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Two types of surgical procedures are performed for the liver, transplantation and resection. 
Transplantation can be performed using the whole or a part of the deceased donor liver, known 
as Orthotopic Liver Transplantation (OLT), or a lobe of a matching living donor liver, known as 
Living Donor Liver Transplantation (LDLT). In this review, we will focus on imaging prior to liver 
transplantation.  

The purpose of imaging prior to hepatic transplantation is appropriate patient selection. Imaging 
provides the surgeon with important information needed to plan and perform the surgery and to 
exclude those for whom surgery is either not feasible or not beneficial. Preoperative imaging 
requires evaluation of the liver parenchyma and vasculature, and the detection of extrahepatic 
metastatic disease. In cases of LDLT, the main purpose of preoperative imaging is for surgical 
planning to minimize donor morbidity and mortality, and to optimize graft survival in the 
recipient. 

Ultrasonography, computed tomography (CT), and Magnetic Resonance Imaging (MRI) have 
been used to evaluate the recipient prior to OLT and the donor and recipient prior to LDLT.  
Each modality provides a range of information, and more than one modality is often needed to 
obtain the presurgical information necessary for a successful transplantation. Ultrasonography 
is often used as a screening test. CT and MRI are the most widely used imaging modalities 
used for evaluation. Both modalities perform equally for evaluation of the vascular structures 
and parenchyma but the higher spatial resolution of CT allows for better evaluation of the 
vascular anatomy, especially smaller vascular structures, and the higher contrast resolution of 
MRI allows for better evaluation of diffuse and focal parenchymal abnormalities and the bile 
ducts. 

1. Hepatic parenchyma  

Liver Tumors:  

Most candidates for OLT have cirrhosis and are at risk for developing Hepatocellular Carcinoma 
(HCC). Detection and characterization of HCC is one of the main objectives of imaging the 
recipient prior to OLT. The donor liver is not imaged prior to OLT. 

Hepatic transplantation is a potentially curative procedure for patients with cirrhosis and HCC. 
Other malignancies for which transplantation may be indicated are cholangiocarcinoma, 
epithelioid hemangioendothelioma, and neuroendocrine metastases. 

Evaluation of the size, number, and stage of HCC is crucial for selecting the appropriate patient 
for transplantation and assessing prognosis. Poor prognosis following transplantation has been 
associated with advanced HCC. In contrast, patients with early-stage malignancy have 
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recurrence and mortality rates similar to those of patients with cirrhosis without tumor. Exclusion 
criteria for transplantation may vary among institutions but generally comprise tumors that 
exceed the Milan criteria (Single HCC larger than 5 cm in maximum diameter, or more than 
three HCCs of 3 cm or greater). Tumor invasion into the portal or hepatic veins, or the presence 
of extra-hepatic metastasis precludes transplantation. HCC in a cirrhotic liver can be diagnosed 
on CT or MRI obtained using standard extracellular contrast if a mass measuring 1 cm or more 
displays the typical features of hyperenhancement in the arterial phase and hypontensity 
“washout” in the venous or delayed phases. Biopsy is not necessary to confirm the diagnosis in 
such cases. These features have been shown to have a sensitivity of approximately 60% and 
specificity of 96% for the diagnosis of HCC ≥ 2 cm in the cirrhotic liver on MRI. If hepatocyte 
specific contrast is used for the MRI study, most HCCs will have similar enhancement 
characteristics in the arterial and venous phases, and manifest as a foci of lack of enhancement 
in the hepatobiliary phase. Less than 10% of HCC enhance in the hepatobiliary phase.  

In the presence of HCC, extrahepatic metastatic disease needs to be excluded prior to 
transplantation. Loco-regional metastasis to lymph nodes and abdominal organs in the field of 
imaging can be assessed on MRI but CT is needed to determine the presence of lung 
metastasis, and a nuclear medicine bone scan for the detection of skeletal metastasis.  

The presence of a malignant hepatic tumor precludes LDLT. The presence of benign tumors 
may influence the decision and surgical approach to liver resection for LDLT.  

 

Liver Volume, Parenchyma, and Function: 

Liver volume calculations are necessary prior to LDLT to ensure that the size of the graft liver 
matches that of the recipient hepatic fossa. Computed tomography and MR imaging are widely 
used for volume calculations and are highly accurate. Volumes can be measured by manual 
tracing of the lobe of interest or by using semiautomated or automated computer algorithms. 
 
Assessment of the liver parenchyma for steatosis is necessary prior to transplantation. The 
presence of severe fatty liver may affect survival of the graft liver and the remnant liver after 
LDLT. MRI is currently the most accurate method for the detection and quantification of the 
hepatic fat fraction. CT can be used for the detection of moderate or severe steatosis but is not 
used for quantification. 

Functional assessment is not routinely performed but can be done with Indocyanine Green 
(ICG) clearance test. Early reports suggest that hepatobiliary contrast agents may have the 
potential to be used for assessment of liver function.  

 

2. Hepatic Vasculature 

Knowledge of the hepatic arterial and venous anatomy of the recipient prior to OLT is crucial for 
the surgeon when planning arterial and venous reconstructions.  
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Knowledge of the hepatic arterial and venous anatomy of the donor is essential to determine 
feasibility and safety of liver resection in a potential donor prior to LDLT.   Knowledge of the 
recipient vascular and biliary is also important for planning the surgical approach.   

Both MR imaging and helical CT scanning can portray detailed hepatic arterial and venous 
anatomy and are highly accurate for the evaluation of spontaneous shunts and varices.  
Sonography is usually used as the initial screening test and is useful for assessment of the size, 
patency, and flow direction in the portal vein, and the patency of hepatic veins and the inferior 
vena cava. Sonography has limited value in demonstrating arterial anatomy. 

 

Arterial System  

An adequate arterial supply to the graft liver after OLT or LDLT is essential for its survival 
because the hepatic artery is the only source of arterial supply to the transplanted liver. 
Although hepatocytes receive their blood supply from the portal vein as well as from the hepatic 
artery, the bile ducts rely solely on the arterial blood supply. Lack of sufficient arterial blood 
supply can result in ischemic damage to the bile ducts leading to strictures, leakage, cholangitis, 
and eventual graft loss. 

The classic hepatic arterial anastomosis is usually between the recipient hepatic artery (at the 
left and right hepatic artery bifurcation or proper hepatic-gastroduodenal artery branch point) 
and the donor celiac axis or hepatic-splenic artery branch point. In a recipient with dual arterial 
supply to the liver from the hepatic and superior mesenteric arteries, the larger of the two 
vessels is chosen for the anastomosis.  A small-caliber recipient hepatic artery (3 mm or less) or 
multiple small hepatic arteries supplying the liver from different sources may result in 
inadequate arterial inflow to the graft following transplantation and may require an alternative 
inflow source, such as an aortohepatic interposition graft.  An aorto-hepatic interposition graft is 
necessary when adequate inflow to the liver cannot be maintained because of a small main 
artery or stenosis of the main arterial branch from which the hepatic artery arises (celiac or 
SMA). 

Major vascular structures traversing the hepatectomy plane, for example segment IV artery, 
must be identified in the donor liver prior to planning LDLT to minimize damage and subsequent 
ischemic injury to the remnant donor liver or the recipient graft liver. 

 

Portal venous system 

Portal venous anastomosis in liver transplantation is typically end to end. Nontumorous portal 
vein thrombosis in patients with cirrhosis and portal hypertension is no longer a contraindication 
to transplantation. Knowledge of the extent of thrombosis before transplantation is critical for 
successful planning of portal vein reconstruction. Short-segment thrombosis may still permit the 
usual end-to-end anastomosis to be performed after the thrombosed segment is resected or 
may require the insertion of a short venous graft from the donor. 
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Long-segment portal vein thrombosis and partial superior mesenteric vein thrombosis require 
harvesting the iliac veins from the donor for portal vein reconstruction. In extensive portal 
venous system thrombosis, a venous jump graft between the donor portal vein and the patent 
portion of the recipient superior mesenteric vein is used. Evaluation of portal vein size is 
important. A donor portal vein size within 3 to 4 mm of the recipient portal vein size allows 
routine end-to-end anastomosis. A greater discrepancy in size may necessitate the use of a 
donor iliac graft to connect the recipient superior mesenteric vein to the donor portal vein.  

Large (>5 mm in diameter) branches of the portal and hepatic veins traversing the plane 
between the left and right lobes are important to identify in the donor liver when planning LDLT 
to determine the safest surgical approach to liver resection and to improve survival of the 
remnant and graft livers.  

Shunts and Varices 

Preoperative knowledge of the existence and patency of surgical shunts is important. The 
significance of portosystemic varices depends on their size and location. Some surgeons may 
ligate large shunts if they are within easy access but most do not. The presence of 
portosystemic varices does not alter the surgical course. 

Hepatic Venous System and IVC  

The native inferior vena cava is often not resected, and an end-to-side or side-to-side 
anastomosis is performed between the donor and recipient inferior venae cavae at the 
suprahepatic end of the donor inferior vena cava (cavocavostomy or piggy-back techniques). 
The infrahepatic portion is oversewn. End-to-end (cava-cava) anastomosis of the donor inferior 
vena cava and the supra- and infrahepatic portions of the recipient inferior vena cava is still 
occasionally performed.  

Patency and anomalies of the inferior vena cava, although rare, must be determined before 
transplantation so the surgical approach can be modified.  

 

3. BILIARY SYSTEM 

Invasive methods such as endoscopic retrograde cholangiopancreatography (ERCP) and 
percutaneous transhepatic cholangiography (PTC) are being increasingly replaced by 
noninvasive MR cholangio-pancreatography (MRCP) for the evaluation of biliary anatomy.  
Ductal anastomosis for transplantation is typically end to end (choledocho-choledochostomy).  

Routine evaluation of the biliary system is not required prior to OLT. Ductal anatomy must be 
defined, however, in patients with primary sclerosing cholangitis, and brush biopsies should be 
obtained from suspicious areas because of the high incidence of cholangiocarcinoma in such 
patients. Ductal anastomosis in these patients is typically with a loop of small bowel 
(choledocho-enterostomy). 
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Evaluation of the donor biliary ductal anatomy is essential to identify aberrant ducts draining to 
the contralateral lobe (e.g a posterior right duct draining into the left hepatic duct). The presence 
of such ducts may influence the surgical approach or prohibit transplantation. Overlooking such 
anomalies may result in major morbidity or even mortality of the donor.   

In summary, a comprehensive evaluation of the liver parenchyma and bile ducts for tumors, and 
the arterial and venous systems for anomalies and abnormalities is necessary to optimize the 
outcome of OLT. Patients undergoing liver resection for LDLT also require a detailed 
assessment of the liver parenchyma, and vascular and biliary structures to minimize post 
resection morbidity and mortality in the donor, and improve graft survival in the recipient.  
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