patient, status post median sternotomy, with bilateral thoracostomy tubes and a Swan-Ganz catheter. The positioning of the Swan-Ganz catheter suggests a persistent left superior vena cava. In these patients, a left sided central venous catheter will pass through the coronary sinus before ending in the right atrium. Patients with this type of anatomy have a 10% chance of having an unroofed coronary sinus, which is usually associated with an atrial septal defect. Air bubbles injected through the central venous catheters can enter the left atrium directly and cause transient ischemic attacks. An unroofed coronary sinus must be suspected in this patient who has a history of unexplained transient ischemic attacks. Only right-sided IVs should be used in these patients.


Most patients with a persistent left SVC will have a covered coronary sinus. Assuming an intact atrial septum, central venous catheters can be used in patients with a persistent left superior vena cava just like any other patient.


[image: image]


PICCs are know to cause DVTs in the axillary, subclavian, and brachiocephalic veins, but a history of DVT is not a contraindication unless the DVT obstructs the vein through which the PICC must pass.


Although percutaneous closure of an atrial septal defect is possible using a percutaneous double clamshell device, it will not close the defect in the coronary sinus.


One may ask why this was not discovered at the time of CABG. The answer is that if cardiopulmonary bypass is used, the venous cannula is usually placed directly into the right atrium. The surgeon may notice that the (right) SVC is small, but most of the time the brachiocephalic vein is present. The persistent left SVC is difficult to see as it is located near the base of the heart behind the left atrium. However, the surgeon is in for a bloody surprise if a mitral valve repair is attempted. The flow through the coronary sinus will be massive and retrograde cardioplegia through the coronary sinus will be unsuccessful.


Groin central venous catheters have a higher rate of infection when compared to upper extremity or neck catheters.





Question 3.1.6:


Choose the symptom associated with this digital subtraction venogram – the answers reference the Brazil-Columbia World Cup match played in 2014.


[image: image]


A. Neymar’s back pain after being kneed in the back during the Brazil-Colombia World Cup match (he had a transverse process fracture).


B. Abdominal pain after drinking heavily because of Brazil's 7-1 loss to Germany.


C. Hematuria after trying to show some neighborhood children how great of a soccer player you used to be.


D. Abdominal pain after falling on a metal post while celebrating Germany's World Cup win.


E. Abdominal pain (and bleeding) after being knifed in the back for wearing a Germany football jersey to a Brazil World Cup party.





3.1.6: The most correct answer is C: Hematuria after trying to show some neighborhood children how great of a soccer player you used to be.


This image shows left renal vein compression, which is known as renal vein entrapment syndrome (AKA “nutcracker syndrome”). Retroperitoneal tissue and the superior mesenteric artery compress the left renal vein; over time, the left renal vein develops enlarged collaterals such as the gonadal and lumbar veins.


These patients typically present with hematuria and back pain after exertion. Interestingly, renal failure is not associated with this problem until renal vein thrombosis occurs. These patients are often referred by pediatric nephrology to rule out an AVM in a patient who has recurrent hematuria. This diagnosis should be considered in any young patient with recurrent hematuria along with renal stone disease, AVM’s, and autoimmune diseases.


The diagnosis is made during venography when the pressure gradient from the left renal vein to the IVC is determined to be 6 mmHg or greater; the risk of this procedure is minimal as it involves catheterization of the venous system. The diagnosis can be inferred if duplex ultrasound shows a critically elevated velocity.





Question 3.1.7:


A 13-year-old female with post-exercise hematuria is referred for renal angiography. What is the appropriate diagnostic test?


[image: image]


A. Angiography of the renal arteries.


B. Cystoscopy and retrograde ureterograms


C. Duplex ultrasound of the kidneys


D. Venography of the IVC and renal veins


E. Angiography of the internal iliac arteries





3.1.7: The correct response is D: Venography of the IVC and renal veins


These images depict the renal vein entrapment syndrome with large collateral veins in the pelvis. Her history is classic for renal vein entrapment syndrome; patients usually complain of hematuria after physical activity. The diagnostic pressure gradient is 6 mmHg; although, the normal gradient is less than 1 mmHg. Duplex ultrasound of the left renal vein could also be very suggestive, but the diagnosis requires demonstration of a pressure gradient.
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