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Computed tomography of hyper-attenuated liver: Pictorial essay 
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A B S T R A C T   

Demonstration of a very dense or hyper-attenuated liver on the pre-contrast CT images of the abdomen can be an 
unexpected finding. It may present as a diagnostic challenge if the underlying cause of it is not apparent from the 
provided clinical history. There are about 12 different pathologic conditions that are associated with deposition 
of radiopaque elements within the hepatic parenchyma, resulting in diffuse or multi-lobar hyperdense appear
ance of the liver on abdominal radiographs and CT. Most of them are drug-induced or iatrogenic in nature, while 
others are the sequelae of genetic disorders like thalassemia, Wilson's disease, and primary hemochromatosis. 
This pictorial essay will present the CT appearance and etiology of hyper-attenuated liver in various clinical 
entities.   

1. Introduction 

Computed tomography (CT) of the abdomen is a sensitive method for 
the evaluation of liver abnormalities, particularly when a dedicated 
contrast-enhanced examination is performed.1,2 However, the non- 
contrast CT images can also provide relevant information if the liver 
attenuation number deviates from the physiologic range. This measures 
normally between 50 and 60 Hounsfield units (HU) on multidetector CT 
examinations and about 10 HU higher than the spleen.2 A lower atten
uation is typically associated with hepatic steatosis due to non-alcoholic 
fatty liver.3 In contrast, an increased attenuation exceeding 70 HU is 
caused by a wide spectrum of pathological conditions that lead to the 
deposition of high-density or radiopaque elements within the liver. 

There has been an increasing trend in the clinical practice to perform 
abdominal CT examinations after contrast enhancement only and 
eliminate the pre-contrast phase to reduce the radiation dose.1,4 

Therefore, the presence of a hyper-attenuated liver may be overlooked 
or difficult to recognize after its enhancement by intravenous contrast 
material. The modern multi-detector and dual-energy CT scanners are 
capable of reconstructing virtual unenhanced images that resemble the 
appearance of true pre-contrast scans. This is achieved by a post- 
processing technique, using dual-energy CT to remove iodine from the 
acquired post-contrast images, and thereby demonstrate conditions that 
cause either hypo- or hyper-attenuation of the liver.1,5 

The purpose of this article is to illustrate the CT features of hyper- 
attenuated liver caused by various etiologies, and to review the 

pertinent literature about the prevalence and pathogenesis of these 
conditions. 

2. Amiodarone therapy 

The most common cause of a hyper-attenuated liver is the long-term 
treatment with amiodarone. This drug has been used very extensively 
for the management of ventricular arrhythmia and atrial fibrillation.6 It 
accounted for 2.4 million prescriptions dispensed to 677,240 patients in 
the United States during 2020.7 Amiodarone has a molecular weight of 
681 and contains 37.3% iodine. In comparison, the water-soluble 
contrast agent iothalamate meglumine (Conray 60, Guerbet Company, 
Paris, France) has 28.2% organically bound iodine. 

Amiodarone is administered orally or intravenously, and most pa
tients receive it for as long as 5 to 10 years. It is highly lipophilic and 
metabolized in the liver to its active derivative. This drug has an elim
ination half-life of 35 to 100 days, thus remains in the body for a pro
longed time after its intake has been discontinued (Fig. 1, A and B). 

Adverse effects of amiodarone include thyroid dysfunction in 14%– 
18% of patients caused by iodine content of the medication, and pul
monary changes due to interstitial fibrosis and pneumonia in about 3% 
of cases. Approximately 25% of patients receiving amiodarone will have 
a transient asymptomatic rise of their liver enzyme levels. Amiodarone- 
induced hepatotoxicity can develop after long-term therapy, causing 
abnormal liver function tests in 15% to 50% of patients, and hepatitis or 
cirrhosis in about 3% of cases.8 LV and Zhao recently performed dual- 
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energy CT of the abdomen in 3 such patients.9 The liver attenuation 
ranged from 110 to 144 at 100 kVp and from 86 to 104 at 140 kVp, 
almost double the normal values. 

3. Thalassemias 

These genetic blood disorders affect about 280 million people, who 
are predominantly of Middle Eastern, South Asian, and African descent. 
An estimated 1.5% of the global population or about 80–90 million 
patients have beta-thalassemia major, also known as Cooley's anemia.10 

The prevalence of this disease in the United States has increased during 
the past 5 decades due to the rising immigration of individuals from the 
affected regions.11 

Thalassemias are characterized by severe anemia due to decreased or 
absent hemoglobin production, thus the patients require regular blood 
transfusions. The resulting iron overload leads to its deposition in the 
liver parenchyma and accounts for its high attenuation on CT (Fig. 2, A 
and B). Other abdominal CT features of thalassemia include para
vertebral masses of extramedullary hematopoiesis, splenomegaly, 

gallstones, and osteopenia of vertebrae and ribs with striated or coarse 
trabecular appearance.12 

4. Wilson's disease 

Wilson's disease or hepatolenticular degeneration is a genetic dis
order of copper metabolism, occurring with a prevalence of 1 in 30,000 
individuals.13,14 This congenital disease is autosomal recessive and 
manifests only when the mutated gene is inherited from both parents. 
This gene prevents the incorporation of intestinally absorbed copper in 
to ceruloplasmin for subsequent urinary excretion, thereby resulting in 
progressive accumulation of copper in the liver, kidneys, and brain 
(Fig. 3). 

The main feature of Wilson's disease on abdominal CT is a diffusely 
hyper-attenuated liver (Fig. 3). Concomitant findings include liver 
cirrhosis, renal calculi, premature osteoarthritis, osteopenia, and chon
drocalcinosis of intervertebral discs and hip joints.15,16 Note that copper 
is non-ferromagnetic and invisible on MRI, but contour abnormalities 
and parenchymal nodules of the liver are frequently seen in patients 
with Wilson's disease. 

Fig. 1. CT images of hyper-attenuated liver due to amiodarone in 2 patients. A: 
This 57-year-old woman had a 5-year history of amiodarone therapy for cardiac 
arrhythmia. Note the appearance of low-density hepatic vasculature within the 
liver. The radiopaque gastric content is from amiodarone and calcium tablets. 
B: Distorted configuration of the dense liver (132 HU) in this 62-year-old 
woman is due to amiodarone-induced cirrhosis. Attenuation numbers for the 
spleen (67 HU) and muscles (53 HU) are within the normal range. 

Fig. 2. A: CT images of the upper abdomen in a 31-year-old man with thal
assemia reveal a hyper-dense liver (95 HU) and pancreas (arrow) due to iron 
deposition. B: A higher section shows the para-spinal masses caused by extra
medullary hematopoiesis, low-density of ventricular blood content due to se
vere anemia, and the abnormal appearance of visualized bones. 
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The clinical symptoms of Wilson's disease usually manifest between 
the ages of 5–35 years. The early stage of it causes deposition of copper 
in the liver and hepatitis, with gradual development of cirrhosis.15,16 

Neurological symptoms related to the brain involvement will occur as 
well. A characteristic feature of Wilson's disease is the appearance of a 
brown circle around the iris, called Kayser-Fleischer ring.13 

Early diagnosis of this genetic disorder is important because several 
effective therapies are available, such as chelating compounds to 
remove the excess copper, dietary measures to reduce copper absorp
tion, and liver transplant in advanced cases.13,14 

5. Hemochromatosis 

The primary type of hemochromatosis is a hereditary disease due to 
abnormal genes that regulate iron absorption from the gastrointestinal 
tract. It results in iron overload and its deposition in the liver and other 
organs. About 2–5% of the Caucasian population is carrier of the 
mutated genes, and hemochromatosis is a common genetic disorder 
among the Caucasians of Northern European ancestry.17–19 

The secondary form of hemochromatosis an acquired condition 
associated with hemolytic anemias and diseases treated with iron sup
plements that cause iron deposition in organs of reticuloendothelial 
system (liver, spleen, lymph nodes) and other tissues like the pancreas 
and kidneys.18 

Iron deposition in the liver of patients with hemochromatosis man
ifests a homogenously increased liver attenuation to about 75–130 HU 
on non-contrast CT images (Fig. 4). The portal and hepatic veins will 
appear conspicuous because of their relatively low density within the 
hyper-attenuated liver.19 This condition is usually diagnosed through 
blood tests, liver biopsy, and abdominal CT or MRI. The latter modality 
is particularly useful for quantification of the liver iron content because 
its superparamagnetic effect leads to a markedly reduced signal intensity 
on T2-weighted images.20 

It should be noted that hemochromatosis refers to the systemic iron 
deposition with tissue damage, whereas hemosiderosis represents focal 
deposition of hemosiderin due to bleeding and breakdown of red cells 
without causing organ damage or require treatment. 

6. Transfusional iron overload 

The body of an average adult has 4–5 g of iron, and each unit of 
transfused blood contains 200–250 mg of iron. Therefore, patients who 

receive more than 10 units of blood are at risk of developing iron 
overload and its accumulation mainly in the liver parenchyma. It has 
been calculated that a patient with severe anemia requiring 2 units of 
blood transfusion per month over 4 years would accumulate 20 g of iron, 
which is sevenfold greater than the normal amount of body iron.21 

The intestinal resorption of iron is well regulated and based on 
10–20 mg of it in a typical daily diet. There is no physiological mech
anism to remove iron from the body, and any excess amount of it is 
deposited in the tissues. The liver is the principal site of iron storage and 
regulation of its homeostasis. Therefore, its attenuation on CT exami
nation is increased in patients with sickle cell disease or other types of 
anemia (Fig. 5, A and B), particularly after receiving frequent blood 
transfusions and iron supplements.22,23 However, MR imaging is 
currently the optimal technique for quantification of hepatic iron.20,24 It 
is of interest to note that chronic anemia and iron overload are two of the 
most prevalent disorders worldwide and affect over a billion people.21 

7. Thorotrast 

Thorotrast had been widely used as an angiographic contrast mate
rial for 3 decades until 1950s, when it was finally disapproved for 
clinical usage in the United States. It was produced as a colloidal sus
pension of thorium dioxide, a radioactive substance with biological half- 
life of 22 years and emitting alpha radiation. Almost 10 million patients 
worldwide had been examined with thorotrast, particularly while un
dergoing cerebral angiography.25 

Thorotrast is retained in the liver, spleen, lymph nodes and bone 
marrow for prolonged time, and its radioactivity can cause various 
hepatosplenic malignancies such as angiosarcoma.26 In the surviving 
patients, however, the increased density of the liver and spleen is clearly 
recognized on abdominal radiographs and CT examinations many de
cades after it had been injected (Fig. 6). 

8. Gold therapy 

The treatment of rheumatoid arthritis with water-soluble gold salts 
has been widely used over the last seven decades. The two compounds 
called sodium aurothiomalate and aurothioglucose are administered 
orally or by intramuscular injection because of their profound anti- 
inflammatory effects.27,28 The gold particles are then retained in the 
liver, spleen, and lymph nodes, thereby causing their markedly 
increased density on abdominal CT examination. These findings have 
been illustrated in several publications.29,30 

It should be noted that the CT images of this entity are similar to 

Fig. 3. Abdominal CT of this 10-year-old girl with Wilson's disease demon
strates a markedly dense liver (138 HU) due to cupper deposition. She had a 
history of seizures, and intellectual disability that may account for the radi
opaque gastric content of ingested eggshells and foreign objects. 

Fig. 4. CT appearance of the liver due to hemochromatosis in a 79-year-old 
woman. The hepatic attenuation measured 88 HU. 
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those seen with thorotrast deposition (Fig. 6). However, the clinical 
history of rheumatoid arthritis and coexisting arthritic changes of the 
spine or extremities can provide clues to suspect gold therapy as the 
potential cause of dense liver and spleen. 

The preferential retention of gold in the hepatic parenchyma and 
spleen has led to recent usage of gold nanoparticles as a liver-specific 
contrast agent for CT imaging and for targeted therapy of cancer in 
these 2 organs.31– 33 

9. Mineral supplements 

Mineral supplements and vitamins are commonly used in the United 
States by about 70% of adults aged over 65 years and by a third of 
children and adolescents.34 The over-the-counter products typically 
contain multiple high-density minerals in the form of calcium phosphate 
or carbonate, potassium iodide, copper sulfate, as well as water-soluble 
salts of iron, zinc, chromium, selenium, molybdenum, and several trace 
elements. 

In patients who have been taking excessive amounts of these dietary 
supplements for prolonged time, the intestinal resorption of these min
erals can lead to the accumulation of radiopaque elements within the 
liver. Therefore, an increased hepatic attenuation may be demonstrated 
on non-contrast CT images (Fig. 7). 

There have been some reports of liver injury following long-term 
ingestion of these dietary supplements. However, their beneficial ef
fects on health status appear to be minimal or negligible according to 
some investigations.35 

10. Iatrogenic causes 

Intravasation of barium during radiological studies of the gastroin
testinal tract is very unusual but may occur due to inadvertent mis
haps.36 A case of diffuse opacification of the liver and spleen due to 
massive intravascular embolization of barium was recently published.37 

This complication had occurred when the balloon-tipped enema cath
eter was misplaced into the vagina and caused its perforation (Fig. 8). A 
similar case of this complication had been reported previously by 
Steinman and colleagues.38 

A hyper-attenuated liver may be seen following intravasation of the 

Fig. 5. Transfusional iron overload in 2 cases. A: Axial CT section of the upper 
abdomen of this 37-year-old man with sickle cell anemia shows a calcified 
spleen and increased hepatic attenuation (84 HU) due to iron deposits from 
repeated blood transfusions. Typical changes of the spine and pelvis were seen 
on bone window. B. CT image of the hyper-attenuated liver (143 HU) and 
spleen (116HU) caused by transfusion-induced iron overload in a patient with 
multiple myeloma. 

Fig. 6. CT image demonstrates the hyper-dense liver and spleen caused by 
retained thorotrast that had been used for cerebral arteriography several de
cades earlier. 

Fig. 7. CT appearance of the hyper-attenuated liver and spleen in a 77-year-old 
woman with prolonged history of ingesting large doses of mineral supplements. 
Note that many of such radiopaque tablets are visible within her stomach. 
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oil-based ethiodized iodine known as Lipiodol (Guebert Company, 
France). This contrast material has been used for several radiological 
procedures that include hysterosalpingography and lymphography.39,40 

A recent comprehensive review of 19,339 women, who had undergone 
Lipiodol hysterosalpingography revealed a 2.7% incidence of intra
vasation and potential complications despite a favorable effect on their 
fertility outcomes.41 The current application of Lipiodol is mainly for 
transarterial chemoembolization of the hepatic tumors.42,43 Therefore, 
CT examination performed after this procedure will demonstrate mul
tiple densely opacified liver lesions due to retained Lipiodol (Fig. 9). 

In patients with renal failure the clearance of administered intrave
nous contrast material through the glomerular filtration is markedly 
delayed.44 It leads to a rather prolonged increase in the hepatic and renal 
attenuation on CT examination. This finding may persist for 1–3 days in 
patients with severe uremia unless they are dialyzed promptly.45 

11. Diffuse or multi-lobular liver calcification 

Hepatic calcifications represent a common source of increased liver 
density on abdominal CT images, and they are associated with a wide 
spectrum of pathological processes.46 Most of them appear as focal or 
clusters of radiopacity caused by granulomatous diseases (tuberculosis, 
histoplasmosis), parasitic infections (hydatid disease), liver abscesses, 
and post-traumatic hematomas. However, large multilocular and scat
tered punctate calcifications may occur in hepatocellular carcinoma, 
metastatic mucinous adenocarcinoma of the gastrointestinal tract and 
ovaries, or metastases from osteogenic malignancies (Fig. 10). Shibuya 
et al. reported a patient with diffuse liver calcification, which had 
developed following a severe episode of hypotensive shock from massive 
gastrointestinal bleeding.47 Other authors have also described large 
areas of liver calcification due to infarct or other pathologic 
conditions.48 

12. Conclusions 

The detection of a hyper-dense liver on non-contrast CT examination 
is not unusual, and it obviously indicates the deposition of one or several 
radiopaque elements in the hepatic parenchyma. However, this finding 
may be overlooked or difficult to appreciate if the abdominal CT is 
performed only after contrast enhancement, and the pre-contrast phase 
of the study is not obtained.4 This may not be a problem with modern 
multi-detector and dual-energy CT scanners that allow a post-processing 

technique to generate a virtual unenhanced image of the liver.1,5 

As illustrated in this article, many genetic, acquired, or iatrogenic 
conditions can be the underlying cause of hyper-attenuated liver 
(Figs. 1-10). The CT appearance of such dense livers may be very similar 
despite their different etiologies. This may pose as a diagnostic dilemma 
if the examining radiologist is unaware of the patient's clinical history. 
However, the additional CT findings of abdominal organs or osseous 
structures can be helpful in differentiating the underlying cause of the 
hyper-attenuated liver. 

It is hoped that the herein presented information would enhance the 
knowledge of practicing radiologists about the prevalence, etiology, and 
pathogenesis of various entities which can manifest with a hyper- 
attenuated liver. 

Declaration of competing interest 

The authors declare that they have no conflict of interest, The au
thors declare that they have no disclosure relevant to the subject matter 
of this article. 

Fig. 8. CT of the upper abdomen in this 72-year-old woman shows a markedly 
dense opacification of the liver and spleen caused by massive barium intra
vasation during colon examination through a misplaced enema tip. 
(Reproduced with permission, Reference35). 

Fig. 9. CT image of the liver after trans-arterial chemoembolization of metas
tases from colon cancer in this 59-year-old woman demonstrates multiple 
hyperdense areas of Lipiodol accumulation. 

Fig. 10. CT section of the liver shows several densely calcified metastases from 
a mucinous colorectal carcinoma in this 49-year-old man. 
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