1 Fundamental Principles

1.1

Technical Principles of Diagnostic Ultrasound ............ccccoveeveniinininncnienieniene
1.1.1 Gray-Scale Ultrasonography (B-Mode) ........cccceecuererienierieniieieieeieseeene

1.1.1.1 Historical Milestones .......
1.1.1.2 Sound Waves....................

1.1.1.3 Generating Ultrasound Waves...........ccccocceeerieneniienenieneeieeneeeene
1.1.1.4 Physical Factors Affecting the Ultrasound Scan...........cccceceeeeuene
1.1.1.4.1 Reflection and Refraction..........c.ccceccvveeviriencnicncnnenene

1.1.1.4.2 Scattering..........
1.1.1.4.3 Interference.......
1.1.1.4.4 Diffraction ........

1.1.1.4.5 Attenuation and
1.1.1.5 Generating an Ultrasound

ADSOIPLON ..coeeneiniiiieenieeeeeene
IMage ..cocoeveeriiiieeiee

1.1.1.5.1 Pulse-Echo Technique...........cccceveevienienenieenenieicnienne
1.1.1.5.2 Time-Gain COMPEensation ............cecerueeruereeneseesieneenens

1.1.1.5.3 A-Mode.............
1.1.1.5.4 B-Mode.............
1.1.1.5.5 M-Mode............
1.1.1.6 Resolution ...........cccoeueeee.
1.1.1.7 Beam Focusing.................
1.1.1.8 Types of Transducers........

1.1.1.8.1 Principle of Operation ..........cccceeevveeveerciieneencieenieereeennen.

1.1.1.8.2 Linear Arrays....

1.1.1.8.3 Curved or ConveX AITAYS......cccceveeruereeriereeneneenieneenens

1.1.1.8.4 Sector Scanners

1.1.1.8.5 Phased Arrays...

1.1.1.8.6 Mechanical Sector SCanners........ccoceveeeveeeveeeeeeiinneeeeeenns

1.1.1.8.7 Annular Phased

ATTAYS. oottt

1.1.1.8.8 Disadvantages of Mechanical Transducers .....................

1.1.1.9 Ultrasound Artifacts.........

1.1.1.9.1 Posterior ShadoOWing..........ccceevvvervieenierseenieneenieeeeeee.
1.1.1.9.2 Acoustic Enhancement..............ccccevvveeiiiiiinieeieeiinneeee e,

1.1.1.9.3 Edge Effect.......
1.1.1.9.4 Side Lobes........

1.1.1.9.5 Reverberation Artifact..........ccccceevivivinininininicicicnee

1.1.1.9.6 Geometric DiStOrtion..........cccceevevivieerenienienienieieienenee

1.1.2 Basic Physics of Doppler Ultrasound............ccoccooeererieneniieninienieienceiene
1.1.2.1 Continuous Wave Doppler Ultrasound............cccceceeruerieninieneennenne
1.1.2.2 Pulsed Wave Doppler Ultrasound/Duplex Ultrasound....................

1.1.2.3 Frequency Processing.......

1.1.2.4 Blood Flow Measurement

O O O O O 0TI IJITAAANUNWUnMnNd B DB DB WWNRDNDRFE ===

e e e e e e
B LW WO == 0O O 0

XV



XVi

Contents

1.2

1.3

1.1.3 Physical Principles of Color-Coded Duplex Ultrasound............ccccevverueennnne
1.1.3.1 VelOCity MOME ..ot
1.1.3.2 Power (Angio) MOde........c.cocuirieriiiieieeiesieeeseee e
1.1.3.3 B-Flow Mode (Brightness FIOW) ..........cccoooiiieninienineiieeeeee
1.1.3.4 Intravascular UIrasound ...........cc.ccoeeeriierniiniienneenieeneenieeeeeeeee
1.1.3.5 Three-Dimensional/Four-Dimensional Ultrasound...............cc.c....

1.1.4 Factors Affecting (Color) Duplex Imaging — Pitfalls.......cc.ccceoeevierneennnnne
1.1.4.1 Scattering, Acoustic ShadOWIng .........ccceeveerierreeriienieniieneeneeeane
1.1.4.2 MAror Artifact......occeoeecveneriinceicnecieneeceeeceteceeee e e
1.1.4.3 Maximum Flow Velocity Detectable — Pulse Repetition Frequency ...
1.1.4.4 Minimum Flow Velocity Detectable — Wall Filter, Frame Rate......
1.1.4.5 Transmit and Receive Gain ........c.ccoceevirieniiieniniicniieienieeseeene
1.1.4.6 Doppler ANGIE......cceeiuiiiiriiiiiriieieeee et
1.1.4.7 Physical Limitations of Color Duplex Ultrasound...........cc.ccccceueenne

1.1.5 Ultrasound Contrast AZENLS .......ccecuerueeiereriieneeiesieeiesieeiesieeesieeeeseeeneeene

1.1.6 Safety of Diagnostic UItrasound ............ccoceeeereerierernieneenieniieeeeeeeieeeene
1.1.6.1 Thermal EffectS .......cccoeoiiiieiiiiieeeiee et
1.1.6.2 Mechanical Effects.........cccoceeviiniiiniiniiiieieeeeeeteseeeeeee e
1.1.6.3 Specific Risks of Individual Ultrasound Techniques ......................

Hemodynamic PrinCiples.........uioierieriiiiniieiienieeieeste ettt

1.2.1 Laminar FIOW ...c..cocoiiiiiiiiiiiiiiiictetccetesceeese ettt

1.2.2 Flow Profiles and Perfusion Regulation .............ccoceevveviieniienienieeneeneeene
1.2.2.1 Low-Resistance FIOW ........cccccocceviiriiiiiniiiiniiiinicieeteieeeescee e
1.2.2.2 High-Resistance FIOW .........ccccoceviriiiniiiiniiiiniicicccecseeee
1.2.2.3 Blood Flow Regulation ..........ccccecereenirieniiieninieniieieniceiesiceiene

1.2.3 Determining the Degree of Stenosis........coeeevereeriererrienienienieeeieeeeeiee

MACRINEG SELLNZS ....eeuveiieieitieie ettt ettt ettt ettt ettt et st e e bt et e sbeenseeaeeneeene

2 Peripheral ATLETIeS ...........cccuiiiiiiiiieiieiieeeeee ettt te et eeaaeebeesaaeenreeas

2.1

Pelvic and Leg ATteries......coveiuirieriieieie ettt sttt ettt ee e
2.1.1 Vascular ANALOMY .......cceeceevuieieriieiiniieieneeeesee et ene e
2. 1. 1.1 PelVIC ATTEIIES ...ccuviuiiiiiiiiiiiiiiciecicctcce s
2.1.1.2 Lo ATLETICS c.veeutieiuieeiieeiieeite ettt ettt sttt sttt et e e
2.1.2 Examination Protocol and Technique...........cccoecveeviierieerieniiinienieeieeeeeeae
2.1.2.1 PelVIC ATTEIIES ...couvuiiiiiiiiiiiiiiciececcteeeee e
2.1.2.2 L@ ATTETICS .c.uteuvieuiitieitenieeiie sttt sttt sttt ettt et sae e
2.1.3 Specific Aspects of the Examination from the Perspective
of the Angiographer and Vascular Surgeon..........ccccceceverenienenieneneenenne
2.1.4 Interpretation and Documentation...........c.cceeuereeriereenieneenenieieseeeeeeeeae
2.1.5 Normal Duplex Ultrasound of Pelvic and Leg Arteries .........cccceeeerveeeencnne
2.1.6 Abnormal Findings: Clinically Oriented Ultrasound Examination,
Ultrasound Findings and Measurement Parameters, Diagnostic Role.........
2.1.6.1 Atherosclerotic Occlusive DiS€ase..........ccceevvevveeiveniiecieneeceeneennenne.
2.1.6.1.1 Pelvic Arteries.......cocovuiviiiiiiiiiiiiiiiccicccieeccieee
2.1.6.1.2 Leg ATtEIIES ...eevuvieuieriiieiiieeieesite ettt sttt
2.1.6.2 Arterial EMboliSm.......ccoccoviiiiiiiiiiiiiiiiiiie
2.1.6.3 ANCUIYSIN..cuuviiniiiiiiieiieeiieerite et estte et esite st e seaesbeesaaeesbeesaeeebeesanesnne
2.1.6.4 Rare Stenosing Arterial Diseases of Nonatherosclerotic Origin.....
2.1.6.4.1 Adventitial Cystic DiS€ase ........ccceevuereeruereeneneeneneennen.
2.1.6.4.2 Popliteal Entrapment Syndrome..........cc.cceceevereeneruennen.
2.1.6.4.3 Raynaud’s DiS@ase.......ccceeouerueeieriieiienieienienie e
2.1.6.4.4 Paraneoplastic Disturbance of Acral Perfusion...............
2.1.6.4.5 Buerger’s DiSease.......cccceevueruieieriiesieniieie e



Contents xvii
2.1.6.4.6 Inflammatory Conditions..........ccccceveererveeneeneneeneneenns 80
2.1.6.4.7 Chronic Recurrent Compartment Syndrome of the Calf. 81
2.1.7 Follow-up After Surgical and Interventional Treatment ............ccccceceerueennene 81
2.1.7.1 ThromboendartereCtomy ...........cereerueerierrieeneerieenreereenreeseeeneeens 81
2.1.7.2 Percutaneous Transluminal Angioplasty and Stenting.................... 81
2.1.7.3 Bypass Graft Surveillance..........ccccoceeerieiiniienenieniencnieiceeeeee 83
2.1.7.3.1 Methodological Considerations and Stenosis Criteria.... 83
2.1.7.3.2 Controversy About the Benefit of Duplex Bypass
Graft Surveillance Programs ...........ccoeceevvieeniencieeneennen. 86
2.1.7.4 Ultrasound Vein Mapping Prior to Peripheral Bypass Surgery ...... 88
2.1.8 Role of (Color) Duplex Ultrasound Compared with Other Modalities:
Problems and PitfallS..........cccooiiiiiniiiiiiiiiiiieeeeeeeeee 89
2.2 ATINE ATEETICS ..ottt st s st 92
2.2.1 Vascular ANALOIMLY .......coeeuerreruertenienieteieieteteeeieereeresie e sressesseseessesennenenne 92
2.2.2 Examination Protocol and Technique..........cccceccovevinenenencnenienicneieeeee, 93
2.2.3 Clinical Role of Duplex Ultrasound..........c.cccecererenenenenienieneneeneieeeenne 94
2.2.3.1 AtheroSCIEIOSIS ... .eeueeuiieeietieiiertieie ettt ettt see e ee 94
2.2.3.2 Compression SyNdromes............cc.ceeeruereerueneennenieeseeeenneeeesseenene 94
2.2.4 DOCUMENTATION ...evveniieiiiiieiiiniteteeteete et sttt eenesbeeesesbeeenesaeeanenne 95
2.2.5 Normal FINAINES....cccoviiiiiiiiiiiieiieeiieeieee ettt s 95
2.2.6 Abnormal Findings, Duplex Ultrasound Measurements,
and Clinical ROI@.......ccccoouiiiiiiiiiiiiiic e 95
2.2.6.1 AtherosCIeroSiS........ccceviriiriiriiniiieieicieieeeeee e 95
2.2.6.2 Compression SYNAIOMES. ......c..eeveruerieriierienienienieenieeeenieeeeneeeeenaes 95
2.3 Atlas: Peripheral ATTETIeS ......c.cevirieririeniieieniteiest ettt 97
3 Peripheral Veins ............cccoooiiiiiiiiii e s 165
3.1 Pelvic and Leg VEINS......coieiiiiiiiiieieeiieeeeee ettt 165
3.1.1 Vascular ANATOIMY .....cocueeieruieientieieetieteeeenteeeee et etestee e st eaesseenseeneenseeneenes 165
3.1.2 Examination ProtoCol...........ccoiiieiiiiiiniieiesiee et 167
3.1.2.1 TRIOMDOSIS...ceeutiiiiieiiieriie ettt ettt ettt 167
3.1.2.2 Chronic Venous Insufficiency and Varicosis.......ccceevveeriernueeneenas 170
3.1.3 Normal FINAiNgs.....ceeevveeriiiiiiiieniieieeieeie ettt 173
3.1.4 DOCUMENTALION «..covviiriniieireniieitiniteteeitete ettt st sttt st esaeeanenne 174
3.1.4.1 Deep Vein Thrombosis of the Leg ........ccccceeveeriiiiniiniieenieiieeneens 174
3.1.4.2 Chronic Venous Insufficiency and Varicosis........cc.cceccevervenernenne. 174
3.1.5 Clinical Role of Duplex Ultrasound...........c.cceocereeverienenienenienenieneeeene 174
3.1.5.1 Thrombosis and Postthrombotic Syndrome.............ccccceercvenennnenne. 174
3.1.5.2 VATICOSIS vttt 178
3.1.6 Duplex Ultrasound — Diagnostic Criteria, Indications, and Role................. 181
3.1.6.1 TRIOMDOSIS. ..c.uieiieeieiieiceie ettt 181
3.1.6.2 Chronic Venous Insufficiency .........ccccceeeeveevirvencninenenencneneenenn. 192
3.1.6.3 VATICOSIS c.euiiiieiiieieeie ettt e 195
3.1.6.4 VariCOPhIEDitis.......ueevuieriiiriiiniiiiiesieeiee sttt s 198
3.1.7 Rare Venous Abnormalities..........cceeeeruiereereerueneenienieeneneenieneenieeresieenenne 199
3.1.7.1 Venous ANEUIYSIN ..ccveerureeriierieeiiesieesieesreesseesseesseesseesseesnseeseesnne 199
3.1.7.2 Tumors of the Venous Wall ..........cc.cceniiiinnniniininiininicnceeee, 201
3.1.7.3 Venous COMPIESSION ......cc.eeuerierienierieniieienieeteeieenieeieeneesseeneeeneenaes 201
3.1.7.4 Adventitial Cystic Disease of Veins..........cceceeveveeneneencneencnnene. 201
3.1.7.5 Differential Diagnosis: Lymphedema, Lipedema ...........cccceoueneee. 201
3.1.8 Vein MAPPING -.cveenvieiieiieiieitieieet ettt ettt sttt sttt esee et 202
3.1.9 Diagnostic Role of Ultrasound...........ccccceeeveieirinenenenenenieniereeeeeeeeenens 202
3.1.9.1 TRIOMDOSIS. ..c.uieiieeieiieiieie ettt 202



xviii

Contents

3.1.9.2 Chronic Venous InSufficiency .........ccoceeceeverieneniieneniienieienceeee 206

3.1.9.3 VATICOSIS .ttt et 208

3.2 Arm Veins and Jugular VEIN .........coeoeririiiiinieniiiiieicieieeececeese e 209
3.2.1 Vascular ANATOIMY ......coeeiueiiiiiiiieiieieee ettt 209

3.2.2 Examination Protocol and Technique..........cccccecvevieeriniencninicnenencieneennee 209

3.2.3 Normal FINAINES.....ccceiiiiiiiiiiiiieicieeeete e 209

3.2.4 DOCUMENLALION ....ovveeniiiienieniieteeiteie ettt sttt sttt eane st eenesieenesaeenne e 209

3.2.5 CHNIcal ROIE....cc.eiriiiiiiiiieiieietceccteteee e 210

3.2.6 Duplex Ultrasound Findings and Their Diagnostic Significance................. 210

3.2.7 Diagnostic Role of Duplex Ultrasound Compared with Other Modalities.. 211

3.3 Atlas: Peripheral VEINS ......c.ccoceiiiiiiiiiiiniiiiinieieccec et 213
G SIUNES ..ottt e 267
4.1 Clinical Role of Shunt Diagnosis .........ccccoceeruerierierieninieniieieneeie et 267
4.1.1 BacCK@round .......coeeiiiiiiiiiiieie e e 267

4.1.2 Diagnostic Tasks in Patients with Spontaneous and Therapeutic Shunts..... 267

4.2 Examination Protocol, Technique, and Diagnostic Role...........cccccoovevireninnnnen. 269
4.2.1 Congenital and Acquired Fistulae ........c.cccecvevieviniriininiincncnincnenccieene 269

4.2.2 DIALYSIS ACCESS....ueeviruieiiriieieeienieeteste ettt ettt ettt e s st sae e saeenenene 269

4.3 Typical Shunt-Related Changes in the Doppler Waveform...........ccccceeeeeniennueenne. 271
4.4  Shunt Maturation and Flow Volume Measurement .............ccccceceeveereencniencrnennen. 271
4.5 DOCUMENIATION. ....eeutiiieitietietieitenteete sttt ettt st et e ettt eetesaeeaeesaeeaesbeenaesanennens 272
4.6 Vascular Mapping Prior to AV Fistula Creation ..........ccccueevvvevieeiieenienceenieeieenne. 272
4.7 Abnormal Findings (Inadequate Dialysis)......c.cccoerverierienirieneeniineencnieneneeene 273
471 SHUNE STENOSIS ..eenveeneiiieniiiiienieeitesteet ettt ettt ettt et st e st st sae st esbesanens 273

4.77.2 Peripheral ISChemia ........ccooeeriiiiniiiiiiieieeeceee e 275

4.7.3 Shunt ANEUIYSIN....c..eouiiriiiieriieieteeiest ettt ettt st st sae st esbeeaeeneas 275

4.7.4 Abnormal Shunt FIOW .........ccccooiiiiiiiiiiiieeceeee e 276

4.8 Diagnostic Role of Duplex Ultrasound Compared with Other Modalities............. 276
4.9 ALlAS: SHUNES .c..eeiiiiiiiiee ettt et 278
5 Extracranial Cerebral Arteries.................ccooiriiiiiriiiieierieeeee e 291
5.1 Normal Vascular Anatomy and Important Variants..........c.ccceeeeeveerienieenieeneennne. 291
5.2 Examination Technique and Protocol...........cccecvvriiiiiiniiiniienieiieieeee e 294
5.2.1 Carotid ATTEIIES ....overureiiriieiieiietieeett ettt sttt st ettt st ene e 294

5.2.2 Vertebral ATTEIIES ....cc.eevuerueiriiriiiieiieiietenieete sttt sttt ettt ee e 297

5.3 DOCUMEIIATION. .. .eeutentieiiitietieitente ettt sttt sttt sttt ettt ebte bt sbeeaesbeenaesanenneas 299
5.4 NOrmMal FINAINES ..covvevviiiiiiiiiiiieieeieseee ettt st 299
5.4.1 Carotid ATtEIIES ...cuertieiiriieiieiieie ettt ettt ettt ettt sttt ettt sbee e e 299

5.4.2 Vertebral ATEIIES ...cc.eevuiruieriieiieiieiienit ettt sttt sttt sttt 299

5.5 Clinical Role of Duplex Ultrasound ..........c.ccecueeveeeirinininenienenieneneeneessenneneennen 299
5.5.1 Carotid ATtEIIES ....ccuerveeieeeietietiete et eee ettt eee st et e st ebe st e e b e eeeaeeeeene 299
5.5.1.1 Defining the Degree of Stenosis.........cocervereeieieerenrereneneneneeeenns 301

5.5.1.2 Plaque MOrpholOgy ......c.coceeciirieniiniiienieieeieieeeeeeeese e 305

5.5.2 Vertebral ATTEIIES ....c...oouireeriiriiiieeiiietenteeteset ettt et ene e 306

5.6 Ultrasound Criteria, Measurement Parameters, and Diagnostic Role..................... 306
5.6.1 Carotid ATTEIIES ...ccuerureiiriietieiietietertt ettt sttt et eee e 306
5.6.1.1 Plaque Evaluation and Morphology .........c.ceecueeeveeniennieenieenienienne 306

5.6.1.2 Stenosis Quantification/Stenosis Grading.........c..cceceeceeveeveeneenuenne. 314

5.6.1.3 OCCIUSION.......eruiiiieiiiiiiiienieeie sttt s 324

5.6.1.4 Postoperative FOLOW-Up.......cccceviriininiiniinieiinieeeieeee e 326

5.6.2 Vertebral ATEIIES ...cc.eeruieuieriieiieiieiientt ettt sttt sttt sttt eee et 330
5.6.2.1 STENOSIS ..uveeutieiieiieieeie ettt sttt ettt ee et st 330

5.60.2.2 OCCIUSION. ...cceiiiiuiiiiee ettt e e e e e e e s eeaareeeeeenns 330



Contents

Xix

5.6.2.3 DISSECLION ..c.uveutieuiiiieiieiieieeite ettt sttt sttt et be e 330
5.6.2.4 Subclavian Steal Syndrome...........coccevereereiieneiieneeeneeeeeee 331
5.7 Diagnosis of Brain Death..........ccccoocieiiiiiiiiiiiiieeee e 332
5.8 Rare (Nonatherosclerotic) Vascular Diseases of the Carotid Territory................... 332
5.8.1 DISSECHOMN ..uvvieivietieeieeiee et et e eteestteebeeteeebeeeseessbeessaeesseessseesseeseessseessnennns 332
5.8.2 Inflammatory Vascular Diseases (Takayasu’s Arteritis)........ceceeeecveeueenenne 334
5.8.3 Fibromuscular DysSplasia.........cceceerieriieeiieiiienienieesiieeieesiee e 335
5.8.4 ANCUIYSIN ..utiiiiieiieeiieeite st ettt et e et e e st esatesebe e bt e eabeesbaesnbeebeesabeenaeenane 335
5.8.5 Arteriovenous FiStula .........cccoovieviiniiniiiiniiiiniiieeiceeeceetcee e 336
5.8.6 Idiopathic CarotidyNia.......c.cevcveruieriieriiieniiesiiente st eneeereesee e sieesbeesaeesnee 336
5.8.7 VASOSPASIIL ...euvieniiiiiiieiieieeiteettete ettt sttt st sbt et b et sbe et esaeeneenae 336
5.8.8 Compression by Tumor, Carotid Body Tumor.........ccccccceevvenenvienenniencnnenne 337
5.9 Diagnostic Role of Duplex Ultrasound in Evaluating the Extracranial
CereDIal ATTETICS. ... eeueetieiietieieet ettt ettt ettt ettt ettt et e e sae et e 337
5.10 Atlas: Extracranial Cerebral ATteries.......ccoevieriiereesieerieenieeireesveesseesreesseesneensens 341
6 Visceral and Retroperitoneal Vessels ...............ccccooieiiiiiiiniiiiiee e 377
6.1 Abdominal Aorta, Visceral and Renal Arteries ...........ooovveeeevveeeeieeeecieee e, 377
6.1.1 Vascular ANALOMY .......cceeeeiuinieiiinieieeieie ettt ene e 377
6.1.1.1 AT ..ottt e 377
6.1.1.2 VISCEral ATTETICS ..cueevirureiiriieniieieniteie sttt et 377
6.1.1.3 ReNal ATTEIIS....cuevueiiiriiiiieiiiniieientteec sttt 378
6.1.2 Examination Protocol and Technique...........cccooceeviiiniinciieniiinieenie e 378
6.1.2.1 AT ettt 378
6.1.2.2 VISCEIal ATTEIICS . ..cueeiiruiiiieiieiieienitete sttt ettt 378
6.1.2.3 ReNAl ATTETICS....cuveruieiiriieiieiieieeie sttt 380
6.1.3 Normal FINAINES......cceeoiiriieiiiieieeiee et 380
6.1.3.1 AOTtAu.c.uiiiiieeiiieieeeie ettt ettt et e et e e s eebe e sabeeaeesaneens 380
6.1.3.2 VISCEIal ATTEIIES . .ccuvieriiieiieriieeriesieeieesieeeteesteeereesseesseeseseenseesaseens 380
6.1.3.3 ReNAl ATtEIIES. . .eecveieiiieeiieeiieiieeie et ettt e sve e e sveeaeesaeeeveessneenns 382
6.1.4 Interpretation and Documentation...........c..coceevirveneriienieiieneeiieneeeeeeeeene 383
6.1.5 Clinical Role of Duplex Ultrasound...........c.ccceeceerieenieniieenieniieeniesieeneenane 383
6.1.5.1 AT ettt 383
6.1.5.2 VISCEral ATTEIICS ..cueeiiruriiieiiiniieienitete sttt ettt 385
6.1.5.3 ReNal ATTETICS....c.ueruieiiriiiiieiienieetertete ettt 386
6.1.6 Measurement Parameters, Diagnostic Criteria, and Role of Ultrasound ..... 387
6.1.6.1 ReNAl ATTETICS....cueruiiiiriiiiieiieiieie ettt 387
6.1.6.1.1 Renal Artery Occlusion.........c.cceeeeveenirvieniineneenicnienene 392
6.1.6.1.2 Transplant Kidney .........ccccceeeevirinininininininencicienne 392
6.1.6.2 VISCETAl ATTEIICS . .ccuvieitiieriertieeriestieeieesteesteeseeesreesseesseessseesseessseens 394
6.1.0.3 AOTTA.c.uiiiieieeiieiieeie ettt ettt et e et e et e et e b e e raeebeesebeeaeesnbaens 399
6.2 Visceral and Retroperitoneal VEINS.........cccccueceeeriririnenenenenenientesreneeneeseeneeeneen 404
6.2.1 Vascular ANALOMY .......cceeeeriirieriinieiteeieie ettt ene e 404
6.2.1.1 Vena Cava......coccecueeiiiiiniiiieieieetentee et 404
6.2.1.2 Renal VEINS....cc.coouiriiiiiiiiiieieitcientec et 404
6.2.1.3 Portal Venous System and Hepatic Veins........cccccevcvevveenieenieennennns 405
6.2.2 Examination TEChNIQUE........ccceevcuiiiiiiiiieiieiieie e 405
6.2.2.1 Vena CaVa...c..coeeiiriiiiniiieeieieete ettt 405
6.2.2.2 ReNal VEINS....c.eoiiiiiiiiiiiiiieieieeestee sttt 406
6.2.2.3 Portal Vein and Superior Mesenteric Vein .........c..ccoceecveveeveeneennenne 406
6.2.3 Clinical Role of Duplex Ultrasound.............cccoceeoienerieninieninieneeeneeeee 407
6.2.3.1 ReNAl VRINS.....cccuiieiieiiiiiieiie ettt ettt et ve b s be e e saneens 407
6.2.3.2 Portal Venous SYSteM.......c.eeueruirierieieniieie e 407
6.2.4 Normal FINdINES.....c.coceririiririniiniiiiieieieteteeetet et 408



XX Contents
6.2.4.1 Vena Cava and Renal Veins.........c...ccoeeeeiuiiieiiiciiiee e 408
6.2.4.2 Portal Venous SYStEM.....cc.eeruiriererienieniienieeiieeeie et 408
6.2.5 DOCUMENTALION .....ocvviiiiiiieeeieie e et ettt e e et e eetee e et e e eeteeeeaeeeeeaeeeenes 408
6.2.6 Abnormal Ultrasound Findings, Measurement Parameters,
and Diagnostic ROLE .....c..ccoeciviiiriiiinininncceeeeeteeee e 408
60.2.6.1 Vena CaVa.......oooouviieiieeiiiiee ettt 408
6.2.6.2 Renal VEINS......cccoiiiiiiiiiiieeciit ettt tae e e e eaae e eaaeeens 409
6.2.6.3 Superior Mesenteric VEIN........ccocverieerierieenienieenteeieenee e see e 410
6.2.6.4 Portal and Hepatic VEINS ......ccceevieriiienieiiienieeieeseeeente e 411
6.3 Atlas: Visceral and Retroperitoneal VEesSels .........cceeveerieeriienieiniienieeieenieeieee 415
7 Penile and Scrotal VeSSelSs................ccoooiiiiiiiiiiiiiiece e 473
7.1 Vascular ANATOIMY ....c..eeuerieriirienienienieete sttt sttt si et ettt sbe et st esaesbeenaesaaenaeas 473
T 1.1 Penile VESSEIS ...cuviiiiiiiiieiiie ettt et et 473
T. 1.2 SCrotal VESSEIS......ooiiiiieiiieeeeee e e et 473
7.2 Examination TEChNIQUE .........ccceeririiiiieiiiieie et 474
7.2.1 Erectile DYSTUNCHON. ......cccuiitiiieiieieie et 474
T.2.2 SCIotal VESSELS....ccceiuviieiieeiiiieee ettt ettt e e aaaaee s 475
7.3 Normal FINAINGS ......ooviiiiiiiiiiiiiiieceertceeeeeeee ettt s 475
T7.3.1 Penile VESSEIS ....uvvieiiiieeiiie ettt et e et tae e et eesebe e e sebae e e breeenens 475
7.3.2 SCIotal VESSEIS....uviiiiiiieiiieeeiieeciie ettt ettt etae e e b e e e sabee e sebaeesbaeeenees 475
T4 DOCUMENLALION. .. .ccciiieiiiieeitrieeetteeeitieeeetreeesteeesteeeessseeasssesesssseessseeasssesesssseesssseeans 475
7.5 Clinical Role of Duplex Ultrasound ...........ccccceecueerieeriienieeniienieeieenieeiee e 476
7.5.1 Erectile DYSfUNCHON. ......ccceeiiiriiiiniiiiiieniceentecceceeee et 476
7.5.2 ACULE SCIOTUM......ooiuviiieiiieeeiiie ettt ete e e et e e eeabeeeeevaeeeaseeenns 476
7.5.3 VAIICOCEIE ... ettt et e e e et e e e 477
7.6  Abnormal Findings: Role of Duplex Ultrasound Parameters............cc.ccocereruennen. 477
7.6.1 Erectile DYSTUNCHON. ......ccuiitiiiiiieiieieiee et 477
7.6.2 ACULE SCIOTUIM.......oiuiiiieiiieeeeie et e et eeeeaaeeeeaeeean 478
T.6.3 VATICOCELE ...t 479
7.7 Atlas: Penile and Scrotal VesSelS........ccovvieiieiiiiiiiiiieiiiieee e 480
REFEIEIICES ... ettt ettt et e s et et e e st esesseensesnnesseensesens 485

SUDJECE INAEX .......oouiieiiiiieiieiieieeitete ettt ettt ettt et e seensesseesseeseesesseensesnsessesnsensens 513



2 Springer
http://www.springer.com/978-3-642-02508-2

Ultrasonography in Wascular Diagnosis
A Therapy-Oriented Textbook and Atlas
Schaberle, W.

2011, XX, 520 p., Hardcowver

ISBN: @78-3-642-02508-2



