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Abstract
Nuclear medicine techniques allow the func-
tional evaluation of the liver and the biliary 
system. Biliary scintigraphy using techneti-
ated iminodiacetic acid (IDA) derivatives 
explores the biliary excretion from the uptake 
at the vascular pole of the hepatocyte to the 
bile excretion in the intestinal lumen. Positron 
Emission Tomography (PET), either in a PET/
CT scanner or in a PET/MR tomograph, relies 
on 18F-fluoro-deoxy-glucose (18F-FDG) or 
labelled choline to detect more aggressive and 
less aggressive hepato-cellular carcinomas 
(HCC) respectively. Neuroendocrine tumors 
arising in the gastroenteric tract or in the pan-
creas (NET-GEP) are best evaluated by DOTA 
compounds (DOTATOC, DOTANOC, and 
DOTANOE), labelled with 68Ga. They share 

a high affinity for the SSR-2, which is widely 
expressed in NET-GEP and represents an 
excellent opportunity for the evaluation of the 
primary tumor and the metastatic disease, 
including the liver.

1  �Introduction

The liver is divided into two lobes (right and left 
lobe) and is characterized by a double blood sup-
ply (hepatic artery arising from the celiac trunk 
and portal vein, draining the GI tract) mixing at 
the capillary level in the hepatic sinusoids.

Functional liver anatomy is segmental, based 
on the distribution of arterial, portal, and biliary 
system (left lobe: S2, S3; right lobe: S4, S5, S6, 
S7, S8; S1 is functionally independent).

1.1  �Biliary Scintigraphy

Biliary scintigraphy allows the evaluation of the 
hepatocyte function (radiopharmaceutical uptake 
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at the vascular pole of the hepatocyte) and of the 
bile excretion.

1.1.1  �Radiopharmaceuticals
The radiopharmaceuticals used for the hepatic-
biliary scintigraphy are derivatives of the imino-
diacetic acid (IDA). They are labelled with 99mTc 
and are taken up from the bloodstream, after 
intravenous injection, from the vascular pole of 
the hepatocyte, sharing the transporter with 
endogenous bilirubin. The most frequently used 
molecules are disofenin (DISIDA) and mebro-
fenin (bromide) (Figs. 1 and 2).

The excretion at the biliary pole is fast, 
because these compounds are not conjugated 
with glucuronic acid, as is the case for bilirubin; 
therefore they appear in the biliary system in few 
minutes and their concentration in liver paren-
chyma is usually halved in 15–20 min after the 
maximum uptake, usually reached in 3–5 min.

Since endogenous bilirubin competes for the 
same membrane transporter, hyperbilirubinemia, 
as in jaundice, can impair the radiopharmaceuti-
cal uptake. In this case, the standard dose (around 
185 MBq in adults) can be increased proportion-
ally, to guarantee an adequate visualization of the 
liver and the biliary system.

1.1.2  �Patient Preparation
Patients should fast for 6–10  h (minimum 4  h, 
maximum 24 h). Of note, the fasting period must 
not exceed 24 h, to avoid excessive bile concen-
tration and retention in the biliary tree, which can 
determine false-positive readings. The same con-
sideration applies to total parenteral nutrition. 
Therefore, it is advisable to postpone the exami-
nation or, alternatively, to pretreat the patient 
with cholecystokinetic drugs (e.g., sincalide), if 
allowed.

Smoking and alcohol consumption should be 
avoided during the 24 h preceding the examina-
tion, because they can interfere with radiophar-
maceutical absorption and/or excretion.

Some drugs may influence the sphincter of 
Oddi function (e.g., opiates) or gallbladder con-
traction (atropine, somatostatin analogues, sin-
calide). It is possible to exploit some 
pharmacological effects to test, for instance, the 

gallbladder filling, administering morphine, or 
gallbladder contraction after sincalide.

Therefore, a detailed pharmacological history 
is mandatory during the examination, as in most 
scintigraphic studies.

When biliary atresia is suspected in neonates 
and infants, it is highly recommended to prevent 
abdominal skin contamination due to micturition. 
The positioning of a urine-collection bag will 
markedly simplify image interpretation.

1.1.3  �Acquisition Protocol
Dynamic acquisition (matrix 128 × 128, 30–60 s/
frame) in the anterior projection (patient lying 
supine) starts immediately after i.v. tracer injec-
tion, using a large field-of-view (LFOV) gamma 
camera, fitted with a low-energy high-resolution 
(LEHR) parallel-hole collimator.

The field of view includes the whole liver, the 
upper abdomen, and at least a portion of the car-
diac region.

The usual duration of the acquisition is 
between 45 and 60  min. Delayed images are 
acquired (most often after a lipid-rich meal) as 
the clinical situation requires (e.g., non-
visualization of the bowel), up to 24  h after 
injection.

Tomographic images (single-photon emission 
tomography, SPET) can be useful when a biliary 
leakage is suspected, particularly if hybrid SPET/
CT is available.

A double-head gamma camera is preferred, 
fitted with LEHR parallel-hole collimator, to 
keep the acquisition duration around 25–30 min 
(matrix 128 × 128, 360 degrees orbit, 120 frames, 
25–30 s/frame).

1.1.4  �Image Evaluation
Visual evaluation of all the images represents the 
first essential step. The parameters to consider 
are liver uptake, visualization of the intrahepatic 
tree and extrahepatic biliary ducts, gallbladder 
visualization (if any), and timing of radiotracer 
appearance in the small bowel.

Time-activity curves (region of interest drawn 
on heart, liver, main branches of the biliary tree 
and bile ducts, gallbladder, and small bowel) may 
help in image interpretation. The most used 
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Fig. 1  99mTc-IDA derivates in a child after S2–S3 left 
split liver transplantation. Upper left: two frames (5 min 
each) 20  min after the injection demonstrating good 
uptake of the graft. Upper right: two frames (5 min each) 

1.5 h after injection showing dilatation of the intrahepatic 
biliary tree (white arrow) and initial visualization of the 
drainage (asterisk), clearly visible at 2.5 and 3.5  h. At 
3.5 h the biliodigestive anastomosis (hash) can be seen

a b c
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Fig. 2  18F-FDG PET/MR in a patient affected by hepa-
tocellular carcinoma. In S8 an area of intense uptake 
(SUV Max 11) of the radiopharmaceutical corresponding 
to the lateral portion of an area (40 × 30 mm) previously 

treated. (a) DWI (b800); (b) T2 TSE fat saturated; (c) 
18F-FDG PET; (d) T1 postcontrast (arterial phase); (e) T1 
postcontrast (venous phase); (f): fused c + e
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numerical parameters are liver-Tmax (time 
needed to reach the maximal activity in liver 
parenchyma), liver-T50 (time needed to reach 
50% of maximum activity), and gallbladder ejec-
tion fraction (the percentage difference in 
background-corrected activity between maxi-
mum gallbladder filling and post-emptying 
image).

Circulating activity decreases fast in normal 
patients, reaching a nadir in around 5 min. The 
liver parenchymal uptake shows an early increase, 
with a maximum between 10 and 20 min postin-
jection, followed by a fast decrease, leaving very 
low activity at 60 min.

The intrahepatic biliary tree is usually visual-
ized between 5 and 20 min postinjection, whereas 
the visualization of the gallbladder is highly vari-
able, depending on its filling status and on the 
contraction/relaxation of the sphincter of Oddi.

The radiotracer usually reaches the small 
bowel in 20–40 min.

Bowel non-visualization, even after 24  h, is 
highly suggestive of biliary atresia in icteric neo-
nates and infants, whereas biliary obstruction 
leads to variable delays in bile outflow and bowel 
visualization.

Acute cholecystitis is characterized by non-
visualization of the gallbladder, even 60  min 
postinjection and after morphine administration. 
Sometimes, a thin rim of enhanced uptake is 
present in the gallbladder bed (rim sign).

The radiotracer appears in the abdominal cav-
ity in case of biliary leakage.

Bilio-digestive anastomosis, using a bowel 
loop as biliary reservoir, is prone to acute and 
chronic cholangitis and the hepatic-biliary scin-
tigraphy can identify the stasis in a malfunction-
ing bowel loop, which is a major risk factor.

1.1.5  �Main Indications
Functional assessment of biliary function/post-
surgical hyperplasia

Biliary atresia
Integrity of biliary tree/biliary extravasation
Acute cholecystitis
Patency of bilio-enteric surgical anastomosis
Enterogastric reflux

1.2  �Liver PET Studies

Positron-emission tomography (PET) uses 
positron-emitting radiopharmaceuticals and 
plays a crucial role in many diagnostic protocols, 
particularly in oncology, where the most widely 
used tracer is 18F-fluoro-deoxy-glucose (18F-
FDG). PET scans are typical hybrid examina-
tions, obtained on a combined PET and CT 
scanner (PET/CT). In recent years the first clini-
cal hybrid PET/MR scanners have been intro-
duced, opening exciting perspectives.

18F-FDG depicts the glucose metabolism and 
shows a physiologic uptake in the liver paren-
chyma. Therefore, it is useful to identify lesions 
with metabolic activity greater than the surround-
ing liver, as in the case of most metastatic lesions 
and in cholangiocarcinoma.

The glycolytic activity of hepatocellular carci-
noma (HCC) does not differ, in many cases, from 
the normal liver metabolism, but increases sig-
nificantly in high-grade lesions, when the tumor 
becomes more aggressive and is less differenti-
ated. Therefore, the degree of 18F-FDG uptake 
corresponds roughly to the aggressiveness of 
HCC and can contribute to the grading of the 
disease.

Labelled choline, either with 11C or with 18F, 
detects low-grade HCC and has been proposed to 
stage at least the more complex cases of HCC, 
particularly aiming at extrahepatic disease.

18F-FDG and labelled choline are ideal candi-
dates for the characterization of doubtful hepatic 
lesions, as is the case in multifocal disease after 
treatment, whether by TACE or by microwave 
ablation. The introduction of hybrid PET/MR 
scanners opens further perspectives in this evolv-
ing field.

Metastatic liver involvement at diagnosis is 
frequent in neuroendocrine tumors arising in the 
gastroenteric tract or in the pancreas (NET-GEP). 
NET-GEP metastasis shows a variable uptake of 
18F-FDG, which is proportional to their aggres-
siveness. The same holds true for the primary 
tumor, which is often very small. Somatostatin 
receptors (SSR) are highly expressed in the vast 
majority of NET-GEP and radiolabelled com-
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pounds have been targeted both to their diagnosis 
and treatment. The most efficient PET radiophar-
maceuticals are the DOTA compounds 
(DOTATOC, DOTANOC, and DOTANOE), 
labelled with 68Ga. They share a high affinity for 
the SSR-2, which is widely expressed in NET-
GEP and represents an excellent opportunity for 
the evaluation of the primary tumor and of the 
metastatic disease, including the liver.

The treatment of metastatic NET-GEP is often 
difficult, even if they are often slow-growing 
tumors, because the disease can be already diffuse 
at the diagnosis. Radiometabolic therapy can con-
trol the disease with very limited side effects, using 
for instance DOTATE labeled with a beta-emitter 
(177 LU). The integrated approach of lesion char-
acterization and radio-metabolic treatment repre-
sents a classical example of theranostics.
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