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Disclaimer

This presentation is based on research conducted to the best of the presenter’s abilities, 

acknowledging inherent uncertainties and limitations. The findings may be influenced by factors such 

as data quality, methodology, and interpretation, and do not guarantee real-world accuracy. 

The content is intended for informational purposes only and does not necessarily reflect the views of 

the British Medical Ultrasound Society (BMUS) or its affiliates. The presenter is responsible for 

ensuring objectivity and disclosing any relevant financial/industry interests. BMUS and its affiliates 

disclaim liability for any claims arising from this educational activity.



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation: 

Lecture Aims

1.Pre-assessing the liver transplant candidate

• Portal vein flow

• Incidental focal liver lesions

2.Background to the surgical procedures

3.Conventional B-mode and colour Doppler ultrasound

4.When and where to add CEUS?

5.Advantages and limitations of ultrasound and CEUS

6.What can go wrong and where?

• Vascular – arterial and venous

• Biliary – obstruction and sepsis

• General surgical complications

• Post-transplant lymphoproliferative disorders
2002
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PRE TRANSPLANT 
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Contrast Enhanced Ultrasound (CEUS) in Liver 
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Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation: Pre-transplant
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Portal vein patency

Thrombosis – bland/malignant

Low flow – ‘to-and-fro flow’

Screening for HCC 

 New nodules –HCC or RGN

 Avoid CT or MR imaging

 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Portal vein patency

Low flow – ‘to-and-fro flow’

PV thrombosis is a relative contraindication to liver transplantation

10% incidence in cirrhosis

Low flow in portal hypertension decreases the sensitivity of all imaging 

techniques and increases the risk of thrombosis



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Portal vein patency

Thrombosis – bland/malignant

EURORAD Contrast-enhanced ultrasound (CEUS) in the diagnosis of malignant portal vein thrombus Nikoletta Pyrrou  et al. CASE 

18468Published on 05.03.2024
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Transjugular Intrahepatic 

Portosystemic Shunt

(TIPS) patency



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation: Pre-transplant

2024

Screening for HCC 

 New nodules –HCC or RGN

 Avoid CT or MR imaging

 

Screening for HCC 

 Indeterminate Lesions 

 Benign Lesions
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Ultrasound in Early Detection of 
Hepatocellular Carcinoma
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Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Screening for HCC 

 New nodules –HCC or RGN

 Avoid CT or MR imaging

 

Metastasis
HCC ICC



Would you ‘assess’ and ‘report’ a CT 

examination of the liver without 

contrast? 

Why do you assess and report on an 

image produced by someone else as a 

snapshot in time when you can 

observe the changes dynamically 

yourself?

Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation: Pre-transplant



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Arterial Phase

Venous Phase

Baseline pre-contrast

Heimbach J, Kulik LM, Finn R et all. AASLD guidelines for the treatment of hepatocellular 

carcinoma. Hepatology https://doi.org/10.1002/hep.29086

• AASLD guidelines recommend US surveillance 

for HCC and diagnosis with CT/MIRI

• 2017 AASLD guidelines acknowledge but does 

not recommend CEUS for diagnosis of HCC

• EASL and APASL recommends CEUS in the 

diagnosis of HCC



Ultrasound in Early Detection of 
Hepatocellular Carcinoma
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Ultrasound in Early Detection of 
Hepatocellular Carcinoma



Ultrasound in Early Detection of 
Hepatocellular Carcinoma

Addition of Contrast Enhanced Ultrasound



POST TRANSPLANT 

ASSESSMENT

Contrast Enhanced Ultrasound (CEUS) in Liver 

Transplantation



Ultrasound in Early Detection of 
Hepatocellular Carcinoma

Addition of Contrast Enhanced Ultrasound:

EFSUMB GUIDELINES



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Addition of Contrast Enhanced 

Ultrasound:

EFSUMB GUIDELINES



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Orthotopic Liver Transplantation

 - hepatic artery ± iliac artery conduit

 - portal vein

 - IVC, end-to-end anastomoses

 - common bile duct

‘Piggy-backing’ Transplantation

preservation of the donor IVC with end-to-side anastomoses with recipient 

IVC

‘Split’ Liver transplantation

Two recipients, donor liver is split into extended right lobe and left lateral 

segment

‘Segmental-reduction’ transplantation

The donor liver is cut down to size to fit the patient

‘Auxiliary’ transplantation

Part of the diseased liver is resected, and a reduced or split donor liver is 

positioned

‘Living-related’ transplantation

Recipient liver replaced with a donor right lobe

Bowles M, Rela M. Liver Transplantation: Surgical Techniques. In Ultrasound of Abdominal 

Transplantation. Ed. Sidhu PS, Baxter GM. Thieme New York 2002 Pp 69-75



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Inferior Vena Cava

Common Bile Duct

Main Portal Vein

Liver Transplant at KCH in 

1989 by Sir Roy Calne

1930-2024

Gallbladder 

Conduit

GB Conduit in 

OLT with 

Calculus
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Gallbladder 

Conduit

GB Conduit in 

OLT with 

Calculus and 

Cholecystitis

In summary, the Waddell-Calne method of biliary tract reconstruction using a gallbladder 

conduit was associated with a 50% incidence of late biliary tract sludge or stone 

formation, with obstruction and frequent cholangitis. This procedure should not be used 

for the biliary tract reconstruction of liver transplantation except under extremely specific 

and very rare circumstances.



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Vascular

• Hepatic artery

• Hepatic veins and IVC

• Portal vein

Non-vascular

• Graft rejection

• Biliary tract 

• Localised infection

• Miscellaneous

Vascular Complications 

• Hepatic artery 
• Thrombosis 

• Stenosis 

• Pseudo aneurysm 

• Portal Vein 
• Stenosis 

• Thrombosis

• Hepatic Veins and IVC
• Stenosis

1985
Spectral Doppler 

Ultrasound

1990
Colour Doppler 

Ultrasound

2000
Contrast Enhanced 

Ultrasound

2022
Microvascular 

Imaging



• Hepatic artery patency is crucial to viability of the transplant

• Hepatic artery thrombosis results in biliary ischemia as this 

is the sole blood supply to the intra-hepatic biliary epithelium

• Hepatic artery thrombosis requires urgent surgery; ischemia 

may be reversible

• Color Doppler US detection of patency is essential 

• Hepatic artery not seen on ultrasound; angiography or CT

• Biliary necrosis requires re-transplantation   

  

• Hepatic artery thrombosis  

• 7-12% adults

• 11-42% children

• Infarction, sepsis, abscess, bile leak, strictures and liver 

failure

• Requires repeat liver transplantation if diagnosis is delayed

 

Valente JF, Alonso MH, Weber FL, Hanto DW.  Late hepatic artery thrombosis
 in liver allograft recipients is associated with intra-hepatic biliary necrosis. 
Transplantation 1996;61:61-65

Tzakis AG, Gordon RD, Shaw BW, Iwatsuki S, Starzl TE. Clinical presentation
 of hepatic artery thrombosis after liver transplantation in the cyclosporine era. 
Transplantation 1985;40:667-671

Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

• High quality US machine with sensitive color and spectral Doppler capabilities

• CDUS at 24 hrs, day 4 and prior to discharge 

• Normal hepatic artery; rapid systolic upstroke and continuous flow through diastole 

with an RI 0.5-0.7

• CDUS will visualise 96% of hepatic arteries

Shaw AS, Ryan SM, Beese RC, Norris S, Bowles M, Rela M, 

Sidhu PS.  Liver Transplantation. Imaging 2002;14:314-28. 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Hepatic Artery with High Resistance Index - False 

positive HAT

• Severe hepatic oedema

• Systemic hypotension

• High-grade hepatic artery stenosis

High Resistance Index Hepatic Artery 

Returning to Normal

• Normal evolution of changes as transplanted liver 

recovers



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Liver Transplantation

• CEUS in Hepatic Artery Thrombosis2-year study in 794 surveillance US

• HA flow seen in 759/794 (95.6%)

• 35 studies in 31 patients; microbubble contrast (Levovist)

• HA flow seen in 781/794 (98.4%)

• 13/35 (37.1%) HA still not seen

• One patient had patent HA on arteriography; high resistance

Sidhu PS, Shaw AS, Ellis SM, Karani JB, Ryan SM.  Microbubble ultrasound contrast in the assessment of hepatic artery patency 

following liver transplantation: role in reducing frequency of hepatic artery arteriography Eur Rad 2004;10:1114-1126



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Sidhu PS, Shaw AS, Ellis SM, Karani JB, Ryan SM.  Microbubble ultrasound contrast in the assessment of hepatic artery patency 

following liver transplantation: role in reducing frequency of hepatic artery arteriography Eur Rad 2004;10:1114-1126



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Why use CEUS on the ITU?

1. Quick and simple test for patency of the hepatic 

artery.

2. Mobile imaging – the observer attends the patient.

3. Transfer of intensive care patient to imaging

• Whole team effort

• Nursing and anesthetic time

• Portering time

• Morbidity associated with transfer

• No delay in diagnosis for immediate treatment

Sidhu PS, Shaw AS, Ellis SM, Karani JB, Ryan SM.  Microbubble ultrasound contrast in the assessment of hepatic artery patency 

following liver transplantation: role in reducing frequency of hepatic artery arteriography Eur Rad 2004;10:1114-1126



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Sidhu PS, Shaw AS, Ellis SM, Karani JB, Ryan SM.  Microbubble ultrasound contrast in the assessment of hepatic artery patency 

following liver transplantation: role in reducing frequency of hepatic artery arteriography Eur Rad 2004;10:1114-1126



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation

Occlusion at level of coeliac 

axis – unequivocal imaging

ITU bedside images 

showing arrival of 

contrast in portal vein 

without any hepatic 

artery enhancement

Sidhu PS, Shaw AS, Ellis SM, Karani JB, Ryan SM.  Microbubble ultrasound contrast in the assessment of hepatic artery patency 

following liver transplantation: role in reducing frequency of hepatic artery arteriography Eur Rad 2004;10:1114-1126



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Infarction Post Liver

Transplantation

Sidhu PS, Shaw AS, Ellis SM, Karani JB, Ryan SM.  Microbubble ultrasound contrast in the assessment of hepatic artery patency 

following liver transplantation: role in reducing frequency of hepatic artery arteriography Eur Rad 2004;10:1114-1126



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Hepatic Artery Thrombosis: 

Collaterals on Ultrasound 

and Angiography

Sidhu PS, Marshall MM, Ryan SM, Ellis SM.  Clinical use of Levovist, an ultrasound contrast agent,

in the imaging of liver transplantation: assessment of the pre and post transplant patient. 

European Radiology 2000;10:1114-1126.



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Direct Evidence of hepatic artery stenosis

Difficult to detect site of hepatic artery stenosis directly 

to identify peak systolic velocity of >2-3 m/sec;

obesity

bowel gas

tortuosity of vessel

post-surgical dressings and drains

Abbasoglu O, Levy MF, Vodapally MS et al. Hepatic artery stenosis 

after liver transplantation; incidence, presentation , treatment and 

long term outcome. Transplantation 1997;27:250-255

Indirect evidence of hepatic artery stenosis
  

Tardus Parvus Waveform

 

– Systolic Acceleration Time (>100msec)

  Time from end diastole to first systolic peak 

 

–  Resistance Index (RI <0.5)

 Peak Systole - End Diastole

   Peak Systole



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

• Tardus Parvus is non-specific

• Similar pattern 
• Aorto-coeliac atherosclerotic disease

• Arterio-venous fistula

• Arterio-biliary fistula formation

• Long standing thrombosis

Sidhu PS, Ellis SM, Karani JB, Ryan SM. Hepatic artery stenosis following liver transplantation:

 significance of the tardus parvus waveform and the role of microbubble contrast media 

in the detection of a focal stenosis Clin Radiol 2002;57:789-799



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

CEUS in Hepatic Artery Stenosis

• 2038 US examinations in 529 liver transplants

• 16 patients identified with a tardus parvus waveform 

(SAT >0.08secs and RI <0.50)

• Median SAT 0.18secs and RI 0.47

• Following microbubble contrast PSV elevation seen 

in 14/16 in the hepatic artery; median 2.15 m/sec

• Arteriography confirmed 8/10 stenosis; 2/10 with 

occlusion

• 6 patients with no arteriography; 4 resolved on US, 2 

re-transplantation

• Tardus parvus is an excellent screening test for HAS

Sidhu PS, Ellis SM, Karani JB, Ryan SM. Hepatic artery stenosis following liver transplantation: 

significance of the tardus parvus waveform and the role of microbubble contrast media in the detection 

of a focal stenosis Clin Radiol 2002;57:789-799



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

CEUS in Hepatic Artery Stenosis



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Sidhu PS, Ellis SM, Karani JB, Ryan SM. Hepatic artery stenosis following liver transplantation: 

significance of the tardus parvus waveform and the role of microbubble contrast media in the detection 

of a focal stenosis Clin Radiol 2002;57:789-799

• Tardus Parvus is non-specific

• Similar pattern 
• Aorto-coeliac atherosclerotic disease

• Arterio-venous fistula

• Arterio-biliary fistula formation

• Long standing thrombosis

• Artery kinking ?



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Hepatic Artery Pseudo aneurysm 

• Intra-hepatic
– Biopsy related when peripheral within the liver 

parenchyma

• Extra-hepatic
– Bowel perforation and sepsis

– Biliary leak

– Fungal sepsis

– Arterial damage

Marshall MM, Muiesan P, Srinivasan P, Kane P, Rela M, Heaton ND, Karani JB, Sidhu PS.  Hepatic artery 

pseudoaneurysms following liver transplantation: Incidence, presenting features and management. Clinical 

Radiology 2001;56:579-587 

Incidence of 1% following 1327 

liver transplants

 

13 hepatic artery pseudo aneurysms

• 9 anastomotic

• 4 intrahepatic

Mortality of 69%

Coil embolization
• 3 intra-hepatic and 3 extra-hepatic

• 5 required re-transplantation



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Hepatic Artery Pseudo aneurysm 

Intra-hepatic
Biopsy related when peripheral within the liver parenchyma



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Marshall MM, Muiesan P, Srinivasan P, Kane P, Rela M, Heaton ND, Karani JB, Sidhu PS.  Hepatic artery 

pseudoaneurysms following liver transplantation: Incidence, presenting features and management. Clinical 

Radiology 2001;56:579-587 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Marshall MM, Muiesan P, Srinivasan P, Kane P, Rela M, Heaton ND, Karani JB, Sidhu PS.  Hepatic artery 

pseudoaneurysms following liver transplantation: Incidence, presenting features and management. Clinical 

Radiology 2001;56:579-587 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Portal Vein
Risk factors that predispose to PV complications

• Hypercoagulable states

• Decreased portal vein inflow

• Porto-systemic shunts

• Prior splenectomy

• Twisting/kinking of the vascular conduit

• Tension in the portal vein graft

  
 

• Portal vein stenosis 
– 0.6 – 1.2 %, an absolute velocity of >1.0 m/sec or a 2-fold 

increase in velocity across a narrowing is suspicious

• Portal vein thrombosis 
– 2.0 – 7.0%, no flow is present with echogenic solid material 

within the portal vein

• Portal vein ligation 
– Criggler-Najar syndrome, an iatrogenic manoeurve to 

increase flow to the auxiliary liver graft

• Redundant portal vein
– Misalignment or excessive vessel length

 

Wozney P, Zajko AB, Bron KM et al. Vascular complications after liver transplantation: 

a five-year experience.  AJR; 1986: 657-663



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Portal Vein 

Stenosis

Hamady M, Rela M, Sidhu PS. Spontaneous resolution of a portal vein stenosis over a 21-month period in a 

“split-liver" transplant: demonstration by colour Doppler ultrasound, catheter angiography and splenic pulp

 pressures. Eur Radiol 2002;12:2280-2283



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Redundant 

Portal Vein

Marshall MM, Muiesan P, Srinivasan P, Kane P, Rela M, Heaton ND, Karani JB, Sidhu PS.  Hepatic artery 

pseudoaneurysms following liver transplantation: Incidence, presenting features and management. Clinical 

Radiology 2001;56:579-587 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Portal Vein Thrombus

Risk factors that predispose to PV complications

• Hypercoagulable states

• Decreased portal vein inflow

• Porto-systemic shunts

• Prior splenectomy

• Twisting/kinking of the vascular conduit

• Tension in the portal vein graft



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Inferior Vena Cava and Hepatic Veins stenosis

• Rare complication either at the supra-hepatic or infra-hepatic IVC 

anastomosis

Hepatic vein stenosis

• Usually comprised in ‘piggy-back’ procedures

Hepatic vein thrombosis

• Rare, <1% of patients, usually with Budd-Chiari syndrome



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

IVC Stenosis

‘Piggyback’ Transplant

HV/IVC Stenosis



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Non-Vascular complications

Graft Rejection

• Common serious complication (30%)

• Non-anastomotic vascular stenosis

• No correlation with RI in the HA

• No correlation with HV profile

• No reliable non-invasive diagnostic test

• US excludes other causes prior to biopsy

 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Biliary tract

– Biliary obstruction
• Anastomotic, early and late

• Non-anastomotic, poorer prognosis

– Bile leakage
• Secondary to anastomotic complications

– Generalised bile duct changes
• Recurrent sclerosing cholangitis

• Biliary sludge and stones

Greif F et al. The incidence, timing and management of biliary tract 

complications after liver transplantation. Ann Surg 1994; 219: 40-45



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Kaplan S Zajko AB, Koneru B. Hepatic bilomas due to hepatic artery thrombosis in liver 

transplant recipients; percutaneous drainage and clinical outcome. Radiology 1990;174:1031-1035



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Miscellaneous

• Intra-hepatic abscess/Abdominal

• Post-Transplant Lymphoproliferative Disorder

• Recurrent malignancy

• Pancreatitis

• Adrenal Infarction

• Collections

 

Shaw AS, Ryan SM, Beese RC, Sidhu PS. Pictorial Review: Ultrasound of Non-Vascular 
Complications in the Post-Liver Transplant Patient.  Clinical Radiology 2003;58:672-680.



Post-Transplant Lymphoproliferative Disorder

• Three distinct patterns;

– Localised areas of low reflectivity with increase in 

vascularity

– Diffuse involvement resulting in hepatomegaly

– Disease at the porta-hepatis arising in the biliary tree

• Gastrointestinal tract involvement occurs in 30%

• Splenic involvement occurs in 28%

• Lymph node involvement occurs in 20%

Pickhardt PF, Siegel MJ. Post-transplant lymphoproliferative disorder of the abdomen: 

CT evaluation in 51 patients. Radiology 1999;213:73-78

Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

• Due to B-cell proliferation

• Clinically; infectious mononucleosis-like syndrome to overt 

lymphoma

• Associated with the Epstein-Barr virus

– 2.9 – 18.9% children

– 2.0 – 10% adults

• Mirror appearances seen in AIDS associated lymphomas



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

• Diagnosis involves biopsy and histological supported by imaging

• Treatment depends on PTLD type and severity

• Reduction of immunosuppression often effective in early lesions

• Chemotherapy for aggressive or refractory cases

•  Monitoring for graft rejection when immunosuppression reduced

 



Contrast Enhanced Ultrasound (CEUS) in Liver Transplantation:

Complications Post-Operative

Summary

• Ultrasound is the ideal imaging modality in the immediate 

post transplant patient

• Addition of colour Doppler allows for excellent investigation 

of the hepatic artery, portal vein and hepatic veins

• Complications are identified early to allow for prompt 

management

• Addition of CEUS aids the ultrasound examination, often as a 

problem-solving tool

• This may obviate the need for further imaging

• Both intravascular and intra cavitary CEUS is useful in many 

clinical scenarios



Thank You


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6: Pre Transplant Assessment
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Post Transplant Assessment
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38: CEUS in Hepatic Artery Stenosis
	Slide 39: CEUS in Hepatic Artery Stenosis
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51:  Non-Vascular complications
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58

