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Curriculum vitae    

Geboren 2. November 1972 in Hanau. Verheiratet, 2 erwachsene Kinder.  

 

Beruf 

01/2022 Chefarzt Medizinische Klinik Schwerpunkt Gastroenterologie, Klinikum Würzburg 

Mitte / Juliusspital  

03/2021 Sektionsleiter Gastroenterologie, Medizinische Klinik 2, Caritas Krankenhaus Bad 

Mergentheim 

01/2011  Oberarzt Med. Klinik 2, Caritas Krankenhaus Bad Mergentheim 

09/2003  Assistenzarzt Med. Klinik 2, Caritas Krankenhaus Bad Mergentheim  

Zertifikate 

02/2023 Führung & Management für Krankenhausärztinnen und Krankenhausärzte der 

Frankfurt School of Finance & Management 

12/2024 Chronisch entzündliche Darmerkankungen (DGVS) 

06/2024 Ernährungsmedizin in der Gastroenterologie (DGVS) 

12/2023 Onkologische Gastroenterologie (DGVS) 

Ausbildung 

09/2020 Verleihung der Lehrbefugnis an der Universität Würzburg für das Fachgebiet Innere 

Medizin / Führung des Titels Privatdozent  

06/2020 Verleihung der Lehrbefähigung für das Fachgebiet Innere Medizin / Abschluss des 

Habilitationsverfahrens Universität Würzburg; Thema: Der Einsatz der 

Kontrastmittelsonographie bei extrahepatischen Indikationen 

11/2011 Facharzt Schwerpunktbezeichnung Gastroenterologie 

11/2009 Facharzt Innere Medizin 

05/2008 Promotion Universität Frankfurt/Main; Thema: Die Dopplersonographie 

mesenterialer und hepatischer Gefäße. 

05/2002 3. Staatsexamen, Approbation Universität Heidelberg 



 
 

10/1996  Beginn Medizinstudium Johann-Wolfgang-von-Goethe-Universität Frankfurt / Main 

und Ruprecht-Karls-Universität, Heidelberg 

Sonstige Ausbildung 

07/97 - 04/2002 Berufstätigkeit als Rettungsassistent 

07/1997 Staatsexamen als Rettungsassistent 

10/1993 bis 09/96 Studium Mathematik, Politikwissenschaften, Sportwissenschaften 

  

 

  



 
 

Mitgliedschaften 

- Deutsche Gesellschaft für Verdauungs- und Stoffwechselkrankheiten (DGVS) 

- Deutschen Gesellschaft für Ultraschall in der Medizin (DEGUM) 

- European Society for Ultrasound in Medicine and Biology (EFSUMB) 

- Deutsche Gesellschaft für Endoskopie und bildgebende Verfahren (DGE-BV) 

- European Society of Gastrointestinal Endoscopy (ESGE) 

 

Seit 10/2021  Stellvertretender Vorsitzende Sektion interventioneller Ultraschall - Deutsche 

Gesellschaft für Ultraschall in der Medizin (DEGUM) 

10/19 – 10/21  Arbeitsgruppenleiter Ultraschall der Deutschen Gesellschaft für Verdauungs- und 

Stoffwechselkrankheiten (DGVS) 

10/17 – 10/19 Sellvertretender Arbeitsgruppenleiter Ultraschall der Deutschen Gesellschaft für 

Verdauungs- und Stoffwechselkrankheiten (DGVS) 

07/2013 Sekretär des 43. Kongresses der Deutsche Gesellschaft für Endoskopie und 

bildgebende Verfahren (DGE-BV)) 

06/2012 Prüfung zum Kursleiter (Stufe 3) der Sektion Innere Medizin der Deutschen 

Gesellschaft für Ultraschall in der Medizin (DEGUM) 

10/2010 Prüfung zum Kursleiter (Stufe 3) der AG Endosonographie der Deutschen Gesellschaft 

für Ultraschall in der Medizin (DEGUM) 

Mitarbeit in Leitlinien 

- Aktuell: Mitarbeit beim Update der „Leitlinie Komplikationen der Leberzirrhose“ der Deutschen 

Gesellschaft für Verdauungs- und Stoffwechselkrankheiten (DGVS)  

- 2019 Mitarbeit bei der Leitlinie der World Federation for Ultrasound in Medicine and Biology 

(WFUMB) “Contrast enhanced Ultrasound of the liver” 

- 2018 – 2019 Mitarbeit bei der Leitlinie der European Federation of Societies for Ultrasound in 

Medicine and Biology (EFSUMB) “Elastography non-liver applications” 

- 2017: Mitarbeit bei der „Leitlinie Komplikationen der Leberzirrhose“ der Deutschen Gesellschaft für 

Verdauungs- und Stoffwechselkrankheiten (DGVS)  

- 2016 Mitarbeit bei der Leitlinie der European Federation of Societies for Ultrasound in Medicine 

and Biology (EFSUMB) “Interventional Ultrasound” 

- 2011 Mitarbeit bei der Letilinie der European Federation of Societies for Ultrasound in Medicine 

and Biology (EFSUMB)  “Contrast enhanced ultrasound – non-liver applications” 



 
 

Betreute Promotionen 

- Aktuell laufende Promotion Universität Würzburg Frau Melina Randak, Thema 

„Fusionssonographie zur Charakterisierung in der Schnittbildgebung unklar gebliebener 

Leberläsionen“ 

- Matthias Dusik, Promotion an der Universitätsklinik Frankfurt. Klinische Wertigkeit des 

Einsatzes von handheld ultrasound devices auf der Intensivstaton -  

- Xin-Wu Cui, Promotion an der Universitätsklinik in Frankfurt. Evaluation of extravascular 

contrast enhanced ultrasound. 

- Maruan Chichacli, Promotion an der Universitätsklinik in Frankfurt. Thema: Wertigkeit der 

transabdominellen und der mediastinalen Sonographie bei erwachsenen Patienten mit 

Cystischer Fibrose.  

- Jan Russler, Promotion an der Universitätsklinik in Frankfurt. Sonographische 

Routineuntersuchung des Abdomens bei Patienten mit Morbus Crohn, eine prospektive 

Untersuchung. 

- Nandor Hänsel, derzeit laufende Doktorarbeit an der Universitätsklinik in Frankfurt. 

Thema: Elastographie der Leber, Einflussfaktoren. 

-  

  



 
 

Aufstellung über die Lehre   

01.04. – 07.04.2006 Winterschool Obergurgl (Goethe-Universität Frankfurt am Main); 

Praktikum Ultraschall  

Seminar Innere Medizin (Endokrinologie, Palliativmedizin 

Psychosomatik, Gastroenterologie und Hepatologie, Zentrale 

Notaufnahme, Ernährungsmedizin, Hämatoonkologie) 

30.03. – 06.04.2007 Winterschool Obergurgl; Praktikum Ultraschall und Seminar Innere 

Medizin 

05.04. – 12.04.2008 Winterschool Obergurgl; Praktikum Ultraschall und Seminar Innere 

Medizin 

26.03. – 02.04.2009 Winterschool Obergurgl; Praktikum Ultraschall und Seminar Innere 

Medizin 

20.03. – 27.03.2010 Winterschool Obergurgl; Praktikum Ultraschall und Seminar Innere 

Medizin 

22.03. – 29.03.2013 Winterschool Obergurgl (Universität Würzburg); Praktikum 

Ultraschall und Seminar Innere Medizin 

09.03. – 12.03.2014 Winterschool Gaschurn  

Praktikum Ultraschallkurs für Studenten,  

08.03. – 11.03.2015 Winterschool Gaschurn  

Praktikum Ultraschallkurs für Studenten 

11.01.2016 Zentrale Unterrichtseinheit Blockpraktikum Innere Medizin:  

Seminar Sonographie und Seminar Leitsymptome Gastroenterologie 

15.01.2016 Zentrale Unterrichtseinheit Blockpraktikum Innere Medizin:  

Praktikum Aszitespunktion 

13.03. – 16.03.2016 Winterschool Gaschurn  

Praktikum Ultraschallkurs für Studenten,  

04.07.2016 Zentrale Unterrichtseinheit Blockpraktikum Innere Medizin:  

Seminar Sonographie und Seminar Leitsymptome Gastroenterologie 



 
 

29.07.2016 Zentrale Unterrichtseinheit Blockpraktikum Universität 

Frankfurt/Main Innere Medizin: Praktikum Aszitespunktion 

12.03. – 15.03.2017 Winterschool Gaschurn 

Praktikum Ultraschallkurs für Studenten.  

2016 bis 2021 Wöchentlicher Studentenkurs Sonographie je 2 UE 

19.01.2017 Vorlesung Lokal ablative Therapie von Leber- und Pankreastumoren 

Caritas-Krankenhaus Bad Mergentheim 

04.03. – 07.03.2018 Winterschool Gaschurn 

Praktikum Ultraschallkurs für Studenten.  

27.03.2019 Vorlesung Universitätsklinik Würzburg Biliäre transabdominelle 

Interventionen 

14.12.2020 Vorlesung Universitätsklinik Würzburg Endoskopie und Sonographie 

07.5.2021 Vorlesung Universitätsklinik Würzburg Endoskopie und Sonographie 

Seit 2022 Wöchentlich 5 Unterrichtseinheiten im Rahmen des PJ-Unterrichts 

am Klinikum Würzburg Mitte  

Seit 2023 Mitarbeit beim Klinischen Praktikum Innere Medizin 

Universitätsklinik Würzburg 2 Semesterwochenstunden 

Seit 2024 Jeweils 6 UE als Dozent bei der Übung „Klinisch-praktische 

Kompetenz – PJ-Reife“ 

 

  



 
 

Aufstellung der Drittmitteleinwerbungen 

DEGUM Förderung für das “Register für interventionellen Ultraschall (88.000 € über 5 Jahre) 

Studie BR1-043. Comparison of the accuracy of unenhanced and SonoVue-enhanced 

ultrasonography in the detection of focal liver lesions (EMEA-Zulassungsstudie), federführend 

publiziert. 

Studie BR1-130. Characterization of focal liver lesions with SonoVue®-enhanced ultrasound 

imaging: a phase III, intrapatient comparative study versus unenhanced ultrasound imaging 

using histology or combined imaging/clinical data as truth standard (FDA-Zulassungsstudie). 

30.000 Euro 

EUS workshops (Boston Scientific, Novartis, Hitachi, AbbVie) 10.000 Euro 

  



 
 

Publikationen 

1. Dietrich, C.F., et al., Controversies in Endoscopic Ultrasound-Guided Biliary Drainage. Cancers 
(Basel), 2024. 16(9). 

2. Dietrich, C.F., et al., Controversies in endobronchial ultrasound. Endosc Ultrasound, 2024. 
13(1): p. 6-15. 

3. Braden, B., et al., Mishaps with EUS-guided lumen-apposing metal stents in therapeutic 
pancreatic EUS: Management and prevention. Endosc Ultrasound, 2023. 12(5): p. 393-401. 

4. Dong, Y., et al., The diagnostic value of Doppler Resistive Index in the differential diagnosis of 
focal liver lesions. J Ultrason, 2023. 23(93): p. e45-e52. 

5. Ignee, A., et al., Comments and illustrations of the WFUMB CEUS liver guidelines: Rare focal 
liver lesions - infectious (bacterial). Med Ultrason, 2023. 25(3): p. 312-324. 

6. Karlas, T., et al., [Ultrasound systems for abdominal diagnostics - current methods, clinical 
applications and new technologies]. Z Gastroenterol, 2023. 61(9): p. 1235-1245. 

7. Luerken, L., et al., Diagnostic Accuracy of Indocyanine Green Clearance Test for Different Stages 
of Liver Fibrosis and Cirrhosis. Diagnos�cs (Basel), 2023. 13(16). 

8. Möller, K., et al., Secondary sclerosing cholangitis and IgG4-sclerosing cholangitis - A review of 
cholangiographic and ultrasound imaging. Endosc Ultrasound, 2023. 12(2): p. 181-199. 

9. Möller, K., et al., Intraductal papillary neoplasms of the bile ducts-what can be seen with 
ultrasound? Endosc Ultrasound, 2023. 12(6): p. 445-455. 

10. Möller, K., et al., Pancreatic changes with lifestyle and age: What is normal and what is 
concerning? Endosc Ultrasound, 2023. 12(2): p. 213-227. 

11. Möller, K., et al., Comments on and Illustrations of the EFSUMB CEUS Guidelines: 
Transabdominal and Endoscopic Ultrasound Features of Intrapancreatic Metastases and the 
Role of Multiparametric Imaging and EUS-Guided Sampling in Rare Pancreatic Tumors. Cancers 
(Basel), 2023. 15(9). 

12. Möller, K., et al., CEUS Bosniak Classification-Time for Differentiation and Change in Renal Cyst 
Surveillance. Cancers (Basel), 2023. 15(19). 

13. Möller, K., et al., Pancreatic duct imaging during aging. Endosc Ultrasound, 2023. 12(2): p. 
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14. Möller, K., et al., Comments and illustrations of the WFUMB CEUS liver guidelines: Rare focal 
liver lesions - non-infectious, non-neoplastic. Med Ultrason, 2023. 25(4): p. 435-444. 

15. Dietrich, C.F., et al., Controversies in ERCP: Indications and preparation. Endosc Ultrasound, 
2022. 11(3): p. 186-200. 

16. Dietrich, C.F., et al., Controversies in ERCP: Technical aspects. Endosc Ultrasound, 2022. 11(1): 
p. 27-37. 

17. Dietrich, C.F., et al., How to perform EUS-guided biliary drainage. Endosc Ultrasound, 2022. 
11(5): p. 342-354. 

18. Hocke, M., et al., Controversies in EUS-guided treatment of walled-off necrosis. Endosc 
Ultrasound, 2022. 11(6): p. 442-457. 

19. Sivanathan, V., et al., Predictive Value of Preoperative Endoscopic Ultrasound (EUS) After 
Neoadjuvant Chemotherapy in Locally Advanced Esophagogastric Cancer - Data From a 
Randomized German Phase II Trial. Ultraschall Med, 2022. 43(5): p. 514-521. 

20. Can�sani, V., et al., EFSUMB 2020 Proposal for a Contrast-Enhanced Ultrasound-Adapted 
Bosniak Cyst Categorization - Position Statement. Ultraschall Med, 2021. 42(2): p. 154-166. 

21. Löwe, A., et al., "Knobology" in Doppler Ultrasound. Med Ultrason, 2021. 23(4): p. 480-486. 
22. Safai Zadeh, E., et al., [Spleen biopsy: "pros and cons" or better "when and when not?"]. Z 

Gastroenterol, 2021. 59(8): p. 879-885. 
23. Sharma, M., et al., General principles of image optimization in EUS. Endosc Ultrasound, 2021. 

10(3): p. 168-184. 



 
 

24. Dietrich, C.F., et al., Guidelines and Good Clinical Practice Recommendations for Contrast 
Enhanced Ultrasound (CEUS) in the Liver - Update 2020 - WFUMB in Cooperation with 
EFSUMB, AFSUMB, AIUM, and FLAUS. Ultraschall Med, 2020. 41(5): p. 562-585. 

25. Dietrich, C.F., et al., Guidelines and Good Clinical Practice Recommendations for Contrast-
Enhanced Ultrasound (CEUS) in the Liver-Update 2020 WFUMB in Cooperation with EFSUMB, 
AFSUMB, AIUM, and FLAUS. Ultrasound Med Biol, 2020. 46(10): p. 2579-2604. 

26. Barreiros, A.P., et al., EchoScopy in scanning abdominal diseases; a prospective single center 
study. Med Ultrason, 2019. 21(1): p. 8-15. 

27. Dietrich, C.F., et al., What should be known prior to performing EUS? Endosc Ultrasound, 2019. 
8(1): p. 3-16. 

28. Dietrich, C.F., et al., What should be known prior to performing EUS exams? (Part II). Endosc 
Ultrasound, 2019. 8(6): p. 360-369. 

29. Sã�oiu, A., et al., Changes in tumor vascularity depicted by contrast-enhanced EUS as a 
predictor of prognosis and treatment efficacy in patients with unresectable pancreatic cancer 
(PEACE): A study protocol. Endosc Ultrasound, 2019. 8(4): p. 235-240. 

30. Să�oiu, A., et al., The EFSUMB Guidelines and Recommendations for the Clinical Practice of 
Elastography in Non-Hepatic Applications: Update 2018. Ultraschall Med, 2019. 40(4): p. 425-
453. 

31. Dietrich, C.F., et al., How to perform Contrast-Enhanced Ultrasound (CEUS). Ultrasound Int 
Open, 2018. 4(1): p. E2-E15. 

32. Dietrich, C.F., et al., Statement and Recommendations on Interventional Ultrasound as a 
Thyroid Diagnostic and Treatment Procedure. Ultrasound Med Biol, 2018. 44(1): p. 14-36. 

33. Dietrich, C.F., et al., [Contrast-enhanced ultrasound: Liver Imaging Reporting and Data System 
(CEUS LI-RADS)]. Z Gastroenterol, 2018. 56(5): p. 499-506. 

34. Dong, Y., et al., Autoimmune pancreatitis: Imaging features. Endosc Ultrasound, 2018. 7(3): p. 
196-203. 

35. Ignee, A., et al., Endoscopic ultrasound elastography of small solid pancreatic lesions: a 
multicenter study. Endoscopy, 2018. 50(11): p. 1071-1079. 

36. Braden, B., et al., B-mode and contrast-enhancement characteristics of small nonincidental 
neuroendocrine pancreatic tumors. Endosc Ultrasound, 2017. 6(1): p. 49-54. 

37. Dong, Y., et al., Contrast enhanced ultrasound features of hepatic cystadenoma and hepatic 
cystadenocarcinoma. Scand J Gastroenterol, 2017. 52(3): p. 365-372. 

38. Hocke, M., A. Ignee, and C. Dietrich, Role of contrast-enhanced endoscopic ultrasound in lymph 
nodes. Endosc Ultrasound, 2017. 6(1): p. 4-11. 

39. Ignee, A., et al., Endorectal fusion imaging: A description of a new technique. Endosc 
Ultrasound, 2017. 6(4): p. 241-244. 

40. Ignee, A., et al., Contrast-enhanced (endoscopic) ultrasound and endoscopic ultrasound 
elastography in gastrointestinal stromal tumors. Endosc Ultrasound, 2017. 6(1): p. 55-60. 

41. Nuernberg, D., et al., [Ultrasound in palliative care medicine, Part II]. Z Gastroenterol, 2017. 
55(6): p. 582-591. 

42. Cui, X.W., et al., Feasibility and Usefulness of Intra-Cavitary Contrast-Enhanced Ultrasound in 
Percutaneous Nephrostomy. Ultrasound Med Biol, 2016. 42(9): p. 2180-8. 

43. Dietrich, C.F., et al., Percutaneous sclerotherapy of liver and renal cysts, comments on the 
EFSUMB guidelines. Z Gastroenterol, 2016. 54(2): p. 155-66. 

44. Dietrich, C.F., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part III - 
Abdominal Treatment Procedures (Long Version). Ultraschall Med, 2016. 37(1): p. E1-E32. 

45. Dietrich, C.F., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part III - 
Abdominal Treatment Procedures (Short Version). Ultraschall Med, 2016. 37(1): p. 27-45. 

46. Dietrich, C.F., et al., Differential diagnosis of small solid pancreatic lesions. Gastrointest Endosc, 
2016. 84(6): p. 933-940. 

47. Dong, Y., et al., Contrast-enhanced ultrasound of histologically proven hepatic epithelioid 
hemangioendothelioma. World J Gastroenterol, 2016. 22(19): p. 4741-9. 



 
 

48. Fusaroli, P., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part V. Ultraschall 
Med, 2016. 37(4): p. 77-99. 

49. Fusaroli, P., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part V - EUS-
Guided Therapeutic Interventions (short version). Ultraschall Med, 2016. 37(4): p. 412-20. 

50. Ignee, A., et al., Ultrasound contrast agents. Endosc Ultrasound, 2016. 5(6): p. 355-362. 
51. Ignee, A., et al., Duplex sonography of the mesenteric vessels--a critical evaluation of inter-

observer variability. Z Gastroenterol, 2016. 54(4): p. 304-11. 
52. Ignee, A., et al., Intracavitary contrast-enhanced ultrasound in abscess drainage--feasibility and 

clinical value. Scand J Gastroenterol, 2016. 51(1): p. 41-7. 
53. Jenssen, C., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part VI - 

Ultrasound-Guided Vascular Interventions. Ultraschall Med, 2016. 37(5): p. 473-476. 
54. Jenssen, C., et al., Erratum: EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part VI - 

Ultrasound-Guided Vascular Interventions. Ultraschall Med, 2016. 37(5): p. e1. 
55. Jenssen, C., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part IV - EUS-

guided Interventions: General aspects and EUS-guided sampling (Long Version). Ultraschall 
Med, 2016. 37(2): p. E33-76. 

56. Jenssen, C., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part IV - EUS-
guided interventions: General Aspects and EUS-guided Sampling (Short Version). Ultraschall 
Med, 2016. 37(2): p. 157-69. 

57. Mohaupt, M.G., et al., Comments and extensions to EFSUMB guidelines on renal interventional 
ultrasound (INVUS). Med Ultrason, 2016. 18(3): p. 351-61. 

58. Cui, X.W., et al., Endoscopic ultrasound elastography: Current status and future perspectives. 
World J Gastroenterol, 2015. 21(47): p. 13212-24. 

59. Cui, X.W., et al., Feasibility and usefulness of using swallow contrast-enhanced ultrasound to 
diagnose Zenker's diverticulum: preliminary results. Ultrasound Med Biol, 2015. 41(4): p. 975-
81. 

60. Dietrich, C.F., et al., Local ablative procedures of the liver. Z Gastroenterol, 2015. 53(6): p. 579-
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61. Dietrich, C.F., et al., Intestinal Ultrasound in Rare Gastrointestinal Diseases, Update, Part 2. 
Ultraschall Med, 2015. 36(5): p. 428-56. 

62. Dietrich, C.F., et al., Ultrasound of the pleurae and lungs. Ultrasound Med Biol, 2015. 41(2): p. 
351-65. 

63. Ignee, A., et al., Percutaneous transhepatic cholangiography and drainage using extravascular 
contrast enhanced ultrasound. Z Gastroenterol, 2015. 53(5): p. 385-90. 

64. Nürnberg, D., et al., [Ultrasound in palliative care medicine]. Z Gastroenterol, 2015. 53(5): p. 
409-16. 

65. Să�oiu, A., et al., Quantitative contrast-enhanced harmonic EUS in differential diagnosis of 
focal pancreatic masses (with videos). Gastrointest Endosc, 2015. 82(1): p. 59-69. 

66. Sidhu, P.S., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part II. Diagnostic 
Ultrasound-Guided Interventional Procedures (Long Version). Ultraschall Med, 2015. 36(6): p. 
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67. Sidhu, P.S., et al., EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part II. Diagnostic 
Ultrasound-Guided Interventional Procedures (Short Version). Ultraschall Med, 2015. 36(6): p. 
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68. Strobel, D., et al., Incidence of bleeding in 8172 percutaneous ultrasound-guided 
intraabdominal diagnostic and therapeutic interventions - results of the prospective 
multicenter DEGUM interventional ultrasound study (PIUS study). Ultraschall Med, 2015. 36(2): 
p. 122-31. 

69. Barreiros, A.P., et al., EchoScopy in scanning abdominal diseases: initial clinical experience. Z 
Gastroenterol, 2014. 52(3): p. 269-75. 

70. Cui, X.W., et al., Conventional ultrasound for lymph node evaluation, update 2013. Z 
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71. Cui, X.W., et al., Prolonged heterogeneous liver enhancement on contrast-enhanced ultrasound. 
Ultraschall Med, 2014. 35(3): p. 246-52. 

72. Cui, X.W., et al., Measurement of shear wave velocity using acoustic radiation force impulse 
imaging is not hampered by previous use of ultrasound contrast agents. Z Gastroenterol, 2014. 
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73. Dietrich, C.F., et al., Artifacts and pitfalls in contrast-enhanced ultrasound of the liver. 
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74. Dietrich, C.F., et al., Intestinal ultrasound in rare gastrointestinal diseases, update, part 1. 
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75. Hocke, M., et al., Pancreatic cystic lesions: The value of contrast-enhanced endoscopic 
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Gastroenterol, 2013. 51(2): p. 191-5. 
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85. Pirri, C., et al., The pancreatic head is larger than often assumed. Z Gastroenterol, 2013. 51(4): 
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93. Hocke, M., A. Ignee, and C.F. Dietrich, Advanced endosonographic diagnostic tools for 
discrimination of focal chronic pancreatitis and pancreatic carcinoma--elastography, contrast 
enhanced high mechanical index (CEHMI) and low mechanical index (CELMI) endosonography 
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ABSTRACT

The well-established Bosniak renal cyst classification is based

on contrast-enhanced computed tomography determining

the malignant potential of cystic renal lesions. Ultrasound

has not been incorporated into this pathway. However, the

development of ultrasound contrast agents coupled with the

superior resolution of ultrasound makes it possible to redefine

the imaging of cystic renal lesions. In this position statement,

an EFSUMB Expert Task Force reviews, analyzes, and describes

the accumulated knowledge and limitations and presents the

Guidelines & Recommendations
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current position on the use of ultrasound contrast agents in

the evaluation of cystic renal lesions.

ZUSAMMENFASSUNG

Die gut etablierte Bosniak-Klassifikation von Nierenzysten ba-

siert auf der kontrastverstärkten Computertomografie, die

das maligne Potenzial zystischer Nierenläsionen bestimmt.

Die Sonografie wurde bei diesem Verfahren nicht berücksich-

tigt. Die Entwicklung von Ultraschallkontrastmitteln in Verbin-

dung mit der überlegenen Auflösung im Ultraschall ermö-

glicht es jedoch, die Bildgebung zystischer Nierenläsionen

neu zu definieren. In dieser Stellungnahme überprüft, analy-

siert und beschreibt eine Expertengruppe der EFSUMB das

gesammelte Wissen und die Grenzen und präsentiert die ak-

tuelle Position bezüglich des Einsatzes von Ultraschallkon-

trastmitteln bei der Bewertung zystischer Nierenläsionen.

Introduction

It remains a challenge for an imaging modality to accurately differ-
entiate benign from malignant complex renal cysts. This is
important as up to 6% of all asymptomatic renal lesions are cystic
renal cell carcinomas [1, 2]. Bosniak established a classification as a
tool for the characterization of cystic renal lesions detected by con-
trast-enhanced computed tomography (CECT), and this has be-
come the gold standard [3]. The detection of cystic renal lesions
has dramatically increased with the continued growth in cross-sec-
tional imaging, and these lesions are often incidental findings in
asymptomatic patients. B-mode ultrasound (US) can reliably cate-
gorize cystic renal lesions as simple or complex cysts. The introduc-
tion of ultrasound contrast agents (UCA) has significantly improved
the capability of US to further evaluate any indeterminate lesion al-
lowing definitive characterization [4–6]. Ultrasound practitioners
have adapted this CT-based classification when evaluating complex
cystic renal lesions using UCA with some success. In the recent
EFSUMB Guidelines regarding non-contrast-enhanced ultrasound
(CEUS) of the liver, it was recommended to use a UCA to character-
ize any complex renal cysts and to apply a Bosniak categorization
[4]. However, with the higher temporal and spatial resolution of
CEUS compared to CECT, there is a need to adapt the Bosniak clas-
sification according to the CEUS findings [7, 8].

This position paper provides guidance for the use of CEUS for
the evaluation of renal cysts, following a literature review with an
expert opinion in keeping with the EFSUMB guideline policy [9].

Imaging of Cystic Renal Lesions: The Challenge

While simple renal cysts have a typical appearance on B-mode US,
characterization of complex cystic lesions as benign or malignant
may be problematic. Malignancy may be missed within non-tumor
echogenic content and, in turn, this echogenic material may simu-
late the presence of malignancy. Conventional Doppler US tech-
niques can be used to evaluate vascularity of septations and solid
components, but Doppler US often fails to detect slow flow in small
vessels [10, 11]. Renal cystic lesions that are not unequivocally
characterized as benign with conventional US techniques require
further assessment with a contrast examination. Although CECT is
used more often, there is evidence that contrast-enhanced mag-
netic resonance imaging (CEMRI) and CEUS are at least as effective
as CECT imaging for cystic lesion characterization. Benign lesions
do not demonstrate internal enhancement, while the presence of
enhancing soft-tissue components is strongly predictive for malig-

nancy [10, 12, 13]. Contrast-enhanced ultrasound has the advan-
tage of being able to monitor lesion vascularity in real time for
several minutes at high frame rates [14, 15].

POSITION STATEMENT 1

Contrast-enhanced ultrasound can be used to characterize

cystic renal lesions.

The Bosniak Classification System

The classification of cystic renal lesions introduced by Bosniak for
CECT in 1986 [3] and recently modified by Silvermann et al. in
2019 [16] remains pertinent to the CECT diagnosis and manage-
ment of complex cystic lesions [12, 17]. Cysts are classified based
on the presence of certain imaging features that determine the
likelihood of malignancy including hyperdensity, septations, calci-
fications, wall thickening, and enhancement characteristics. A
“Bosniak” score is assigned to reflect the interpretation, with an
increasing likelihood of malignancy [3, 18, 19]:
▪ Category I–II: The cystic lesion is a simple or a minimally

complex cyst, regarded as “clearly benign” with no further
evaluation required. The prevalence of malignancy in Bosniak
categories I and II is reported at 3.2 % (95% CI 0–6.8) and 6.0 %
(95% CI 2.7–9.3), respectively [20]. In surgically treated
Bosniak category II, a malignancy rate of around 9.0 % (5–14%)
is reported [21].

▪ Category IIF: The cystic lesion is “presumably benign” with
imaging surveillance advised [17]. The malignancy rate for
Bosniak category IIF is 6.7% (95% CI 5–8.4) [20] or 18% (12–
26%) in surgical cohorts [21]. During imaging surveillance,
re-classification to Bosniak category III/IV was necessary in
12% (8–17%) with a malignancy rate as high as 85% (74–92%)
in re-classified cystic lesions.

▪ Category III: The cystic lesion is “indeterminate” for malig-
nancy. The malignancy rate in Bosniak category III is 55.1 %
(95% CI 45.7–64.5) [20], and in a surgical cohort is 51% (42–
61%), and in radiological cohorts 54% (45–63%) [21].

▪ Category: IV: The cystic lesion is likely malignant. The malig-
nancy rate in Bosniak category IV is 91% (95% CI 87.7–94.2)
[20], with no difference between surgical cohorts (malignancy
in 86% of cases) and radiological cohorts (malignancy in 95%
of cases) [21].
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The Bosniak classification system is not intended to be used alone
to guide the management of patients with complex renal cysts.
Management of complex renal cystic lesions is dependent on the
individual patient’s combination of imaging findings, clinical fac-
tors, and available treatment options [16]. The treatment decision
lies with the urologist and/or the multidisciplinary renal cancer
teams, based on current clinical practice and scientific evidence
provided by urological guidelines [22]

POSITION STATEMENT 2

To guide the management of patients with renal cystic le-

sions, the Bosniak classification of imaging findings should al-

ways be used in conjunction with the assessment of clinical

data and individual treatment options.

How accurate is risk assessment of renal
cystic lesions using the CT-based Bosniak
classification?

The crucial distinction is between Bosniak categories IIF and III, as
category IIF may be followed-up but, in the case of category III,
surgery is often indicated. The reported overall sensitivity of the
CECT Bosniak cyst classification is 93% (95% CI 89–95) with a spe-
cificity of 67% (95% CI 59–76) [20]. Magnetic resonance imaging
is superior to CECT in identifying lesion septations and enhance-
ment, resulting in a higher category, most often upgrading from
Bosniak category II and IIF to IIF and III, respectively [23–25].
There is reported discrepancy regarding the performance among
reporting radiologists in categorization. This discordance was
greatest in the challenging categories II and III. The introduction
of category IIF reduced this difficulty [24, 26]. A recent refine-
ment of the CECT and CEMRI criteria may be helpful but requires
validation [16].

POSITION STATEMENT 3

Risk assessment of renal cystic lesions using the CT-based

Bosniak classification can be challenging and is subject to

interobserver variability.

How accurate is risk assessment of renal
cystic lesions using the MR-based Bosniak
classification?

Both MR and CT imaging have similar results in the evaluation of
the Bosniak categories [27, 28]. The pooled sensitivity and speci-
ficity for MR imaging were 0.92 and 0.91, respectively, with an
AUROC of 94.7 % [29]. Using enhancement subtraction imaging,
the sensitivity was improved to 95 % [30], and combined mural

irregularity and intense mural enhancement is a strong predictor
of malignancy [31]. Magnetic resonance imaging led to category
migration with a change in the management of complex renal
cysts in a significant proportion of cases; upgrades with MR ima-
ging in 40% [32], 23% [28], or 10% [27]. An inherent artifact with
MR imaging is the depiction of thicker septa than on CECT [17, 25,
32, 33]. Diffusion-weighted MRI (DWI) can provide additional in-
formation (on the presence of a tumor tissue component that
may help differentiate certain cases of complex renal cysts from
cystic carcinomas) [34].

POSITION STATEMENT 4

CEMRI and CECT have similar accuracy in the evaluation of

renal cystic lesions using the Bosniak classification in the

majority of cases.

How good is the interobserver agreement
between CT, CEUS, and MR imaging
classification of renal cystic lesions?

There was excellent interobserver agreement for Bosniak classifi-
cation for both CECT (kappa score k = 0.87) and CEMRI (k = 0.93)
between two readers [21]. Conversely, there was considerable
disagreement among three radiologists for CECT [21, 26]. Com-
paring CT, MR, and CEUS imaging, there was agreement between
CT and MR imaging in 78% (k = 0.91) of the cases and agreement
between CT and CEUS imaging in 79% (k = 0.86) with discordance
only in Bosniak classes II and IIF [25].

POSITION STATEMENT 5

Considerable interobserver variability in Bosniak classification

of renal cystic lesions with CECT exists which may have a

significant impact on clinical decision making.

Ultrasound Examination of Bosniak Cysts:
Contrast Agents and Dose Administered

Different UCAs have been used in different studies, with no com-
parative studies being published. The greatest experience is with
the sulfur hexafluoride–filled microbubble SonoVue (Bracco SpA,
Italy), the agent used almost exclusively in Europe for CEUS of ab-
dominal organs [4, 35]. The recommended dose for intravenous
use of SonoVue in renal cyst characterization ranges between 0.6
to 2.4mL, but depends on the US system and patient habitus [36].
If needed, a second dose of the UCA may be safely administered
to reexamine the kidney or for further examination of the contra-
lateral kidney.
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POSITION STATEMENT 6

Different ultrasound contrast agents can be used to evaluate

renal cystic lesions with CEUS, with sulfur hexafluoride-filled

microbubbles being the agent with the greatest amount of

documentation regarding efficacy.

Ultrasound Examination of Bosniak Cysts:
Contrast Agent Safety

Ultrasound contrast agents are administered safely in various ap-
plications with minimal risk to patients [37–40]. The risk of an
anaphylactoid reaction is low (1:7000 patients, 0.014 %) and
significantly lower compared to iodinated CT contrast agents
(35–95:100 000 patients, 0.035–0.095 %), and comparable to
the rate of severe anaphylactoid reactions associated with gadoli-
nium-based contrast agents at 0.001–0.010%. Serious anaphylac-
toid reactions to UCAs are observed in approximately 1:10 000 ex-
posures. In most cases allergy-like events and hypotension
occurred within a few minutes following the injection of the UCA
[37, 41–43]. Due to the fact that UCAs are not excreted through
the kidneys, there is no need for renal function blood tests prior to
UCA injection [44, 45]. There is no evidence of any effect on renal
function. Patients with renal insufficiency have no risk of contrast-
related nephropathy. Most observed adverse events were mild
and resolved spontaneously within a short time without sequelae.
The safety profile in children reflects that in adults [46, 47].

POSITION STATEMENT 7

Microbubble contrast agents for ultrasound imaging are safe

and should be considered particularly in children and in

patients with renal insufficiency.

Ultrasound Examination of Bosniak Cysts:
Equipment

Successful CEUS examinations require use of high performance
contrast-specific software, which enables separate processing of
non-linear microbubble signals and linear signals emitted by
normal tissue. A low mechanical index (MI) should be used in
order to minimize non-linear soft tissue signals and to avoid
unintentional microbubble destruction. Generally, a low MI exam-
ination is typically considered < 0.3 not only to minimize micro-
bubble disruption, but also to reduce tissue harmonics and
artifacts. The optimum MI values vary with the different US man-
ufacturers. Modern US machines can display a real-time dual-
screen view, comprising a CEUS image alongside the B-mode US
image. Particularly, this is helpful for the CEUS investigation of
smaller lesions. Importantly, the B-mode US image is formed
using low MI and is of inferior quality compared to the normally
used B-mode image. Additionally, some equipment provides the

possibility of a single screen presentation mode, displaying the
CEUS image in an overlay mode together with the B-mode US
image.

POSITION STATEMENT 8

Use of ultrasound equipment with high-performance con-

trast-specific modes is essential for CEUS investigation of renal

cystic lesions.

Ultrasound Examination of Bosniak Cysts:
Investigator Training

In order to ensure high quality of CEUS imaging, EFSUMB suggests
that CEUS should be performed by practitioners with at least com-
petence level 1 (preferably level 2 for the kidneys), as the diagnostic
performance of CEUS is operator-dependent and correlates with
the experience of the operator [48–50]. Additionally, physicians
should ensure that their US machine is configured for adequate
CEUS imaging and data post-processing. Familiarity with adminis-
tration of the available UCA as well as knowledge of potential con-
traindications and side effects is mandatory. The operator must
also be aware of the local national medico-legal regulations.

POSITION STATEMENT 9

The diagnostic performance of CEUS depends on the compe-

tence and skill of the examiner.

Ultrasound Examination of Bosniak Cysts:
Examination Techniques

The renal cystic lesion may have been found on a routine US ex-
amination, or have been seen on CT without adequate character-
ization, for instance during a CT examination for possible renal
colic. A curved array transducer, with a frequency between 1 and
9MHz is deployed although linear transducers with a higher fre-
quency can also be used in the detection of superficial renal cysts
[51]. Following B-mode US to identify lesion location and color
Doppler US to assess vascularity, the best approach to perform
the CEUS examination is determined. Prior to the administration
of the UCA, it is good practice to get oral or written informed con-
sent for the use of intravenous contrast agents, according to local
regulations. The examination should be performed with both the
patient and the examiner in a comfortable position, with a view of
the lesion in a longitudinal plane to allow continuous observation
during respiration.

The UCA is administered by an assistant, and the examination
is recorded continuously for at least 60 seconds and still images
thereafter [52]. The kidneys enhance rapidly and intensely after
UCA administration, with potential to assess both the macro-
and the microvasculature, the former immediately after UCA arri-
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val. The arterial pedicle and main arterial branches enhance first,
followed rapidly by the segmental, interlobar, arcuate and inter-
lobular arteries and then complete cortical enhancement. Medul-
lary enhancement follows, with the outer medulla enhancing first,
followed by gradual fill-in of the pyramids [53]. As UCAs are not
excreted by the kidneys, there is no UCA in the renal collecting
system. With CEUS only two enhancement phases occur: a corti-
cal phase, 15–30 s after UCA administration with cortical en-
hancement seen, and a parenchymal phase, when both the cortex
and medulla enhance at 25 s – 4mins after UCA administration.
There is normally excellent depiction of renal perfusion through-
out the kidney, superior to color Doppler US techniques. Contrast
enhancement is reported to be less intense and fades earlier in
patients with chronic renal disease [54]. Any abnormal enhance-
ment pattern, when compared with the marked enhancement of
the cortex, should be observed for subsequent wash-out, thought
to be an indicator of malignancy [4, 36]. It is important to record
the examination as a dynamic cine clip, and to review the exami-
nation carefully following completion of the examination [52].

POSITION STATEMENT 10

An appropriate examination technique is important to evalu-

ate complex renal cystic masses accurately both with conven-

tional US modes and CEUS.

POSITION STATEMENT 11

CEUS precisely depicts renal vascularization and its changes in

pathological conditions.

Bosniak Cyst Classification on Multiparametric
Imaging

The Bosniak categorization is a scale of increasing probability of
cancer based upon imaging features and works well for cystic renal
lesion evaluation in clinical practice [55]. The CECT-based Bosniak
cyst classification system has been used to categorize cystic renal
lesions on CEMRI and CEUS, with comparable results [7, 8, 56–58],
but both CEMRI and CEUS tend to upgrade complex renal cystic le-
sions [59]. Imaging methods evaluate the various aspects of renal
cystic lesions in different ways, and the single features are valued
with different degrees of sensitivity and specificity. This must be
considered when assigning the Bosniak category based on CECT,
CEMRI, or multiparametric US. In particular, a CEUS examination
performs better than CECT in the detection of lesion vascularity
[59, 60], depicts more septa and is superior in depicting the degree
of both septal and wall thickening, septal enhancement and en-
hancement of solid components within the lesion compared with
CECT [7, 56, 61, 62]. CEUS is extremely sensitive in revealing even
the tiny capillaries that feed hair-line thin septa with a superior tem-
poral and spatial resolution compared to any other imaging modal-
ity [63], with the potential to falsely upgrade lesions when applying

the original Bosniak criteria for categorization [8, 24, 56, 61–66].
Contrast-enhanced ultrasound inherently demonstrates more com-
plexity in cystic lesions and has the potential to improve lesion char-
acterization and change therapeutic management effectively [5,
14]. Cystic renal lesions initially categorized on CECT can be subject
to CEUS to improve diagnostic accuracy [67, 68]. Modified or new
diagnostic Bosniak categorizations for CEUS, to improve specificity
and overall performance, have been advocated but these are incon-
sistent [8, 14, 15, 63, 68]. Most of the investigators who use a
CEUS-modified Bosniak category actually use the Bosniak scoring
system but assign the Bosniak scores through imaging criteria
specific for CEUS. Any modified categorization using CEUS should
define these criteria unequivocally, rather than developing a sepa-
rate classification.

POSITION STATEMENT 12

Caution should be used when applying the criteria developed

for CECT to CEUS as the criteria for Bosniak categorization vary

depending on which imaging technique is used.

POSITION STATEMENT 13

Medical reports must state which imaging technique was

used to classify a particular renal cystic lesion.

Bosniak Cyst Classification:
Unique Features of CEUS

The key features to be considered are the presence of enhancing
wall and septa, with or without irregularities, and intralesional en-
hancing masses or nodules. Areas of calcification pose a difficulty
for imaging with US and sometimes with MRI and CT, interfering
with the assessment of enhancement [69]. Time intensity curve
analysis of an administered contrast agent has no established
role for the classification of renal cystic lesions [36, 61]. The char-
acteristics of contrast enhancement on CEUS and CECT are differ-
ent. The UCA agent is strictly intra-vascular, while agents used in
CEMR and CECT have an equilibrium phase in which contrast leaks
out of vessels. Therefore, the criteria used to score the lesions on
CECT must be adapted to the CEUS technique.

These are the most relevant differences between CEUS and
CECT:
▪ Attenuation is a specific criterion for CECT scanning. The pres-

ence of echogenic content can act as a surrogate for high at-
tenuation [15], although it is not equivalent, since hyperdense
cysts can show anechoic content on B-mode US [12, 60].

▪ CEUS cannot differentiate between perceived and measurable
enhancement, as enhancement is either present or not. Of
note, perceived enhancement is no longer considered in the
current CECT/CEMRI categorization [16]. A surrogate could be
the identification of single microbubbles running within tiny
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vessels in the wall and septa, a phenomenon which is believed
to be responsible for perceived enhancement [12].

▪ CEUS is superior to CECT in detecting enhancement. Septa can
appear thicker, and subtle wall/septa irregularities are more evi-
dent on CEUS.Moreover, thin septa with faint enhancement can
appear thicker and with heavy enhancement if an excessive dose
of UCA is injected (microbubble piling and blooming artifact).

▪ The presence of cyst wall calcification, with acoustic shadowing,
may hamper the visualization of any deeper enhancing nodules
or septa, making lesion categorization ineffective [70].

▪ Large patient habitus or overlying bowel gas may also obscure
visualization with US.

▪ Nodules are only seen in Bosniak IV complex renal cysts and are
easily distinguished from localized wall or septal thickening on
a CEUS examination.

Bosniak Cyst Classification:
Scoring Criteria on Multiparametric US

The criteria for a US-based Bosniak category assessment have
been reported with notable differences from the CT-based cate-

gories [6, 15, 51, 61, 70–72]. While characterization of simple
cysts (category I) and of a subgroup of minimally complicated be-
nign cysts (category II) is obtained on B-mode US, the majority of
complex renal cysts are effectively characterized on CEUS. The
criteria described below represent a synthesis of those reported
in the different studies. ▶ Table 1 shows how Bosniak scoring is
obtained using multiparametric US, following the recommenda-
tions of the present paper.
▪ Category I: Simple benign cysts. These cysts meet the sono-

graphic criteria for simple cysts anywhere in the body: thin
(< 2mm) wall, sharp margins without irregularities and calcifi-
cations; anechoic content; posterior acoustic enhancement
[68]. These lesions are fully characterized as benign on B-mode
US; no UCA administration is needed (▶ Fig. 1).

▪ Category II: Minimally complex benign cysts. These cysts pres-
ent with one of the following appearances: Cysts that meet the
criteria of simple cysts, but with a few [1–3] thin (< 2mm)
septa without irregularities [68]. Calcification of the wall and/
or septa may be present which do not hamper evaluation of
the cystic content. These lesions are characterized as benign
on B-mode US (▶ Fig. 2). No UCA administration is needed,
but, if used, individual microbubbles are demonstrated within

▶ Table 1 Bosniak renal cyst classification on multiparametric US.

B-mode appearance CEUS appearance Bosniak score on
multiparametric US

Simple cysts with thin wall (< 2mm), sharp
margins without irregularities and calcifications;
anechoic content; posterior acoustic enhancement

CEUS not
necessary

Thin wall without irregularities that show no
enhancement on CEUS, or individual microbub-
bles running within tiny vessels in the wall

I

Cysts that otherwise meet the criteria of simple
cysts but are characterized by 1–3 thin septa
(< 2mm) without irregularities. Calcifications of
the wall and/or septa may be present which do
not hamper evaluation of the cystic content

CEUS not
necessary

Thin wall and septa without irregularities show-
ing no enhancement, or individual microbubbles
running within tiny vessels in the wall and septa

II

Cysts with internal debris, echogenic content, or
mixed appearance

CEUS
necessary

Thin wall and septa without irregularities show-
ing no enhancement, or individual microbubbles
running within tiny vessels in the wall and septa

II

Cysts with multiple septa, internal debris,
echogenic content, or mixed appearance. Calci-
fications of the wall and/or septa may be present
slightly hampering the evaluation of the cyst
wall, content, and septa

CEUS
necessary

Multiple septa, thin or minimally thickened
(2–3mm). Smooth or minimally thickened wall

IIF

Totally intrarenal cysts otherwise meeting the
category II criteria

CEUS
necessary

Thin septa without irregularities may be present,
showing no enhancement, or individual micro-
bubbles running within tiny vessels. Differentia-
tion between non-enhancing and enhancing
wall cannot be achieved

IIF

Cysts with multiple septa, internal debris,
echogenic content, or mixed appearance

CEUS
necessary

Enhancing smooth thick (≥ 4mm) wall or septa,
and/or enhancing irregular (> 3mm) walls and/
or septa. No nodules are seen

III

Cysts with multiple septa, internal debris,
echogenic content, or mixed appearance

CEUS
necessary

Enhancing smooth thick (≥ 4mm) wall or septa,
and/or enhancing irregular (> 3mm) walls and/
or septa. Enhancing soft-tissue protrusions,
either nodules with obtuse margins (≥4mm) or
with acute margins of any size

IV
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tiny vessels in the wall and septa [6, 7, 73]. Cysts with internal
debris, echogenic content, or a mixed appearance with thin
wall that show no enhancement on CEUS (▶ Fig. 3), a limited
number of thin septa [1–3] without irregularities, or few
microbubbles identified in the wall or septa [36].

▪ Category IIF – Presumably benign, imaging surveillance is ad-
vised. Cysts with multiple thin septa, minimally thickened (2–
3mm) smooth septa and cyst border (▶ Fig. 4). Internal debris,
echogenic or mixed content, and calcification may be present
[6, 58, 68, 73]. Cysts meeting the category II criteria with
existing calcification slightly hampering the evaluation of the
cyst wall, content, and septa. Totally intrarenal cysts otherwise
meeting the category II criteria for which differentiation
between non-enhancing and enhancing border cannot be
achieved (▶ Fig. 4C) [15].

▪ Category III – Indeterminate lesions. Cystic lesions with
enhancing smooth thick (≥ 4mm) wall or septa, and/or with
enhancing irregular (> 3mm) walls and/or septa (▶ Fig. 5).
No nodules are seen [6, 15, 36, 58, 68, 70, 73].

▪ Category IV – Likely malignant cystic tumors. Cystic lesions
with the characteristics of category III cysts, which also contain
enhancing soft-tissue protrusions (▶ Fig. 6), either nodules
with obtuse margins (≥ 4mm), or with acute margins of any
size [6, 15, 36, 63, 70, 73].

POSITION STATEMENT 14

The likelihood of malignancy of complex renal cystic lesions

can be assessed using CEUS-based criteria.

▶ Fig. 1 Bosniak category I cyst. A The cyst (arrow) shows anechoic content with posterior acoustic enhancement, a thin (< 2mm) border with sharp
margins, no irregularities, calcifications, or septa. Simple cysts are fully characterized as benign on B-mode US.B CEUS is not needed to confirm the
findings, but if an incidental cyst is encountered during an examination for a separate renal lesion, the findings on B-mode US is confirmed.

▶ Fig. 2 Bosniak category II cyst A Minimally complex benign cyst displaying 2 thin septa (arrows) without irregularities. Category II cyst not re-
quiring further investigation on CEUS.B Cyst displaying thin wall calcifications (arrow). Category II cyst not requiring further investigation on CEUS.
C CEUS is not needed to confirm the findings, but if an incidental septated cyst is encountered during an examination for a separate renal lesion, the
vascularization of the septa (arrow) is clearly identified as thin enhancing linear areas within the cyst.
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Specific points regarding the CEUS Bosniak
classification

Cysts with thick or nodular calcifications, without hampering eval-
uation of cyst content, are placed in category IIF; calcification is
not a sign of malignancy provided that there is no associated sus-
picious lesion [18, 51, 73]. There is no definition for a threshold
for labelling a septum as ‘thick’ [32]; septa ≤ 1mm are considered
thin, by the majority of investigators [6, 62, 70, 73]. Others sug-
gest a 2mm threshold [8, 51, 72, 74]. A “hairline septum” is a

subjective assessment, dependent on the US equipment used,
for which a precise thickness threshold cannot be assigned effec-
tively. There is no threshold to differentiate between “few septa”
and “multiple septa” with an arbitrary threshold at three septa.
“Few” equals 1–3 and “many” is ≥ 4 septa [16, 32, 75]. Lesion
size is not a consideration for cyst categorization with conflicting
results for predicting malignancy [76–80]. On CECT, totally intra-
renal non-enhancing high-attenuation cysts < 3 cm are assigned
to category II, while cysts with the same characteristics > 3 cm
are assigned to category IIF [12]. Large (≥ 3 cm) homogeneous,

▶ Fig. 3 Bosniak category IIF cyst A B-mode US shows a lesion with mixed appearance, with both a solid (arrow) and cystic component (arrowhead).
B CEUS examination demonstrates no enhancement within the lesion, a thin wall without irregularities (arrow), and no septa.

▶ Fig. 4 Bosniak category IIF cyst. A CEUS examination of an intrarenal cyst with multiple, minimally thickened, enhancing septa (arrows). B CEUS
examination of an intrarenal cyst with a focal thickening (2mm) of the wall (arrow).
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hyperattenuating, non-enhancing renal masses, originally consid-
ered IIF masses, are rare. The need for follow-up is because of dif-
ficulty in the differentiation between non-enhancing and enhanc-
ing wall.

POSITION STATEMENT 15

The features of US modes must be taken into consideration

when criteria developed for CECT and for CEMRI are adapted

to categorize renal cystic lesions on CEUS.

Reporting the CEUS Bosniak classification

A CEUS report should include information on examination condi-
tions, quality, and limitations. All technical limitations that could
hamper a confident diagnosis should be detailed, such as: diffi-
cult-to-image patient, deep position of the cyst, calcification
hampering evaluation of the intra-cystic content, large cysts in-
completely examined due to superimposition of bowel gas, poor
acoustic window or other barriers, and presence of artifacts.
Lesion appearance on B-mode US should be reported, in particul-
ar, with regard to the presence of septa, wall and septa calcifica-
tion, presence of echogenic cyst content, and features on color
Doppler techniques. Then, lesion appearance on CEUS should be
described with an emphasis on the presence of smooth enhancing
wall and septa, enhancing wall and septa irregularities (either cir-
cumscribed or diffuse, subtle or marked), and on presence of
enhancing solid components. The intensity of observed enhance-
ment should be subjectively described either as unequivocal en-
hancement, or identification of single microbubbles running
within tiny vessels in the wall and septa. A cine clip should be
recorded for subsequent evaluation of the CEUS examination.

POSITION STATEMENT 16

A comprehensive description of the appearance on grayscale,

color Doppler US, and CEUS cine clips should be reported

when scoring a renal cystic lesion according to the Bosniak

criteria.

Limitations of Bosniak scoring on CEUS

Complex cystic renal masses pose a particular interpretative chal-
lenge for the observer because the imaging boundary between
benign and malignant lesions is often unclear. The Bosniak classi-
fication works well but is intrinsically subjective when applied to
other imaging techniques and is dependent on the observer’s
experience. This leads to an unavoidable high degree of interob-
server disagreement [65]. Moreover, the main limitations of
B-mode and Doppler US will apply to CEUS as well. Heavily calci-
fied lesions cannot be evaluated. Assessment is influenced by the
location of the lesion in poorly visualized kidneys, shadowing from
bowel gas or ribs, and patient body habitus.

POSITION STATEMENT 17

When scoring renal cystic lesions on CEUS the intrinsic limita-

tion of this technique must be considered.

▶ Fig. 5 Bosniak category III cyst. A CEUS examination of an inde-
terminate cystic lesion with the presence of thick enhancing wall
and septa.

▶ Fig. 6 Bosniak category IV cyst. A CEUS examination indicating a
likely malignant cystic lesion with the presence of thick enhancing
septa and a wall vegetation (arrow).
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Controversies with CEUS of Bosniak Categories

Does the CEUS-based classification upgrade
or downgrade the risk of malignancy of renal
cystic lesions?

The presence of enhancement, indicating neovascularization, is
the most important factor in determining the need for surgery in
cystic renal lesions [12, 13]. Improved CT resolution when com-
pared to the original CECT categories has resulted in fewer inde-
terminate cyst findings and increased specificity [81]. With CEUS,
31 % of renal cysts were attributed a higher Bosniak category
compared to CECT [7, 8, 13, 56, 65]. The increased contrast en-
hancement and better temporal and spatial resolution of CEUS
(and MR imaging) demonstrate previously undetected features.
Minimal septa enhancement is not indicative of malignancy, and
an increased sensitivity of CEUS demonstrating enhancing no-
dules not seen with CECT has been noted [56, 82]. A similar higher
Bosniak category with MR imaging has been seen [10, 28, 32] but
an apparent wall thickening artifact is an issue [66]. Both upgrad-
ing and downgrading of Bosniak categories with MRI and CEUS
compared to CT imaging is apparent in > 20% of cases [25], with
CEUS demonstrating lower specificity but improved sensitivity
and accuracy compared to MR imaging [57].

POSITION STATEMENT 18

The imaging criteria used to assign the Bosniak categories are

developed for CECT and must be adapted to be successfully

applied for scoring on CEMRI and CEUS, as changes in cate-

gory will occur.

Should CEUS be considered an equivalent,
complimentary, or alternative technique to contrast-
enhanced CT for renal cystic lesions?

Although CECT is the reference standard for Bosniak categories of
renal cystic malignancy risk, CECT is inherently inaccurate, with a
reported sensitivity of 89.6 % and specificity of 65.1 % in distin-
guishing between benign and malignant renal cysts [20]. The
comparability of CEUS with the reference standard of CECT has
been addressed with excellent agreement [7, 56, 83] with a single
study indicating that experience in CEUS interpretation is crucial
[65]. There was a potential for CEUS to overestimate the Bosniak
category, with the ‘real-time’ examination able to demonstrate
minor enhancement (a marker of malignant potential). The cur-
rent view suggests that this is an advantage, rather than a draw-
back. This requires, however, a fundamental change in imaging
assessment of renal cysts, centered on CEUS demonstration of le-
sion vascularity [5]. When CEUS is inconclusive due to poor visua-
lization (i. e., due to patient habitus or poor acoustic window),
CECT usually permits better characterization and furthermore
allows staging of a malignant renal lesion. There is better demon-
stration of calcification on CECT which could affect the Bosniak

category on US [18, 84]. Using CEUS only in cases of contraindica-
tions or non-acceptance of CECT is not justified based on the cur-
rent knowledge of the potential of this technique and would be
detrimental to acquiring further cumulative experience in CEUS.

Characteristics of non-progressive Bosniak
Category IIF cysts

The initial cyst size, change in lesion size (increase or decrease),
and growth rate [growth rate = (follow-up size minus initial size)/
years between measurements] were not found to correlate with
progression. A multilobulated border of the lesion was not found
to correlate with progression and no lesions with calcification pro-
gressed. Growth rates in cystic lesions are often a consequence of
fluid accumulation (downgrading to a Bosniak category II). Pro-
gression to malignancy is based on the appearance of enhancing
solid portions, an increase in number, thickness or irregularity of
enhancing septa, and on an increase in thickness of the enhancing
wall [85]. There is no difference in progression to malignancy on
follow-up CECT imaging compared with MR imaging [16, 86–88].
When there is indeterminate enhancement on CECT, CEMR or
CEUS imaging can be the next imaging stage [59, 89, 90].

POSITION STATEMENT 19

Follow-up of cystic renal lesions can be carried out effectively

with CECT, CEMR, or CEUS imaging. The current evidence

shows similar performance for the three techniques.

When should CEUS be supplemented by CT
or MR imaging for follow-up?

A CEUS examination is suited for the follow-up of nonsurgical le-
sions to detect any morphologic changes such as thickening of
septa, appearance of a solid nodule, or contrast-enhanced altera-
tions indicative of progression of the disease. A CEUS examination
has at least the same diagnostic accuracy as CECT for renal cyst
categorization but image acquisition is influenced by the location
of the lesion in poorly visualized kidneys, shadowing from bowel
gas or ribs, patient’s constitution, and wall calcification [29, 57,
91]. Smaller lesions localized within the renal parenchyma may
be difficult to characterize with CEUS, as these lesions often disap-
pear (‘masked’) during a CEUS examination due to the prominent
vascularity of the renal cortex, with the possibility of a lower dose
of UCA being helpful. With these issues, further CTor MR imaging
is necessary [25].

POSITION STATEMENT 20

CEUS-based Bosniak categorization must be supplemented by

CT or MR imaging when there is inadequate visualization of

the cystic renal lesion.
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INTRODUCTION

The World Federation for Ultrasound in Medicine 
and Biology has published guidelines on the use of  
contrast‑enhanced ultrasound  (CEUS) for the evaluation 

of  focal liver lesions[1‑5] and the European Federation 
of  Societies for Ultrasound in Medicine provided 

ABSTRACT

Sclerosing cholangitis  (SC) represents a spectrum of chronic progressive cholestatic diseases of the intrahepatic and/or 
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must be distinguished given the different treatment modalities, risks of malignancy, and progression to portal hypertension, 
cirrhosis, and hepatic failure. This review focuses on secondary SC and the pathogenic mechanisms, risk factors, clinical 
presentation, and novel imaging modalities that help to distinguish between these conditions. We explore the detailed use of 
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guidance for CEUS for the evaluation of  nonhepatic 
indications.[6,7] A series of  publications have been 
prepared to illustrate the guidelines.[8,9] Ultrasound of  
the biliary system is a standard method in daily routine, 
but there are only a few publications describing the 
role and typical findings of  ultrasound diagnostics in 
the rare disease group of  sclerosing cholangitis  (SC). 
Diagnosis is usually made by cholangiographic methods. 
Therefore, in this article, we review the significance of  
ultrasound in cholangiopathies.

SC is a group of  diseases with progressive narrowing 
and destruction of  the bile ducts due to diffuse 
inflammation and fibrosis. Sclerosing cholangiopathies 
are rare and have variable etiology and prognosis. 
A  distinction is made between primary SC  (PSC) and 
secondary SC  (SSC).

PSC is an immune‑mediated disorder and considered a 
premalignant disease with increased risk for malignancy, 
especially of  the bile duct and bowel. The etiology 
seems multifactorial including genetic predisposition, 
exposure to environmental antigens, and subsequent 
pathological immunologic response to that trigger. It 
has a two‑peaked distribution of  ages at presentation 
and is often  (60%–80%) associated with inflammatory 
bowel disease,[10‑12] predominantly ulcerative colitis. PSC 
can lead to liver cirrhosis, portal hypertension, and the 
need for liver transplantation.[11,13-16]

SSC has a number of  well‑defined causes with 
several different etiological factors leading to 
chronic inflammation and subsequent fibrosis and 
damage of  the bile ducts. These include infections, 
medications, ischemia, obstruction, and autoimmune 
diseases[17-20]  [Table  1]. For the purpose of  this 
review, we have classified immunoglobulin G4‑related 
SC  (IgG4‑SC) as an autoimmune‑mediated subtype of  
SC. However, it has also be listed as a separate disease 
group by some studies.[18,21] SSCs have similar clinical 
features, and patients present with cholestatic symptoms, 
including jaundice and pruritus, and an increase in 
cholestatic enzymes. However, progression of  the 
disease is variable.

The aim of  this review is to provide a comprehensive 
overview of  secondary SC including IgG4‑SC. In 
addition to conventional imaging of  the bile ducts by 
magnetic resonance cholangiopancreatography  (MRCP) 
and ERCP, the diagnostic value of  ultrasound and 
CEUS to discriminate SC is discussed.

ISCHEMIC CHOLANGITIS

Ischemia‑induced bile duct alterations are referred 
to under the term ischemic cholangitis. Conventionally, 
an acute ischemic event can trigger formation of  
stenosing bile duct changes, usually intrahepatic, in 
the bile duct bifurcation and in the middle part of  
the common bile duct. This leads to the development 
of  casts, biliomas, and not uncommonly, acalculous 
cholecystitis.[17,22-26] Increasingly reported is the secondary 
SC in critically ill patients  (SSC‑CIP) in association 
with intensive care treatment.[25-30] Other established 
causes of  ischemic cholangiopathy include liver 
transplantation, intra‑arterial chemotherapy in the 
hepatic artery, long‑term ventilation, acquired immune 
deficiency syndrome  (AIDS)‑related cholangiopathy, 
local irradiation, hereditary hemorrhagic telangiectasia, 
and polyarteritis nodosa.[17,22] Possible causes of  ischemic 
cholangiopathy are systemic diseases with microvascular 
involvement, for example, Schoenlein‑Henoch purpura, 

Table 1. Etiology of sclerosing cholangitis
Ischemic

Critical illness patients (SSC‑CIP)
Postliver transplantation (liver artery stenosis or 
thrombosis; ischemic‑type biliary lesions)
Intraarterial chemotherapy induced
Hereditary hemorrhagic telangiectasia
Panarteriitis nodosa
Vascular trauma

Toxic or drug‑induced
Chemotherapeutics (docetaxel), immune checkpoint 
inhibitors (pembrolizumab and nivolumab)
Chronic ketamine abuse, methimazole, 
moxifloxacin, and atorvastatin

Postoperative biliary injuries
Miscellaneous

Caroli’s disease
Mucoviscidosis
Langerhan’s cell histiocytosis

Infectious
Recurrent pyogenic infection
Parasitic (clonorchis sinensis and ascaris 
lumbricoides, echinococcus multilocularis)
AIDS‑related opportunistic infections (CMV, 
cryptosporidium, microsporidia, isospora, 
mycobacterium avium intracellulare, and giardia)
Post‑COVID

Immunological causes
Eosinophilic cholangiopathy
Immune checkpoint inhibitors
Behcet’s disease
Sarcoidosis

IgG4‑SC
SSC‑CIP: Secondary sclerosing cholangitis in critically ill patients; AIDS: 
Acquired immune deficiency syndrome; IgG4‑SC: Immunoglobulin G4‑related 
sclerosing cholangitis; CMV: Cytomegalovirus; COVID: Coronavirus disease
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sickle cell disease, Kawasaki disease, systemic lupus, 
antiphospholipid syndrome, paroxysmal nocturnal 
hemoglobinuria, and hypereosinophilic syndrome.[31] Most 
disease patterns have a multifactorial genesis, potentially 
also including hypercoagulopathy. Vascular injury during 
cholecystectomy can cause biliary strictures.

BILIARY ANATOMY AND BLOOD SUPPLY

While the hepatic parenchyma receives a dual blood 
supply through the hepatic artery and portal vein, 
the bile ducts receive only an arterial blood supply. 
The bile duct system is supplied by the branches of  
the common hepatic artery, the proper hepatic artery, 
the left and right hepatic artery, the cystic artery, the 
gastroduodenal as well as retroduodenal and retro portal 
arteries.[31,32] The superior and middle portions of  the 
common bile duct are supplied axially by two main 
arteries that traverse the lateral margins. These vascular 
structures are referred to as “parabiliary arteries.” This 
segment is especially vulnerable to disorders of  the 
arterial blood supply.[32,33] In contrast, the right and left 
hepatic ducts and the intrahepatic ducts are supplied by 
a rich nonaxial network of  small arteries derived from 
the right and left hepatic arteries. A plexus of  arterioles, 
venules, and capillaries exists in the peribiliary adventitia, 
with the arterial supply originating from hepatic arterial 
branches. Within the bile duct wall is a second plexus, 
which consists mainly of  capillaries.[32] The peribiliary 
plexus  (PBP) is supplied by the terminal hepatic artery 
branches and surrounds the bile ducts.[22]

The biliary epithelium is susceptible to injury when 
arterial blood flow is impaired. This impairment may 
occur at the level of  the large, so‑called hepatic arterial 
branches or at the microscopic level of  the peribiliary 
capillary plexus. The middle third of  the common bile 
duct and the biliary confluence appear to be most 
vulnerable to ischemic damage.

A distinction must be made between ischemic 
cholangiopathy and impaired bile formation under 
ischemic conditions. Hepatic arterial ischemia reduces the 
expression and function of  hepatocellular transporters 
for biliary compounds, resulting in cholestasis.[22] This 
corresponds to the concept of  “toxic bile.”[26,34]

LIVER TRANSPLANTATION

Nonanastomotic biliary duct strictures and necrosis of  
the bile ducts are both well‑described complications 

of  liver transplantation. This may be caused by 
the occlusion of  the hepatic artery but also by 
nonthrombotic factors. Among 522 liver transplant 
patients, 4.8% developed hepatic artery thrombosis.[35] 
Zheng et  al. saw hepatic artery stenosis in 39.0% of  
172 liver transplant recipients with a median percentage 
of  stenosis of  75.4%.[36] These are threatening events 
that require immediate intervention.

Ischemic cholangitis after liver transplantation usually 
occurs in the first 12  months after transplantation. 
Potential factors include prolonged cold ischemic 
time, delayed rearterialization of  the graft, or grafts 
of  donation after circulatory death  (DCD), and 
ischaemia‑reperfusion injury. The incidence for biliary 
complications and ischemic cholangitis ranges from 16% 
to 29% for DCD grafts versus 3% to 17% for donation 
after brain death  (DBD grafts). The immunologic 
causes of  ischemic cholangitis in liver grafts are damage 
to the bile duct epithelium and/or vascular endothelium 
due to chronic rejection, cytomegalovirus  (CMV) 
infection, and ABO‑incompatible transplantation.[37,38]

SECONDARY SCLEROSING CHOLANGITIS 
IN CRITICALLY ILL PATIENTS

This clinical picture develops after life‑threatening 
events and intensive care therapy. These are, for 
example, extensive burns, trauma, or major surgery 
with extensive tissue damage. Whether the initial event 
is causative or the intensive care treatment varies. Risk 
factors include shock states with decreased mean arterial 
pressure, use of  catecholamines, mechanical ventilation, 
ventilation strategies with high positive end-expiratory 
pressure (PEEP), paO2/FiO2  <150  mmHg, and 
disturbances in the microcirculation. Increased blood 
viscosity caused by colloids or myoglobin release, 
erythrocyte transfusion, and hypercoagulable are other 
factors affecting microcirculatory blood flow in the PBP.

Liver biochemistry shows cholestasis with an elevated 
gamma‑glutamyl‑transferase and alkaline phosphatase; 
an increase in bilirubin usually occurs later. The 
development of  SSC takes some time. While cholestasis 
parameters usually increase in the 1st  days after the 
acute event, the diagnosis of  secondary sclerosing 
cholangitis in critically ill patients (SCC-CIP) is made 
within the 1st  year.[26,30]

Gelbmann et  al.[39] reported that all patients with 
cholestasis and SSC suffered from severe respiratory 
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insufficiency with the need for mechanical 
ventilation  (40.7  ±  32.9  days). The PaO2/FiO2 ratio 
until the beginning of  cholestasis was 150.5  ±  43.1. 
Half  of  the patients were treated with high‑frequency 
oscillatory ventilation and 12/17 patients by intermittent 
prone positioning. All patients required catecholamines 
for hemodynamic stabilization.[39] Jaeger et  al. noted 
cholestasis after a median time of  6.5  days  (range 
4–11 days) following the initial insult.[29] Leonhardt et al. 
reported elevated liver enzymes of  a cholestatic pattern 
after a mean of  7.86  ±  2.98  days  (median seven days). 
Between the first event and the onset of  cholestasis, all 
patients suffered an episode of  severe hemodynamic 
instability with a reduction in mean arterial pressure 
to below 65 mm  Hg that lasted at least 60  min, often 
more than 120  min. This was the most important 
pathogenetic factor. It was concluded that bile duct 
destruction in SSC‑CIP is the result of  a single event in 
which a large amount of  cholangiocytes is directly and 
irreversibly damaged. However, the authors noted that 
this decrease in arterial pressure appears to contribute 
to critical perfusion of  the PBP only when additional 
microcirculatory disturbances  (colloids, erythrocytes, 
hypercoagulable state, and increased plasma viscosity) 
are present.[26]

Leonhardt et  al. evaluated SIRS/sepsis, ischemia, high 
dose propofol, antimicrobials, and total parenteral 
nutrition as risk factors that may lead to bile duct 
injury  (BDI) from “toxic bile” through alterations in 
hepatobiliary transporters. However, in the reported 
patient group, neither high‑dose catecholamines nor 
total parenteral nutrition played a clear role in triggering 
SSC‑CIP.[26] A study by Ben‑Ari et  al. examined 
patients who developed SSC‑CIP after a severe burn. 
All these patients were mechanically ventilated and 
required vasopressor support, and all patients had 
exhibited repeated episodes of  severe hypotension, 
defined as a systolic blood pressure  <70  mmHg.[30] 
In a study of  patients with severe acute respiratory 
distress syndrome  (ARDS) due to influenza A (H1N1) 
pneumonia, those who developed SSC‑CIP were the 
individuals who had a higher body mass, higher volume 
of  intraperitoneal fat, and spent more time in the prone 
position.[40]

The importance of  ketamine is controversially 
discussed.[41,42] Cholangiopathy is reported after 
chronic exposure to ketamine, both in drug users 
and in patients with burns. Ketamine causes 
drug toxic cholangiopathy, which may be an 

additional factor in ischemic SSC‑CIP. In ketamine 
cholangiopathies, dilatations and strictures of  the 
intrahepatic and extrahepatic bile ducts, biliary sepsis, 
and decompensated cirrhosis have been described. 
Liver damage is reported to be dose‑dependent and 
progressive. Ketamine is extensively metabolized in 
the liver.[42] The Keta‑Cov Research Group does not 
recommend using ketamine to sedate patients with 
ARDS, including those with coronavirus disease 2019 
(COVID-19). If  forced to prescribe, ketamine should 
only be used for short periods and bilirubin levels 
should be monitored closely.[42]

There is a high risk of  complications with SSC‑CIP; 
75% of  patients had cholangiosepsis, cholangitic liver 
abscesses, acalculous cholecystitis, or perforation of  the 
gallbladder during the course.[25]

INTRAARTERIAL CHEMOTHERAPY-
INDUCED ISCHEMIC CHOLANGIOPATHY

Transarterial chemotherapy through the hepatic artery 
has been casuistically reported as causative of  SC. 
Significant BDI occurs in 15%–20% of  patients treated 
with transarterial chemotherapy with floxuridine.[38,43] 
Secondary SC has been reported after transcatheter 
arterial chemoembolization with bleomycin‑iodized oil 
for cavernous hemangiomas in the liver.[44] The most 
toxic combination seems to consist of  chemotherapy, 
lipiodol, and gelatin sponge.[22,45-47]

HEREDITARY HEMORRHAGIC 
TELANGIECTASIA AND PANARTERIITIS 
NODOSA

In patients with hereditary hemorrhagic telangiectasia, 
arteriovenous and arterioportal shunts can cause 
ischemic biliary lesions when they divert blood around 
the PBP.[22,48] Panarteriitis nodosa is characterized by the 
medium and small arterial inflammation. The hepatic 
arteries may also be affected.[49] In autopsy studies, 
involvement of  the bile ducts has been diagnosed in 
10%–25% of  patients.[22]

IMAGING IN ISCHEMIC SECONDARY 
SCLEROSING CHOLANGITIS

Cholangiography
The diagnosis of  ischemic cholangitis is based on 
cholangiography and consideration of  the patient’s medical 

D
ow

nloaded from
 http://journals.lw

w
.com

/eusjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 04/27/2025



Möller, et al.: Secondary sclerosing cholangitis and IgG4‑sclerosing cholangitis

185ENDOSCOPIC ULTRASOUND / VOLUME 12 | ISSUE 2 / MARCH-APRIL 2023

history. Biliary tract imaging is performed by MRCP and 
in case of  expected indication for endoscopic treatment 
by ERCP. On MRCP and ERCP, suspicion is raised by 
irregularities of  the bile ducts with dilatation and strictures, 
if  other causes of  biliary dilatation are excluded. In the 
early stages, MRCP shows defects in the intrahepatic 
biliary tree, which manifest as bile effusions and bile 
leaks, occasionally forming biliomas. Extensive biliary 
cast formation presenting as intraductal filling defects on 
MRCP, and endoscopic retrograde cholangiography (ERC) 
might be seen. Diffuse intrahepatic bile duct strictures are 
observed in later stages. Remarkably, the distal common 
bile duct is preserved in all stages.[23,30]

ERCP
Although ERCP is considered a therapeutic method, 
ERCP is the gold standard for the diagnosis of  
SSC‑CIP.[25,27,30] In the study by Jaeger et  al., the first 
ERCP was performed a median of  69  days after 
injury or insult  (range, 42–126  days.[29] ERCP showed 
multifocal stricture and destruction of  intrahepatic 
bile ducts in all patients. In more than 50%, only the 
intrahepatic bile ducts were affected. In the remainder, 
the right and/or left hepatic ducts were also affected. 
In all patients, the common bile duct was normally 
formed or only slightly dilated. Black pigmented casts 
were typical.[29] Gelbmann et al.[39] described biliary casts 
with impaired bile flow and subsequent biliary infection, 
in most cases with Enterococcus faecium, as the earliest 
endoscopic finding in ERCP. In the further course, 
progressive formation of  multiple strictures of  the bile 
ducts was observed.[39]

Leonhardt et  al. describe the various cholangiographic 
features of  SSC‑CIP according to approximately 
the following stages:  (I) evidence of  biliary casts 
corresponding to ribbon‑like intraductal filling defects, 
which may distend the bile ducts,  (II) progressive 
destruction of  intrahepatic bile ducts beyond the 
second bifurcation of  the intrahepatic bile ducts, and 
(III) picture of  pruned tree  [Figure  1]. The intrahepatic 
bile duct branches are obliterated in the course, so 
that only a rudimentary central biliary system can be 
visualized. On ERC, contrast enhancement of  the 
bile ducts is seen only below the second branch. At 
the later stage, the image was that of  a pruned tree. 
At least one side of  the biliary system was sclerosed, 
but usually both sides were affected.[25] Biliary casts 
formation was a specific feature and was seen in 
87% of  patients.[25] In the study of  Leonhardt et  al., 
SSC‑CIP is a disease mainly visibly in the intrahepatic 

bile ducts  −  the extrahepatic bile ducts were only 
marginally affected.[25] Regarding the distribution of  
biliary strictures, Voigtländer et  al.[28] described multiple 
diffuse intrahepatic biliary strictures in 67% of  patients, 
both intra‑  and extrahepatic strictures in 20% and only 
extrahepatic ductal changes in 6%. Biliary casts were 
present in 93% of  patients.[28]

On MRCP, in analogy to ERCP, the patients of  Ben‑Ari 
et  al. showed irregular intrahepatic bile ducts with 
multiple strictures and dilatations. In ERCP, the bile fluid 
of  SSC‑CIP patients was found to contain primarily 
Enterococcus faecium, Enterococcus faecalis, Pseudomonas 
aeruginosa, and non‑albicans species of  Candida.[27,28]

Ultrasound
The ultrasonographic changes of  ischemic cholangitis are 
not specific. Ultrasound is used for differential diagnostic 
considerations in cases of  elevated liver values such as 
the exclusion of  biliary obstruction of  other etiology 
or, for example, congested liver. Intrahepatic rarefication 
of  the bile ducts is usually not seen on ultrasound until 
peripherally located branches are dilated. Ultrasound 
can visualize biliomas caused by the ischemic leaking of  
intrahepatic bile ducts  [Figure  2].

Wall thickening of  the bile ducts is not systematically 
described for SSC‑CIP but can also be seen and might 
be helpful for differential diagnosis  [Figures  3 and 4].

Once the diagnosis is known, ultrasound can be helpful 
by detecting casts and dilated bile ducts in determining 
the need for repeated therapeutic ERCP.

Ultrasound is very sensitive for detecting hepatic artery 
thrombosis in symptomatic patients in the immediate 
postoperative period following liver transplantation. 

Figure 1. Cholangiographic stage of SCC‑CIP according to Leonhardt et al. 
2015.[25] Stage I: Multiple ribbon‑like filling defects in the bile ducts (biliary 
casts). Stage II: rapidly progressive intrahepatic bile duct destruction 
beyond the second bifurcation of the intrahepatic bile ducts. Stage III: 
progressive destruction of the intrahepatic bile ducts, picture of a “pruned 
tree”. SCC-CIP: Secondary sclerosing cholangitis in critically ill patients
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With a frequency of  4.8%, the sensitivity of  ultrasound 
compared with angiography was 100% for the detection 
of  early hepatic artery thrombosis and 72.7% for late 
hepatic artery thrombosis. Due to arterial collateral 
flow, ultrasound becomes less sensitive as the interval 
between transplantation and diagnosis of  hepatic artery 
thrombosis increases. Patients with irreversible hepatic 
artery thrombosis typically develop arterial collaterals in 
the interval that are visible on ultrasound.[35]

The presence of  tardus parvus waveform  (TPW) 
in the intrahepatic arteries is a screening method 

before arteriography in cases of  suspected 
stenosis or thrombosis with a 97% sensitivity and 
64% specificity.[50,51] TPW is defined as resistive 
index  (RI) <0.5 and systolic acceleration time  (SAT) 
>0.08 s.[36] Using either  (1) resistive index  (RI) <0.4 
or SAT  >0.12 s, or  (2) traditional TPW  (RI  <0.5 
and SAT  >0.08 s) in the presence of  abnormal liver 
functions as the Doppler Ultrasound criteria for 
hepatic artery stenosis will significantly decrease the 
false‑positive rate compared to traditional TPW without 
a significant increase in the false‑negative rate.[36]

Contrast enhanced ultrasound
CEUS has been reported to effectively improve flow 
visualization of  the hepatic artery and to shorten 
the scanning time compared with color Doppler 
ultrasound  (CDUS), with a 100% sensitivity and 
97.8% accuracy for the detection of  hepatic artery 
thrombosis.[52,53] When CDUS cannot detect arterial flow, 
CEUS should be performed immediately in the same 
session, even at the bedside.[51,54-56]

Leonhardt et  al. [25] observed dilatation of  the 
extrahepatic bile duct in 31% of  patients with a 
diagnosis of  SSC‑CIP using ultrasound. Isolated 
intrahepatic cholestasis was noted in 2/16  patients. 
Sonographic evidence of  cholecystitis was noted 

Figure  2. Bilioma. SSC‑CIP. A  56‑year‑old male, intubation and 
ventilation for several weeks due to legionella pneumonia. Liver 
enzymes and cholestatic parameters are slightly elevated. Ultrasound 
shows a small asymmetrically shaped, smooth bordered anechoic 
lesion in the right liver lobe (a). The ERCP image shows destroyed and 
rarefied bile ducts in the left lobe of the liver. The complete right‑sided 
biliary tree is not shown via the unblocked balloon catheter, stage III 
according to the classification of Leonhardt (b). SSC‑CIP: Secondary 
sclerosing cholangitis in critically ill patients; ERCP: Endoscopic 
retrograde cholangiopancreaticography

ba

Figure  3. Wall thickening of the bile ducts due to SSC‑CIP in a male patient after long‑term intensive therapy and several weeks of 
intubation and ventilation. Ultrasound shows hypoechoic wall thickening and lumen narrowing of the right and left hepatic bile in the 
hepatic bifurcation (arrows) (a). In the left hepatic duct (b) and the right hepatic duct (c), longer segments of wall thickening are visible on 
ultrasound (arrows). SSC‑CIP: Secondary sclerosing cholangitis in critically ill patients

cba

Figure 4. Irregular bile duct wall thickening due to SSC‑CIP in a 62‑year‑old male patient after intensive therapy with long‑term intubation 
and long‑term ventilation. Recurrent removal of casts during ERCP. Ultrasound shows irregular wall thickening and lumen narrowing in the 
proximal common bile duct (a). The ERCP image shows contrast cavities in the hepatic sinus duct and common bile duct corresponding to casts. 
The right‑sided bile ducts are rarefied (b). In the course, further bile duct destruction with intrahepatic rarefication occurs with an “pruned tree” 
appearance, stage III according to the classification of Leonhardt (c). SSC‑CIP: Secondary sclerosing cholangitis in critically ill patients; Image 
source of ERCP: Steffen Hornoff and Matthias Mende, Sana Hospital Berlin-Lichtenberg, Endoscopy
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in 8/16  patients. Overall, 88% of  patients 
developed sonographic signs of  cirrhosis within 
6  months  (mean).[25] Compared with ERCP, accuracy 
was only 30% for ultrasound.[28]

In patients after uneventful liver transplantation 
without ischemic bile duct lesions, earlier and greater 
enhancement of  the extrahepatic bile duct wall and 
bifurcation is found in the arterial phase with CEUS 
compared to the surrounding liver parenchyma. 
Isoenhancement or minor hypoenhancement is observed 
in the portal venous and late phases. In contrast, 
patients with reduced perfusion of  the PBP showed 
arterial phase hypo‑or nonenhancement of  the bile duct 
wall. In addition, the initial enhancement was delayed 
and the time difference to portal venous contrast of  
the liver parenchyma was shortened.[57]

Zhang et  al. used CEUS for the detection of  ischemic 
type biliary lesions after liver transplantation. In the case 
of  liver enzyme elevations or if  CEUS showed little or 
no enhancement of  the bile duct wall of  the hilar bile 
duct during the arterial phase, the indication for ERCP 
or percutaneous transhepatic cholangiopancreatography 
was made early.[58]

DIFFERENTIAL DIAGNOSIS

Ischemic cholangitis has to be differentiated from PSC, 
Klatskin tumor especially in bismuth stages III and IV 
and other etiologies of  SSC.[17] The most important 
diagnostic tool is the patient’s individual medical history 
with reference to the typical triggering event.

THERAPY

Therapy of  ischemic cholangitis depends on the 
triggering pathogenetic factor, which should be 
specifically treated. Interdisciplinary management of  
this prognostically unfavorable clinical scenario is 
required. In case of  increasing cholestasis parameters 
and cholangitis, ERCP with papillotomy is indicated. 
Casts can be removed and stenoses dilated by balloon 
dilatation. In individual cases, the insertion of  a 
nasobiliary probe for flushing with sterile saline solution 
may be useful. Stenting with plastic endoprostheses 
can provoke cholangitis, especially in cases of  stent 
occlusion.[59,60] They should be avoided as far as 
possible. Bile cultures should be obtained during ERCP 
to treat the bacterial spectrum. The indication for 
frequently repeated ERCP should be made with a sense 

of  proportion, since every intervention carries the risk 
of  cholangitis.

Ursodeoxycholic acid is often used. However, there are 
no studies demonstrating efficacy and a positive effect 
on patient outcome in SSC‑CIP.[23] The indication for 
liver transplantation must be considered.[24]

TOXIC OR DRUG‑INDUCED SECONDARY 
SCLEROSING CHOLANGITIS

Secondary SC can develop in the context 
of  drug‑induced liver injury  (DILI). The clinical 
presentation of  cholestatic DILI includes bland 
cholestasis, cholestatic hepatitis, SSC, and vanishing 
bile duct syndrome. Important drugs that cause DILI 
are amoxicillin‑clavulanate, sevoflurane, amiodarone, 
infliximab, green tea extract, venlafaxine, atorvastatin, 
and celecoxib. It is not uncommon for the elevated 
cholestasis parameters to disappear after discontinuation 
of  the drug. In this respect, it is advisable to check the 
liver parameters at the beginning of  long‑term therapy 
with drugs known for their risk to cause DILI.[17,61] The 
mortality associated with cholestatic DILI can be as 
high as 10%.[62]

Up to 10% of  patients with DILI may have SC‑like 
changes on MRCP.[63] The development of  SSC has 
been reported after therapy with chemotherapeutics,[64] 
in particular Docetaxel,[65] casuistically reported for 
paclitaxel in combination with bevacizumab,[66] 5‑FU/
leucovorin combination therapy,[67] furthermore for 
immune checkpoint inhibitors  (ICI) pembrolizumab 
and nivolumab,[68-73] chronic ketamine abuse, 
methimazole,[74,75] moxifloxacin, atorvastatin, herbal 
supplements.[76]

ICIs induce inflammatory reactions against neoplastic 
tissue, but they can also cause immune‑related adverse 
effects. Histopathologically, ICI‑related sclerosing 
cholangitis  (ICI‑SCC) is characterized by cytotoxic 
CD8+lymphocytes infiltrating the bile ducts and 
fibrosis auf  the bile duct wall. Intra‑and extrahepatic 
bile ducts can be affected.[68,77,78] Nivolumab‑related 
cholangitis is characterized by: extrahepatic bile duct 
dilation without obstruction; diffuse hypertrophy of  
the extrahepatic bile duct wall; increase of  the biliary 
enzymes ALP and GGT; no elevation of  serum IgG4; 
CD8+T cell infiltration in the portal area by liver 
biopsy.[70,79]
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Zen et  al. report on hepatobiliary injury under 
pembrolizumab and atezolizumab. Two cases under 
pembrolizumab had SC. The histological changes in 
the common bile duct resembled those of  IgG4‑related 
SC and not PSC. The inflammatory processes were 
primarily within the ductal wall. The epithelium was 
well preserved. Diffuse wall thickening on imaging was 
also reminiscent of  IgG4‑related SC, but IgG4‑positive 
plasma cells were  <10/HPF. The patients showed only 
a partial response to prednisolone. Another patient on 
pembrolizumab who was negative antimitochondrial 
antibody showed intrahepatic BDI resembling primary 
biliary cholangitis.[73] Casuistic the typical findings are 
also described in the endosonography. These are, in 
correlation to the other imaging, diffuse hypertrophy 
of  the extrahepatic bile duct and caliber changes of  the 
lumen of  the bile ducts.[69]

Response to glucocorticoids is only moderate or 
poor.[68-70] Ludwig et  al. list ICI‑SCC under the 
autoimmune genesis of  SSC.[80] In toxic cholangiopathy, 
the imaging features commonly resemble those of  
PSC, with multifocal strictures of  the intrahepatic and 
extrahepatic bile ducts.[80]

INFECTIOUS CAUSES

Recurrent pyogenic cholangitis
Recurrent pyogenic infection can lead to biliary 
strictures, bile duct dilatation and stone formation 
resulting in SSC. Complications of  acute inflammation 
include biliomas, abscesses and portal vein thrombosis. 
Causes may include cholangiolithiasis, postoperative 
bile duct injuries, and the rare Caroli disease. Therapy 
is by ERCP with endoscopic interventions, in 
individual cases surgically. Patients with SSC due to 
recurrent pyogenic infection have an increased risk of  
cholangiocarcinoma.[81,82]

Parasitic infections
Parasitic infections such as Clonorchis sinensis and 
Ascaris lumbricoides are reported to cause recurrent 
pyogenic infections.[80,83-85] Sonographic features in the 
hepatobiliary system are described.[86,87] Patients with 
unresected alveolar echinococcosis from Echinococcus 
multilocularis who required benzimidazole therapy 
developed in 28% late biliary complications including 
secondary SC. The most common biliary complications 
during long‑term chemotherapy were late‑onset 
cholangitis, SC‑like lesions, hepatolithiasis, affection of  
the common bile duct and secondary biliary cirrhosis.[88]

AIDS‑related cholangiopathy
AIDS‑related cholangiopathy is multifactorial[17] 
and may occur in advanced AIDS  (CD4 counts 
typically <100/mm3).[38,89,90] Several pathogens are 
associated with the AIDS cholangiopathy. The 
main causes are opportunistic infections such as 
CMV‑infection, cryptosporidium, microsporidia, 
isospora, Mycobacterium avium intracellulare, or Giardia 
infections. These infections induce ischemic lesions 
through infectious vasculitis. CMV inclusions have been 
observed in arterioles adjacent to bile ducts.[22,89,90]

Cholangiographic findings in AIDS cholangiopathy 
often show long segments of  extrahepatic strictures, 
beading and narrowing of  the intrahepatic and 
extrahepatic bile ducts with periductal soft tissue 
thickening.[82]

Post‑COVID‑19‑cholangiopathy
In many patients, cholangiopathy developed during 
COVID‑19‑infection or after recovery from COVID‑19 
infection,[91] but the clinical manifestations in almost 
all cases occurred after recovery from COVID‑19, 
leading to the term post‑COVID‑19 cholangiopathy.[92] 
It is a particular form of  liver damage, which is a 
variant of  SSC‑ICP.[93] Among 34 critically ill patients 
with COVID‑19, 12% developed SSC‑CIP, compared 
with none in a similar influenza A cohort with severe 
ARDS.[94]

Patients with COVID‑19 and ARDS who required 
intensive care and ventilation have the same risk factors 
as other patients with SSC‑CIP. Nardo et  al.[95] discuss 
that the bile ducts of  patients with COVID‑19 might 
therefore be exposed to several factors: Hypoxia due 
to respiratory insufficiency  (possibly exacerbated by 
obliteration of  the peribiliary arterial plexus due to 
vasculitic/thrombotic changes); systemic inflammatory 
response syndrome  (SIRS) leading to a reactive 
cholangiocyte phenotype or a senescence‑associated 
secretory phenotype, actively promoting inflammation 
as well as fibrosis; and possible viral infection of  the 
cholangiocytes themselves.[95]

The angiotensin‑converting enzyme 2  (ACE2) and 
the serine protease TMPRSS2 have been identified 
as receptors for virus entry into the host cell. ACE2 
and TMPRSS2 are expressed on various cells in 
the human body, including cholangiocytes. A  direct 
interaction of  severe acute respiratory syndrome 
coronavirus type  2  (SARS‑CoV‑2) with the bile 
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epithelium is suspected.[95-97] In the study by Klindt 
et  al.,[96] analysis of  gallbladder bile, gallbladder brush 
cytology and gallbladder and liver histology from five 
deceased SARS‑CoV‑2  patients and one patient who 
had undergone cholecystectomy revealed no evidence 
of  the presence of  viral RNA by polymerase chain 
reaction. The authors concluded that viral replication 
in biliary and gallbladder epithelium above the limit of  
detection is not generally detectable in patients with 
moderate and severe COVID‑19 disease.[96] The viral 
infection with SARS‑CoV‑2 leads to a decreased barrier 
function of  cholangiocytes. This in turn could cause 
liver injury by leakage of  potentially toxic bile into the 
periductal space and adjacent liver parenchyma. Of  
note, bile acid transporter expression was downregulated 
by SARS‑CoV‑2 infection.[95] This is consistent with 
the “toxic bile” concept discussed earlier. Finally, the 
development of  micro embolisms and microthrombi in 
the context of  hypercoagulability may be another cause 
of  local bile duct hypoxemia in SARS‑CoV‑2 patients.[96] 
SARS‑CoV‑2 may alter vascular homeostasis by directly 
infecting endothelial cells via ACE2 and induce 
endothelitis as proven in other organ systems.[98]

Histologically, post‑COVID‑19 cholangiopathy showed 
diffuse degenerative cholangiocyte lesions with extreme 
cytoplasmic vacuolization and regenerative changes. 
These have not been reported in SCC‑CIP. Multiple 
causes or the combination of  SSC‑CIP with direct viral 
damage are suspected in COVID‑19 SC.[92,99]

Postoperative injuries
Post‑operative injuries to the bile duct and hepatic 
artery can result in prolonged complications and 
interventions. Late complications of  BDI include biliary 
strictures, liver atrophy, cholangitis and intrahepatic 
lithiasis. As a result of  recurrent inflammation and 
intraductal stone formation, multifocal strictures may 
form in the sense of  secondary SC. Prolonged biliary 
obstruction with associated recurrent cholangitis is 
the major risk factor for onset of  secondary biliary 
cirrhosis. BDI after cholecystectomy is defined as 
unintentional injury to any portion of  the biliary tree, 
manifesting during or after operation by a bile leak or 
bile obstruction.[100] Its incidence ranges from 0.1% 
to 1.5%.[101,102] The injuries seen currently tend to be 
more severe, with the most severe biliary and hepatic 
artery or portal vein injuries often occurring after 
conversion from laparoscopy to open cholecystectomy. 
Failed attempts to repair BDIs can result in longitudinal 
strictures of  the common bile duct. Most BDIs are 

recognized either during the procedure or in the 
immediate postoperative period, with the two most 
frequent scenarios being the occurrence of  a bile 
leak or bile duct obstruction.[103,104] The management 
of  postoperative BDIs includes endoscopic dilatation, 
endoscopic drainage with stenting or surgical treatment.

Congenital causes
Congenital causes leading to SSC include cystic 
fibrosis  (CF) and Caroli’s disease.[80] CF is caused 
by alterations of  the transmembrane conductance 
regulator (CTFR) protein. The CFTR protein is also 
expressed in the in the bile duct. The bile duct changes 
are also attributed to the changed mucus in CF. Bile 
duct abnormalities range from minor tapering to 
dilatation, beading to stricturing. Cholangiographic 
findings in CF are similar to PSC and often present as 
stricture of  the intrahepatic and/or extrahepatic bile 
ducts.[80,105] Micro gallbladder and cholelithiasis may also 
be present and fatty replacement of  the pancreas.[105] 
All patients  (100%) with known liver disease and 50% 
without known liver disease in CF had intrahepatic 
ductal abnormalities.[106] 65% of  CF patients had ductal 
abnormalities on MRCP in the study by King et  al.[107]

In Caroli disease  (discussed above), SSC is rare but may 
occur as a result of  intrahepatic cholestasis, intraductal 
stone formation, recurrent cholangitis, hepaticolithiasis 
and stricture formation.[108]

Immunological causes
Regarding immunological causes of  SSC, there are 
individual case reports on sarcoidosis[109-111] and 
Behcet’s disease,[112] reports on SCC with ICIs,[73,113] and 
eosinophilic cholangitis.[114]

Hepatic involvement was found in 11.5% of  patients 
with sarcoidosis, and the clinical manifestation varies 
significantly. 5%–15% develop signs and symptoms of  
cholestasis, portal hypertension, cirrhosis and Budd‑Chiari 
syndrome. Intrahepatic sarcoidosis can resemble PSC. 
Diagnosis is made by the typical cholangiographic changes 
and the detection of  granulomas in the liver biopsy.[109]

Vasculitis is the probable cause of  ischaemia and SSC 
in Behcet’s disease.[112]

Eosinophilic cholangiopathy is a rare condition 
characterized by dense transmural eosinophilic 
infiltration of  the biliary tract and causes SC. 
Eosinophilic cholangiopathy is thought to be part 
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of  a spectrum of  diseases caused by eosinophilic 
infiltration of  tissues and organs with or without 
peripheral eosinophilia. Eosinophilic infiltration is 
possible not only in the biliary tract but also in other 
organs, including the stomach, colon, pancreas, liver, 
and kidney. However, peripheral eosinophilia was 
present in only about half  of  the reported cases. 
Bile duct wall thickening is a characteristic finding of  
eosinophilic cholangitis. Bile duct strictures are located 
diffusely from the hepatic hilum to the intrahepatic 
biliary tree.[114,115] Matsumoto et al. described eosinophilic 
cholangitis on US as an isoechoic solid lesion in the 
hepatic duct with irregular wall thickening of  the 
left bile duct. CEUS using Levovist  (Schering, Berlin, 
Germany), showed that the wall of  the intrahepatic 
bile ducts was thickened from the hilar region to the 
periphery. The wall was described as well enhanced. 
Intraductal ultrasound examination  (IDUS) correlatively 
described a solid, isoechoic lesion around the common 
hepatic duct.[115]

IGG4-SC

IgG4‑SC is the biliary manifestation of  IgG4 related 
disease.[18,116] There is debate about the nomenclature 
of  IgG4‑related hepatobiliary disease; IgG4‑related 
cholangitis has been called IgG4‑associated cholangitis, 
IgG4‑associated SC, autoimmune cholangitis or IgG4 
cholangiopathy.[18]

Tanaka et  al. calculated a prevalence of  IgG4‑SC in 
2018 of  2.18/100,000 population in a nationwide 
epidemiological study in Japan.[117] Bile duct strictures 
and concentric thickening of  the bile duct wall are 
typical. IgG4‑SC is often associated with autoimmune 
pancreatitis  (AIP).[118-120] Type  I in 75%‑85% cases but 
can occur without pancreatic disease. Histopathological 
findings include lymphoplasmacytic infiltrates, 
obliterative phlebitis, storiform fibrosis and infiltration 
of   >10 IgG4‑positive plasma cells/high‑power field. 
Serum IgG4 is elevated in a 70%–80% of  patients. 
The bile duct strictures are corticosteroid responsive. 
However, some strictures are more advanced and 
fibrosed and do not experience complete resolution 
with steroids.

IgG4‑SC can be classified according to organ‑specific 
criteria or as part of  consensus comprehensive 
diagnostic criteria for IgG4‑related systemic disease.[121] 
Clinical classification can be performed according 

to the HISORt criteria for pancreatic and biliary 
disease[122] or the Clinical Diagnostic Criteria of  
IgG4‑Related SC of  2012 and 2021 from the Japan 
Biliary Association.[121,123,124] The clinical classifications 
are based on a typical cholangiogram, laboratory 
findings of  elevated IgG4 antibodies, presence of  a 
systemic involvement and histological examination. 
Therapeutic response to corticosteroids is another 
diagnostic criterion.[18,19,121,123,125]

The cholangiographic classification is based on the 
localization of  the bile duct stenoses.[126,127] According 
to the localization of  the strictures in the biliary system, 
Nakazawa et  al. divided four cholangiographic types 
of  IgG4‑SC  [Figure  5].[126-128] The localization of  the 
strictures is important for the differential diagnosis 
compared to strictures in pancreatic head carcinoma, 
PSC and cholangiocellular carcinoma.[126,127] In type  1 
IgG4‑SC, the stricture is localized only in the distal 
common bile duct. In type  2 of  IgG4‑SC, the biliary 
strictures are diffusely distributed throughout the 
intra‑and extrahepatic bile ducts. Two subtypes are 
distinguished:

Figure  5. Cholangiographic classification of IgG4‑SC Type  1‑4 
according to Nakazawa et  al. 2006 and 2012[126,127] und intrahepatic 
IgG4‑SC Type 5 according to Mo et al. 2018.[128] Type 1: stenosis only 
in the distal (intrapancreatic) part of the common bile duct. Type 2: 
stenosis in the intrahepatic and extrahepatic bile ducts; extended 
narrowing of intrahepatic bile ducts with pre‑stenotic dilation in 
type 2a and extended narrowing of intrahepatic bile ducts without 
pre‑stenotic dilation and the reduced number of bile duct branches 
in type 2b. Type 3: stenosis in both hilar hepatic lesions and the distal 
part of the common bile duct. Type 4: stenosis only in the hilar hepatic 
lesions without stenosis of distal common bile duct. Type 5: Strict 
intrahepatic bile duct stenoses proximal to the hepatic bifurcation. 
IgG4‑SC: Immunoglobulin G4‑related sclerosing cholangitis
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Type  2a is characterized by biliary strictures of  the 
intrahepatic bile ducts with prestenotic dilatation. 
Type  2b has reduced bile duct branching. There is no 
prestenotic dilatation upstream of  the biliary strictures 
of  the intrahepatic bile ducts. Type  3 IgG4‑SC is 
characterized by biliary stricture in the hilar hepatic and 
intrapancreatic bile ducts. In type  4 IgG4‑SC bile duct 
stenosis affects only the hepatic hilum region.[126,129]

Type  1 of  IgG4‑SC must be differentiated from 
pancreatic carcinoma, chronic pancreatitis and common 
bile duct cancer. Type  2b must be differentiated from 
PSC and other SCC etiologies. Type 3 and 4 should be 
differentiated from hilar cholangiocarcinoma.[130-132]

The presence of  a distal bile duct stenosis in 
the intrapancreatic portion in IgG4‑SC is always 
an indication of  concurrent AIP type  I.[129] Focal 
AIP typically presents with increased vascularisation 
and hyperenhancement on CEUS and contrast 
enhanced‑EUS.[133,134] In contrast, Bauditz et  al. 
described hilar cholangiocarcinoma in the arterial phase 
predominantly  (87%) as hypoenhanced on CEUS.[135]

Mo et  al. suggested an additional type  5: A strictly 
intrahepatic pattern of  IgG4‑SC without any affection 
of  the hepatic hilum and common bile duct  [Figure  5]. 
On imaging and macroscopically, the intrahepatic 
subtype  (type  5) was divided into three subtypes: 
mass‑forming  (50%), stricturing  (41.7%) and periductal 
infiltrating  (8.3%) subtypes. The strict intrahepatic 
localization does not exclude the co‑existence with other 
IgG4‑related organ manifestations. Main differential 
diagnoses of  intrahepatic localized IgG4‑SC are 
intrahepatic cholangiocarcinoma and liver lesions.[128]

In the largest case series, a Japanese study of  
872  patients with IgG4‑SC by Naitoh et  al.,[136] 83.7% 

of  patients had simultaneous autoimmune pancreatitis. 
69.9% of  all IgG4‑SC with concomitant AIP presented 
as cholangiographic type  1  [Figure  6]. In contrast, 
only 23.8% of  IgG4‑SCwere type  1. Most frequently, 
IgG4‑SC without AIP corresponded to cholangiographic 
type  4  (30.9%).

Among all IgG4‑SC cases, males were predominantly 
affected in 74%–85%. The age of  onset is in 
the 6th  decade of  life.[122,137,138] The proportion of  
females was significantly higher in IgG4‑SC patients 
without AIP  (28.9%) than the IgG4‑SC with AIP 
group  (20.1%).[136] 25.2% of  the patients had other 
organ involvement besides AIP.[136] Other organ 
involvement can include dacryoadenitis, sialadenitis, 
retroperitoneal fibrosis, kidney lesion, cholecystitis, and 
lung disease.[18,116,136]

Cases of  IgG4‑SC not associated with other 
manifestations of  IgG4‑related disease are referred to 
as isolated IgG4‑SC.[139,140]

Most frequent symptom of  IgG4‑SC at presentation 
are jaundice, followed by pruritus and abdominal 
pain.[19,21,136] Weight loss is commonly seen in those with 
co‑existent AIP due to exocrine pancreatic insufficiency 
and deficiencies of  fat‑soluble vitamins.

For differentiation between IgG4‑SC, PSC and 
cholangiocarcinoma, serum IgG4‑levels, the pattern 
and details of  biliary strictures as well as details of  
wall thickening may be used  [Table  2]. Most relevant 
differential diagnoses of  type  1 IgG4‑SC are pancreatic 
head cancer and distal cholangiocarcinoma, whereas 
type  2 IgG4‑SC has cholangiographic similarities in 
particular with PSC. Type  3 and 4 IgG4‑SCA must be 
discriminated from hilar cholangiocarcinoma. Type  5 
may resemble the peripheral type of  PSC.[121,128,129,136]

Figure 6. IgG4‑SC and IgG4‑positive autoimmune pancreatitis. A 70‑year‑old female, history of IgG4 positive sialadenitis. Current findings: 
jaundice, dilated intra‑and extrahepatic bile ducts and pancreas head mass. Initially a pancreatic head cancer was suspected. Serum IgG4 
was 2‑fold elevated. Endosonography showed a hypoechoic lesion in the pancreatic head (a) with marked enhancement in contrast‑enhanced 
harmonic EUS (b). A sandwich‑like thickening of the wall of the adjacent distal common bile duct with a smooth border of the inner and outer 
contour was observed (5mm, between markers; c). The diagnosis was made in the overall context of clinical history, elevated serum IgG4 and 
hyperenhancement of the pancreatic mass lesion. EUS‑guided fine needle biopsy demonstrated no malignancy. The patient showed a rapid 
response to prednisolone treatment. IgG4‑SC: Immunoglobulin G4‑related sclerosing cholangitis
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An elevated serum IgG4 level  (≥135  mg/dL) was 
found in 78.0%‑88.0% of  IgG4‑SC cases, and cut‑off  
values of  135 mg/dl or 140 mg/dl were established for 
diagnosis.[125,136,142,143] In the large Japanese cohort, serum 
IgG4 levels did not differ between AIP‑positive and 
AIP‑negative IgG4‑SC patients.[136] However, elevated 
serum IgG4‑levels are non‑specific for IgG4‑SC and 
are observed in other mimickers of  IgG4‑SC, such 
as cholangiocarcinoma  (13%), PSC  (12%–20%) and 
pancreatic cancer  (10%).[21,125,136,141,142] In PSC patients, 
IgG4 positivity is associated with a worse outcome.[141] 
Furthermore, elevated serum‑IgG4 levels may be 
observed in patients with other inflammatory, infective, 
and autoimmune conditions such as bronchial asthma, 
pemphigus, and atopic dermatitis.[18,19]

If  a cut‑off  value of  280  ng/ml was used, specificity 
for diagnosis of  IgG4‑SC was 98% in a European 
study. In cases with IgG4 levels between 140 and 
280 ng/ml, the serum IgG4/IgG1‑ration with a cut‑off  
value of  0.24 was of  discriminating value  (sensitivity: 
80%, specificity: 74%, positive predictive value: 
55%, negative predictive value: 90%).[144] In the most 
recent large cohort of  Japanese IgG4‑SC patients 
the median serum IgG4 levels were 410, 348.5, 
651.5 and 682  mg/dL for patients with stricture types 
1‑4, respectively. Given the fact, that differentiation 
from intrahepatic cholangiocarcinoma is most difficult 
for type  3 and 4 IgG4‑SC, the particularly marked 
elevation of  IgG4 in both types may be useful for 
differential diagnosis.[136] In another large Japanese 

Table 2. Criteria for differential diagnosis of IgG4‑related sclerosing cholangitis and primary sclerosing 
cholangitis*

IgG4‑SC PSC
Demographics and clinical presentation

Male:female 4:1 7:1
Predominant age at presentation (years) >60 <50
Association with IBD Rare (5%) 80% ulcerative colitis in 

patients with large‑duct PSC
Pancreatic involvement 83%–92% No
Other organ involvement (excluding 
pancreas and/or intestine)

25%, various organs No

Laboratory findings
Serum IgG4 >135 (140) mg/dL (%) 78–88 12–20
Serum IgG4 >270 (280) mg/dL (%) 70 2
Serum IgG4/IgG1‑ratio >0.24 95% specificity for IgG4‑SC
Elevated serum IgE 50% Rare, no exact data
Peripheral blood eosinophilia 40% Rare, no exact data
pANCA Rare, but no data 80%

Bile duct strictures
Pattern Short band‑like strictures, beaded or 

pruned tree‑like appearance, diverticular 
out pouches, continuous involvement

Segmental and long intra‑ and 
extrahepatic strictures 
with prestenotic dilation

Types Distal (type 1), combined hilar and 
intrahepatic (type 2a and 2b), combined distal 
and hilar (type 3), hilar (type 4) and isolated 
intrahepatic (type 5) stricture patterns with 
features of type 2a and 2b overlapping with PSC

Large duct PSC (classical) 
and small‑duct PSC

Wall thickening
Pattern Circular and symmetrical with smooth 

inner and outer margins and homogeneous 
internal echo, preserved layering

Asymmetrical, inhomogeneous 
with irregular inner and 
outer contour and loss of 
delineation of three layers

Relation to strictures Not restricted to the strictures Restricted to the stricture
Histology

Infiltration with IgG4‑positive cells Lymphoplasmacytic infiltration and fibrosis in the 
intra‑ and extrahepatic bile ducts, eosinophilia
Storiform fibrosis and obliterative phlebitis Periportal sclerosis or periductal 

concentric “onion‑skin” fibrosis
>10 IgG4‑positive plasma cells/high‑power field Possible

Corticoid responsiveness 90% remission rate Rare, no exact data
*Data concluded from references.[13,121,129,136,141] Ig: Immunoglobulin; IgG4‑SC: IgG4‑related sclerosing cholangitis; IBD: Inflammatory bowel disease; pANCA: 
Perinuclear anti‑neutrophil cytoplasmic antibodies; PSC: Primary sclerosing cholangitis
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case series, a cut‑off  value of  207  ng/ml had a 100% 
specificity to discriminate between IgG4‑SC and 
cholangiocarcinoma.[125]

Antinuclear antibodies were found in 39% of  the 
IgG4‑SC patients. Serum IgE levels are elevated in 
50% and a peripheral eosinophilia is present in 40% 
of  IgG4‑SC and is often associated with a clinical 
history of  atopy.[145] CA 19‑9 is used as a tumor marker 
in cholangiocellular and pancreatic carcinoma but is 
often also elevated in PSC and IgG4‑SC and other 
nonmalignant causes of  obstructive jaundice.[146,147]

The assignment to the different types of  IgG4‑SC is 
done by MRCP or ERCP. These methods can also 
show the changes in the small intrahepatic bile ducts 
and rarefication of  the bile ducts.[125,129] Characteristic in 
IgG4‑SC are segmental and  (confluent) long strictures 
with pre‑stenotic dilation. Band‑like strictures, beaded 
appearance, pruned tree‑like appearance and diverticular 
protrusions are typical of  PSC and rarely found in 
IgG4‑SC.[129,136,139,148]

Whereas thickening of  the bile duct wall has been 
detected in the above mentioned large Japanese 
IgG4‑SC cohort on Ultrasound  (81.2%), CT  (71.4%), 
and MRI  (65.9%), high‑resolution ultrasound using 

high frequency linear probes, EUS and IDUS are 
capable to visualize details of  wall thickening and 
can therefore provide important clues for differential 
diagnosis. Circular and symmetrical thickening of  the 
bile duct wall with a smooth inner and outer margin 
and homogeneous internal echo in the stenotic area 
is a characteristic feature of  IgG4‑SC[129,139]  [Figure  7]. 
The representation of  the smooth epithelial surface 
on ultrasound reflects the generalized subepithelial 
damage caused by the inflammatory cells.[143] Typically, 
wall thickening in IgG4‑SC is not only observed in 
narrowed segments on cholangiographic modalities 
but extends from the distal common bile duct to the 
hilar region[136]  [Figure  8]. However, wall thickening 
in a non‑strictured area was significantly lower 
observed in AIP‑negative compared to AIP‑positive 
IgG4‑SC patients  (EUS, 75.3% vs. 58.8%; IDUS, 
85.8% vs. 58.3%).[136] In contrast, wall thickening in 
PSC and cholangiocarcinoma patients is restricted to 
the strictured segment  (s) and is more asymmetrical 
and heterogeneous with irregular inner margin 
and blurred outer contours, and disappearance of  
layering[129,147,149,150]  [Figures  9 and 10].

EUS is a sufficient method to diagnose the wall 
thickening of  the bile ducts. IDUS is more sensitive but 
requires the apparative and invasive effort of  ERCP.[151] 

Figure 7. IgG4‑SC type 3; A 46‑year‑old male. Initial multifocal autoimmune pancreatitis type I with distal bile duct stenosis. EUS initially showed 
a hypoechoic lesion at the head of the pancreas with multiple vessels in contrast‑enhanced power Doppler before starting Prednisolone therapy (a). 
After reduction of prednisolone therapy, recurrence of cholestasis. Ultrasound shows a smooth, symmetrical thickening of the wall of the hepatic 
bifurcation (b). In CEUS this is hyperenhanced in the arterial phase (c) and slightly hypoenhanced in the portal venous (d) and late phase (e). 
The laboratory values improved under therapy with prednisolone and then azathioprine. Balloon dilatation of stenoses in ERCP was performed 
several times. Via the blocked balloon catheter, ERCP reveals a short stricture involving the bifurcation of the common hepatic duct (f). IgG4‑SC: 
Immunoglobulin G4‑related sclerosing cholangitis; CEUS: Contrast‑enhanced ultrasound; Image source of ERCP: Steffen Hornoff and Matthias 
Mende, Sana Hospital Berlin-Lichtenberg, Endoscopy
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In the study of  Naitoh et al. 2021,[136] wall thickening in 
a non‑strictured area was found significantly more often 
on IDUS than on EUS  (80.9% vs. 73.8%). However, 

EUS and IDUD proved to be as sensitive  (90.4% vs. 
90.5%) in visualizing a preserved triple stratification of  
the thickened bile duct wall.[136]

HISTOPATHOLOGY

Bile duct cytology, despite its low sensitivity, is useful 
for the diagnosis of  biliary strictures, especially for 
the differential diagnosis to cholangiocarcinoma. It 
has not value for a positive diagnosis of  IgG4‑SC or 
PSC. Bile duct biopsy may show diffuse subepithelial 
lymphoplasmacytic inflammation of  the wall of  both 
intra‑and extrahepatic bile ducts with fibrosis with 
a preserved epithelial layer.[152] However, definitive 
diagnosis of  IgG4‑SC by bile duct biopsy is often 
difficult because the epithelium of  the bile duct may 
be histologically normal although the changes in the 
wall of  the bile duct are pronounced. In the study of  
Naitoh et al., marked lymphoplasmacytic infiltration and 
fibrosis, more than 10 IgG4‑positive plasma cells/HPF, 
storiform fibrosis and obliterative phlebitis in bile duct 
biopsy samples were found in 32.9%/16.9%/0.6% and 
0%, respectively. In 0.3% of  patients with IgG4‑SC, 
the bile duct biopsy was classified as histopathological 
definitive case, and 11.8% were probable cases in 
331  patients with all IgG4‑SC.[136] Biopsy of  the 

Figure  8. IgG4‑SC with AIP I  (type  1) and multiple other organ 
manifestations of IgG4‑related disease. A  48‑year‑old male. 
Longitudinal wall thickening of the bile ducts. Ultrasound shows 
wall thickening in the proximal common bile duct. The inner and 
outer contours are smooth, the inner contour is hyperechoic (a). In the 
left lobe of the liver, there is also a long‑stretched wall thickening of 
the left hepatic duct (b) and of the segmental bile duct branch in the 
2nd liver segment (c). The bile ducts are not dilated. ERC shows short 
band‑like subhilar stricture (arrow) and a second in the right hepatic 
duct in conjunction with a small diverticular outpouching (arrow) after 
injection of contrast medium via the blocked balloon catheter. The left 
hepatic duct is prominent with no biliary strictures in the left part of 
the biliary tree. The intrahepatic bile ducts are rarefied (d). IgG4‑SC: 
Immunoglobulin G4‑related sclerosing cholangitis; AIP: Autoimmune 
pancreatitis; ERC: Endoscopic retrograde cholangiography

dc

ba

Figure 9. A 55‑year‑old male patients presenting with mild right upper quadrant pain and elevated liver enzymes, no obstructive jaundice, history 
of ulcerative colitis. pANCA was positive, serum IgG4 was not elevated. Transabdominal ultrasound shows slight dilatation of the RHD, caused by 
hypoechoic wall thickening of the CHD and proximal RHD (arrow; a). On CEUS, in the late arterial phase, slight hypoenhancement of the thickened 
wall compared to liver parenchyma is observed (arrow; b). Radial EUS shows slight wall hypoechoic thickening of the extrahepatic bile duct with 
reduction (common bile duct, CBD) and loss of anechoic lumen and irregular outer contour (CHD, between markers; arrows are directed to the 
blurred outline). Compared to the IgG4‑SC case in Figure 8, complete loss of layering is observed (c). ERC delineates a long stricture of the CHD 
extending to right and left hepatic ducts (arrows; d). Please note the difference to the short‑band like strictures and diverticular out pouch in the 
ERC‑image of the IgG4‑SC case in Figure 8. Stepwise balloon dilatation is performed with initial dentation of the balloon in the area of the tightest part 
of the stricture (arrowhead; e). IgG4‑SC: Immunoglobulin G4‑related sclerosing cholangitis; CEUS: Contrast‑enhanced ultrasound; ERC: Endoscopic 
retrograde cholangiography; RHD: Right hepatic duct; CHD: Common hepatic duct; pANCA: Perinuclear anti‑neutrophil cytoplasmic antibodies
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duodenal papilla with IgG4‑immunostaining has been 
reported to be a useful supplemental method for 
diagnosing IgG4‑SC.[129]

The clinical diagnosis of  definite/probable/possible 
IgG4‑SC is based on the constellation of  several 
diagnostic criteria of  the clinical classifications.[19,121-123]

THERAPY

Steroid therapy is the standard treatment for 
IgG4‑SC with a response rate of  90%.[137] The 
recommended initial dose of  prednisone is 30–40  mg 
daily for 2–4  weeks, followed by a reduction of  
5  mg/week over  2–3  months.[18,19,153] After 2  weeks 
of  steroid administration, the response should be 
evaluated.[129] Tanaka et  al. described that therapy 
control of  wall thickening in IgG4‑SC type  2b was 
performed by ultrasound.[143] In 2019, Tanaka et  al. 
reported that endoscopic dilatation or stenting were 
performed in 9% and 50% of  cases, respectively. 
Surgical resection was performed in 9% because 
malignancy was suspected, mainly in those with 
IgG4‑SC type  4.[21]

Progression to cirrhosis was noted in other reports in 
5.2% and 7.5%, respectively.[122,138] The reduction and 
discontinuation of  corticosteroid therapy will lead to 
a relapse of  the disease in about 30% of  those with 
IgG4‑SC in the Japanese literature  (3  years of  steroids), 
and 60% in the European literature  (3‑6  month of  
steroids).[18] In case of  relapse, reintroduction of  
corticosteroids is indicated in combination with other 

immunosuppressive treatments.[19] Meta‑analysis and 
RCTs have shown significantly lower relapse rates 
with combination therapy from outset. Rituximab has 
been shown to be effective in inducing, maintaining 
remission, and treating relapse in patients with 
IgG4‑related disease (RD), including IgG4‑SC.[19] There 
has been reported an increased risk of  infections with 
maintenance therapy, but not specifically cholangitis. 
Liver transplantation is rarely done. Unlike PSC or 
post‑cholangitic strictures, patients with IgG4 SC are at 
a much lower risk of  cholangiocellular Ca.[154] However, 
an increased risk of  malignancy has been reported in 
IgG4‑RD with a standardized incidence rate of  2.17, 
with a particular emphasis on pancreatic cancer and 
lymphoma.

CONCLUSION

A large number of  different etiologic types of  
secondary SC have been reported. These must 
be considered alongside other cholestatic clinical 
pictures. Medical history is usually indicative of  a 
triggering event. The diagnosis is mainly based on the 
cholangiographic images using MRCP and in some 
instances ERCP. Nevertheless, important diagnostic 
clues and complications can also be recorded in 
transabdominal and endoscopic ultrasound. Differential 
diagnosis from PSC and cholangiocarcinoma as 
well as correct classification of  SC is a prerequisite 
for initiating the correct therapy because treatment 
and prognosis differ significantly between PSC, 
cholangiocarcinoma, and the various etiological types of  
SCC. In particular, the correct diagnosis of  IgG4‑SC is 

Figure 10. Intrahepatic cholangiocarcinoma in the left liver lobe, histologically confirmed. A 77‑year‑old female. US was performed because 
of elevated liver values. This showed a segmental dilatation of the bile ducts in the left lobe of the liver. In B‑mode ultrasound, the cause 
was a hyperechogenic thickening of the wall without definable stratification, which led to lumen stenosis (a). In CEUS, the wall‑thickening, 
lumen‑stenosing process is hyperenhanced in the arterial phase after 16 s (b). Already at the end of the arterial phase at 32 s (c), a slight washout 
begins. This continues in the portalvenous phase at 48 s (d) and is very clear in the late phase after more than 2 min (e). Histological confirmation 
was made by percutaneous US‑guided biopsy and hemihepatectomy was performed. The cholangiocarcinoma presented as rather hyperechoic. 
CEUS showed non‑specific hyperenhancement in the arterial phase with a subsequent washout, as in the IgG4‑SC shown. CEUS: Contrast‑enhanced 
ultrasound; IgG4‑SC: Immunoglobulin G4‑related sclerosing cholangitis; US: Ultrasound
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important, because 90% of  cases respond to corticoid 
treatment.
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ZUSAMMENFASSUNG

In Ergänzung zum ersten Teil dieser Übersicht, der auf sono-

grafisch gestützte Interventionen in der Palliativmedizin fo-

kussierte, erläutert die vorliegende Arbeit Indikationen und

Möglichkeiten der Sonografie in der Palliativmedizin unter

vier wesentlichen Aspekten:

▪ Sonografie als non-invasives, niedrigschwelliges und bett-

seitiges Diagnoseverfahren, das in besonderer Weise diag-

nostische Effizienz und persönliche Zuwendung verbindet.

▪ Sonografische Nachsorge von Tumorpatienten.

▪ Gezielter bettseitiger Einsatz der Sonografie in der ambu-

lanten palliativen Versorgung (point-of-care).

▪ Sonografisch gezielte Durchführung palliativer Entlas-

tungspunktionen und spezieller therapeutischer Interven-

tionen.

ABSTRACT

Complementary to part 1, this review summarizes indications,

opportunities and applications of ultrasounds in palliative care

medicine. In particular, the following topics are discussed:

▪ Ultrasound as a non-invasive, low-threshold, bedside tech-

nique, which uniquely combines diagnostic efficacy and

empathy.

▪ Sonographic surveillance of patients with malignant dis-

ease.

▪ Point-of-care application of ultrasound in palliative care

services.

▪ Ultrasound-guided palliative interventions (drainage of ef-

fusions and other therapeutic procedures).

Ziel und Inhalt der Sonografie in
der Palliativmedizin
Die palliative Medizin findet ihren Einsatz für Patienten, deren
Erkrankung nicht mehr einer Heilung zugeführt werden kann. Es
geht darum, eine Verbesserung der Lebensqualität bis zum
Lebensende zu erwirken. Dies erfolgt durch Maßnahmen der

Symptomlinderung um trotz begrenzter Lebenserwartung
lebenswerte Umstände für den Betroffenen zu schaffen
(▶ Tab. 1).

Gerade bei vielen nur teilweise oder nicht heilbaren onkologi-
schen Erkrankungen fällt der „lindernden“ Medizin eine wichtige
Aufgabe zu. Dennoch geht der Ansatz von Palliativmedizin weit
über die Onkologie hinaus und umfasst auch Patienten mit

Übersicht
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Endstadien „benigner“ Erkrankungen. Der „schützende Mantel“
(pallium, lateinisch =mantelartiger Überwurf im antiken Rom)
soll den Patienten vor unangebrachten Eingriffen schützen. Inso-
fern versteht man unter Palliation heute die Gesamtheit aller Maß-
nahmen (medizinische, pflegerische, soziale, psychologische
und seelsorgerische) in der Betreuung von nicht heilbar Erkrank-
ten mit begrenzter Lebenserwartung. Der Linderung von Sympto-
men wie Schmerz, Luftnot, Nahrungsbehinderung usw. kommt
eine vorrangige Bedeutung zu. Maß der Umsetzung palliativärzt-
licher Ansprüche ist allein die subjektive Situation des Patienten in
seiner meist letzten Lebensphase [1 – 4].

Die Palliativmedizin hat auch in Deutschland in den letzten
Jahren eine zunehmende Bedeutung erlangt und eine erhebliche
strukturelle Entwicklung genommen [5, 6]. Die WHO (Definition
Palliativmedizin nach WHO 2002) [7] sieht die Notwendigkeit
der Betreuung durch ein multiprofessionelles Team zur Sicherung
des Unterstützungsbedarfs des Patienten und der Angehörigen.
Dabei wird die Lebensqualität des Patienten in den Vordergrund
gerückt. Die palliative Versorgung beginnt früh, nämlich bereits
in Verbindung mit anderen Therapien, die das Ziel haben, das Le-
ben des Betroffenen zu verlängern. Dem Hausarzt kommt hierbei
eine besondere Rolle zu [8].

Zu den Aufgaben der Sonografie als bildgebendes Führungs-
verfahren bei palliativen Interventionen (diagnostische palliative
Punktionen und spezielle therapeutische palliative Interventionen
wie (E)US-gestützte Neurolyse des Plexus coeliacus, palliative
Parazentese, palliative perkutane transhepatische Cholangiografie
und Drainage (PTCD), palliative sonografisch gezielte PEG-Anlage
und palliative Tumorablation) wird auf den Teil I verwiesen [9].
Dieser Beitrag befasst sich mit den Möglichkeiten der nicht
invasiven „Palpations-Sonografie“ als mobile, den Patienten strei-
chelnd-berührende Untersuchungsmethode verbunden mit
einem hohen Zuwendungsanteil zur Begleitung und Führung im
Sinne des Beistandes in der letzten Lebensphase (▶ Tab. 2).

Sonografie in der Palliation als Zuwendungsmedizin

Der Sonografie als moderner Untersuchungsmethode kommt in
unserer heutigen Zeit der sehr kurzen Arzt-Patienten-Kontakte
und der anonymisierten Medizin eine besondere Rolle zu [12 –
14]. Verschiedene Autoren haben darauf hingewiesen, dass die
Bedingungen der Ultraschalluntersuchung ein besonders intimes
Verhältnis von Arzt und Patient garantieren, das heute mit der
zunehmenden Technisierung der Medizin fast verlorenzugehen
droht [15 – 18]. Bei der sonografischen Untersuchung kann durch
einen empathischen Untersucher im abgedunkelten Raum sehr

schnell eine vertrauensvolle Atmosphäre hergestellt werden.
Darüber hinaus gelingt es durch die unmittelbare Kombination
von Untersuchung, Gespräch, Information und dem für die Me-
thode spezifischen persönlichen „streichelnden“ Hautkontakt
dem Patienten ein Gefühl ungeteilter Zuwendung zu vermitteln.

Für den Palliativpatienten gilt es, so wenig wie möglich appa-
rativ-technisch belastende Medizin einzusetzen. In einem na-
türlichen Konflikt zwischen technischer Medizin und palliativer
Situation sind Ärzte entweder mit einer „apparativen Verweige-
rungshaltung“ konfrontiert – oft vom Patienten selbst ausgehend
– oder im anderen Extremfall mit einer zu hohen „apparativen
Erwartungshaltung“ – meist von Angehörigen eingefordert, die
den Tod in der scheinbar grenzenlosen medizinischen Machbar-
keit im 21. Jahrhundert nicht akzeptieren können. Die Balance
zwischen Zuwendung, verbunden mit vertrauensvoller körperli-
cher Untersuchung („Berührungsmedizin“) [19] und der oft reali-
tätsfernen Hoffnung auf Heilung, die mit jedem weiteren appara-
tiven Verfahren verbunden ist, stellt in der Palliativmedizin die
besondere Herausforderung an den Arzt dar. Man spricht durch-
aus auch vom „Dilemma der apparativen Medizin“, die oft nicht
erfüllbare Hoffnungen weckt und daher in der Konsequenz oft
zur Abkehr und zum Vertrauensverlust gegenüber dem Behandler
führt (wachsende Diskrepanz zwischen Hoffnung und Realität)
[1, 2]. Die klinische Sonografie stellt hier trotz ihrer hohen diag-
nostischen Effizienz einen guten Kompromiss dar zwischen not-
wendigem technischen Einsatz und zumutbarer, gleichzeitig aber
zuwendender Technik in Kombination mit dem Menschen, dem
Arzt. Mathis [20] machte darauf aufmerksam, dass die Akzeptanz
der Ultraschalldiagnostik auch in auswegloser ablehnender Situa-
tion sehr hoch bleibt. Dies hängt sicher damit zusammen, dass
bei der Sonografie als klinischer Untersuchungsmethode ärztlich-
menschliche Untersuchungsnähe und apparatives know-how eine
Symbiose eingehen.

Somit stellt die Sonografie in der Palliativmedizin ein ideales
klinisches Untersuchungsverfahren dar mit hoher diagnostischer

▶ Tab. 2 Beitrag der Palliativen Sonografie.

Palliative Sonografie

ZUWENDUNGSMEDIZIN: Sonografie erkennt als eine den Patienten
palpierend-streichelnde und nicht invasive Untersuchungsmethode
(„Palpations-Sonografie“) mit hohem Zuwendungsanteil viele wichtige
Diagnosen und hilft somit bei Begleitung und Führung im Sinne des
Beistandes auch in der letzten Lebensphase.

ONKOLOGIE: Sonografie ist ein wichtiges diagnostisches Instrument in
der Detektion palliativer Situationen (Part des onkologischen Stagings)
und ermöglicht bei akzeptablem apparativen Aufwand die Verlaufs-
beurteilung (Monitoring) von Palliativpatienten,.

MOBILITÄT: Sonografie ist im Gegensatz zu anderen bildgebenden
Verfahren mit kleinen, handlichen Point-of-Care–Geräten zur Erken-
nung der Ursachen von Symptomen überall einsetzbar, was für Pallia-
tivpatienten z. B. den ambulanten Einsatz durch den Hausarzt am
Krankenbett mit mobiler Technik bedeutet [10].

INTERVENTIONEN: Sonografie ermöglicht die bildgebende Nadelfüh-
rung bei erforderlichen palliativen Interventionen [9, 11].

▶ Tab. 1 Anliegen und Ziele der Palliativbetreuung.

Anliegen

Lebensqualität wichtiger als Lebensquantität

Symptomkontrolle

spirituelle und psychosoziale Zuwendung

palliative Pflege
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Effizienz und gleichzeitig großem Zuwendungspotenzial. Palliativ-
Care ist „lindernde Fürsorge“ und die Sonografie ein ideales pallia-
tives Instrument sowohl in der Diagnostik, in der Verlaufsbeob-
achtung (Monitoring) und der Intervention als auch in der
menschlichen Zuwendung bis zum Lebensende. Insofern stellt
die Sonografie eine wesentliche Form der psychosozialen Beglei-
tung dar.

Sonografie in der onkologischen Nachsorge, im
onkologischen Staging und im palliativen
Therapiemonitoring

Jede Krebserkrankung ist durch typische Erkrankungsphasen
gekennzeichnet [21]. Die Sonografie spielt dabei nicht nur in
Diagnostik und Staging eine große Rolle, sondern auch im Thera-
piemonitoring [22– 29] (▶ Abb. 1). Sie ist heute bei vielen Krebs-
erkrankungen das einzige in den Leitlinien empfohlene apparative
Nachsorgeuntersuchungsverfahren [30, 31] (▶ Tab. 3).

Eine bedeutende Aufgabe des Arztes bei onkologischen
Erkrankungen ist heute nicht nur zu heilen, sondern auch zu
lindern. Viele Betroffene gelangen zwangsläufig im Verlauf der
Erkrankung in ein nicht heilbares Krankheitsstadium (▶ Tab. 4).
Ein typisches Beispiel ist das Pankreaskarzinom, an dessen Prog-
nose sich in den letzten Jahren wenig geändert hat, mit einer
Stadien übergreifenden Heilungsrate von etwa 5%. Für die nicht
chirurgisch heilbaren Patienten hat die Lebensqualität der Betrof-
fenen durch neue palliativmedizinische Therapieansätze deutlich
gewonnen [32].

Die abdominelle Sonografie ist meist die erste bildgebende
Methode im primären Tumorstaging [21, 31, 34 – 36]. Sie wird
eingesetzt zur Bestimmung des T-, N- und vor allem des M-Stadi-
ums. Die Sensitivität der B-Bild-Sonografie für die Detektion
von Lebermetastasen bei gastrointestinalen Karzinomen wird in
aktuellen Metaanalysen mit 63– 66% angegeben [37, 38]. Studi-
en jüngeren Datums mit aktuellen Gerätetechnologien berichten
über Detektionsraten bis 81% [39]. Die Sensitivität und Spezifität
der sonografischen Lebermetastasendiagnostik lässt sich durch

kontrastverstärkte Sonografie (KMUS) auf > 90 % steigern. Die
KMUS ist im Lebermetastasenstaging der CT und der MRT eben-
bürtig [40 – 48]. In der klinischen Praxis unterbewertet wird
der Stellenwert der Sonografie für die Sicherung von zervikalen
Lymphknotenmetastasen, die sowohl beim Ösophaguskarzinom
als auch beim Bronchialkarzinom mit hoher Sicherheit gelingt
[49 – 56]. Geringer ist die Sensitivität in der Erkennung einer
Peritonealkarzinose [57, 58]. Die sonografisch gestützte Gewin-
nung von peritonealer oder pleuraler Flüssigkeit bietet die
Möglichkeit, zytologisch eine Peritoneal- oder Pleurakarzinose zu
sichern [9]. Somit kann bereits bei der initialen Sonografie durch

▶ Abb. 1 Patientin mit lebermetastasiertem GIST des Magens. a KMUS vor Einleitung einer Therapie mit Imatinib (Glivec®) mit Nachweis hyper-
vaskulärer Lebermetastasen zu Beginn der portalvenösen Phase. b Dieselben Metastasen wenige Tage nach Einleitung der Therapie mit Imatinib
in der gleichen KMUS-Phase: unter Tyrosinkoinaseinhibition deutliche Hypovaskularität als Ausdruck der Therapie-Effektivität.

▶ Tab. 3 Stellung sonografischer Methoden in der Onkologie.

Einsatzgebiete

Diagnostik (oft als Erstmaßnahme)

Staging (primäres und komplementäres Verfahren)

Therapiekontrolle

Nachsorge und Verlaufskontrolle

palliative Therapie und palliative Begleitung

▶ Tab. 4 Verlauf einer Krebserkrankung [33].

Phase Krankheitsabschnitt

I von Diagnose bis Therapieplanung

II Durchführung der Therapie

III onkologische Nachsorge und Rehabilitation

IV Behandlung des Rezidivs bzw. von Metastasen

V Palliation und Lebensende
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Nachweis einer Fernmetastasierung bei onkologischen Fragestel-
lungen – heute im Regelfall in gleicher Sitzung zur KMUS erwei-
tert – bei den meisten Tumorentitäten (Ausnahme kolorektales
Karzinom, neuroendokrine Tumore) eine palliative Situation
erkannt werden. Im Regelfall schließt sich dann nach entspre-
chender Aufklärung die histologische Sicherung durch ultraschall-
oder endosonografiegestützte Biopsie an [59, 60].

Neben klinischen Parametern bietet die Sonografie unter einer
palliativen Therapie gute Möglichkeiten zur Einschätzung eines
Therapieansprechens beispielsweise durch die Größenbeurtei-
lung einer Lebermetastase oder die Einschätzung der peritonea-
len oder pleuralen Flüssigkeitsmenge [61]. Sie ist damit hilfreich
in der für den Betroffenen und die Angehörigen wichtigen Prog-
nosebewertung. Hierfür ist allerdings eine präzise Dokumentation
zu fordern mit genauen Angaben zu Anzahl, Lokalisation (Leber-
segment) und Größe (2 Diameter) der Metastasen, um eine
Beurteilung nach den RECIST-Kriterien (Response Evaluation
Criteria In Solid Tumors) [62, 63] und vergleichende Beurteilun-
gen im Verlauf zu ermöglichen. Bei multiplen Metastasen sind
die Targetläsionen zu definieren, die im Verlauf als Referenz
dienen sollen. Bei Lebermetastasen von gastrointestinalen Stro-
matumoren (GIST), Lebertumoren (HCC) und einigen anderen
Tumorentitäten unter antiangiogenetischer Therapie sind die
RECIST-Kriterien nicht zur Beurteilung der Therapieeffektivität
geeignet. Hier kann der Verlauf des dynamischen Kontrast-Enhan-
cements in der D-KMUS herangezogen werden [25, 64, 65].

Ein gutes, gewissenhaftes palliatives (sonografisches) Staging
hat auch die Aufgabe, unnötige Interventionen, Operationen
oder Chemotherapien zu vermeiden, die für den Patienten belas-
tend, (lebens-)zeitraubend und bei invasiven Prozeduren mit
Komplikationen verbunden sind. Dies insbesondere dann, wenn
bereits im Vorfeld deutlich wird, dass der betroffene Patient nicht
davon profitiert, sondern lediglich unter den Nebenwirkungen
zu leiden hat und unrealistische Hoffnungen an die entsprechen-
de therapeutische Maßnahme knüpft. Anders als leider häufig im
klinischen Alltag praktiziert, sind daher bei (endo-)sonografi-
schem Fernmetastasennachweis im Regelfall aufgrund fehlender
therapeutischer Konsequenzen weitere Stagingprozeduren ver-
zichtbar [21, 66 – 68].

Nach einer primär erfolgreichen (radikalen) Therapie des
Tumorleidens beginnt für den Patienten die Phase der onkologi-
schen Nachsorge. Das Ziel dieser onkologischen Nachsorge ist in
erster Linie eine langfristige Sicherung des Behandlungserfolges
durch:
▪ „Früh“-Erkennung von Metastasen mit dem Ziel der erneuten

kurativen Therapie
▪ Erkennung eines Tumorrezidivs mit dem Ziel der erneuten

kurativen Therapie.

Weitere Ziele der speziellen „apparativen“ Tumornachsorge sind:
▪ die Detektion eines Zweittumors und
▪ die Beurteilung von Behandlungsfolgen (Nebenwirkungen).

Die allgemeine Nachsorge wird heute wesentlich umfangreicher
gesehen als das reine apparative Parameter-Checking. Im Sinne
der „Zuwendungsmedizin“ geht es auch beispielsweise

▪ um den Erhalt von allgemeinen Informationen zum Lebensstil
und zur Ernährung

▪ um die Planung von supportiven und komplementären
Behandlungsmaßnahmen

▪ um eine erfolgreiche Rehabilitation
▪ um eine psychologische Intervention
▪ und um die Organisation von sozialen Hilfestellungen.

In der apparativen Nachsorge soll die Sonografie zur frühen
Detektion von Lebermetastasen beitragen [69]. Wann ist es aber
für den Betroffenen überhaupt von Vorteil, einen Progress des
Tumorleidens beispielsweise in Form der Lebermetastasierung zu
erkennen? Dies trifft streng genommen nur dann zu, wenn eine
operative oder interventionelle Therapie der Metastasen möglich
ist und dies nicht nur technisch, sondern auch mit einem auf-
grund von Studiendaten und individuell zu erwartenden Vorteil
für das Überleben und die Lebensqualität des Betroffenen. Die
Entwicklung hoch wirksamer Therapieprotokolle für verschiedene
Tumorentitäten wie beispielsweise das Magenkarzinom und das
kolorektale Karzinom hat diese Aussage bei Patienten mit einem
hohen Performancestatus auch auf chemo- und strahlenthera-
peutische Interventionen erweitert. Die Frage, ob die frühe Kennt-
nis einer palliativen Situation von Vorteil für den Betroffenen ist,
wird heute daher mehrheitlich bejaht mit dem Ziel, frühzeitig
eine palliative und oftmals auch lebensverlängernde Therapie
durchzuführen (▶ Tab. 5). Für die Nachsorge des kolorektalen
Karzinoms wurde kürzlich in einer deutschen prospektiv-mul-
tizentrischen Studie eine hohe Effizienz des KMUS beschrieben
[70].

Ist im primären Staging der Erkrankung bzw. im Verlauf eine
nicht heilbare Situation diagnostiziert, kommt der Sonografie
eine besondere Rolle im palliativen Therapiemonitoring zu. Bei
vielen Interventionen ist die Sonografie als nicht invasives, überall
verfügbares und kostengünstiges Verfahren bestens geeignet,
das Ansprechen auf eine palliative Therapie, aber auch die Ursa-
chen von Therapienebenwirkungen zu dokumentieren.

Die Endoprothesen- bzw. Stentkontrolle bei Patienten mit
malignem Gallenwegsverschluss, die Asziteskontrolle bei Perito-
nealkarzinose oder die Verlaufskontrolle eines Pankreastumors
unter Chemotherapie, sind klassische Beispiele für ein palliatives

▶ Tab. 5 Nachgewiesener Vorteil der frühzeitigen Detektion und
nachfolgenden operativen Therapie (bzw. ablativen Therapie) von
Lebermetastasen [71].

Vorteil für Patienten durch
Detektion und Therapie von
Lebermetastasen nachgewiesen

kein Vorteil für Patienten
durch Detektion und The-
rapie von Lebermetastasen
nachgewiesen

kolorektales Karzinom Magen

(Lunge) Mamma

(neuroendokriner Tumor) Pankreas

Lymphome Gallenwege

Niere
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Therapiemonitoring. Die Leitlinie zur palliativen Chemotherapie
beim Pankreaskarzinom sieht vor, dass die Untersuchung des Tu-

moransprechens im Verlauf einer palliativen Chemotherapie prin-
zipiell mit der Oberbauchsonografie durchgeführt werden sollte
[32, 72]. Andere Indikationen zum Monitoring sind in ▶ Tab. 6
aufgelistet.

Beispiele für das sonografische Monitoring zur Erkennung von
Komplikationen in der Palliativtherapie sind in ▶ Tab. 7 und den
▶ Abb. 2 – 5 zusammengefasst (Abszess, Hämatom mit Abszess-
entwicklung und Gallenblasenempyem).

Mobile apparative Diagnostik in der Palliativmedizin:
Point-of-Care-Sonografie (POCUS)

Den technischen Fortschritt in der Medizin zum Patienten zu
bringen und nicht mehr den immobilen Patienten zur fortschritt-
lichen Medizintechnik zu transportieren ist eine wachsende
Herausforderung unserer Zeit. Die Untersuchung und ggf. auch
Therapie direkt am Bett spielt in verschiedenen Bereichen eine
zunehmende Rolle. Nachdem die Methodik mit der Sammlung
von Daten aus Laboruntersuchungen direkt am Patienten begann,
spielte es weiterhin in der Erhebung kardiologischer Parameter
und deren Speicherung und Übermittlung eine Rolle [73, 74].

Im Bereich der Bildgebung ist dies die Aufgabe der Ultraschall-
diagnostik mit kleinen mobilen Systemen, direkt am Patienten
wichtigste Informationen zu sammeln, wie bereits 2011 von Copel

▶ Tab. 6 Beispiele für palliatives Therapiemonitoring (Therapieef-
fektivität).

Tumorart/Tumor-
manifestation bzw.
therapeutische
Intervention

Ziel des Monitorings

Pankreaskarzinom Beurteilung des lokalen Ansprechens bei
palliativer Chemotherapie

HCC Beurteilung der Größe/Vaskularität nach
Lokaltherapie (RFA, HITT, PEI, TACE) oder
unter Chemotherapie

Lebermetastase Beurteilung von Anzahl/Größe/Vaskulari-
tät nach Ablation bzw. unter palliativer
Chemotherapie (RECIST)

Aszites Verlaufsbeurteilung unter palliativer Che-
motherapie oder nach lokaler Chemothe-
rapie

Pleuraerguss Verlaufsbeurteilung unter palliativer Che-
motherapie oder nach Pleurodese

Gallenwegsstent Kontrolle bei palliativer Entlastung des
biliären Systems bei Gallengangs-, Leber-
oder Pankreaskarzinom

Nephrostomie Kontrolle nach Entlastung bei Harnbla-
sentumor oder Beckentumor

HCC: Hepatocellular Carcinoma; RFA: Radiofrequenzablation;
HITT: hochfrequenzinduzierte Thermotherapie; PEI: Percutaneous
Ethanol Injection; TACE: transarterielle Chemoembolisation.

▶ Abb. 2 Bei einer 83-jährigen Patientin mit einem fortgeschritte-
nen Gallengangskarzinom, das endoskopisch mit einer Endopro-
these versorgt wurde, kommt es zur Cholangitis und Ausbildung
eines Leberabszesses im rechten Leberlappen. Der 1. Punktions-
versuch ist frustran, weshalb eine Kontrastsonografie durchgeführt
wurde. Diese zeigte einen stark gekammerten und teilweise noch
nicht liquifizierten Abszess. KMUS-gezielt wurde zentral eine Drai-
nage eingelegt und der Abszess erfolgreich behandelt.

▶ Tab. 7 Beispiele für palliatives Therapiemonitoring (Erkennung
von Nebenwirkungen und Komplikationen der Therapie, Komplika-
tionen der Tumorerkrankung).

Komplikation Ziel des Monitorings

Fieber sonografische Erfassung möglicher Ursachen:
Leberabszesse, infizierte Harnstauungsniere,
obstruktive Cholestase/Cholangitis, infizierte
postoperative/postinterventionelle Verhalte
abdominal/retroperitoneal

Extremitäten-
schwellung

sonografische Erfassung von Thrombosen oder
der Kompression der Beckenvenen durch
Lymphknotenmetastasen

Halsvenenein-
fluss-Stauung

sonografische Erfassung von Lymphknotenme-
tastasen: zervikal, jugulär, im oberen Mediasti-
num

Ikterus sonografische Diagnose einer obstruktiven
Cholestase oder chemotherapieassoziierten
Steatohepatitis (CASH)

Luftnot Pleuraergüsse, Lungenödem, Pneumonie, Ate-
lektase, Lungenembolie, Pneumothorax, Peri-
karderguss

Gerinnungs-
störung

sonografische Differenzierung zwischen CASH
und diffuser Lebermetastasierung, obstruktive
Cholestase

Erbrechen sonografische Diagnose einer intestinalen Ob-
struktion oder Motilitätsstörung (Retentions-
magen, Ileus, intestinale Pseudoobstruktion)

Durchfall sonografische Detektion entzündlicher Darm-
wandverdickungen
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beschrieben [75]. Inzwischen gibt es bereits mehrere Untersu-
chungsindikationen in Form von POC-Protokollen (▶ Tab. 8 –10).

Dyspnoe ist ein sehr häufiges Symptom bei Palliativpatienten,
besonders in der präterminalen Phase. Sonografisch kann durch
den Nachweis bzw. Ausschluss eines diffusen interstitiellen
Syndroms rasch zwischen einem Lungenödem und der Exazerba-
tion einer chronisch obstruktiven Lungenerkrankung differenziert
werden. Die Therapie eines kardialen Lungenödems lässt sich
semiquantitativ kontrollieren. Ein Pneumothorax wird gleich
sicher diagnostiziert wie in der CT, deutlich besser als im Röntgen
[76 – 78]. Bei Atemnot und Fieber kann sonografisch eine Pneu-

monie mit einer Treffsicherheit von über 90% dargestellt werden
[79, 80]. Die oft übersehene Lungenembolie lässt sich bettseitig
diagnostizieren [10, 74, 81]. Mittels fokussierter Echokardiografie
kann eine Rechtsherzbelastung oder ein schlecht kontrahierender
und dilatierter linker Ventrikel rasch dargestellt werden [74, 77,
82, 83].

Echoskopie

Als Echoskopie wird die Untersuchung mit kleinen vom Stromnetz
unabhängigen Ultraschallgeräten in Handygröße bezeichnet.
Sie stellt eine besondere zukunftsträchtige Form von POCUS
dar und ist in klassischer Weise eine Option der mobilen (Bed-
side-)Sonografie [10, 74, 81].

POCUS in der Spezialisierten Ambulanten
Palliativmedizin (SAPV) [84].

2009 wurde in Deutschland das Programm zur besseren ambulan-
ten Versorgung von Palliativpatienten eingeführt und in den
Verträgen zur Spezialisierten ambulanten Palliativversorgung
(SAPV) umgesetzt [85, 86]. Ziele dieser verbesserten ambulanten
Palliativversorgung von unheilbar erkrankten Menschen im häusli-
chen Umfeld wurden nachfolgend formuliert:

▶ Abb. 3 Bei einer 63-jährigen Frau mit fortgeschrittenem Gallen-
gangskarzinom entstand nach dem Versuch der PTCD-Anlage ein
größeres Hämatom im re. Leberlappen. Nach 2 Tagen wurde die
Patientin fiebrig und im Ultraschall zeigte das Hämatom eine zen-
trale Gasansammlung. Unter palliativen Aspekten wurde das infi-
zierte Hämatom drainiert und die Patientin antibiotisch behandelt.

▶ Abb. 4 Bei einem 68-jährigen Patienten mit einem fortgeschrit-
tenen Pankreaskarzinom (versorgt mit biliärer Endoprothese)
kommt es zu einer akuten Cholezystitis mit Ausbildung eines Gal-
lenblasenempyems. Das Lumen ist inhomogen ausgefüllt mit Slud-
ge und Detritus. Die Flüssigkeit um die Gallenblase zeigt die bereits
stattgehabte lokale Perforation. In der palliativen Situation führt
eine Drainage der Gallenblase (Cholezystodrainage) zum Abklingen
der Entzündung und verhindert eine freie Perforation. Eine Chole-
zystektomie kann dem Patienten erspart werden.

▶ Abb. 5 Bei einer 72-jährigen Patientin mit einer Leberzirrhose auf
der Basis einer primär sklerosierenden Cholangitis kommt es nach
einem cholangitischen Schub zur Ausbildung eines subphrenischen
Abszesses. Zeitgleich kann durch die transthorakale Sonografie ein
echogener Pleuraerguss dargestellt werden, der sich in der Probe-
punktion als Empyem herausstellt. Bei deutlich reduzierten AZ
der Patientin werden Abszess und Pleuraempyem interventionell
versorgt.

▶ Tab. 8 Einsatzgebiete der Point-of-Care (POC)-Diagnostik.

Einsatzgebiete

Labordiagnostik

Kardiologie (Telemetrie)

Point of care ultrasonography (POCUS)
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