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This book is dedicated to my wife, Kat Zagoria,
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and whose love and support have made me a better person.—RZ





Foreword

The series of textbooks encompassing The Requisites in Radiology series has flourished over the last 25 years due to the diligence and success of the authors in producing very high quality work. Genitourinary Imaging: The Requisites exemplifies this high standard and is now appearing in its third edition through leadership of Dr. Ronald Zagoria with co-authors Dr. Raymond Dyer and Dr. Christopher Brady.

With each new edition of the respective books in The Requisites in Radiology series, it is quite interesting to see and marvel at the magnitude of change in radiology practice that has occurred in the interval. This was certainly true from the first to the second editions of this book and is true again. Genitourinary radiology has continued to undergo substantial changes based on new technologies and new understanding of diseases and conditions of the genitourinary system. Ultrasound is even more established and is being used in new ways such as diagnosis of urinary tract stones. Dual energy computed tomography and multispectral computed tomography offer the ability to characterize calculi, aiding in diagnosis and also selection of appro­priate therapy. MRI diffusion imaging and related methods are establishing roles in prostate cancer. The excre­tory urogram or intravenous pyelogram is a historical curiosity.

One of the features of The Requisites series most appreciated in reader feedback is the use of tables and boxes to restate and summarize essential information in concise form. This reinforces the narrative discussion, and the liberal use of this approach again is an important feature of this book. In particular, important differential diagnoses and summaries of key findings in important diseases and conditions are included in summary form in each chapter.

Because radiology is fundamentally a visual specialty, the quality of illustrative material is also ex­­tremely important and is another particular strength of Genitourinary Imaging: The Requisites. Each chapter is richly illustrated with up-to-date material, further highlighted by classic illustrations where appropriate.

The Requisites books have become old friends to a generation of radiologists. The intent of the series was to provide the resident or fellow with a text that might be reasonably read within several days at the beginning of each subspecialty rotation and perhaps reread several times during subsequent rotations or board preparation. The series is intended not to be exhaustive but to provide basic conceptual, factual, and interpretive material required for clinical practice. Each book is written by a nationally recognized authority in the respective subspecialty areas, and each author is challenged to present material in the context of today's practice of radiology rather than grafting information about new imaging modalities onto old, out-of-date material.

Dr. Zagoria, Dr. Dyer, and Dr. Brady have done an outstanding job in sustaining the philosophy of The Requisites in Radiology series and have produced another truly contemporary text for genitourinary imaging. I believe that Genitourinary Imaging: The Requisites will continue to serve residents in radiology as a concise and useful introduction to the subject and will also serve as a very manageable text for review by fellows and practicing radiologists. Congratulations to Dr. Zagoria, Dr. Dyer, and Dr. Brady on another outstanding contribution to the radiology book shelf.

James H. Thrall MD     Radiologist-in-Chief Emeritus Massachusetts General Hospital Distinguished Juan M. Taveras Professor of Radiology Harvard Medical School Boston, Massachusetts






Preface to the Second Edition



Books are for use, not for show; you should own no book that you are afraid to mark up, or afraid to place on the table, wide open …

William Lyon Phelps

Professor at Yale University, 1901-1933

The first edition of the textbook Genitourinary Radiology: The Requisites was published in 1997. When Glenn Tung and I wrote the first edition, we had no idea that it would be published at the beginning of a period of rapid change in the field of genitourinary radiology. In the first edition there is only a brief mention of using computed tomography (CT) for the detection of urinary tract stone disease, and little information on magnetic resonance (MR) of the urinary tract. Since that time, genitourinary radiology has ridden the wave of rapid advances in computer-based imaging technology. Helical CT has given way to multislice CT, with more rows of detectors being added continually. This has led to the development of new paradigms for genitourinary disease evaluation and improved diagnosis of pathology. Also, MR technology has rapidly progressed. The biggest advance has been development of rapid 3-D acquisitions, allowing radiologists to detect and characterize smaller renal lesions than with older techniques.

The second edition of Genitourinary Radiology: The Requisites includes much new information. While the diseases are the same, and there has been little change in treatment techniques, the imaging evaluation of the genitourinary system has changed substantially. The second edition of this textbook has greatly increased coverage of CT stone studies, now a commonly used technique. Also, CT urography is rapidly replacing other techniques—intravenous urography, sonography, and abdominal radiography—in the evaluation of pa­­tients with hematuria. While still evolving, this technique is described in detail in this second edition. Other applications of CT, specifically 3-D reconstructions for treatment planning and diagnosis and advanced adrenal CT techniques, have been added to the textbook. The descriptions of CT angiography and MR angiography have been updated and expanded, as have their roles in vascular imaging of the genitourinary system. Also, in the second edition of this textbook I have maintained and expanded sections on interventional genitourinary radiology, the female genital tract, and the male genital tract. This gives the reader the opportunity to review the entire spectrum of genitourinary radiology with this one textbook. In fact, the revised section on genitourinary interventional radiology includes a description of percutaneous image-guided ablation of malignant renal tumors. This area was completely nonexistent when the first textbook was written. This field could rapidly expand as early results with this technique appear to be very promising. With the proven accuracy of radiologists for identifying small renal cell carcinomas, image-guided treatment seems to be a natural evolutionary step. I hope that this information will spur others to advance this exciting new field. The second edition of this textbook has been substantially updated and now better reflects imaging of the genitourinary tract in the 21st century.

In authoring the second edition I have maintained the trademark style of The Requisites series. I have likened this style as analogous to the USA Today of textbooks; easily readable text that is factually concentrated. This includes numerous figures, tables, and highlighted lists of key concepts in each chapter. I wanted this textbook to be used rather than left on a bookshelf unread.

I am hopeful that the second edition of Genitourinary Radiology: The Requisites will be widely read by radiologists and others interested in genitourinary radiology. The intent of this textbook is to allow the reader to review and become educated in the key principles of genitourinary tract radiology, both diagnostic and interventional. The second edition of this textbook reflects current state-of-the-art techniques in this field.

Open this textbook regularly, mark it up, and feel free to leave it wide open on a table!

Ronald J. Zagoria MD
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Optimal radiologic investigation of the genitourinary system requires a combination of diverse but complementary examinations that evaluate form and function. This chapter presents an overview of diagnostic tests that are commonly used to evaluate genitourinary disease. First, the pharmacology of iodinated contrast media is reviewed. Adverse effects and an approach to the management of common adverse reactions are also discussed. The chapter then turns to the individual radiologic methodologies and examines the general indications for the tests and guidelines for interpretation. The following sections review the cross-sectional imaging methods—ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI)—as well as angiography and nuclear medicine. Recommended methods for performing these examinations are presented in a series of appendices.


Radiographic Contrast Media

Radiographic contrast media (RCM) were developed to increase differences in the attenuation (absorption) of radiation by soft tissues. As a result, all commercially available radiographic contrast agents are triiodinated derivatives of benzoic acid. The other chemical constituents of the contrast molecule carry the iodine so that it can be delivered in large volumes, in high concentrations, and with as little toxicity as possible. Some older contrast materials are ionic, which means that these agents dissociate into cations and anions in water. The osmolality of a solution is a measure of the number of dissolved particles in each liter of solution. Some of the adverse effects of RCM are related to hyperosmolality, which may be up to six times that of plasma. The density of RCM is related to the number of iodine atoms per milliliter of solution and directly correlates with x-ray attenuation. RCM can be subdivided into three classes, which are based on a ratio between the number of iodine atoms in the molecule and the number of osmotically active particles produced by that molecule in a solution (Table 1-1 and Fig. 1-1). At present, ratio 1.5 (high-osmolar contrast media, HOCM), ratio 3 (low-osmolar contrast media, LOCM), and ratio 6 (iso-isomolar, nonionic dimer, IOCM) agents are in active use.


TABLE 1-1

Classification of Radiographic Contrast Media



	Ionicity
	Monomer or Dimer
	Ratio*

	Relative Osmolality†,‡

	Examples




	Ionic
	Monomer
	1.5
	~5
	Diatrizoate



	
	
	
	Iodamide



	
	
	
	Ioglicate



	
	
	
	Iothalamate



	
	
	
	Ioxithalamate



	
	
	
	Metrizoate



	Ionic
	Dimer
	3
	~2
	Ioxaglate



	Nonionic
	3
	1.5-1.8
	Iohexol



	
	
	
	Iopamidol



	
	
	
	Iopentol



	
	
	
	Iopromide



	
	
	
	Ioversol



	
	
	
	Ioxilan



	Nonionic
	Dimer
	6
	1
	Iodixonal



	
	
	
	Iotrol






[image: image]


*Ratio between the number of iodine atoms per molecule and the number of osmotically active particles produced by that molecule in solution.


†Relative osmolality expressed as a multiple of serum osmolality, 278-305 mOsm/kg serum water.


‡Data from product package inserts, product brochures, or technical information services.





[image: image]
FIGURE 1-1 Radiographic contrast media (RCM). All RCMs are based on a 2-, 4-, 6-substituted triiodobenzoic acid molecule. High-osmolar contrast media (ratio 1.5) are ionic monomers. Low-osmolar contrast media are either ionic dimers (ratio 3), nonionic monomers (ratio 3), or nonionic dimers (ratio 6). (R, hydrophilic, nonionizing side-chains; X, ionic moiety: –COO− and either a sodium or methylglucamine cation).





All ionic contrast media are salts of iodinated, organic molecules that dissociate completely in blood. Thus these molecules consist of a positively charged cation and a negatively charged anion. The diagnostically useful contrast molecule itself is the organic anion, which consists of an iodine-substituted benzene ring, with sodium or meglumine serving as the cation. The cation provides no radiographically significant information but contributes half of the osmotic effect of the medium. Diatrizoate and its derivatives are ionic monomeric salts of triiodinated, fully substituted benzoic acids. As ratio 1.5 agents, ionic monomeric salts are also referred to as HOCM because, for every three iodine atoms in solution, there are two osmotically active particles in the solution. The ionic dimeric salts are ratio 3 contrast agents, consisting of an anionic moiety with two triiodinated benzene rings. Ioxaglate is an example of a monoacidic dimeric salt that is intended for intravascular use but not for myelography.

The nonionic compounds were developed to reduce the osmolality of contrast agents while preserving excellent image contrast. The addition of a nonionizing glucose moiety to the carboxyl group transforms the iodinated benzoic acid derivative into a nonionic compound. The nonionic monomer class of RCM consists of ratio 3 agents because, for every three iodine atoms, there is only one particle in solution. Iopamidol and iohexol are two examples of second-generation nonionic monomers. These agents, along with the ionic dimer class of contrast medium, are referred to as LOCM because the osmolality of these compounds is about two times that of serum osmolality. The third class of RCM is made up of nonionic dimers that do not dissociate in solution. Iotrol and iodixanol provide six iodine atoms for every osmotically active molecule. These ratio 6 agents have the lowest osmolalities but also the greatest viscosity of all RCM because of the large molecular size.


Pharmacokinetics

All RCM are hydrophilic and have low lipid solubility. Having little affinity for proteins and membrane-bound receptors, RCM also are nearly inert having minimal pharmacologic action. After intravenous administration, the decline in the plasma concentration of contrast material results from diffusion into the extra­vascular space, vascular mixing, and renal excretion. The kidneys normally excrete more than 99% of the intravenous dose of contrast media. Less than 1% is excreted through nonrenal routes, including the hepatobiliary system, sweat, tears, and saliva. All of the currently available contrast media are excreted through the kidney by glomerular filtration with no significant tubular excretion or resorption. HOCM causes significant osmotic diuresis, which secondarily decreases the tubular concentration of contrast medium. By comparison, LOCM and IOCM cause less osmotic diuresis, and as a result, the concentration of ratio 3 and 6 contrast media in the urine is significantly higher.




Contrast Nephropathy

Contrast-associated nephropathy (CN) is defined as an acute impairment of renal function after exposure to a RCM. Although there are various specific definitions, a common definition of renal impairment is a rise in the serum creatinine level of at least 1.0 mg/dL within 2 to 5 days of exposure to RCM. Creatinine levels usually return to normal by 7 to 12 days. Contrast nephropathy is typically reversible, but rare cases of permanent nephrotoxicity, which is more common when renal failure is oliguric, have necessitated dialysis or transplantation. A delayed, persistent nephrogram at 24 hours has been observed in the majority of patients with CN, but this finding is not specific for CN. Various mechanisms have been suggested to explain the adverse effect of contrast media on renal function. Some putative mechanisms include prerenal effects from dehy­dration or hypotension; direct effects on intrarenal hemodynamics; direct nephrotoxic effect on tubular cells; intratubular obstruction from proteinuria and uricosuria; and indirect nephrotoxic effects from an altered immunologic response.

The most important risk factor for the development of CN is pre-existing renal insufficiency, practically defined as a serum creatinine level greater than 1.5 mg/dL or estimated glomerular filtration rate (GFR) less than 45. Unsuspected azotemia caused by hypertensive nephropathy or vascular disease is especially prevalent in the elderly patient group. Pre-exposure dehydration, whether inadvertent or intentional, may exacerbate nephrotoxicity, particularly in patients with azotemia. Patients with insulin-dependent diabetes mellitus and secondary renal disease are at a particularly high risk for development of CN; the frequency of CN is 50% to 100% when serum creatinine is more than 3.5 mg/dL in these patients. However, patients with diabetes mellitus or multiple myeloma and normal renal function do not appear to be at an increased risk. Repeated administration of contrast material over a short period (within 24 hours) increases the risk of developing CN. In general, a total iodine dose of 80 g in a 24-hour period is safe. With a total iodine dose of more than 100 g in a 24-hour period, the patient is at increased risk of renal failure.

Compared with ionic counterparts, nonionic monomers cause fewer changes in the GFR and less tubular damage. However, some studies of patients with normal or slightly decreased renal function report no statistical difference in the prevalence of contrast-induced nephrotoxicity between patients receiving ionic compounds and those receiving nonionic compounds. Other studies suggest that patients who have pre-existing renal insufficiency, defined as serum creatinine levels between 1.4 and 2.4 mg/dL, may be at higher risk for nephrotoxicity with HOCM than with LOCM. In 1993, Barrett and Carlisle concluded from a meta-analysis of 24 trials that the use of LOCM may be beneficial in patients with pre-existing renal failure because the mean postexposure change in the serum creatinine level was 0.2 to 6.2 µmol/L less with LOCM than with HOCM.

The prevention of CN first involves determining whether the requested examination is appropriate for the given clinical question. Directing the work up away from an examination requiring contrast material administration is appropriate when the potential risks of adverse reaction might be serious or life threatening. Careful screening of patients for well-defined high-risk factors, known renal disease, advanced age, treatment with nephrotoxic drugs, renal insufficiency, and diabetes mellitus is mandatory. If any of these high-risk factors is present, an assessment of renal function is prudent. In patients with none of these risk factors, the likelihood of suffering permanent renal damage from CN is so remote that routine measurement of renal function is unnecessary. Preparation protocols that involve intentional dehydration or catharsis should be avoided. If multiple examinations requiring contrast material are indicated, they should be performed over an extended period—for example, longer than 72 hours.




Adverse Reactions

As with other drugs, RCMs are associated with untoward reactions attributable to their physicochemical structure, direct toxic effects on sensitive organs, and allergylike reactions (anaphylactoid, idiosyncratic, or pseudoallergic). These adverse side effects occur after administration of 5% to 8% of all intravenous injections with ionic HOCM and in 1% to 3% of injections with nonionic or LOCM. Fortunately, most of these adverse reactions are minor in severity; they include sensations of body warmth, pruritus, urticaria, nausea, and vomiting.

A practical way to classify untoward reactions to RCM is to group them by nature and clinical severity.


• Mild contrast reactions include pruritus, hives, nausea, warmth, altered gustatory sensations, swelling of the face, conjunctival injection, and vomiting. In the majority of patients, no treatment beyond reassurance is necessary. However, like all untoward effects, these mild reactions require close observation because they rarely do progress or are prodromal to more serious reactions.

• About 1% to 2% of patients receiving conventional HOCM have a non-life-threatening, moderate reaction. Examples of these types of reactions include bradycardia or tachycardia (especially when associated with acute changes in blood pressure), dys­pnea, laryngospasm, and bronchospasm. Patients with moderate reactions require close monitoring and often require treatment.

• Any reaction may be classified as severe when it is potentially life threatening. Often, the patient loses consciousness or has clinically significant dysrhythmia. Patients with severe reactions not only must be treated promptly, but almost always require hospitalization for optimal treatment. Severe, life-threatening reactions occur after 0.05% to 0.10% of injections with HOCM. Reported fatalities at­­tributable to reactions caused by contrast media are estimated to occur in one of every 75,000 administrations.



Most adverse effects are evident immediately after injection, and all life-threatening reactions occur within 15 minutes after injection. Rarely, delayed reactions can occur 24 to 48 hours after exposure. However, these delayed reactions are almost exclusively mild in character and include rash or pruritus and pain near the injection site. There is an increased risk of a delayed reaction to RCM injection in patients who have received interleukin-2 therapy. Iodine mumps refers to delayed parotid swelling caused by trace levels of free iodide in contrast media. Specific management of the more commonly encountered mild and moderate adverse reactions is outlined in Tables 1-2 and 1-3.


TABLE 1-2

Management of Common Adverse Reactions to Radiographic Contrast Media



	Adverse Reaction
	First Line
	Second Line
	Third Line




	Urticaria (hives)
	Reassurance
	Diphenhydramine
	Epinephrine intramuscularly or subcutaneously



	Vagal reaction
	Elevate legs; consider volume expansion*

	Atropine sulfate
	—



	Laryngeal edema
	Oxygen
	Epinephrine intramuscularly or subcutaneously
	Intubation



	Bronchospasm
	Oxygen
	Inhaled beta2-agonist†

	Epinephrine intramuscularly or subcutaneously‡




	Hypotension and tachycardia
	Elevate legs; consider volume expansion*

	Epinephrine intravenously
	—
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*Volume expansion with 0.9% saline or lactated Ringer solution.


†Inhaled beta2-agonists, such as metaproterenol, albuterol, or nebulized terbutaline.


‡Alternatives to subcutaneous epinephrine in the management of bronchospasm include aminophylline drip or terbutaline (subcutaneous or intramuscular).






TABLE 1-3

Drugs Used in the Management of Common Adverse Reactions



	Drug
	Trade Name
	Dose
	Route of Administration




	Albuterol
	Proventil, Ventolin
	—
	Inhaled



	Aminophylline drip
	—
	6 mg/kg loading dose; 0.5-1.0 mg/kg/h intravenous drip
	Intravenous



	Atropine sulfate
	—
	1-mg doses to a total of 2 mg
	Intravenous



	Diphenhydramine
	Benadryl
	25-50 mg
	Oral/intramuscular/intravenous



	Epinephrine
	—
	1 : 10,000 dilution; 3-mL doses to a total of 10 mL
	Intravenous



	Epinephrine
	—
	1 : 1000 dilution; 0.3-mL dose to a total of 1 mL
	Intramuscular or subcutaneous



	Metaproterenol
	Alupent, Metaprel
	—
	Inhaled



	Terbutaline
	—
	0.25-0.5 mg
	Subcutaneous/intramuscular
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The frequency and severity of reactions to contrast material may be influenced by the type, dose, route, and rate of delivery. Experimental and clinical data suggest that LOCM produces fewer chemotoxic adverse side effects compared with HOCM. The prevalence of anaphylactoid reactions may also be lower. Multicenter surveillance studies have estimated that the relative risk of any adverse reaction is reduced by a factor of 3 to 8, and the risk of severe reaction is reduced by a factor of 4 to 12 when LOCM are used. The prevalence of most reactions is greater with the intravenous route than with the intra-arterial route. Exposure of mast cell–rich pulmonary capillary beds to relatively higher concentrations of contrast may explain this observation. However, the prevalence of severe reactions is greater after intra-arterial injections. Bolus intravenous injection produces fewer reactions compared with drip infusion.

If the use of nonionic or other LOCM is selective, the prevention of adverse reactions to HOCM depends on identifying those patients at higher risk for these reactions. In these patients, the selective use of LOCM or medical pretreatment, or both is logical and advised. For patients with a history of allergy or asthma, the relative increased risk of any adverse reaction is about two times that for the general population. In any patient who is debilitated or has a history of severe cardiopulmonary disease, the effects of even a moderate reaction may be poorly tolerated. For patients who have a history that includes an adverse reaction after RCM exposure, the re-reaction prevalence is 17% to 35%, or three to eight times the risk for the general population.

Several studies have concluded that medical pretreatment can reduce the prevalence of adverse side effects in high-risk patients to that observed in the general population. Most of these premedication regimens include a corticosteroid administered alone or together with either an H1- or an H2-antihistamine. Steroids exert a salutary effect through stabilization of membranes and therefore may impede release of critical mediators of anaphylactoid reactions. In a group of patients with a history of adverse reaction to RCM, Lasser and associates concluded that pretreatment with an oral regimen of methyl-prednisolone 32 mg, taken 12 and 2 hours before the intravenous administration of HOCM, decreased the occurrence of all classes of reactions. Other studies delivering a three-dose oral regimen of prednisone 50 mg, taken every 6 hours beginning at least 13 hours before exposure to HOCM, and diphenhydramine 50 mg, administered orally or intramuscularly 1 hour before exposure to HOCM, have also demonstrated reduced reaction prevalence (Box 1-1).


Box 1-1

Pretreatment Protocol for Intravascular Administration of Iodinated Contrast in Patients Who Have Had a Previous Major Reaction


1. Prednisone 50 mg per os or intravenously; 13 hours, 7 hours, and 1 hour before contrast material injection.

2. Diphenhydramine 50 mg per os or intravenously; 30-60 minutes before contrast material injection.











Radiologic Examinations


Computed Tomography Urography

CT urography (CTU) is the most accurate and comprehensive urinary tract imaging evaluation. It allows detailed images to be obtained of the vasculature, renal parenchyma, and the urothelium along the entire length of the urinary tract. The advent of multidetector CT made CTU possible. There is no significant motion artifact, studies can be completed during a single breath hold, and low dose multiphase imaging can be obtained to cover the entire urinary tract. Indications for CTU are broad, but the main indication is usually hematuria. Other common indications include screening for urinary tract neoplasms in patients with a history of cancer, or for surveillance following cancer treatment, evaluation of congenital urinary tract anomalies, evaluation of ureteral obstruction, evaluation before or after urinary tract surgery, and for patients with suspected urinary tract injuries. CTU allows optimal stone detection, excellent renal mass detection and characterization, diagnosis and staging examination for renal tumors, vascular anatomy assessment, and evaluation of the urothelium with a single examination.


Computed Tomography Urography Technique

There are three essential phases in a CT urogram. These three phases are a noncontrast CT, a nephrogram phase CT, and an excretory phase CT (Fig. 1-2). Each of these phases is important for a comprehensive study of the urinary tract. Noncontrast CT is used to detect stones, calcifications in renal masses, to get baseline measurements to determine mass enhancement, and for detection of small amounts of fat in a renal mass. The CT nephrogram phase is essential for the detection of renal and urothelial masses (Fig. 1-3), mass characterization including enhancement measurement, and determination of the Bosniak classification for cystic renal masses. The excretory phase study is important to detect abnormalities of papillary necrosis (Fig. 1-4), and for filling defects (Fig. 1-5) and wall thickening in the urothelium. In order to obtain these three essential elements of a CTU, there are various approaches, but two main approaches have evolved and are used for most CTUs. A three scan CTU encompasses three separate scans through the entire urinary tract (Appendix A): one scan during the noncontrast phase, one scan during the nephrogram phase, and the final scan during the excretory phase. The two scan technique, also known as a split bolus CTU, includes a precontrast CT of the urinary tract followed by a second scan which combines both the nephrogram phase and the excretory phase. For both protocols all scans should be obtained using 2.5 mm (or thinner) collimation. Multiplanar reconstructions should be obtained using the thinnest reconstructions available for high-resolution reformations.
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FIGURE 1-2 Computed tomography urogram (CTU) images show the three phases of a CTU. A, Noncontrast shows a cystic mass in the left renal sinus. B, Nephrogram phase is shown and is best for diagnosing renal tumors and urothelial tumors. C, Image shows the excretory phase and demonstrares that the cystic mass is a renal sinus cyst. Excretory phase is best for diagnosis of papillary necrosis and other abnormalities of the pyeloureteral lumen.
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FIGURE 1-3 Computed tomography urogram (CTU) images show advantage of the nephrogram phase. A, Scan through the kidneys during the cortico-medullary phase and no renal mass is detectable. B, During the nephrogram phase a 1.5 cm mass (arrow) is readily visible in the right kidney. This was biopsied before ablation and proven to be a renal cell carcinoma. C, In another patient, scan through the mid ureters (arrows) shows a thickened and avidly enhancing area in the right ureter that was biopsied and proven to be a urothelial carcinoma. The nephrogram phase is optimal for renal parenchymal mass and malignant urothelial mass detection.
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FIGURE 1-4 Excretory phase shows a ball-on-tee outpouching filled with excreted contrast material; a finding diagnostic of papillary necrosis. This finding is only detectable with computed tomography urogram (CTU) during the excretory phase.
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FIGURE 1-5 Excretory phase image from a computed tomography urogram (CTU) shows a conspicuous polypoid filling defect in the right renal pelvis. This was proven to be urothelial carcinoma.





For the three scan CTU, a precontrast CT of the abdomen and pelvis from just above the kidneys to just below the bladder base is performed. This is followed by nephrogram phase scans. The nephrogram phase scan is obtained following power injection of at least 125 mL of contrast material at a rate of 4 mL/second. The scan delay is optimally between 85 and 120 seconds after the beginning of contrast injection. Excretory phase CT scans should be obtained 10 to 15 minutes following the initiation of intravenous contrast material injection. Furosemide (Lasix) has been shown to substantially improve urinary tract distention during this phase and therefore 10 mg of furosemide may be injected intravenously 3 to 5 minutes before the excretory phase scans. Low-dose CT can be utilized during the noncontrast phase and excretory phase scans to reduce radiation dose for this CTU protocol. Abnormalities detected during these phases tend to be high contrast abnormalities that can be readily detected even with low-dose CT technique.

The technique for split bolus CTU is significantly different. Initially a noncontrast CT of the entire urinary tract is obtained using thin collimation as described above. After the scan 10 mg of furosemide is injected intravenously. Immediately following this injection 50 mL of intravenous contrast material is injected. Following a 6-minute delay, a second bolus of 100 mL of contrast material is injected at a rate of 4 mL/second. The entire urinary tract is scanned using a 100 second delay. The second scan in this protocol will yield combined nephrogram and excretory phase images.

There are significant benefits of utilizing the three scan CTU protocol. It is very important to detect lesions that show urothelial enhancement. These may be impossible to detect using the split bolus technique. The detection of urothelial tumors is greatly improved when enhancement within the lesions can be visualized. This may be obscured on the combined excretory and nephrogram phase split bolus scans. For the detection of urothelial carcinomas, a challenge for radiologists, it has been shown that there is a higher sensitivity using the nephrogram phase than the excretory phase. A radiologist is more likely to miss flat bladder (Fig. 1-6), and pelvocalyceal cancers utilizing the split bolus technique than with the three scan CTU protocol. The authors of this chapter recommend utilizing the three scan protocol for most patients, and limiting use of the split bolus technique to those patients who have very low risk of urothelial carcinoma, predominately for very young patients, such as kidney transplant donor candidates.
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FIGURE 1-6 Flat bladder tumor best seen during the nephrogram phase. A, During the nephrogram phase a flat area of increased enhancement is seen in the posterior bladder wall. This was biopsy proven to be urothelial carcinoma. B, During the nephrogram phase this mass is not detectable.









Computed Tomography Urography Interpretation

The precontrast CT images should be evaluated for the presence of urinary tract calculi, fat containing renal masses, and to determine baseline measurements of any masses detected on later scans. Nephrogram phase scans should be evaluated in great detail to detect renal parenchymal tumors and enhancing urothelial lesions. A substantial number of renal masses will go undetected during earlier corticomedullary phase scans. The nephrogram phase, 85 to 120 seconds following the initiation of contrast material injection, is the optimal phase for detecting renal tumors. It is also crucial to carefully evaluate the entire length of the urothelium, including the ureters and bladder, during the nephrogram phase. Urothelial carcinomas are best, and sometimes only, detected during this phase of the CTU. Urothelial carcinomas almost always enhance very avidly and therefore are usually readily detectable during this phase. Most urothelial carcinomas will appear as focal areas of enhancement during this phase. Other causes of increased enhancement include inflammation and infection. In most of these benign situations the enhancement covers a long segment of the urothelium without enhancing focal masses. Excretory phase images should be evaluated carefully for intraluminal filling defects and for changes of papillary necrosis. Images in this phase of scanning should be evaluated with various window and level settings. Standard soft tissue setting should be used to evaluate for wall thickening, and bone window and level settings can be utilized to detect intraluminal filling defects that may be obscured by the excreted contrast material.

CTU is a very sensitive test for the detection of urothelial carcinomas, but it is not highly specific for smaller masses. Approximately 80% of urothelial masses larger than 5 mm in diameter are malignant. This percentage is increased to 92% if urine cytology is suspicious or positive for urothelial carcinoma. Approximately 50% of cases of urothelial thickening represent carcinoma. This percentage is increased to 90% if there is positive or suspicious urine cytology in the patient. Alternatively, masses smaller than 5 mm are not usually malignant. These abnormalities typically represent inflammatory lesions or imaging artifacts. When only small masses are detected, imaging follow up or ureteroscopy is advisable before initiation of treatment. As urothelial carcinomas are often multifocal, once a mass is detected, careful scrutiny of the remainder of the urothelium is advised. While cystoscopy is often performed in patients with hematuria, careful evaluation of the bladder during the nephrogram phase is recommended. The detection of bladder carcinomas with CTU is nearly as accurate as cystoscopy.

In summary, CTU is the best imaging test for hematuria evaluation and as a comprehensive evaluation of the urinary tract. Key components of performance and interpretation for CTUs have been described. The three scan CTU is preferable in most instances since there is improved sensitivity for detection of urothelial carcinomas. A nephrogram phase scan at approximately 100 seconds following the injection of contrast material should be utilized to optimize detection of renal parenchymal tumors and urothelial masses. Thoroughly evaluate the entirety of the urinary track during the nephrogram phase to detect small enhancing masses. Cancers will be best, or perhaps only, detected during the nephrogram phase. Furosemide should be used whenever possible to improve ureteral distention during the excretory phase scans. Excretory phase scans should be viewed with various window and level settings to detect wall thickening, changes of papillary necrosis, and inflammatory filling defects.




Intravenous Urography

Intravenous urography (IVU), once the test of choice as a screening examination of the upper and lower urinary tracts, is rarely used today, having been superseded by CTU, MRI, and ultrasound examinations. This test is primarily used to investigate a suspected or known congenital anomaly of the urinary tract, or a limited IVU for suspected ureteral obstruction during pregnancy when other tests are unavailable or inconclusive.

Because the appearance of contrast medium in the renal tubules depends on glomerular filtration, renal visualization may be suboptimal in patients with moderate and severe renal failure. In general, urography is unlikely to be useful in patients with serum creatinine levels above 3.5 to 4.0 mg/dL. In addition, the risk of contrast nephropathy is increased with serum creatinine levels above 1.5 mg/dL.


Normal Intravenous Urogram

A careful evaluation of the preliminary or scout film is mandatory. This preliminary film is not only important for the subsequent interpretation of the IVU, but it may provide important ancillary information about the axial skeleton, abnormal calcifications, visceral enlargement, soft tissue masses, and bowel gas pattern (i.e., “bones, stones, mass, gas”). Renal shadows and the pubic symphysis must be included on the preliminary film.

At 60 to 90 seconds after the bolus administration of contrast medium, a cortical nephrogram can be seen. The nephrogram represents contrast material within the tubules and depends on the plasma concentration of contrast and the GFR. The peak nephrogram density after bolus administration of contrast occurs earlier and is somewhat greater, but it decreases more rapidly than when contrast medium is given by intravenous drip infusion. The lower limit of normal renal length can be approximated by the distance between the superior endplate of L1 and the inferior endplate of L3. Renal length should not exceed the span of the first four lumbar vertebrae. Peak opacification of the intrarenal collecting system and renal pelvis occurs approximately 5 minutes after contrast material administration (Fig. 1-7). Ureteral filling with contrast begins at about this time, and peak opacification occurs 5 to 10 minutes after intravenous contrast material is given. As contrast medium slowly appears in the bladder, it preferentially collects against the dependent posterior wall in the patient positioned supine. In the patient positioned prone, contrast is seen along the anterior bladder wall, which is in a relatively more cephalad position than the posterior wall. The mucosal pattern of the bladder is best assessed on the film after voiding because dense contrast in the filled bladder may obscure a lesion (Fig. 1-8). Furthermore, a radiograph obtained after voiding that shows complete emptying suggests normal bladder function. The converse is not true, however, because a moderate amount of residual urine may be explained by causes other than dysfunctional micturition.
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FIGURE 1-7 The normal ureter on intravenous urogram. Anteroposterior (A) and oblique (B) 15-minute urograms demonstrate the normal morphology of the collecting system. The abdominal part of the ureter begins at the renal pelvis. In general, a ureter that is medial to the ipsilateral lumbar pedicle is abnormally deviated medially, and a ureter that lies more than 1 cm lateral to the tip of the ipsilateral lumbar transverse process is deviated laterally. The abdominal ureters should be separated by 5 cm or more. The pelvic part of the ureter begins where it crosses the iliac vessels at the pelvic brim (arrow). The level of the ureterovesical junction is approximated by the ipsilateral ischial spine. Normal areas of ureteral narrowing are expected at the ureteropelvic junction, at the pelvic brim, and at the ureterovesical junction.
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FIGURE 1-8 Urograms and cystograms of the normal bladder. A, Supine anteroposterior urogram demonstrates the normal bladder wall. B, The postvoid film shows the normal mucosal pattern of the empty bladder. C, On the cystogram, the anterior and posterior margins of the bladder overlap. The walls of the bladder are smooth. D, On this oblique cystogram with a Foley catheter at the bladder neck, the superior surface and apex or anterior part of the bladder are more cephalad than the base and neck or posterior part of the bladder. a, Anterior; p, posterior.











Cystography and Urethrography

Retrograde cystography is the radiologic evaluation of the bladder after instillation of contrast material by catheter, either transurethral or suprapubic, or by needle puncture. Voiding cystourethrography (VCUG) is contrast radiography of the urinary bladder and urethra during spontaneous micturition (Appendix B). Dynamic retrograde urethrography is radiography of the urethra while it is being distended by instillation of contrast through a catheter (Appendix C).

The main indications for cystography are the evaluation of acquired disorders of micturition, vesicoureteral reflux, and traumatic injury of the bladder. Injury to the bladder should be suspected in a patient with difficulty voiding, pelvic fracture, gross hematuria after trauma, or iatrogenic injury during surgery or instrumentation. Radiologic evaluation of the bladder frequently is performed before renal transplantation and in patients with spinal cord injury. Cystography has been used to distinguish a mechanical obstructive cause of micturition dysfunction from a neurogenic cause. VCUG in children is used to determine whether vesicoureteral reflux or a congenital anomaly of the urinary tract is responsible for urinary tract infection or collecting-system dilatation. In adults, reflux should be suspected in the patient with an upper urinary tract infection when no other cause is plausible or when reflux nephropathy is noted on urograms. In women, cystourethrography frequently is used to evaluate stress incontinence or suspected urethral diverticulum. In men, benign prostatic hyperplasia and urethral stricture are common reasons why cystourethrography is performed.

In boys or men, the main indication for dynamic retrograde urethrography is suspected injury or stricture of the anterior urethra. If no trauma to the urethra is documented by urethrography, the catheter can be advanced safely into the bladder. As necessary, cystography may follow. Urethrography with a double-balloon catheter is performed in women primarily when a urethral diverticulum is suspected but cannot be confirmed by VCUG or MRI.


Normal Cystogram and Urethrogram

The wall of the distended bladder is smooth and thin. In men, the height (vertical dimension) of the bladder may be greater than the width (horizontal dimension); the opposite is often true in women. The base of the bladder is normally at or just below the level of the superior pubic ramus. The base is slightly convex in the supine position, but it is funnel-shaped when the patient voids in an upright position.

The male urethra consists of the anterior and posterior segments (Fig. 1-9). The posterior urethra is divided into the prostatic and membranous parts and extends from the internal sphincter (at the bladder neck) to the external sphincter (at the urogenital diaphragm). The prostatic part is normally wide and passes through the transitional zone of the prostate gland. The verumontanum (urethral crest) is an elongated, oval filling defect on the posterior wall of the prostatic urethra; the prostatic urethra ends at the distal end of the verumontanum. The external sphincter is distal to the verumontanum and creates a narrowing on the retrograde urethrogram; this is the membranous part of the posterior urethra. The anterior urethra is divided into the bulbar and penile parts. The bulbous part of the anterior urethra extends from the external sphincter to the penoscrotal junction, where the penile urethra is angled by the suspensory ligament of the penis. Cowper glands are embedded in the muscle of the urogenital diaphragm, and its ducts enter the floor of the bulbar urethra. The penile or pendulous urethra is the most distal part of the anterior urethra and ends at the external meatus. Just proximal to the external meatus, there may be a slight widening of the penile urethra, the fossa navicularis.
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FIGURE 1-9 Left posterior oblique voiding cystourethrogram demonstrates the normal appearance of the male urethra. The veru-montanum (open arrow) is a mound of tissue that causes a focal filling defect along the posterior wall of the prostatic urethra. The focal narrowing (small arrow) distal to the prostatic urethra is caused by the external urethral sphincter and denotes the membranous part of the posterior urethra. Another normal narrowing (curved arrow) can be seen at the penoscrotal angle. The anterior urethra consists of the bulbous (b) and the penile or pendulous (small double arrows) urethra.





The female urethra is approximately 4 cm in length and extends from the internal urethral orifice (at the bladder neck) to the external orifice (anterior in the vagina). The urethra is widest at the bladder neck and tapers distally; it has an oblique anterior course (Fig. 1-10).
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FIGURE 1-10 Voiding cystourethrogram shows the normal urethra in a woman. The urethra is 4 cm in length and tapers distally; its length corresponds to the male posterior urethra. The base and neck of the bladder assume a funnel shape during micturition.





Further discussion of the anatomy of the male urethra and other examples of normal radiographic examinations of the bladder and urethra can be found in Chapter 6.







Retrograde Pyelography

Retrograde pyelography (RP) is radiography of the ureter and renal collecting system after direct injection of contrast material into the ureter. The technique usually requires cystoscopy. A 4- to 7-F ureteral catheter with a round, bulb, or spiral tip is used to cannulate and obstruct the ureteral orifice. Many of the current catheters have open ends that allow passage of a guidewire for further endourologic manipulation. Contrast medium is instilled slowly by syringe or by gravity flow. Alternatively, a flexible catheter can be passed over a guidewire into the upper ureter or renal pelvis, and contrast is instilled through the catheter.

RP is not an adequate screening examination of the urinary tract because the renal parenchyma is not directly opacified. For this reason, and because it is an invasive procedure, RP is usually performed after preliminary urography, sonography, MRI, or CT, which may suggest the presence of a filling defect, mass, or obstruction of the collecting system. Indications for RP include evaluation of the ureter when not adequately visualized by other methods, evaluation of a filling defect in the renal pelvis or ureter, and evaluation of the collecting system in patients with hematuria when no clear cause is found after other imaging investigation. RP is also performed as a preliminary examination before selective collection of urine from each kidney or before ureteral brushing and biopsy in suspected urothelial malignancy.


Interpretation

For a study result to be considered normal, the entirety of the ureters and collecting system must be demonstrated. If present, the entire length of a ureteral filling defect should be shown. The calyces are blunted frequently on retrograde pyelograms because contrast material is injected under positive pressure. Backflow occurs when there is rupture at the calyceal fornices or retrograde opacification of the collecting ducts (pyelotubular backflow). With pyelosinus back-flow, there is opacification of renal sinus tissues around the calyces, renal pelvis, or proximal ureter after forniceal rupture (Fig. 1-11). The arcuate veins, distal collecting tubules, and hilar lymphatic vessels are opacified with pyelovenous, pyelotubular, and pyelolymphatic backflow, respectively.
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FIGURE 1-11 Pyelosinus backflow. A retrograde pyelogram demonstrates the normal course and contour of the right ureter; blunting of the calyces can be normal. Streaks of contrast material extend from an upper and a lower pole calyx (arrows). Pyelosinus backflow results from microtears of the calyceal fornix caused by the positive pressure of the retrograde injection.








Complications

The most commonly reported complication of RP is perforation of the ureter or renal pelvis. Spasm or edema of the ureter may cause transient obstruction. Contrast medium can be absorbed during RP, and moderate or severe reactions may occur, although they are rare. Sepsis may complicate an injection of contrast material proximal to a site of pelvoureteral obstruction.







Urodynamic Antegrade Pyelography

Dilatation of the collecting system does not always result from mechanical obstruction. Residual ectasia from previous obstruction, vesicoureteral reflux, congenital malformation, or high urine-flow states are common disorders that can cause dilatation of the collecting system in the absence of obstruction. Evaluation of a dilated collecting system with a renal scan or by measuring contrast material excretion rates after antegrade or RP may not be optimal in patients with poor renal function, a markedly dilated or tortuous ureter, or a urinary bladder diversion. For patients in whom it is unclear whether collecting system dilatation is associated with a pressure gradient between the upper collecting system and bladder, urodynamic antegrade pyelography (ureteral perfusion test or Whitaker pressure/flow examination) is indicated. This study quantifies resistance within the collecting system by measuring the pressure gradient between the kidney and bladder at known rates of flow.


Technique

Urodynamic antegrade pyelography is an invasive examination, requiring antegrade pyelography. VCUG is performed first to exclude vesicoureteral reflux. The vesicle catheter is left in place, and the patient is turned to a prone position on the fluoroscopy table. Standard needle puncture of the kidney is performed with a 20- to 22-gauge needle. The antegrade needle and the vesicle catheter are attached to separate manometers, which are positioned at the level of the urinary bladder. The opening or resting pressure of the kidney is recorded. An antegrade pyelogram is performed. Next, dilute iodinated contrast medium is instilled through the antegrade pyelography needle, and an infusion pump is used to regulate the flow. Perfusion of the collecting system at a rate of 10 mL/minute is continued until the entire pyeloureteral system is opacified, usually after approximately 5 minutes. At this time, the infusion pump is stopped, and the pressure within the collecting system and urinary bladder is measured and recorded (Fig. 1-12).

[image: image]
FIGURE 1-12 Distal ureteral stricture demonstrated by urodynamic antegrade pyelography. A 22-year-old woman with recurrent urinary tract infections was referred for a Whitaker test because minimal dilatation of the right ureter was seen on an intravenous urogram. A, The opening pressure was 10 cm H2O, and the antegrade pyelogram shows multiple ureteral narrowings that were attributed to peristalsis. B, At a perfusion rate of 10 mL/minute, the differential pressure increased to 32 cm H2O (normal < 13 cm H2O). Pyelogram demonstrates ureteropelvocaliectasis caused by a focal stricture of the distal ureter (arrow).








Interpretation

With chronic hydronephrosis, elevated intrarenal pressure gradually decreases as renal function decreases and as the compliance of the dilated collecting system increases. The opening pressure of the renal collecting system may be normal or only slightly elevated, particularly in the setting of chronic obstruction. For this reason, the opening intrarenal pressure is significant only when it is substantially elevated (i.e., >50 cm H2O). A more meaningful assessment of pyeloureteral resistance is the differential pressure (DP) between the bladder and the kidney. As the bladder fills, intravesical and renal pelvis pressures increase, but the DP decreases. At a perfusion rate of 10 mL/minute, the normal DP is less than 13 cm H2O. Mild, moderate, or severe mechanical obstruction is suggested by a DP of 14 to 20, 21 to 34, or greater than 34 cm H2O, respectively. When the DP is in the high normal or low abnormal range, the infusion rate can be increased from 10 mL/minute to 15 mL/minute or even 20 mL/minute. At these higher rates of flow, the normal range of values for the DP increases. At an infusion rate of 15 mL/minute in a patient with an empty bladder, the normal upper-limit value for the DP is 18 cm H2O, and at 20 mL/minute it is 21 cm H2O.







Ileostoureterography (Ileal Loopogram)

IVU, CTU, radionuclide studies, and sonography are used commonly to evaluate patients with a cutaneous ureteroileostomy. The urogram can be used to evaluate the collecting system and ileal loop, and in the majority of patients it provides the necessary anatomic and functional information. Radionuclide imaging can be used to quantify upper urinary tract function and provides some anatomic information. Sonography is used to evaluate the size of the intrarenal collecting system, particularly in patients with poor renal function or contraindications to urography, but it is not well suited to evaluate the ureters. For rapid, complete opacification of the conduit, ureters, and pelvocalyceal system; or if poor renal function precludes optimal anatomic evaluation of the collecting system by CT or IVU; or if there is a contraindication to performing urography, a retrograde contrast examination of the ileal loop and renal collecting system (ileostoureterogram or ileal loopogram) may be performed (Appendix D).

Ileostoureterography is usually performed to evaluate the urothelium for neoplasms, to detect ureteral obstruction, or to delineate the site of obstruction if the patient has progressive hydronephrosis and the cause is not apparent after IVU or radionuclide renography. Causes of mechanical obstruction include urolithiasis, ureteroileal anastomotic strictures, midloop stenosis, and stomal stenosis. Although CTU is usually diagnostic in patients with ureteroileal leak, an ileal loopogram can also confirm this diagnosis.



Interpretation

The ileal conduit should be evaluated for size and shape. The ileal conduit is usually constructed in the right lower quadrant and is 12 to 15 cm in length. It is important to evaluate for segmental narrowings attributable to loop ischemia. These stenoses may cause obstruction.

Free reflux of contrast material through the ureteroileal anastomoses permits evaluation of the collecting system of the upper urinary tract. However, in approximately 10% of patients, reflux of contrast material is not possible and the antegrade flow of urine through the ureteroileal anastomosis is normal. The course and contour of the ureters must be evaluated. The left ureter may opacify later than the right ureter because the left ureter is tunneled beneath the mesentery. Mild dilatation of the ureter and blunting of the calyces is normal because contrast material is instilled under positive pressure (Fig. 1-13). Any filling defect or stenosis should be filmed in multiple projections.
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FIGURE 1-13 Radiography of the ileal loop conduit. A, Retrograde ileostoureterogram (ileal loopogram) shows a nonobstructed collecting system. Distention of the collecting system can be a normal finding on retrograde urograms. B, On a magnified, coned view, the left ureter (arrow) crosses the midline to reach the ileal conduit in the right lower quadrant. C, Compare the appearance of the collecting system on this intravenous urogram with its appearance on the ileal loopogram.








Complications

Because the vigorous instillation of contrast medium can result in bacteremia, preprocedure medication with antibiotics is recommended. A rare complication of loopography is the development of autonomic dysreflexia in patients with spinal cord injuries. This complication is thought to result from overdistension of the ileal loop and may result in severe hypertension.







Hysterosalpingography

Hysterosalpingography is a radiographic method of examining the endometrial cavity and the lumen of the fallopian tubes after instillation of contrast material into the cervical canal (Appendix E). The main indication for hysterosalpingography is the evaluation of patients with primary or secondary infertility. Patients who have had tubal reconstructive surgery may undergo hysterosalpingography to evaluate tubal patency and morphology and to assess the development of paratubal adhesions. Hysterosalpingography is also performed in patients with known or suspected müllerian anomalies, which may manifest as infertility, multiple miscarriages, premature labor, or fetal malpresentation. Hysterosalpingography may also be used to determine the location of a uterine leiomyoma relative to the endometrial cavity. Three contraindications to hysterosalpingography are pregnancy, acute pelvic infection, and active menstruation.


Normal Hysterosalpingogram

The opacified endometrial and endocervical cavities have the shape of a triangle with an elongated apex. The base of the triangle is the fundus; with anteflexion of the uterus, a common position when the bladder is empty, the fundus may be located inferior to the lower corpus and cervix. The elongated apex of the triangle is the endocervical cavity, which has a jagged contour because of the cervical mucosa (Fig. 1-14). The shape and size of the endometrial cavity should be assessed, and any displacement of the cavity or filling defects within it should be reported.
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FIGURE 1-14 Catheter hysterosalpingograms demonstrate the normal uterus and fallopian tube. A, The normal endometrial and endocervical cavities of an anteflexed uterus are shown. The tip of the catheter is in the endocervical canal, which has a feathery contour. B, The interstitial part of the right fallopian tube (long arrow) is contained in the myometrium. The gracile part of the tube, the isthmus (open arrow), inserts at the uterine cornua. The tube flares laterally, forming the ampulla (curved arrow) and the infundibulum. The infundibulum opens into the peritoneal cavity at the fimbriated end of the tube. C, Contrast material is seen in the pelvic peritoneal space around the left and right tubes (arrows); this spill of contrast medium indicates that the fallopian tubes are patent.





The fallopian (uterine) tubes insert at the cornua of the uterus. From medial to lateral, there are four named parts of each fallopian tube: interstitial (intramural), isthmus, ampullary, and infundibulum (see Fig. 1-14B). The patency, size, and shape of the fallopian tubes should be evaluated. The examination is concluded when contrast material can be seen around loops of small bowel or if tubal occlusion is demonstrated. When there is tubal obstruction, the site of the blockage should be reported. It is also important to report if there is pooling of contrast material in the peritoneal cavity around the patent fallopian tube, which suggests adhesions.




Complications

Complications of hysterosalpingography include pain and infection. Pelvic pain, similar to menstrual cramps and typically mild or moderate, may begin during the procedure and continue for as long as several hours afterward. As many as 80% of patients may experience varying degrees of pelvic pain, which is not related to the type of contrast material administered. Fever, which complicates hysterosalpingography in 0.3% to 3% of patients, may be the harbinger of infection and requires prompt evaluation. Patients with tubal obstruction and hydrosalpinx or those with a history of pelvic inflammatory disease appear to be at higher risk for the development of infection after hysterosalpingography; such an infection is most often the result of retrograde introduction of cervical flora.










Ultrasonography


Kidneys and Upper Urinary Tract

Renal and upper urinary tract sonography is a commonly performed examination because it is accurate and safe and because it does not require exposure to ionizing radiation or radiographic contrast material, nor is normal renal function necessary for image production. With modern instrumentation, bedside imaging and imaging-directed procedures can be performed on even the most seriously ill patients. Several of the more common indications for urinary tract sonography include:


1. Evaluation of collecting system obstruction

2. Evaluation of suspected or known nephrolithiasis

3. Evaluation of renal cystic disease

4. Detection of a renal, adrenal, or perinephric mass lesion

5. Characterization of a renal mass lesion as solid, or cystic

6. Guidance for aspiration or biopsy of a renal or adrenal mass.




Normal Anatomy

Renal parenchyma is anatomically and functionally divided into the peripheral cortex and central medulla. Normal invaginations of cortical tissue, called columns of Bertin, separate adjacent medullary pyramids. On sonograms, normal renal cortex is hypoechoic compared with liver parenchyma. The renal pyramids, which represent that portion of the renal medulla cupped by the calyces, are hypoechoic compared with adjacent renal cortex (Fig. 1-15). This sonographic corticomedullary differentiation or definition is accentuated in children aged up to 6 months, in whom the pyramids may appear echo-free. The relative size ratio of cortex to medulla is 1.6 : 1 in children, but 2.6 : 1 in adults. The arcuate arteries mark the true corticomedullary junction and can be seen as punctate, echogenic foci in approximately 25% of patients.
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FIGURE 1-15 Sonography of the normal kidney. Sagittal (A) and transverse (B) images of the right kidney demonstrate normal corticomedullary differentiation. The real sinus (S), liver parenchyma (L), renal cortex (C), and renal medulla (arrow) are seen, in decreasing order of echogenicity. C, The renal resistive index (RI) is determined from Doppler waveform analysis of the arcuate artery. The normal value for the RI (peak systolic frequency shift-end diastolic frequency shift ÷ peak systolic frequency shift) is less than 0.70, and in this patient the RI is 0.60.





The renal sinus contains the calyces, infundibula, a portion of the renal pelvis, fibrous tissue, fat, vessels, and lymphatics. On sonograms, the renal sinus typically appears as a central hyperechoic area, largely because of its fat content (see Fig. 1-15). It contrasts with the hypoechoic renal pyramids that border the sinus. It is important to note the gradation of tissue echogenicity on an ultrasound examination. The normal order of tissue echogenicity from greatest to least in the adult is: renal sinus, pancreas, liver and spleen, renal cortex, and renal medulla.

The determination of renal size with ultrasonography is more accurate than with standard radiography because the kidney is imaged without magnification or contrast-induced osmotic diuresis. The normal superomedial inclination or tilt of the kidney may create some factitious shortening on sonograms. As a result, renal size is approximately 15% smaller than that measured on a radiograph. Renal length decreases with age, although the volume of the renal sinus increases somewhat in the elderly. For a 30- to 50-year-old individual, the upper tenth percentile of renal length is 10 cm for the right kidney and 10.3 cm for the left kidney. For people aged 60 to 69 years, the upper tenth percentile of right renal length is 9.6 cm, and for those aged 70 to 79 years this value is 9.2 cm; for the left kidney, 0.3 cm is added to the tenth percentile value of the right kidney. The range of normal renal size at sonography is 9 cm to 13 cm.





Transabdominal and Endovaginal Sonography of the Female Pelvis

Transabdominal and endocavitary ultrasonography can be used to produce high-resolution images of the lower urinary tract and pelvis. Particularly in female patients of childbearing age, it is the test of first choice for the evaluation of acute or chronic pelvic pain. Pelvic sonography can also be used to evaluate most pelvic masses, although large masses (i.e., those > 8 to 10 cm) are more effectively characterized with CT or MRI. Ultrasonography is also the test of choice in evaluating the patient with a suspected intrauterine or extrauterine gestation.

Transabdominal (transvesical) sonography is performed using the full urinary bladder as an acoustic window to deeper pelvic structures. In most patients, transabdominal sonography is performed with a 3.5-MHz transducer, in some patients a 5.0-MHz or even a 7.5-MHz transducer may be used to optimize imaging of the near field. In the majority of situations, endovaginal sonography supplements the transabdominal study (Appendix F). It is used to clarify ambiguities discovered on the transabdominal examination of the pelvis and is unnecessary if the transabdominal examination is technically satisfactory. Because its field of view is limited, endovaginal sonography is unsatisfactory for the evaluation of a large pelvic mass and can be misleading if performed without the orientation provided by a transabdominal study.


Normal Anatomy

The uterine wall consists of an external serosa (perimetrium), a middle muscularis (myometrium), and an internal mucosa (endometrium). The perimetrium is not normally visible on ultrasound examination, although subserosal veins may be seen as a normal variant. By sonography, the myometrium has two, and sometimes three, distinct layers. The inner myometrium (subendometrial halo) appears as a thin hypoechoic area surrounding the echogenic endometrium (Fig. 1-16). The outer myometrium is relatively hyperechoic compared with the inner myometrium and may have a bilaminar appearance.

[image: image]
FIGURE 1-16 Endovaginal sonograms of the normal uterus. A, Sagittal sonogram shows the central endometrial echo (between electronic markers), which measures 3 mm. The hypoechoic inner myometrium (arrow) is seen and can be differentiated from the middle and outer myometrium (asterisk). B, On hormone replacement therapy, the endometrial echo may be thicker, as demonstrated in this patient. Measurement of the endometrial thickness should be performed in the sagittal plane and should include the endometrial layers anterior and posterior to the endometrial canal (outer-to-outer measurement). The hypoechoic inner layer of the myometrium should not be included in this measurement. C, Endovaginal sonogram of another patient shows the triple line sign (between arrows); the hypoechoic functional zone (asterisk) is between the inner echogenic stripe and the hyperechoic basal endometrial layer. This appearance can be seen during the late proliferative phase of the menstrual cycle.





The endometrium appears as a central echogenic zone that varies during the menstrual cycle. In the early proliferative phase, the endometrium appears as a single, echogenic line (see Fig. 1-16). In the midfollicular phase, three longitudinal lines can be seen in the center of the uterus; these characterize the proliferative endometrium. The outer lines represent the echo-interface between the myometrium and endometrium, and the central line is the uterine canal. The hypoechoic region between these linear borders represents the functional endometrial layer, which thickens as endometrial development progresses in the late proliferative phase (see Fig. 1-16). Within 48 hours of ovulation, this hypoechoic layer gradually becomes more hyperechoic, and the triple-line sign disappears, signaling the onset of the secretory endometrium. The distance between the outer lines of the endometrial echo complex can be measured (outer-to-outer border), and cycle-specific normal limits have been established for each phase: menstrual, 2 to 3 mm; early proliferative, 5 ± 1 mm; periovulatory, 10 ± 1 mm; and late secretory, up to 16 mm.

On a sagittal image through its long axis, the maximal length of the uterus is measured from the top of the uterine fundus to the external cervical os. The uterine height is measured perpendicular to the length measurement on the same sagittal image (Fig. 1-17). The width of the uterus is measured in a transverse plane orthogonal to the sagittal plane in which the height was measured. For the nulliparous woman, the normal upper limits of uterine dimensions are: length, 9 cm; height, 4 cm; and width, 5 cm. Parity will increase the normal dimensions of the uterus.
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FIGURE 1-17 Transabdominal sonograms of the normal uterus and ovary. A, The length and height (anteroposterior) of the uterus should be measured on a sagittal sonogram in which the maximal length of the central endometrial echo complex is seen. The width of the uterus is measured on the orthogonal transverse sonogram. The vagina (arrow) curves inferiorly. B, In a similar manner, the dimensions of the ovaries are measured. The length of the ovary is the maximal dimension in a parasagittal plane, and the height is measured perpendicular to the length on the same image. C, The width of the ovary is measured perpendicular to the height in the orthogonal transverse plane. The volume of the ovary can be estimated using the formula for a prolate ellipse; volume equals the product of length, height, width, and 0.52.





The adnexa consist of the ovaries, uterine tubes, ligaments, and vessels. In nulliparous women, the ovaries are situated in the ovarian fossa. The ovarian (Waldeyer) fossa is bounded by the internal iliac artery posteriorly, the external iliac vein superiorly, and the obliterated umbilical artery anteriorly. However, in parous patients or in those with a pelvic mass, the ovary is often displaced from the ovarian fossa. The ovaries are hypoechoic ellipsoid structures and have a thin hyperechoic rim. Cohen and associates, using the formula for a prolate ellipse (Volume (ml) = length × height × width × 0.52) report a mean ovarian volume of 9.8 cm3 (95% confidence value, 21.9 cm3) in adult menstruating women (Figs. 1-17B and C). The mean for postmenopausal women was 5.8 cm3 (95% confidence value, 14.1 cm3). The ovaries are distinctive because of the presence of developing follicles in the cortex. Graafian follicles become visible as fluid accumulates in the antrum of the follicle. With endovaginal sonography, follicles can be seen when they reach 1 to 2 mm in diameter. Nondominant follicles are usually less than 14 mm in diameter, and dominant follicles reach a maximum diameter of approximately 20 to 25 mm (Figs. 1-17 and 1-18).
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FIGURE 1-18 Endovaginal sonogram of a normal ovary in a 19-year-old woman. The cortex of the ovary contains several follicles and corpora lutea. The medulla contains loose connective tissue and numerous blood vessels.





The interstitial part of the fallopian tube is occasionally seen on an endovaginal sonogram as a thin echogenic line extending to the wall of the uterus from the endometrium. However, unless dilated or surrounded by pelvic ascites, the isthmus and ampulla of the fallopian tube are not seen routinely. Similarly, the suspensory ligament of the ovary and the broad ligament are usually not visualized with sonography unless there is free intraperitoneal fluid.







Bladder

Some of the more common indications for ultrasonography of the bladder include:


1. Determination of the existence and rate of urine flow through the vesicoureteral junction in patients with dilated ureters (Fig. 1-19)
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FIGURE 1-19 Color Doppler sonogram of a ureteral jet. A, A transverse sonogram of the bladder demonstrates a stream of color from the right ureterovesical junction (arrow) as a result of the normal flow of urine. B, An echogenic calculus is lodged in the left ureterovesical junction (open arrow), and no jet is seen.





2. Determination of prevoid and postvoid bladder volume

3. Detection of bladder stone or bladder wall mass

4. Detection and quantification of bladder wall thickening

5. Direction for bladder aspiration or cystostomy.




Normal Anatomy

The normal distended bladder is an anechoic structure that occupies the midline of the true pelvis. It is triangular in the sagittal plane and oval in the transaxial plane. Normally, the wall of the bladder is uniform and 3 to 4 mm in thickness. The capacity of the bladder can also be estimated with the formula of the prolate ellipse.







Transrectal Sonography of the Prostate

Transrectal sonography of the prostate is used as an adjunct to the digital rectal examination to quantify prostate volume, assess a palpable nodule, guide prostate biopsy, and evaluate the infertile patient (Appendix G). Less commonly, it is used to investigate perirectal masses or collections, particularly when biopsy is contemplated.


Normal Anatomy

The normal prostate gland is a triangular ellipse that is surrounded by a thin capsule. The glandular tissue or parenchyma of the prostate is composed of the peripheral zone, central zone, and transitional zone (Fig. 1-20). The parenchyma is bounded anteriorly by fibromuscular stroma. The prostatic “capsule” is seen as a bright echogenic structure posteriorly and laterally, but it is thin or absent at the apex of the gland. The normal prostate measures approximately 4 cm in length (cephalocaudal), 4 cm in transverse diameter, and 3 cm in height (anteroposterior); the normal volume ranges from 20 to 25 mL, and the normal weight is approximately 20 g.
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FIGURE 1-20 Transrectal sonograms of the normal prostate, seminal vesicles, and vas deferens. A, The size of the prostate gland is normal. The echogenicity of the peripheral zone (pz) is slightly greater than that of the transitional zone (tz). B, A transverse image cephalic to the prostate demonstrates normal hypoechoic seminal vesicle (curved arrow) and ampullary part of the deferent duct (open arrow). The vas deferens and duct of the seminal vesicle join to form the ejaculatory duct. (asterisk, bladder lumen.)





Seminal vesicles are cephalad to the prostate gland and posterior to the bladder. The paired structures are imaged in long axis on transverse images and cross-sectional on sagittal images. The seminal vesicles are well-defined, saccular structures that are most often symmetric in size and shape. The normal seminal vesicle measures 3 ± 0.5 cm in length and 1.5 ± 0.4 cm in width. Seminal vesicles are usually hypoechoic and contain scattered fine internal echoes. The vasa deferentia are located medially to the seminal vesicles and just cephalad to the prostate gland (Fig. 1-20B). The dilated terminus of the vas deferens is called the ampulla. On the transaxial plane, the paired vasa deferentia appear as a pair of oval, convoluted tubular structures and are isoechoic to the seminal vesicles. The confluence of the seminal vesicle and ampullary portion of the vas deferens form the ejaculatory duct. The neurovascular bundle consists of paired cords of nerves and vessels that extend along the posterolateral margins of the prostate. The neurovascular bundles, which are frequently identified on sonograms, are important routes for extraprostatic spread of cancer. The periprostatic venous plexus is seen anteriorly and can be prominent. Vessels can be identified entering the gland laterally—most often near the apex, where they can simulate a hypoechoic tumor.




Scrotum

Ultrasonography of the scrotum is used to evaluate a palpable mass or scrotal enlargement because it can accurately distinguish an intratesticular lesion from one that originates from extratesticular tissues (Appendix H). This distinction is important because the majority of lesions that originate in an extratesticular location are benign (e.g., hydrocele, varicocele, epididymitis), unlike testicular neoplasm, the most common intratesticular mass. The integrity of the traumatized testis can also be evaluated quickly with sonography. Duplex sonography of the acute scrotum can be used to distinguish testicular torsion from epididymoorchitis. Finally, ultrasonography has been used to identify the undescended inguinal testicle but is less accurate than CT, MRI, and testicular phlebography for locating the abdominal testis. Other indications for scrotal sonography include the evaluation of male infertility, the follow-up evaluation of sexual precocity, and the evaluation of occult primary tumors in patients with metastatic disease.




Normal Anatomy

The normal testis is an ovoid structure, measuring 3.5 cm in length and 2.5 to 3 cm in width and height (anteroposterior diameter). The echogenicity of the two testes should be similar and should consist of uniform, medium-level echoes. The mediastinum represents an invagination of the tunica albuginea along the posterior aspect of the testis and appears as an echogenic line parallel to the epididymis (Fig. 1-21). Septations within the testis may be visualized as linear echogenic or hypoechoic structures and may divide the testicle into lobules.
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FIGURE 1-21 Sonograms of the normal testicle and epididymis. A, This sagittal sonogram demonstrates normal echogenicity of the testicular parenchyma and the linear, hyperechoic mediastinum (open arrow). Also note the normal thickness and echogenicity of the scrotal wall (between small arrows). B, The globus major or head of the epididymis (arrow) is seen cephalad to the upper pole of the testis (T).





Of the normal extratesticular structures, the epididymis is most commonly identified with sonography. The epididymal head (globus major) is the largest component. It measures 5 to 15 mm in diameter and is found lateral and superior to the upper pole of the testicle. The head of the epididymis is usually slightly more echogenic than the body and tail and isoechoic to testicular parenchyma (Fig. 1-21B). The body and tail (globus minor) extend inferiorly along the posterior margin of the testicle and appear as a thin cord approximately 1 to 3 mm in thickness on sonograms. Color Doppler sonography shows no detectable flow in the normal epididymis. On occasion, small protuberances from the head of the epididymis and superior aspect of the testicle can be identified; these protuberances represent the appendices of epididymis and testicle, respectively.

The scrotum is composed of several layers that are derived from the skin, abdominal wall muscles, and peritoneum. Sonographically, the scrotal wall is 5 to 7-mm thick and is hyperechoic compared with the testicle (Fig. 1-21A). The tunica vaginalis is derived from peritoneum and applies the testicle to the posterior scrotal wall. Bursa-like, the tunica vaginalis envelops the testicle and normally contains 1 to 2 mL of fluid. The spermatic cord contains the testicular and deferential arteries and the pampiniform plexus of veins. Normal vessels are no more than 1 to 2 mm in diameter, and the presence and direction of flow can be ascertained by using color Doppler sonography.







Doppler Ultrasonography


Principles

In medical ultrasonography, images are produced by tissue reflection of a beam of sound at a frequency of 2 to 15 MHz. For a moving point reflector, such as an erythrocyte, the frequency of sound received by the transducer will differ from that of the transmitted frequency. This frequency difference, or shift, can be used to determine the direction and velocity of reflector movement. Johann C. Doppler is credited with the elucidation of this principle and the relationship between frequency shift and flow velocity.

Information about the Doppler shift frequency is displayed graphically as a series of spectra in real time. These spectra are vertical line graphs showing the relative strength of frequency shifts with respect to time, which is represented on the horizontal axis. Thus four variables are displayed on the Doppler spectra: frequency shift (velocity), distribution of frequency shifts by a population of point reflectors, direction of flow, and time. A number of different indices have been used to quantitate impedance, the total resistance to flow. The pulsatility index is equal to (S − D)/M, where S is the peak systolic frequency, D is the peak diastolic frequency, and M is the mean frequency shift. Other such indices include the resistive index, (S − D)/S, and the systolic/diastolic ratio, S/D. In duplex Doppler sonography, the pulsed Doppler system is interfaced with a real-time image so that the source of the shifted frequency can be user-selected from a gray-scale image. Color Doppler uses colors to encode directional and velocity information about flow.


Indications

Doppler sonography has been used to evaluate normal flow of urine into the urinary bladder (see Fig. 1-19), testicular parenchymal perfusion to exclude spermatic cord torsion, renal parenchymal perfusion to identify glomerulotubular disease (see Fig. 1-15), and cavernosal artery flow to investigate vasculogenic causes of impotence.










Computed Tomography

CT creates a two-dimensional image of the body from measurements of relative linear attenuation collected from multiple projections around a thin tomographic slice. This technique can demonstrate density differences between tissues of 1% or less. The reconstructed image is displayed as a matrix of pixels. The numerical value of each pixel is the relative linear attenuation coefficient of the volume of tissue represented by that pixel. The attenuation value assigned to each pixel is based on a reference scale in which − 1000 Hounsfield units (HU) are assigned to air, + 1000 HU to dense bone, and 0 HU to water. The relative linear attenuation coefficient assigned to each pixel is correlated with a shade of gray in the image. User selection of the number of shades of gray (window width) in the image and the central hue of gray (window level) permits modification of image contrast.

Spiral, helical, multidetector, or volume-acquisition CT is a technique that permits continuous acquisition of data by constant rotation of a slip-ring x-ray tube-detector system while the patient moves through the gantry. Most helical and multidetector CT scanners rotate at a rate of approximately 360 degrees/second, but the rate of patient movement through the gantry and the collimation of the beam are selected by the radiologist. Pitch is defined as the ratio of the rate of table movement (per 360 degrees of tube rotation) to beam collimation; if the scan time is 1 second, pitch is equal to the rate of table movement in millimeter/second divided by the beam width in millimeters. The tradeoff in selecting the appropriate pitch is between spatial resolution (optimized with a smaller pitch) and coverage (optimized with a larger pitch). Recent work suggests that the optimal pitch for single-row helical CT of the abdomen is 1.5 to 1.6.

There are several advantages of helical and multidetector CT over conventional CT. First, very thin collimation can be used over large areas of the body to evaluate small lesions. Also, helical CT data can be manipulated through postprocessing, which permits targeted image reconstruction to an area of interest. For instance, overlapping images could be reconstructed in narrow intervals to increase the sensitivity for smaller lesions. Second, because of shortened scan times, less contrast material is needed for some studies, and scanning can be optimized to specific phases of contrast enhancement. Finally, CT angiography is possible because three-dimensional data acquisition is combined with an imaging method that optimizes the detection of contrast enhancement in vessels.

Renal CT is used to characterize masses and can evaluate the perinephric spread of primary renal disease or the secondary involvement of the kidneys by primary intraperitoneal or retroperitoneal disease. CT is also the imaging procedure of choice in patients with suspected or known renal trauma because it accurately characterizes injuries to the parenchyma and vascular pedicle. The more common genitourinary indications for abdominal and pelvic CT include (Appendices I, J):


1. Detection of urolithiasis

2. Evaluation of patients with hematuria

3. Detection and characterization of an adrenal, renal, or pelvic soft-tissue mass

4. Staging of kidney, adrenal, ureter, and bladder malignancy

5. Staging of gynecologic malignancy (ovary and uterus)

6. Staging of male genital malignancy (testis and prostate)

7. Evaluation of known or suspected retroperitoneal disease

8. Evaluation of chronic pelvic pain

9. Evaluation of cryptorchidism

10. Directed aspiration, biopsy, or drainage.




Normal Anatomy

The renal parenchyma is homogeneous on nonenhanced CT, and measured attenuation ranges from 30 to 60 HU. Renal sinus and perinephric fat provide intrinsic contrast for the renal parenchyma on noncontrast and contrast-enhanced CT (Fig. 1-22). After administration of contrast material, there is gradual enhancement of the large vessels, renal parenchyma, and collecting system. During the vascular phase, there is opacification of the aorta and major arteries. Sequential enhancement of the renal cortex and medulla follow during the nephrogram phase. Normal corticomedullary differentiation is demonstrated during the early nephrogram phase (approximately 20 to 85 seconds after the administration of contrast material); one can miss small medullary tumors on CT during this phase (Fig. 1-23A). The exact timing of the early nephrogram phase depends on the dose and method of intravenous contrast administration and on the cardiac output and renal function of the patient. Scans obtained approximately 85 to 240 seconds after intravenous contrast administration demonstrate more homogeneous attenuation of the parenchyma during the nephrogram (equilibrium) phase (Fig. 1-23B). After contrast-material injection, the attenuation value of the normal renal parenchyma will increase to 80 to 120 HU. During and after the nephrogram phase, there is progressive opacification of the renal collecting system.
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FIGURE 1-22 Unenhanced (noncontrast) computed tomography (CT) of the kidneys and bladder. A, Unenhanced CT of the normal left kidney shows the image contrast provided by the perinephric and renal sinus fat. There is increased attenuation of the right renal sinus fat (arrow) and, as a result, relatively reduced image contrast. B, This finding results from acute ureteral obstruction caused by a calculus (curved arrow) in the distal right ureter (S, seminal vesicle). The wall of the urinary bladder (between small arrows) is seen because of the image contrast created by unopacified urine and perivesical fat.
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FIGURE 1-23 Infused (intravenous contrast-enhanced) computed tomography (CT) of the adrenal glands, kidneys, ureters, and bladder. A, During the early nephrogram phase, corticomedullary differentiation of the kidneys is seen. At this level, the right adrenal gland (open arrow) is posterior to the inferior vena cava (i), and the left adrenal gland (small curved arrow) is posterior to the splenic vein (s). B, In the late nephrogram phase, there is homogeneous attenuation of the renal cortex and medulla. C, At the level of the midabdomen, the ureters (arrows) are seen lying on the medial part of the psoas muscles. D, In the male pelvis, the ureter turns anteromedially at the level of the ischial spine and enters the bladder anterior to the seminal vesicle (s). The left deferent duct (small white arrow) is also seen at this level. Note the ureteral jet of contrast material (small black arrow) in the bladder. E, At a more caudal level, the prostate gland (p) indents the base of the bladder (b).





The adrenal glands are variable in shape, although the posterior limbs are usually uniform in width. The normal width of the adrenal limbs, measured per­pendicular to the long axis, is less than 8 mm (see Fig. 1-23A).

In the abdomen, the nondilated ureter may be difficult to distinguish from gonadal vessels or other retroperitoneal vessels and can be identified on the medial part of the psoas muscle (Fig. 1-23C). In the pelvis, the ureter descends posterolaterally, and opposite the ischial spine it turns anteromedially in front of the seminal vesicles or vaginal fornices to reach the base of the bladder (Fig. 1-23D). The bladder is identified in the midline of the true pelvis; on noncontrast CT, its wall is uniformly thin and is outlined by urine and perivesical fat. The presence of dense contrast material in the bladder may create artifacts and obscure the bladder wall.

Lymph nodes are routinely identified on CT; normal lymph nodes have the attenuation of soft tissue, are homogeneous, oval, and measure 4 to 10 mm in short-axis diameter. Abdominal and most pelvic lymph nodes are abnormal if they are larger than 10 mm in short axis diameter; retrocrural nodes are enlarged if more than 6 mm in diameter. The pelvic nodes are grouped around the common iliac, external iliac, and internal iliac vessels; the inguinal nodes lie medial and anterior to the femoral vessels (Fig. 1-24). The surgical obturator nodes are particularly important because cancer of the prostate and bladder frequently spreads to these nodes first (sentinel nodes). These nodes actually form the medial chain of the external iliac lymph nodes and can be identified adjacent to the lateral pelvic wall at the level of the acetabulum (Fig. 1-24C).
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FIGURE 1-24 Pelvic lymph nodes on computed tomography (CT) after bipedal lymphangiography. A, Normal small common iliac lymph nodes are opacified with contrast material. The right ureter (arrow) is seen at the medial aspect of the psoas muscle. B, At the level of the upper sacroiliac joint, normal external iliac nodes are opacified, but internal iliac nodes (open arrow) are not opacified. The upper limit of normal for maximum short-axis diameter of the iliac nodes is 10 mm. C, The medial group of external iliac lymph nodes includes the surgical obturator node (arrowhead), which is an important sentinel node for bladder and prostate cancers. Also note that the normal wall of the bladder is uniformly thin.





The seminal vesicles are oblong, tubular structures that lie at the superior aspect of the prostate, posterior to the lower urinary bladder, and anterior to the rectum. A plane of fat separates the seminal vesicles from the bladder (Figs. 1-22B and 1-23D). The prostate gland is identified posterior and inferior to the bladder neck, anterior to the rectum, and posterior to the pubic symphysis. When healthy, it is homogeneous in attenuation but may contain punctate calcifications (Fig. 1-23E). The spermatic cord is formed at the internal inguinal ring by the confluence of the vas deferens with vessels and nerves. The spermatic cord is seen medial to the ipsilateral femoral vein and anterolateral to the symphysis pubis. The vas deferens leaves the cord at the inguinal ring and continues posteriorly and medially toward the ipsilateral seminal vesicle (see Fig. 1-23D).

The uterus is located between the urinary bladder and the rectosigmoid colon in the true pelvis. The fundus and corpus of the uterus have a triangular shape, and the cervix has a rounded contour. The attenuation of the uterus is usually homogeneous on noncontrast CT, although the normal endometrial cavity may appear slightly hypodense if it contains secretions. The endometrium appears relatively hypodense after administration of intravenous contrast medium because of intense enhancement of the myometrium (Fig. 1-25). The ovaries may be slightly hypodense, particularly if follicles are prominent. The ovaries can be identified by following the ovarian ligament from the cornua of the uterus to the ovary or by following the course of the gonadal vein inferiorly from its origin from the inferior vena cava on the right or the renal vein on the left. The broad ligaments are peritoneal folds that connect the lateral margin of the uterus to the pelvic side walls.
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FIGURE 1-25 Contrast-enhanced computed tomography (CT) of the uterus and ovary. A, The endometrium (small black arrow) is relatively hypodense because of enhancement of the myometrium. The left ovary (white arrow) is slightly hypodense compared with skeletal muscle. Often, it is not possible to separate the wall of the bladder (b) from hyperdense urine. B, At a more caudal level, the hypodense endometrium (small black arrow) is demonstrated. Note the proximity of the right ureter (white arrow) to the uterine parametrium in this patient.













Magnetic Resonance Imaging

For many radiologic problems in genitourinary radiology, MRI is used as a supplementary examination to further investigate or characterize disease detected with other imaging modalities. For example, MRI is often utilized to evaluate renal masses or adnexal masses that remain indeterminate after sonographic or CT evaluation. MRI may also be utilized as a supplement to the clinical staging of certain malignancies, including gynecologic malignancies such as cervical and endometrial cancer, and prostate cancer. In women with uterine fibroids, MRI can play a role in determining which patients might benefit from uterine artery embolization versus surgical or hysteroscopic management. In women with clinical evidence of pelvic floor dysfunction, dynamic MRI of the pelvic floor can provide a global assessment of the various compartments of the pelvic floor and influence management decisions. MRI is, therefore, often performed as a carefully targeted study (Appendix K). MRI is not usually intended to be a screening study or a substitute for biopsy because, with a few notable exceptions, specific tissue characterization is not possible.


Biophysics of Proton Relaxation

Magnetic resonance images are derived from the signal detected from nuclei in molecules that are hydrogen-rich (water and fat) after exposure to strong magnetic fields and radiofrequency (RF) pulses. Image contrast is based on inherent properties of tissues. Specifically, signal intensity depends on magnetic field strength, hydrogen content or proton spin density, and on relaxation times, T1, T2, and T2*. Most soft tissues have similar proton density but vary greatly in relaxation times. Spin-lattice relaxation time (T1) involves the transfer of energy from spins to their environment, the lattice. Spin-spin relaxation (T2) occurs because of the loss of phase coherence, also described as phase dispersal, among excited nuclei. Phase dispersal is hastened by the dipole interactions that disrupt local magnetic field homogeneity.




Conventional Spin-Echo Pulse Sequence

The conventional spin-echo (CSE) pulse sequence uses a 90-degree RF pulse to tilt the longitudinal magnetization into the transverse plane, and a 180-degree RF pulse refocuses the transverse magnetization for signal readout at the echo time (TE). The repetition time (TR) is the time between iterations of the 90- to 180-degree readout sequence. Because of their relatively long image acquisition times, CSE pulse sequences are more susceptible to motion artifact and are not frequently utilized.




Gradient-Echo Pulse Sequence

Gradient-echo pulse sequences produce images with T1- or T2*-weighting in a relatively short acquisition time, especially when compared with the spin-echo sequence. Although the spin-echo sequence produces a refocused echo with 90- and 180-degree RF pulses, gradient echoes are formed by a single RF pulse in conjunction with gradient reversals. Gradient-recalled-echo imaging refocuses spins with magnetic gradients rather than with RF pulses. In addition, the RF pulse is used to tip the longitudinal magnetization through a flip angle that is usually less than 90 degrees. Refocusing by gradient reversal corrects only for those phase shifts induced by the gradient itself. Phase shifts caused by static tissue susceptibility, magnetic field inhomogeneity, and chemical shifts are not reversed and contribute to the loss of transverse magnetization, along with the inherent T2 of the tissue. As opposed to T2, the transverse decay of the gradient-echo signal is termed T2*, the effective spin-spin relaxation time. Gradient-echo sequences require repetition times (TR) of 20 to 500 ms, and because acquisition time is related directly to TR, gradient-echo imaging is an effective method of reducing scan time. However, as a result of greater signal loss from magnetic field inhomogeneity on gradient-echo sequences, magnetic susceptibility artifacts are more pronounced than on spin-echo sequences.

Improved gradient performance of newer superconducting MR units led to the development of more useful rapid scanning techniques for renal imaging. Three-dimensional gradient-echo acquisitions allow very rapid scanning, which can be completed during a single breath hold. These sequences also allow for acquisition of data from very thin slices with improved anatomic detail, improved signal-to-noise ratio (SNR), and volumetric data that can be viewed in any desired plane. These three-dimensional gradient-echo sequences are very useful for detecting and characterizing small renal masses, and are routinely used for multiphase dynamic imaging of the kidneys following gadolinium injection.




Fast (Turbo) Spin-Echo Pulse Sequence

One of the salient disadvantages of T2-weighted CSE imaging is a relatively long acquisition time, which can lead to degradation of image quality as a result of patient motion. Fast spin-echo (FSE), or turbo spin-echo (TSE), pulse sequences were designed to provide the contrast characteristics of a spin-echo pulse sequence with a much faster acquisition time compared with the CSE pulse sequence. In FSE/TSE sequences, a 90-degree RF pulse is followed by a series of 180-degree refocusing pulses (known as the echo train) each acquired with a different phase-encoding value and TE. Each echo exhibits different degrees of T2 decay, depending on where it occurs in the echo train. In FSE sequences, image contrast is determined through the reordering of phase-encoding views so that views with the lowest spatial frequency are obtained in the echoes nearest the desired TE or the effective TE. The decrease in acquisition time achieved with FSE imaging can be exchanged for a longer TR (increasing the SNR), a larger matrix (increasing spatial resolution), more signal averaging (increasing the SNR), and implementing fat-suppression techniques.

Studies comparing FSE with CSE have shown that overall image quality and the conspicuity of pathology are equivalent. In FSE imaging, unlike CSE imaging, fat remains hyperintense on T2-weighted images. A typical full-echo train FSE protocol for T2-weighted imaging of the pelvis is TR = 4000 to 6000 ms, effective TE = 80 to 120 ms, echo train length = 8 or 16, echo spacing = 20 ms, matrix = 256 × 256 or 256 × 192, two signals averaged, superior and inferior spatial saturation pulses, and fat saturation. Use of either a pelvic binder or intramuscular glucagon may reduce respiratory- and peristalsis-related motion artifacts, respectively.





Fat Saturation and Chemical-Shift Magnetic Resonance Imaging

A method that is commonly used for negating the signal from fat is frequency-selective fat saturation, which can be applied at the beginning of almost any pulse sequence. This technique is based on the observation that hydrogen protons in fat precess at a frequency of approximately 214 Hz lower than water protons at 1.5 T, and 428 Hz lower at 3T. The frequency selective fat-suppression technique begins with a low-amplitude, long-duration RF pulse centered on the resonance frequency of lipid protons, which converts the longitudinal (z) magnetization of fat into transverse (xy) magnetization. Application of a spoiling gradient dephases this lipid-specific transverse magnetization. Subsequently, the desired pulse sequence is performed with signal reception centered on the resonance frequency of protons in water. When the 90-degree excitation pulse of the spin-echo pulse sequence is applied, the time elapsed will not be sufficient to permit significant recovery of longitudinal relaxation for fat protons, and little or no transverse magnetization will exist for signal detection from protons in fat. In-phase and opposed-phase T1-weighted gradient-echo imaging is another chemical-shift MRI method that has been used to characterize adrenal masses (Fig. 1-26). This chemical-shift imaging method is discussed in Chapter 9.
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FIGURE 1-26 Magnetic resonance imaging of the normal adrenal gland. A, On a T1-weighted image (repetition time = 529 ms; echo time = 15 ms), the left adrenal gland (arrow) is isointense compared with skeletal muscle and slightly hypointense relative to liver parenchyma. B, The left adrenal (arrow) is isointense compared with liver on a fast spin-echo T2-weighted image (repetition time = 4000 ms; effective echo time = 120 ms).








Normal Anatomy

On T1-weighted images, the adrenal glands are of intermediate signal intensity (see Fig. 1-26) and can be iden­­tified because of periadrenal fat. On T2-weighted images, normal adrenal gland tissue decreases in signal intensity and becomes isointense with liver parenchyma.

Renal corticomedullary differentiation can be identified on T1- and T2-weighted images, but it is usually more conspicuous on T1-weighted images (Figs. 1-27A and B). The renal cortex is of relatively higher signal intensity than the medulla on T1-weighted images. After the intravenous administration of a gadolinium-based contrast agent, the vasculointerstitial phase begins immediately after the contrast medium reaches the kidneys. There is increased signal intensity of the cortex, followed by enhancement of the medulla (Figs. 1-27C and D). The tubular phase begins approximately 60 to 90 seconds after contrast administration; there is decreased signal intensity at the corticomedullary junction, which progresses centripetally toward the medullary papillae. Stable low-signal intensity in the inner medulla occurs during the ductal phase, which occurs approximately 2 minutes after contrast administration. This last phase is accompanied by contrast excretion into the collecting system, which can be seen approximately 4 minutes after injection (Fig. 1-27E).
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FIGURE 1-27 Magnetic resonance imaging of the kidneys. A, On a T1-weighted image (two-dimensional fast low-angle shot; repetition time = 140 ms; echo time = 4.8 ms; flip angle = 75 degrees), the renal cortex (arrow) has a higher signal intensity than the medulla (open arrow). B, This corticomedullary differentiation is usually not as apparent on a T2-weighted image (turbo spin-echo; repetition time = 5028 ms; effective echo time = 138 ms). After the administration of a gadolinium-based contrast agent, a normal temporal pattern of enhancement of the renal parenchymal and collecting system has been described on T1-weighted images. C, D, During the vasculointerstitial phase, there is increased signal intensity of the cortex (arrow in C), followed by enhancement of the medulla (open arrow in D). E, Stable low signal intensity in the inner medulla (open arrow) occurs during the ductal phase, which is accompanied by contrast excretion in the collecting system (asterisk).





The wall of the urinary bladder is best seen on T2-weighted images, where the muscularis propria appears as a thin (2- to 3-mm) layer of low signal intensity (Figs. 1-28 and 1-29A). The bladder wall is separable from perivesical fat and urine, which are of relatively higher signal intensity. On T2-weighted images, it is also important to distinguish the bladder wall from the hypointense line produced at one edge of the bladder by chemical shift artifact. On T1-weighted images, the wall may not be clearly distinguishable from urine within the bladder, which has a relatively long T1 relaxation time (Fig. 1-30). However, when compared with T2-weighted images, the signal intensity contrast between perivesical fat and bladder is greater on T1-weighted images. Following intravenous administration of gadolinium-based contrast agents, the mucosa and submucosa of the bladder typically enhance earlier than the muscle layer of the bladder wall.
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FIGURE 1-28 Normal bladder and cervix on a transverse axial T1-weighted image after the intravenous administration of gadolinium-based contrast material. The pseudolayering of urine in the bladder results from different concentrations of the contrast agent. The top layer of fluid represents pure urine. The bottom pseudolayer represents urine with a relatively high concentration of contrast, and the middle hyperintense pseudolayer has a lower concentration. The linear hyperintense (arrow) and hypointense (open arrow) walls of the bladder are caused by chemical shift artifact. The normal stroma of the cervix (curved arrow) is hypointense and surrounds the endocervical canal. (asterisk, leiomyoma.)
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FIGURE 1-29 Fast spin-echo T2-weighted magnetic resonance images of the seminal vesicles, vasa deferentia, and prostate gland obtained with an endorectal coil. A, On this transaxial image with fat suppression, the folded and tubular seminal vesicle (curved arrow) and the ampullary part of the vas deferens (arrows) are hyperintense compared with perivesical fat (B, bladder lumen). B, Zonal differentiation is demonstrated on this transaxial image through the middle of the prostate gland. The peripheral zone (pz) appears higher in signal intensity than the central gland (cg), which consists of the transitional and central zone glandular tissue. The prostatic capsule is a thin hypointense line (arrows). C, At the apex of the prostate gland, the parenchyma is almost entirely composed of peripheral zone tissue.
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FIGURE 1-30 Body-coil magnetic resonance imaging of the normal male pelvis. A, On a transaxial spin-echo T1-weighted image (repetition time = 600 ms; echo time = 15 ms), the prostate gland (p) has a homogeneous low signal intensity, similar to that of skeletal muscle; there is no zonal differentiation. B, At a more cephalic level, the thin wall of the normal bladder is slightly hyperintense compared with urine. As with the prostate gland, the seminal vesicle (solid arrow) is homogeneously hypointense. Periprostatic veins (open arrow) are seen in a normal wedge of fat between the seminal vesicle and the bladder. C, On a fast spin-echo T2-weighted image, the peripheral zone (arrow) has higher signal intensity than the central gland (arrowhead). D, This prostatic zonal differentiation is accentuated when fat saturation is implemented. Note the hyperintense corporal bodies of the penis (asterisk). E, On another fast spin-echo T2-weighted image with fat saturation, the seminal vesicle (curved arrow) appears as a collection of small, hyperintense cystic spaces. The periprostatic venous plexus (open arrow) consists of larger, hyperintense curvilinear structures. The wall of the urinary bladder (between arrowheads) appears as a low-intensity line.





Normal lymph nodes are best evaluated on T1-weighted images because detection is aided by contrast with surrounding fat (Fig. 1-31). Malignant or inflammatory nodes are indistinguishable from normal nodes using signal intensity as a criterion. Thus as in CT, size remains the important differentiating feature. Positron emission tomography-CT or biopsy may be useful to establish a definitive diagnosis in select cases.
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FIGURE 1-31 Computed tomography (CT) and magnetic resonance (MR) imaging of the lymph nodes. A, Is this CT scan normal? The left ureter (open arrow) lies on the medial aspect of the psoas muscle (arrow). T1-weighted MR images in the transaxial (B) and coronal (C) planes demonstrate an enlarged right common iliac node (arrow). On T1-weighted MR images, vessels can be distinguished from lymph nodes because of the signal void of moving protons.





Zonal anatomy of the prostate gland is best seen on T2-weighted images. The normal peripheral zone is homogeneously hyperintense, whereas the central gland tissue is typically hypointense or isointense compared with skeletal muscle (see Fig. 1-29). The periurethral transition zone and central zone of the prostate cannot be resolved at imaging and are therefore collectively referred to as the central gland. Hyperplastic nodules are often present in the central gland and have a highly variable appearance depending on their tissue composition. In the base of the prostate gland, the anterior fibromuscular stroma is hypointense secondary to a lack of glandular tissue. The capsule of the prostate, composed of fibromuscular tissue, may be distinguished as a thin hypointense border and is often better delineated with endorectal coil imaging (Fig. 1-29B). On T1-weighted images, the zonal anatomy is less apparent, although glandular hyperplasia may create a heterogeneous signal intensity pattern in the central gland. T1-weighted images are particularly useful in identifying areas of hemorrhage in the prostate gland, as can be seen after prostate biopsy. The neurovascular bundles are visualized in the rectoprostatic angle at the 5 o'clock and 7 o'clock positions. Image contrast between the prostate and periprostatic fat is greater on T1-weighted images than on T2-weighted images, and as a result T1-weighted images may be useful in assessing the contour of the prostate and the neurovascular bundles for the presence of extracapsular disease in patients with prostate cancer. (Figs. 1-29C and D).

The seminal vesicles appear as multicystic tissue of high signal intensity on T2-weighted images and can be readily differentiated from periprostatic fat, which is of relatively lower signal intensity (Figs. 1-29A and 1-30E). This signal pattern is reversed on T1-weighted images, where the seminal vesicles are of intermediate signal intensity compared with the relatively higher intensity of surrounding fat (Fig. 1-30B).

The corpus spongiosum and paired corpora cavernosa of the penis demonstrate increased signal intensity on T2-weighted images and intermediate signal intensity on T1-weighted images. The corporal bodies are surrounded by the tunica albuginea, a low-signal-intensity stripe (Fig. 1-30D). The wall of the male urethra is hypointense relative to the surrounding corpus spongiosum.

On T2-weighted images, the testis and epididymis are readily differentiated. The uniform high signal intensity of the testis contrasts with the intermediate signal intensity of the epididymis (Fig. 1-32). The mediastinum testis normally can be identified as a focal area of relatively decreased signal intensity in the superoposterior testicle near the epididymal head. The testicular artery and pampiniform plexus can also be identified in the scrotum, superolateral to the epididymis. On T1-weighted images, the testis and epididymis are isointense with muscle.
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FIGURE 1-32 Magnetic resonance imaging of the scrotum. Sagittal T2-weighted fast spin-echo (repetition time = 4000 ms; effective echo time = 108 ms) image demonstrates uniform hyperintense signal of the normal testis (T). The hypointense mediastinum (MSN) is identified along the superoposterior pole of the testicle next to the head of the epididymis (EPI). A small hydrocele (H) is also demonstrated.





Like the testes, the ovaries are most conspicuous on T2-weighted images because, compared with T1-weighted images, there is an increase in signal intensity secondary to antral fluid in developing graafian follicles (Fig. 1-33). On T1-weighted images, the intermediate signal intensity of the ovaries may not permit separation from loops of small bowel unless intravenous contrast material is administered (Fig. 1-33B and C). The ovaries may appear as a single solid structure or as a conglomeration of multiple small follicles. Given mobility, the normal ovaries can be found at variable sites within the pelvis.
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FIGURE 1-33 Magnetic resonance imaging of the normal ovary in a premenopausal woman. A, A magnified sagittal T2-weighted fast spin-echo image (repetition time = 5000 ms; effective echo time = 98 ms) demonstrates higher signal intensity of the medulla (m) compared with the cortex of the ovary (arrows) and the stromal rim around developing follicles (asterisk). The graafian follicles in the cortex of the ovary are hyperintense because, as they develop, fluid accumulates in the follicular antrum. B, On a coronal T1-weighted image (repetition time = 500 ms; echo time = 15 ms), the right ovary (arrow) is isointense compared with skeletal muscle and may not be distinguished from loops of small bowel. C, After intravenous contrast administration, the medulla and the follicular wall (granulosa-theca) enhance. Developing follicles (asterisk) are identified because fluid in the follicular antrum does not enhance.





The concentric, zonal anatomy of the uterus in women of reproductive age is identified on images with T2 weighting (Fig. 1-34). The signal intensity of the endometrium is high and typically isointense to slightly hypointense relative to urine in the bladder. Compared with the endometrium, a zone of much lower signal intensity is seen peripheral to the endometrium and represents the junctional zone or inner myometrium. The outer myometrium has higher signal intensity than the junctional zone but has lower signal intensity than the endometrium. The lower signal intensity of the junctional zone is multifactorial and thought to be related to differences in the morphology and cellular characteristics of myocytes in the inner and outer myometrium, as well as the concentric arrangement of smooth muscle fibers in the junctional zone compared with the longitudinal arrangement in the outer myometrium. In premenarchal, pregnant, and postmenopausal women, the junctional zone may be indistinguishable from the outer myometrium. Variations in the thickness of the junctional zone occur during the menstrual cycle secondary to hormonal variations, with the junctional zone reaching its maximal thickness during the menstrual phase. In contrast, the outer myometrium is not dependent on hormonal stimulation and does not vary significantly in thickness during the menstrual cycle.
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FIGURE 1-34 Zonal anatomy of the normal uterus on T2-weighted images. A, A sagittal fast spin-echo T2-weighted image (repetition time = 3200 ms; effective echo time = 104 ms) of the uterus shows the trilaminar appearance of the normal uterus. The endometrium (small white arrow) has high signal intensity similar to or greater than that of fat. The outer myometrium (black arrow) has intermediate signal intensity, and the inner myometrium or junctional zone (asterisk) has lower signal intensity similar to that of skeletal muscle. B, In another patient, the sagittal fast spin-echo T2-weighted image shows a normal but thicker junctional zone (asterisk). The cervical epithelium and mucus (small white arrow) have high signal intensity. The cervical stroma (curved white arrow) surrounds the endocervix and has homogeneously low signal intensity. Normal ovarian follicles (open arrow) are also seen.





The zonal anatomy of the uterus can be seen on contrast-enhanced T1-weighted images (Fig. 1-35). Compared with nonenhanced T1-weighted images, the outer myometrium and endometrium are more conspicuous because of contrast enhancement. A small teardrop-shaped region of low-signal-intensity fluid may be seen in the endometrial canal. The junctional zone demonstrates less enhancement than either the outer myometrium or endometrium.
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FIGURE 1-35 Contrast-enhanced magnetic resonance imaging of the uterus. A, On a coronal spin-echo T1-weighted image, the endometrium (white arrow) is slightly hypointense compared with the myometrium, but, in general, there is little tissue contrast. B, After the administration of intravenous contrast, increased signal intensity of the endometrium (small black arrow) and outer myometrium (m) improves tissue contrast on a T1-weighted image. There is relatively less enhancement of the junctional zone (asterisk). Compare the zonal anatomy shown on the postcontrast T1-weighted image with that demonstrated on a fast spin-echo T2-weighted image (C).





Normal zonal anatomy of the uterine cervix is visualized on T2-weighted images (Fig. 1-34B). There is a central area of high signal intensity representing cervical mucosa and mucus. The cervical stroma appears as a rim of decreased signal intensity against the relatively high signal intensity of the cervical mucosa centrally and the paracervical fat peripherally. The T2-hypointense cervical stromal ring is an important landmark when evaluating for the presence of parametrial invasion in patients with cervical cancer. In contrast with T2-weighted images, the zonal anatomy of the cervix and supracervical uterus is not apparent on T1-weighted images. The cervix is of uniform intermediate signal intensity on T1-weighted images, although the endometrium and endocervical canal may be relatively hypointense.

Like the cervix, the normal vagina demonstrates central increased signal intensity corresponding to the mucosa and secretions surrounded by low signal intensity fibromuscular tissue on T2-weighted images. Identification of the vagina on T1-weighted images can be facilitated by the insertion of a tampon.








Angiography

Angiography has been relegated to a secondary role in the evaluation of most genitourinary tract disease because of the advent of cross-sectional imaging. Nevertheless, there are still well defined indications for angiography of the genitourinary tract.


Indications for Arteriography

Indications for renal arteriography are shown in Box 1-2. Adrenal arteriography rarely is performed in the era of cross-sectional imaging and imaging-directed biopsy. Occasionally, it can be used to demonstrate the arterial supply of a large retroperitoneal mass and to identify the adrenal gland as the organ of origin.


Box 1-2

Indications for Renal Arteriography


1. Evaluation of renal artery occlusion or stenosis immediately before percutaneous revascularization procedures.

2. Evaluation of renal arteriopathy (e.g., vasculitis, aneurysm, fibromuscular dysplasia, arteriovenous malfor­mation, arteriovenous or arterlocalyceal fistula, hemangioma).

3. Preoperative or palliative ablation of a hypervascular neoplasm.





Gonadal arteriography is also performed rarely. Occasionally, testicular arteriography is needed to localize an undescended testicle and, rarely, to study a testicular mass.

Selective internal pudendal arteriography is performed for the evaluation of vasculogenic impotence. Hemodynamically significant stenosis of the internal or study. Iliac, internal pudendal, penile, or cavernosal arteries may be the cause of arteriogenic vascular impotence.




Indications for Venography and Venous Sampling

Indications for renal venography are shown in Box 1-3. Adrenal vein sampling is most often performed to identify small, hyperfunctional adrenal neoplasms (e.g., aldosteronoma) that cannot be localized with CT or MRI. Sampling may be followed by adrenal phlebography because small adrenal tumors may be identified by mass effect or displacement. A complication of venography is adrenal hemorrhage or contrast extravasation, which may present clinically as progressive back pain and low-grade fever and may result in permanent dysfunction of the affected adrenal gland.


Box 1-3

Indications for Renal Venography


1. Evaluation of suspected renovascular hypertension (renal vein sampling for renin concentration).

2. Evaluation of occlusive disease of the renal vein or inferior vena cava after a nondiagnostic work up.





Testicular and ovarian venography has been replaced by sonography and CT, with a few exceptions. The most common indication for testicular phlebography is the identification and transcatheter occlusion of varicocele in infertile patients. Testicular phlebography is still required in some patients to identify the pampiniform plexus in patients with testicular nondescent when sonography, CT, or MRI is nondiagnostic. Sampling of the ovarian venous effluent may be used to identify a rare functional neoplasm of the ovary.




Technique for Conventional Angiography

Renal and pelvic arteriography is performed by a transfemoral route, with the Seldinger method of catheter insertion. For selective renal arteriography, an end-hole visceral catheter, 4- to 6.5-F shepherd's crook, or Cobra catheter is used (Fig. 1-36). A multiple-side-hole catheter is used for renal venography. Selective pelvic arteriography usually can be performed from an ipsilateral or bilateral approach. Selective catheterization of the internal iliac branches can be performed with a Cobra catheter or shepherd's crook catheter. The type of iodinated contrast, injection rate and volume, and filming technique for selected genitourinary tract angiographic examinations are summarized in Appendix L.
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FIGURE 1-36 Normal right renal arteriogram. The main renal artery typically originates near the inferior endplate of L1. In 20% to 30% of patients, a supplementary renal artery originates distal to the main renal artery. The ventral ramus (solid arrow) is the major continuation of the renal artery and is dominant, sending segmental branches to the cranial, caudal, and middle poles (hollow arrow, dorsal ramus). Segmental arteries (s) course through the renal sinus and, beyond the papillae, are termed interlobar arteries (i). The arcuate arteries (closed triangle) are the terminal branches of the inter­lobar arteries and demarcate the corticomedullary junction. Interlobular arteries (small arrows) originate from and course perpendicular to the arcuate arteries toward the renal capsule. About 20 afferent glomerular arterioles originate from each interlobular artery.








Digital Subtraction Angiography

Digital subtraction angiography (DSA) is a computer-assisted vascular imaging method that requires only about one half of the intra-arterial concentration of contrast material to depict vessels of similar size by conventional angiography. The main advantage of DSA over conventional angiography is the ability to postprocess digitized images to maximize contrast resolution. The DSA technique calls for exposure of several precontrast images immediately after contrast medium injection but before the contrast appears in the target vessels. These images serve as subtraction masks. Multiple images are obtained during contrast opacification of the vascular anatomy of interest. subtraction of the postcontrast images from the precontrast masks yields an image with high vascular conspicuity. Postprocessing manipulation of images improves mask registration, magnifies the image, zooms to a part of the image, or changes window and level settings.

With intra-arterial DSA, contrast material is injected directly into the aorta or selectively into the renal artery. Using 43% contrast medium injected at a rate and volume less than that for cut-film arteriography, excellent opacification of main and branch renal arteries can be attained with filming at 1.5 to 3 frames/second.







Nuclear Medicine


Renal Scintigraphy


Radiopharmaceuticals


Tc-99m Diethylenetriaminepentaacetic Acid.

The accurate measurement of GFR requires an agent that is filtered completely by the glomerulus but is not reabsorbed, metabolized, or secreted by the renal tubules. Diethylenetriaminepentaacetic acid (DTPA) is one of the agents that can be used to accurately measure GFR. Its clearance is typically a few percent lower than inulin, the traditional standard for measuring GFR. The relative GFR of each kidney can be determined from the net counts that accumulate in the kidneys during the 2 to 3 minutes after tracer injection. The extraction fraction is the percentage of the radiopharmaceutical removed by the kidney with each pass. In patients with impaired renal function, Technetium-99m DTPA may not be as useful because the extraction fraction is approximately 20%. Tc-99m mercaptoacetyltriglycine (MAG3) has an extraction fraction of 40% to 50% and provides better quality scintigrams in patients with poor renal function.



131I Ortho-iodohippurate.

To measure effective renal plasma flow, the ideal radiopharmaceutical should be removed completely from arterial plasma during a single pass through the kidney. 131I ortho-iodohippurate (OIH) is similar in structure to para-aminohippurate, and approximately 80% is extracted during a single pass through the kidney; 85% is removed by tubular secretion, and the remaining 15% is removed by glomerular filtration. The major use of OIH scintigraphy is for the evaluation of total and individual renal function. The main disadvantage of 131I OIH is the suboptimal imaging characteristics of 131I compared with Tc-99m. Patients with impaired renal function may receive high doses of radiation to the kidney. OIH is no longer available commercially.




Tc-99m Mercaptoacetyltriglycine.

Tc-99m MAG3 is a radiopharmaceutical with imaging properties similar to those of OIH. However, image quality with this agent is better than that of either 131I OIH or Tc-99m DTPA. This is attributed to the superior imaging characteristics of Tc-99m relative to 131I and to the smaller volume of distribution and more rapid clearance of MAG3 compared with DTPA. MAG3 is excreted in the kidney primarily through secretion by proximal renal tubule cells, and its clearance is only about 40% to 50% that of OIH. However, because it is highly protein-bound, a larger proportion of MAG3 remains in the plasma. A higher plasma concentration compensates for the relatively lower extraction fraction, and the renogram curve and the 30-minute urinary excretion of MAG3 are nearly identical to those of OIH (Fig. 1-37).
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FIGURE 1-37 Normal Tc-99m mercaptoacetyltriglycine (MAG3) renogram. A, Time/activity curve. B, Static images. Quantitative measurements of tracer accumulation and excretion aid the interpretation of images. The relative renal uptake provides a measure of relative renal function and can range to 56%/44%. The peak activity should occur by 5 minutes after injection. The T1/2 quantifies tracer washout, and a value of less than 10 minutes is normal. As renal function deteriorates, the transit time through the kidney increases, which is reflected in an elevated value for the 20-minute/maximum-activity ratio; a normal ratio for Tc-99m MAG3 is 0.3.








Tc-99m Dimercaptosuccinic Acid and Glucoheptonate.

The ideal renal cortical imaging agent should accumulate in the cortical tubules and be retained in cortical tissue exclusively so that interference from pelvocalyceal activity is minimized. Approximately half of the administered dose of dimercaptosuccinic acid accumulates in the distal tubules within 1 hour and remains in the renal cortex for up to 24 hours. Glucoheptonate is cleared primarily by glomerular filtration; a small amount is extracted and concentrated in the cytosol of proximal renal tubule cells. Up to 45% is excreted in the urine within 1 hour, and 10% remains bound to the renal tubular cells for up to 2 hours. These agents serve to indicate functioning tubular mass and can be used to elucidate renal morphology. It is often used to identify scarring in patients with a history of reflux or UTIs.




Renogram Curve

The renogram curve is a graph of summated activity over a targeted region of interest with respect to time. The region of interest may be the entire kidney or one of its constituents (i.e., renal cortex, renal pelvis). This time/activity curve can be subdivided into periods of tracer appearance or accumulation, extraction, and elimination (Fig. 1-37A). Depending on the radio pharmaceutical, tracer extraction is proportional to effective renal plasma flow (MAG3 and OIH) or GFR (DTPA).

Quantitative measurements of renal function based on the time-activity data can aid the interpretation of images. The relative renal uptake is a comparative measurement of tracer accumulation by each kidney and is determined on an image made 1 to 2 minutes after tracer injection; normal differential function can be as asymmetric as 56%/44%. The time-to-maximum activity is used to assess the extraction of radiotracer by each kidney. In general, the peak height of radioactivity should occur by 5 minutes after injection. The rate of radiotracer washout can be measured by the T1/2, which is determined during the steep part of the washout curve (Fig. 1-37A). Normal values for the T1/2 depend on the radiopharmaceutical; but as a general rule, a value less than 10 minutes is normal, and a value more than 20 minutes is abnormal. In the case of a dilated renal collecting system, furosemide may improve the accuracy of renography in the diagnosis of obstruction. A general measure of tracer transit through the renal cortex is the 20-minute/maximum-activity ratio. In the absence of pelvic or calyceal retention, a normal ratio for Tc-99m MAG3 or 131I OIH is less than 0.3.




Indications

Indications for renal scintigraphy are shown in Box 1-4.


Box 1-4

Indications for Renal Scintigraphy


Evaluation of Renal Parenchyma


1. Determination of relative renal blood flow (ischemic nephropathy, trauma).

2. Determination of relative renal function (unilateral obstruction, previous renal surgery, trauma, renovascular hypertension [often in conjunction with administration of angiotensin converting enzyme inhibitors]).

3. Evaluation of renal cortical disease (pyelonephritis, reflux nephropathy, or renal pseudomass)*.






Collecting System


1. Evaluation of collecting system dilatation (often in conjunction with furosemide administration).

2. Evaluation of vesicoureteral reflux.








*Cortical agents may still have a role in the rare patient with an absolute contraindication to iodinated contrast, in a patient with diabetes with severe renal insufficiency, or in the evaluation of a renal pseudomass (cortical Column of Bertin).









Adrenal Scintigraphy

Adrenal scintigraphy complements cross-sectional imaging methods in the evaluation of an adrenal mass lesion. Scintigraphy with the cholesterol analog NP-59 provides functional localization of adrenocortical disease. Imaging with or without dexamethasone suppression is used to evaluate hypofunctional adrenal disease and diseases of adrenocortical hyperfunction, such as Cushing syndrome, primary aldosteronism, and adrenogenital syndrome. Sympathoadrenal imaging is performed with 131I meta-iodobenzylguanidine (MIBG). MIBG scintigraphy is useful for the detection of extra-adrenal and metastatic disease, particularly when CT or MRI is not helpful in localizing a suspected pheochromocytoma.




Scrotal Scintigraphy

Radionuclide imaging has been used to differentiate testicular torsion from epididymoorchitis in the patient with an acutely painful and enlarged hemiscrotum. Tc-99m pertechnetate, DTPA, or human serum albumin can be used to assess the perfusion of the acute scrotum. After a radioactive string is positioned between the testicles, the radiotracer is injected and rapid sequential images are obtained over the scrotal region. Relative decrease or nonperfusion of the symptomatic testicle suggests acute torsion as the cause of the acute scrotum. Preservation of flow or increased flow in the symptomatic testicle suggests an inflammatory cause of unilateral scrotal pain or swelling. Scrotal scintigraphy for the acute scrotum has been essentially replaced by sonography with color Doppler imaging.







Appendices



Appendix A Computed Tomography Urography



Procedure


1. Unenhanced low dose MDCT, 2.5 mm collimation or less, from just above the kidneys to just below the bladder.

2. Inject 125 mL of intravenous contrast material at a rate of 4 mL/second.

3. Repeat scan coverage of urinary tract with 100-second delay.

4. Inject 10 mg of furosemide intravenously 3 to 5 minutes before excretory phase scans.

5. Repeat scan coverage with low dose CT following a 10 to 15 minute delay from start of contrast injection.






Notes


1. Avoid furosemide injection in patients with allergy to furosemide or to sulfa drugs, or if systolic blood pressure less than 90 mm Hg.

2. Review excretory phase scans with both soft tissue and with bone window and level settings.













Appendix B Voiding Cystourethrography



Contrast.

The meglumine salts of diatrizoate and iothalamate are used for cystography and urethrography. In general, 15% solutions are used for cystography because higher concentrations may cause a chemical cystitis.




Procedure.

The routine voiding cystourethrogram is performed with spot films and fluoroscopy, or with overhead films.


1. Obtain a scout image and then after cleansing the glans penis or introitus with sterile iodine solution, the urethra is catheterized with a 14- to 18-F catheter. The catheter is advanced until urine is obtained. The bladder is drained of residual urine, and contrast material is instilled slowly under gravity. If transurethral catheterization of the bladder is not possible, percutaneous cystostomy with an 18- or 20-gauge needle can be performed.

2. Obtain spot films of the urinary bladder and both renal fossa.

3. As the bladder fills with contrast material, anteroposterior and bilateral oblique spot films of the urinary bladder are acquired. The bladder is filled gradually, and intermittent fluoroscopy is used to evaluate for vesicoureteral reflux. Should reflux or diverticula be detected fluoroscopically, spot films should be taken for documentation. The bladder is filled until capacity is reached and the urge to void occurs. Any spontaneous micturition should be filmed, and in men, films should be exposed in the steep oblique position to profile the urethra.

4. If the patient feels ready to void, gently remove the catheter. If the patient is voiding into a radiolucent receptacle, care should be exercised not to compress the urethra at the penoscrotal junction, causing extrinsic obstruction. Manual compression of the penile meatus by the patient can facilitate opacification of the urethra during spontaneous micturition. In women, start in the oblique position and slowly turn the patient to an anteroposterior position. In men, a steep oblique position will image the urethra in profile. Multiple spot films of the urethra are obtained while the patient voids.

5. After micturition is completed, estimate the residual urine volume, and fluoroscopically evaluate the pelvis and abdomen for ureteral reflux. Repeat films of the urinary bladder and both renal fossa.













Appendix C Urethrography


Dynamic Retrograde Urethrography


Contrast.

Retrograde urethrography commonly is performed with a 30% contrast solution, although a 60% concentration may be necessary to opacify the adult male urethra adequately.


Procedure.

Filming is performed with the objective of demonstrating the morphology of the male urethra.


1. Insert a Foley catheter with a 5-mL balloon into the distal urethra after cleansing the glans penis with povidone-iodine solution. Then, gently inflate the balloon of the Foley catheter in the fossa navicularis until the patient senses pressure and the catheter is secure.

2. Attach an adapter, extension tube, and 50-mL syringe with contrast medium in sequence to the Foley catheter. The entire system should be flushed in advance to avoid instillation of air bubbles.

3. Position the patient in a 45-degree oblique position with the dependent thigh flexed.

4. Tape extension tubing to the inner aspect of the thigh.

5. Inject contrast gently but firmly to overcome resistance of the external sphincter. Volitional relaxation of the internal sphincter can be achieved by asking the patient to simulate pelvic relaxation of micturition.

6. Acquire multiple spot films to document the morphology of the anterior and posterior urethra.

7. Because the external urethral office is more difficult to occlude, the double-balloon catheter technique frequently is used for urethrography in a woman. A proximal balloon occludes the external meatus of the urethra, and a distal balloon occludes the vesicle neck. Intraurethral pressure increases as contrast material is instilled and suffices to fill a urethral diverticulum, if one exists.






Pericatheter Retrograde Urethrography


Procedure.

The examination is performed with spot films to demonstrate part or all of the urethra when an intraurethral catheter is present. This study is typically requested after pelvic trauma or urethroplasty.


1. After obtaining a scout image, advance a 5- to 8-F pediatric feeding tube, lubricated with anesthetic jelly, into the urethra adjacent to a pre-existing catheter. The tip of the catheter should be positioned in the distal urethra when investigating patients with recent urethroplasty but should be advanced near the external urethral sphincter when studying the traumatized urethra.

2. Complete remaining sequences as in steps 2 through 6 of the dynamic retrograde urethrogram.










Appendix D Ileostoureterography (Ileal Loopography)



Contrast.

Cystographic contrast solution is recommended. Undiluted 15% or 30% iodinated contrast medium in a syringe may be used if there is inadequate definition of the collecting system resulting from ureteropelvocaliectasis.




Procedure


1. Obtain a preliminary plain film of the abdomen and pelvis.

2. Use a 14-F Foley catheter with 5-mL balloon. Insert the tip of the catheter into the bowel conduit well beyond the inner abdominal wall. Inflate the balloon of the Foley catheter, and withdraw gently to ensure tamponade of the bowel conduit.

3. Connect a bottle containing contrast material to a connecting tube and the Foley catheter. Instill cystographic contrast material by gravity; it is important not to exceed an elevation of approximately 1 meter above the bladder when instilling contrast medium.

4. Under fluoroscopy, document retrograde filling of collecting systems, and acquire films of any unusual findings.

5. Obtain overhead anteroposterior and bilateral oblique films once the entire system is opacified.

6. Deflate the balloon of the Foley catheter and, after 10 to 15 minutes, obtain a postdrainage overhead anteroposterior film.













Appendix E Balloon Catheter Hysterosalpingography

There are two different methods of hysterosalpingography. The balloon catheter technique is favored by the majority of radiologists because it is a more versatile technique, facilitating filming in oblique and prone positions. Gynecologists favor the tenaculum-cannula technique, which does not entail intubation of the cervical canal. Use of the tenaculum and cannula allows the physician to opacify a scarred uterine cavity, a condition in which the balloon catheter often is expelled.



Contraindications


1. Menses

2. Active pelvic inflammatory disease

3. Within 4 days after dilatation and curettage

4. Pregnancy.






Contrast.

Either an oil-soluble or a water-soluble contrast material can be used for hysterosalpingography. Water-soluble contrast material is preferred because mucosal detail is depicted more clearly and because it is promptly resorbed by peritoneal epithelium. Oil-soluble contrast material gained popularity because higher pregnancy rates initially were reported. However, the major disadvantage of oil-soluble contrast material is relatively poor mucosal detail. Because of delayed absorption, retention of oil-soluble contrast material may incite fibrosis and granuloma formation.




Procedure


1. Acquire a preliminary anteroposterior film of the pelvis.

2. Perform bimanual pelvic examination to determine the position of the uterus and cervix and to palpate any uterine or adnexal masses.

3. Insert a speculum, and open as wide as possible for complete visualization of the cervix. A uterine sound may be used to dilate the external cervical os. Fascial dilators may be required to enlarge a stenotic endocervical os or canal.

4. Connect in sequence a syringe filled with contrast material, extension tubing, three-way stopcock, plastic or metal adapter, and an 8-F Foley catheter. Air should be expelled completely from the system. The Foley catheter balloon is tested, and a 3-mL syringe, filled with 1 mL of sterile saline, is attached to the balloon port. The three-way stopcock is then closed to the Foley catheter, and the extension tubing and syringe are separated from the rest of the system.

5. Grasp the end of the Foley catheter with long forceps just proximal to the balloon. Insert the catheter into the cervical canal; gently inflate the balloon just beyond the external cervical os until the catheter cannot be withdrawn with moderate tension.

6. Carefully remove the speculum, and position the patient on the fluoroscopy table in a supine position.

7. Reattach the extension tubing and syringe to the system, and open the three-way stopcock.

8. Slowly inject contrast medium, observing the sequential opacification of the endometrial cavity and uterine tubes. Expose selected, coned spot films in the anteroposterior and oblique positions. The initial anteroposterior film is a view of the underfilled uterine cavity to demonstrate contour. Next, obtain shallow oblique views of the uterine tubes. Finally, acquire an anteroposterior view showing both uterine tubes and free dispersion of contrast medium around pelvic loops of small bowel.

9. If the uterine tubes cannot be opacified with the patient in a supine position, acquire spot films in the prone position while contrast material is instilled. Alternatively, glucagon or terbutaline may be administered if nonopacification is attributed to tubal spasm.













Appendix F Endovaginal Sonography



Preparation and Positioning


1. The urinary bladder should be empty to prevent displacement of pelvic organs by a distended bladder. With an empty bladder, the procedure is far better tolerated by the patient.

2. A modified lithotomy position facilitates manipulation of the transducer. The head and upper body of the patient are elevated to cause pooling of any abdominal fluid in the pelvis. If a flat examining table is used, a thick foam cushion should be inserted below the pelvis to facilitate free movement of the examiner's hand in tilting the transducer probe in the vertical plane.

3. The typical endovaginal transducer operates at 5 to 7.5 MHz, may be either end firing or side firing, and has focal zones between 1 cm and 8 cm. Many transducers can perform duplex and color Doppler sonography as well. A 90- to 115-degree sector scan format is typical. The transducer is prepared for insertion by lubricating it with coupling gel and covering it in a condom.






Procedure.

The fundamental transducer orientations are longitudinal (sagittal) and coronal. Systematic examination of the uterine fundus, corpus, cul-de-sac, cervix, ovaries, and adnexa is suggested.


1. The uterine fundus and corpus are examined in the longitudinal plane. The uterus assumes a more anteverted position when the bladder is not distended. To image the fundus, the transducer may have to be angled anteriorly. As with the transabdominal study, the myometrium and endometrium can be readily distinguished.

2. Posterior angulation of the transducer permits sequential evaluation of the lower uterine segment, cervix, and cul-de-sac.

3. Rotating the transducer 90 degrees shifts the image into a coronal plane. After the uterus is re-examined in the coronal plane, the adnexa and ovaries are studied.

4. The ovaries are imaged by angulating the transducer to the side and then slowly scanning in an anterior-to-posterior direction. Several anatomic landmarks can be used to localize the ovaries. The first is location. In the nulliparous patient, the ovaries are usually found in the ovarian fossa, just anterior to the internal iliac artery and vein. Second, the ovary usually is identified in women who are menstruating by the presence of multiple, peripheral follicles. Unless dilated, the fallopian tubes are not usually visualized.















OEBPS/images/c00001_f001-026ab-9780323057752.jpg





OEBPS/images/c00001_f001-028-9780323057752.jpg





OEBPS/images/c00001_f001-027ae-9780323057752.jpg





OEBPS/images/c00001_f001-030ae-9780323057752.jpg





OEBPS/images/c00001_f001-029ac-9780323057752.jpg





OEBPS/images/c00001_f001-032-9780323057752.jpg





OEBPS/images/c00001_f001-031ac-9780323057752.jpg





OEBPS/images/c00001_f001-023ae-9780323057752.jpg





OEBPS/images/c00001_f001-022ab-9780323057752.jpg





OEBPS/images/c00001_f001-025ab-9780323057752.jpg





OEBPS/images/c00001_f001-024ac-9780323057752.jpg





OEBPS/oebps-page-map.xml
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



OEBPS/styles/math.js
function mathmlImg() {
	var ps = document.getElementsByTagName('p');
	var divs = document.getElementsByTagName('div');
		for(var i =0; i < ps.length; i++) {
		    var p1 = ps[i];
		    if(p1.className === 'hiddenClass') {
		        p1.className = 'showClass';	            
		    }
		}
		 for(var i=0; i < divs.length; i++) {
		    var s1 = divs[i];
		    if(s1.className === 'showClass') {
		            s1.className = 'hiddenClass';            
		    }
		}
}



OEBPS/nav.xhtml
Table of Contents


		Cover image



		Title page



		Table of Contents



		The Requisites Series

		Series Editor



		Titles in the Series









		Copyright



		Dedication



		Foreword



		Preface to the Second Edition



		Acknowledgments



		Chapter 1 An Introduction to Radiologic Methods

		Radiographic Contrast Media



		Radiologic Examinations



		Ultrasonography



		Computed Tomography



		Magnetic Resonance Imaging



		Angiography



		Nuclear Medicine



		Appendices



		Suggested Readings









		Chapter 2 The Kidney and Retroperitoneum: Anatomy and Congenital Abnormalities

		Embryology



		Classification of Congenital Renal Abnormalities



		Ureteropelvic Junction Obstruction



		Normal Anatomy of the Retroperitoneum



		Suggested Readings









		Chapter 3 Renal Masses

		Balls versus Beans



		Detection



		Classification of Renal Masses



		Diagnostic Approach for Infiltrating Renal Lesions



		Indeterminate Masses



		Suggested Readings









		Chapter 4 The Kidney: Diffuse Parenchymal Abnormalities

		Small, Scarred Kidney



		Unilateral Small, Smooth Kidney



		Bilateral Small, Smooth Kidneys



		Unilateral Smooth Renal Enlargement



		Bilateral Renal Enlargement



		Nephrocalcinosis



		Imaging of Renal Failure



		Renal Trauma



		Suggested Readings









		Chapter 5 The Renal Sinus, Pelvocalyceal System, and Ureter

		Embryology and Anatomy



		Computed Tomography Urography



		The Renal Sinus



		Pelvocalyceal System and the Ureter



		Urolithiasis: Computed Tomography Imaging



		Ureteral Filling Defects



		Ureteral Trauma



		Suggested Readings









		Chapter 6 The Lower Urinary Tract

		Embryology, Anatomy, and Physiology



		Diagnostic Examinations



		Pathologic Conditions Affecting the Bladder



		Pathologic Conditions Affecting the Urethra



		Suggested Readings









		Chapter 7 The Female Genital Tract

		The Normal Female Reproductive Tract



		Congenital Anomalies



		Pelvic Pain



		Ovarian Cyst



		Infertility



		Gynecologic Oncology



		Suggested Readings









		Chapter 8 The Male Genital Tract

		Embryology, Anatomy, and Physiology



		Atraumatic Scrotal Pain, Enlargement, or Mass



		Staging of Testicular Carcinoma



		Traumatic Injury to the Scrotum



		Undescended Testicle (Cryptorchidism)



		Prostate Nodule or Enlargement



		Staging of Prostatic Carcinoma



		Prostatitis



		Erectile Dysfunction



		Suggested Readings









		Chapter 9 Imaging of the Adrenal Glands

		Embryology, Physiology, Anatomy, and Imaging



		Masses of the Adrenal Gland



		Selected Clinical Problems in Adrenal Imaging



		Suggested Readings









		Chapter 10 Interventional Genitourinary Radiology

		Percutaneous Urinary Tract Procedures



		Interventions in Infertility



		Percutaneous Transluminal Angioplasty



		Percutaneous Vascular Occlusion



		Uterine Artery Embolization for the Treatment of Leiomyomas



		Suggested Readings









		Index







List of tables



		Tables in Chapter 1
		TABLE 1-1


		TABLE 1-2


		TABLE 1-3







		Tables in Chapter 3
		TABLE 3-1


		TABLE 3-2







		Tables in Chapter 4
		TABLE 4-1







		Tables in Chapter 5
		TABLE 5-1







		Tables in Chapter 6
		TABLE 6-1


		TABLE 6-2


		TABLE 6-3


		TABLE 6-4







		Tables in Chapter 7
		TABLE 7-1


		TABLE 7-2







		Tables in Chapter 8
		TABLE 8-1


		TABLE 8-2







		Tables in Chapter 9
		TABLE 9-1


		TABLE 9-2







		Tables in Chapter 10
		TABLE 10-1


		TABLE 10-2


		TABLE 10-3











List of figures



		Figures in Chapter 1
		FIGURE 1-1


		FIGURE 1-2


		FIGURE 1-3


		FIGURE 1-4


		FIGURE 1-5


		FIGURE 1-6


		FIGURE 1-7


		FIGURE 1-8


		FIGURE 1-9


		FIGURE 1-10


		FIGURE 1-11


		FIGURE 1-12


		FIGURE 1-13


		FIGURE 1-14


		FIGURE 1-15


		FIGURE 1-16


		FIGURE 1-17


		FIGURE 1-18


		FIGURE 1-19


		FIGURE 1-20


		FIGURE 1-21


		FIGURE 1-22


		FIGURE 1-23


		FIGURE 1-24


		FIGURE 1-25


		FIGURE 1-26


		FIGURE 1-27


		FIGURE 1-28


		FIGURE 1-29


		FIGURE 1-30


		FIGURE 1-31


		FIGURE 1-32


		FIGURE 1-33


		FIGURE 1-34


		FIGURE 1-35


		FIGURE 1-36


		FIGURE 1-37


		FIGURE 1-38







		Figures in Chapter 2
		FIGURE 2-1


		FIGURE 2-2


		FIGURE 2-3


		FIGURE 2-4


		FIGURE 2-5


		FIGURE 2-6


		FIGURE 2-7


		FIGURE 2-8


		FIGURE 2-9


		FIGURE 2-10


		FIGURE 2-11


		FIGURE 2-12


		FIGURE 2-13


		FIGURE 2-14


		FIGURE 2-15


		FIGURE 2-16


		FIGURE 2-17


		FIGURE 2-18


		FIGURE 2-19


		FIGURE 2-20


		FIGURE 2-21


		FIGURE 2-22


		FIGURE 2-23


		FIGURE 2-24


		FIGURE 2-25


		FIGURE 2-26


		FIGURE 2-27


		FIGURE 2-28


		FIGURE 2-29


		FIGURE 2-30


		FIGURE 2-31


		FIGURE 2-32


		FIGURE 2-33


		FIGURE 2-34


		FIGURE 2-35


		FIGURE 2-36


		FIGURE 2-37


		FIGURE 2-38


		FIGURE 2-39


		FIGURE 2-40


		FIGURE 2-41


		FIGURE 2-42


		FIGURE 2-43


		FIGURE 2-44







		Figures in Chapter 3
		FIGURE 3-1


		FIGURE 3-2


		FIGURE 3-3


		FIGURE 3-4


		FIGURE 3-5


		FIGURE 3-6


		FIGURE 3-7


		FIGURE 3-8


		FIGURE 3-9


		FIGURE 3-10


		FIGURE 3-11


		FIGURE 3-12


		FIGURE 3-13


		FIGURE 3-14


		FIGURE 3-15


		FIGURE 3-16


		FIGURE 3-17


		FIGURE 3-18


		FIGURE 3-19


		FIGURE 3-20


		FIGURE 3-21


		FIGURE 3-22


		FIGURE 3-23


		FIGURE 3-24


		FIGURE 3-25


		FIGURE 3-26


		FIGURE 3-27


		FIGURE 3-28


		FIGURE 3-29


		FIGURE 3-30


		FIGURE 3-31


		FIGURE 3-32


		FIGURE 3-33


		FIGURE 3-34


		FIGURE 3-35


		FIGURE 3-36


		FIGURE 3-37


		FIGURE 3-38


		FIGURE 3-39


		FIGURE 3-40


		FIGURE 3-41


		FIGURE 3-42


		FIGURE 3-43


		FIGURE 3-44


		FIGURE 3-45


		FIGURE 3-46


		FIGURE 3-47


		FIGURE 3-48


		FIGURE 3-49


		FIGURE 3-50


		FIGURE 3-51


		FIGURE 3-52


		FIGURE 3-53


		FIGURE 3-54


		FIGURE 3-55


		FIGURE 3-56


		FIGURE 3-57


		FIGURE 3-58


		FIGURE 3-59


		FIGURE 3-60


		FIGURE 3-61


		FIGURE 3-62


		FIGURE 3-63


		FIGURE 3-64







		Figures in Chapter 4
		FIGURE 4-1


		FIGURE 4-2


		FIGURE 4-3


		FIGURE 4-4


		FIGURE 4-5


		FIGURE 4-6


		FIGURE 4-7


		FIGURE 4-8


		FIGURE 4-9


		FIGURE 4-10


		FIGURE 4-11


		FIGURE 4-12


		FIGURE 4-13


		FIGURE 4-14


		FIGURE 4-15


		FIGURE 4-16


		FIGURE 4-17


		FIGURE 4-18


		FIGURE 4-19


		FIGURE 4-20


		FIGURE 4-21


		FIGURE 4-22


		FIGURE 4-23


		FIGURE 4-24


		FIGURE 4-25


		FIGURE 4-26


		FIGURE 4-27


		FIGURE 4-28


		FIGURE 4-29


		FIGURE 4-30


		FIGURE 4-31


		FIGURE 4-32


		FIGURE 4-33


		FIGURE 4-34


		FIGURE 4-35


		FIGURE 4-36


		FIGURE 4-37


		FIGURE 4-38


		FIGURE 4-39


		FIGURE 4-40


		FIGURE 4-41


		FIGURE 4-42


		FIGURE 4-43


		FIGURE 4-44


		FIGURE 4-45


		FIGURE 4-46


		FIGURE 4-47


		FIGURE 4-48


		FIGURE 4-49


		FIGURE 4-50


		FIGURE 4-51


		FIGURE 4-52


		FIGURE 4-53


		FIGURE 4-54


		FIGURE 4-55


		FIGURE 4-56


		FIGURE 4-57







		Figures in Chapter 5
		FIGURE 5-1


		FIGURE 5-2


		FIGURE 5-3


		FIGURE 5-4


		FIGURE 5-5


		FIGURE 5-6


		FIGURE 5-7


		FIGURE 5-8


		FIGURE 5-9


		FIGURE 5-10


		FIGURE 5-11


		FIGURE 5-12


		FIGURE 5-13


		FIGURE 5-14


		FIGURE 5-15


		FIGURE 5-16


		FIGURE 5-17


		FIGURE 5-18


		FIGURE 5-19


		FIGURE 5-20


		FIGURE 5-21


		FIGURE 5-22


		FIGURE 5-23


		FIGURE 5-24


		FIGURE 5-25


		FIGURE 5-26


		FIGURE 5-27


		FIGURE 5-28


		FIGURE 5-29


		FIGURE 5-30


		FIGURE 5-31


		FIGURE 5-32


		FIGURE 5-33


		FIGURE 5-34


		FIGURE 5-35


		FIGURE 5-36


		FIGURE 5-37


		FIGURE 5-38


		FIGURE 5-39


		FIGURE 5-40


		FIGURE 5-41


		FIGURE 5-42


		FIGURE 5-43


		FIGURE 5-44


		FIGURE 5-45


		FIGURE 5-46


		FIGURE 5-47


		FIGURE 5-48


		FIGURE 5-49


		FIGURE 5-50


		FIGURE 5-51


		FIGURE 5-52


		FIGURE 5-53


		FIGURE 5-54


		FIGURE 5-55


		FIGURE 5-56


		FIGURE 5-57


		FIGURE 5-58


		FIGURE 5-59


		FIGURE 5-60


		FIGURE 5-61


		FIGURE 5-62


		FIGURE 5-63


		FIGURE 5-64


		FIGURE 5-65


		FIGURE 5-66


		FIGURE 5-67


		FIGURE 5-68


		FIGURE 5-69


		FIGURE 5-70


		FIGURE 5-71


		FIGURE 5-72







		Figures in Chapter 6
		FIGURE 6-1


		FIGURE 6-2


		FIGURE 6-3


		FIGURE 6-4


		FIGURE 6-5


		FIGURE 6-6


		FIGURE 6-7


		FIGURE 6-8


		FIGURE 6-9


		FIGURE 6-10


		FIGURE 6-11


		FIGURE 6-12


		FIGURE 6-13


		FIGURE 6-14


		FIGURE 6-15


		FIGURE 6-16


		FIGURE 6-17


		FIGURE 6-18


		FIGURE 6-19


		FIGURE 6-20


		FIGURE 6-21


		FIGURE 6-22


		FIGURE 6-23


		FIGURE 6-24


		FIGURE 6-25


		FIGURE 6-26


		FIGURE 6-27


		FIGURE 6-28


		FIGURE 6-29


		FIGURE 6-30


		FIGURE 6-31


		FIGURE 6-32


		FIGURE 6-33


		FIGURE 6-34


		FIGURE 6-35


		FIGURE 6-36


		FIGURE 6-37


		FIGURE 6-38


		FIGURE 6-39


		FIGURE 6-40


		FIGURE 6-41


		FIGURE 6-42


		FIGURE 6-43


		FIGURE 6-44


		FIGURE 6-45


		FIGURE 6-46


		FIGURE 6-47


		FIGURE 6-48


		FIGURE 6-49


		FIGURE 6-50


		FIGURE 6-51


		FIGURE 6-52


		FIGURE 6-53


		FIGURE 6-54


		FIGURE 6-55


		FIGURE 6-56


		FIGURE 6-57


		FIGURE 6-58


		FIGURE 6-59


		FIGURE 6-60


		FIGURE 6-61


		FIGURE 6-62


		FIGURE 6-63


		FIGURE 6-64


		FIGURE 6-65


		FIGURE 6-66


		FIGURE 6-67


		FIGURE 6-68


		FIGURE 6-69


		FIGURE 6-70


		FIGURE 6-71


		FIGURE 6-72


		FIGURE 6-73


		FIGURE 6-74


		FIGURE 6-75


		FIGURE 6-76


		FIGURE 6-77


		FIGURE 6-78


		FIGURE 6-79


		FIGURE 6-80


		FIGURE 6-81


		FIGURE 6-82


		FIGURE 6-83


		FIGURE 6-84


		FIGURE 6-85


		FIGURE 6-86


		FIGURE 6-87


		FIGURE 6-88


		FIGURE 6-89


		FIGURE 6-90


		FIGURE 6-91


		FIGURE 6-92


		FIGURE 6-93


		FIGURE 6-94


		FIGURE 6-95


		FIGURE 6-96


		FIGURE 6-97


		FIGURE 6-98


		FIGURE 6-99


		FIGURE 6-100


		FIGURE 6-101


		FIGURE 6-102


		FIGURE 6-103







		Figures in Chapter 7
		FIGURE 7-1


		FIGURE 7-2


		FIGURE 7-3


		FIGURE 7-4


		FIGURE 7-5


		FIGURE 7-6


		FIGURE 7-7


		FIGURE 7-8


		FIGURE 7-9


		FIGURE 7-10


		FIGURE 7-11


		FIGURE 7-12


		FIGURE 7-13


		FIGURE 7-14


		FIGURE 7-15


		FIGURE 7-16


		FIGURE 7-17


		FIGURE 7-18


		FIGURE 7-19


		FIGURE 7-20


		FIGURE 7-21


		FIGURE 7-22


		FIGURE 7-23


		FIGURE 7-24


		FIGURE 7-25


		FIGURE 7-26


		FIGURE 7-27


		FIGURE 7-28


		FIGURE 7-29


		FIGURE 7-30


		FIGURE 7-31


		FIGURE 7-32


		FIGURE 7-33


		FIGURE 7-34


		FIGURE 7-35


		FIGURE 7-36


		FIGURE 7-37


		FIGURE 7-38


		FIGURE 7-39


		FIGURE 7-40


		FIGURE 7-41


		FIGURE 7-42


		FIGURE 7-43


		FIGURE 7-44


		FIGURE 7-45


		FIGURE 7-46


		FIGURE 7-47


		FIGURE 7-48


		FIGURE 7-49


		FIGURE 7-50


		FIGURE 7-51


		FIGURE 7-52


		FIGURE 7-53


		FIGURE 7-54


		FIGURE 7-55


		FIGURE 7-56


		FIGURE 7-57


		FIGURE 7-58


		FIGURE 7-59


		FIGURE 7-60


		FIGURE 7-61


		FIGURE 7-62


		FIGURE 7-63


		FIGURE 7-64


		FIGURE 7-65


		FIGURE 7-66


		FIGURE 7-67


		FIGURE 7-68


		FIGURE 7-69


		FIGURE 7-70


		FIGURE 7-71


		FIGURE 7-72


		FIGURE 7-73


		FIGURE 7-74


		FIGURE 7-75


		FIGURE 7-76


		FIGURE 7-77


		FIGURE 7-78


		FIGURE 7-79


		FIGURE 7-80


		FIGURE 7-81


		FIGURE 7-82


		FIGURE 7-83


		FIGURE 7-84


		FIGURE 7-85


		FIGURE 7-86


		FIGURE 7-87


		FIGURE 7-88


		FIGURE 7-89


		FIGURE 7-90


		FIGURE 7-91


		FIGURE 7-92


		FIGURE 7-93


		FIGURE 7-94


		FIGURE 7-95


		FIGURE 7-96


		FIGURE 7-97


		FIGURE 7-98


		FIGURE 7-99


		FIGURE 7-100







		Figures in Chapter 8
		FIGURE 8-1


		FIGURE 8-2


		FIGURE 8-3


		FIGURE 8-4


		FIGURE 8-5


		FIGURE 8-6


		FIGURE 8-7


		FIGURE 8-8


		FIGURE 8-9


		FIGURE 8-10


		FIGURE 8-11


		FIGURE 8-12


		FIGURE 8-13


		FIGURE 8-14


		FIGURE 8-15


		FIGURE 8-16


		FIGURE 8-17


		FIGURE 8-18


		FIGURE 8-19


		FIGURE 8-20


		FIGURE 8-21


		FIGURE 8-22


		FIGURE 8-23


		FIGURE 8-24


		FIGURE 8-25


		FIGURE 8-26


		FIGURE 8-27


		FIGURE 8-28


		FIGURE 8-29


		FIGURE 8-30


		FIGURE 8-31


		FIGURE 8-32


		FIGURE 8-33


		FIGURE 8-34


		FIGURE 8-35


		FIGURE 8-36


		FIGURE 8-37


		FIGURE 8-38


		FIGURE 8-39


		FIGURE 8-40


		FIGURE 8-41


		FIGURE 8-42


		FIGURE 8-43


		FIGURE 8-44


		FIGURE 8-45







		Figures in Chapter 9
		FIGURE 9-1


		FIGURE 9-2


		FIGURE 9-3


		FIGURE 9-4


		FIGURE 9-5


		FIGURE 9-6


		FIGURE 9-7


		FIGURE 9-8


		FIGURE 9-9


		FIGURE 9-10


		FIGURE 9-11


		FIGURE 9-12


		FIGURE 9-13


		FIGURE 9-14


		FIGURE 9-15


		FIGURE 9-16


		FIGURE 9-17


		FIGURE 9-18


		FIGURE 9-19


		FIGURE 9-20


		FIGURE 9-21


		FIGURE 9-22


		FIGURE 9-23


		FIGURE 9-24


		FIGURE 9-25


		FIGURE 9-26


		FIGURE 9-27


		FIGURE 9-28


		FIGURE 9-29


		FIGURE 9-30


		FIGURE 9-31


		FIGURE 9-32


		FIGURE 9-33


		FIGURE 9-34


		FIGURE 9-35


		FIGURE 9-36


		FIGURE 9-37


		FIGURE 9-38


		FIGURE 9-39


		FIGURE 9-40







		Figures in Chapter 10
		FIGURE 10-1


		FIGURE 10-2


		FIGURE 10-3


		FIGURE 10-4


		FIGURE 10-5


		FIGURE 10-6


		FIGURE 10-7


		FIGURE 10-8


		FIGURE 10-9


		FIGURE 10-10


		FIGURE 10-11


		FIGURE 10-12


		FIGURE 10-13


		FIGURE 10-14


		FIGURE 10-15


		FIGURE 10-16


		FIGURE 10-17


		FIGURE 10-18


		FIGURE 10-19


		FIGURE 10-20


		FIGURE 10-21


		FIGURE 10-22


		FIGURE 10-23


		FIGURE 10-24


		FIGURE 10-25


		FIGURE 10-26


		FIGURE 10-27


		FIGURE 10-28












Landmarks

		Cover Image

		Title Page

		Table of Contents






		i


		iii


		ii


		iv


		v


		vi


		vii


		viii


		1


		2


		3


		4


		5


		6


		7


		8


		9


		10


		11


		12


		13


		14


		15


		16


		17


		18


		19


		20


		21


		22


		23


		24


		25


		26


		27


		28


		29


		30


		31


		32


		33


		34


		35


		36


		37


		38


		39


		40


		41


		42


		43


		44


		45


		46


		47


		48


		49


		50


		51


		52


		53


		54


		55


		56


		57


		58


		59


		60


		61


		62


		63


		64


		65


		66


		67


		68


		69


		70


		71


		72


		73


		74


		75


		76


		77


		78


		79


		80


		81


		82


		83


		84


		85


		86


		87


		88


		89


		90


		91


		92


		93


		94


		95


		96


		97


		98


		99


		100


		101


		102


		103


		104


		105


		106


		107


		108


		109


		110


		111


		112


		113


		114


		115


		116


		117


		118


		119


		120


		121


		122


		123


		124


		125


		126


		127


		128


		129


		130


		131


		132


		133


		134


		135


		136


		137


		138


		139


		140


		141


		142


		143


		144


		145


		146


		147


		148


		149


		150


		151


		152


		153


		154


		155


		156


		157


		158


		159


		160


		161


		162


		163


		164


		165


		166


		167


		168


		169


		170


		171


		172


		173


		174


		175


		176


		177


		178


		179


		180


		181


		182


		183


		184


		185


		186


		187


		188


		189


		190


		191


		192


		193


		194


		195


		196


		197


		198


		199


		200


		201


		202


		203


		204


		205


		206


		207


		208


		209


		210


		211


		212


		213


		214


		215


		216


		217


		218


		219


		220


		221


		222


		223


		224


		225


		226


		227


		228


		229


		230


		231


		232


		233


		234


		235


		236


		237


		238


		239


		240


		241


		242


		243


		244


		245


		246


		247


		248


		249


		250


		251


		252


		253


		254


		255


		256


		257


		258


		259


		260


		261


		262


		263


		264


		265


		266


		267


		268


		269


		270


		271


		272


		273


		274


		275


		276


		277


		278


		279


		280


		281


		282


		283


		284


		285


		286


		287


		288


		289


		290


		291


		292


		293


		294


		295


		296


		297


		298


		299


		300


		301


		302


		303


		304


		305


		306


		307


		308


		309


		310


		311


		312


		313


		314


		315


		316


		317


		318


		319


		320


		321


		322


		323


		324


		325


		326


		329


		330


		331


		332


		333


		334


		335


		336


		337


		338


		339


		340


		341


		342


		343


		344


		345


		346


		347


		348


		349


		350


		351


		352


		353


		354


		355


		356


		357


		358


		359


		360


		361


		362


		363


		364


		365


		366


		367


		368


		369


		370


		371


		372


		373


		374


		375


		376


		377


		378


		379


		382


		383


		384


		385


		386


		387


		388


		389


		390


		391


		392


		393


		394


		395


		396


		397


		398


		399


		400


		401


		402









OEBPS/images/9780323396028_FC.jpg
Genitourinary
IMaging  maesion

Ronald J. Zagoria + Raymond Dyer « Christopher Brady

ELSEVIER






OEBPS/images/c00001_f001-017ac-9780323057752.jpg






OEBPS/images/c00001_f001-016ac-9780323057752.jpg






OEBPS/images/c00001_f001-019ab-9780323057752.jpg





OEBPS/images/c00001_f001-018-9780323057752.jpg






OEBPS/images/c00001_f001-021ab-9780323057752.jpg






OEBPS/images/c00001_f001-020ab-9780323057752.jpg






OEBPS/images/c00001_f001-012ab-9780323057752.jpg





OEBPS/images/c00001_f001-011-9780323057752.jpg





OEBPS/images/c00001_f001-014ac-9780323057752.jpg





OEBPS/images/c00001_f001-013ac-9780323057752.jpg






OEBPS/images/c00001_f001-015ac-9780323057752.jpg
PRF 1515

':;:m W‘Wmfﬁ b o

T R T T






OEBPS/images/c00001_f001-006b-9780323057752.jpg





OEBPS/images/B9780323057752000015_t0020_group0.png
Drug Trade Name Dose Route of Administration
Albuterol Provent, Ventolin| — Tnhaled

Aminophylline drip| 6 ng/kg loading dose; 0.5-1.0 mp/kg/h intravenous drip| Intravenous

Atropine sulfate 1-ng doses to atotal of 2 mg Tntravenous
Diphenhydramine | Benadryl 2550 mg Oralintramuscular/intravenous
Epinephrine +10,000 dilution; 3-miL doses to a total of 10 mL Tntravenous

Epinephrine 1:1000 dilution; 0.3-mL dose to a otal of 1 mlL Intramuscular or subcutaneous
Metproterenol | Alupent, Metaprel | — Tnhaled

Terbutaline 02505 mg Subeutaneous/intramuscular






OEBPS/images/c00001_f001-008ad-9780323057752.jpg





OEBPS/images/c00001_f001-007ab-9780323057752.jpg





OEBPS/images/B9780323057752000015_t0010_group0.png
lonicity ~[Monomer or Dimer [Ratio® [Relative Osmolality' | Examples

lonic | Monomer 15 [-5 Diatrizoate
Todamide

Toglicate

Tothalanate

Toxithalamate

Metrizoate
Dimer 3 -2 Toxaglate

Nonionic 3 1518 Iohexol

Topaniidol
Topentol

Topromide

Toversol

Toxilan

Nonionic | Dimer 6 1 Todixonal

Totrol






OEBPS/images/c00001_f001-010-9780323057752.jpg





OEBPS/images/B9780323057752000015_t0015_group0.png
|Adverse Reaction First Line Second Line

[ Third Line

Urticaria (hives) Reassurance Diphenhy dramine Epinephrine intranuscularly or subcutaneously
Vagal reaction Elevae legs; consider volume expansiont| Atropine sulfate —

Laryngeal edema Onygen Epine phrine intranuscularly or subcutaneously | Intubation

Bronchospasm Onygen

Inhaled beta,-agonist

Epinephrine infranuscularly or subcutaneously

Hy potension and tachy cardia | Elevate legs; consider volume expansion”| Epine phrine intravenously —






OEBPS/images/c00001_f001-009-9780323057752.jpg





OEBPS/images/c00001_f001-003b-9780323057752.jpg





OEBPS/images/c00001_f001-003a-9780323057752.jpg





OEBPS/images/c00001_f001-004-9780323057752.jpg
r

A





OEBPS/images/c00001_f001-003c-9780323057752.jpg





OEBPS/images/c00001_f001-006a-9780323057752.jpg





OEBPS/images/c00001_f001-005-9780323057752.jpg





OEBPS/images/c00001_f001-037ab-9780323057752.jpg
Counts in ROI
N
]
2
o
! 1

26349
17566 o
8783
O T T I T T T T T T T T T T T
02 4 6 81012141618 20222426 2830 3234 36 38 4042 44 46 48
Time (min)
Key: Right Kidney .
Left Kidney
A
o “ By gy .
L R
-— - -— s
5 min 10 min 15 min 20 min 25 min
I E ‘ 1 .

o
B 30min





OEBPS/images/cop00013_ifcopy-002-9780323057752.jpg
Working together
to grow libraries in

#N BkA developing countries

wwiw.elsevier.com s www.bookaid.org





OEBPS/images/c00001_f001-036-9780323057752.jpg





OEBPS/images/title_iftit-001-9780323057752.jpg





OEBPS/images/cop00013_ifcopy-001-9780323057752.jpg





OEBPS/images/c00001_f001-002a-9780323057752.jpg





OEBPS/images/c00001_f001-001-9780323057752.jpg
! ! IONIC MONOMER

R
A |
X R
! ! ! I IONIC DIMER
(MONOACID DIMER)
R R R
i 1
R
| NONIONIC MONOMER
R R
1
R R
| | | NONIONIC DIMER





OEBPS/images/c00001_f001-002c-9780323057752.jpg





OEBPS/images/c00001_f001-002b-9780323057752.jpg





OEBPS/images/c00001_f001-034ab-9780323057752.jpg





OEBPS/images/c00001_f001-033ac-9780323057752.jpg





OEBPS/images/c00001_f001-035ac-9780323057752.jpg





