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Many pathophysiological pro-
cesses can lead to diffuse 
parenchymal liver diseases 

and the end-result of all chronic liver 
diseases (CLD) is healing by fibrosis 
and regeneration.1 Hepatic fibrosis, left 
untreated, progresses to cirrhosis and 
its associated complications, a major 
cause of death worldwide. For an ef-
fective cure, hepatic fibrosis should be 
diagnosed early and monitored during 
treatment. Liver biopsy is the gold stan-
dard but limited due to its invasiveness, 
sampling error, and intra- and interob-
server variability. Non-invasive tests are 
preferred in the management of CLD.2,3,4 

Several serum tests for liver function and 
markers of liver fibrosis are available 
and have moderate sensitivity and spec-
ificity; however, they are confounded by 
a wide range of extrahepatic diseases.5 
Imaging plays an important role in eval-
uation of CLD and its complications. 

Conventional ultrasound (US), com-
puted tomography (CT) and magnetic 

resonance imaging (MRI) are routinely 
used to evaluate CLD. These methods 
assess morphological changes in the 
liver that are typically seen in the ad-
vanced stages (cirrhosis) and are not 
sensitive for detection of early hepatic 
fibrosis. However, US, CT, and MRI 
are excellent methods for evaluating 
complications, including portal hy-
pertension, ascites and hepatocellular 
carcinoma. For early detection, quanti-
tative techniques are most useful. MRI 
is the most promising technique for 
quantification of hepatic steatosis, iron 
overload, and hepatic fibrosis.6,7 

Non-alcoholic fatty liver disease 
(NAFLD) is now the most common 
cause of CLD and the leading cause of 
liver transplantation. NAFLD is a major 
health burden worldwide, with great 
implications for medical resources, 
and is the most common CLD encoun-
tered by radiologists.8,9 In this review, 
we will briefly review the quantitative 
assessment of hepatic steatosis and 
iron overload and focus on current and 
emerging techniques for evaluation of 
liver fibrosis. 

Hepatic steatosis 
In the normal liver 5% or fewer he-

patocytes have fatty change. Hepatic 
steatosis or fatty liver results from ex-
cessive accumulation of triglycerides 

within hepatocytes, and a condition 
that affects nearly 25-35% of the US 
population.10 Hepatic steatosis can 
result from many causes including 
alcohol, drugs, storage disorders, 
infection and pregnancy. The most 
common cause of hepatic steatosis 
is NAFLD, which is associated with 
obesity and metabolic syndrome.10 

NAFLD is a spectrum of disease, with 
70-80% of patients having the be-
nign, non-progressive non-alcoholic 
fatty liver (NAFL). About 20-30% of 
have progressive non-alcoholic ste-
atohepatitis (NASH), characterized 
by inflammation and ballooning of 
hepatocytes, and about 5% of NASH 
patients progress to cirrhosis.11,12 
NAFLD patients are also susceptible 
to liver failure, as well as cardiovas-
cular and renal comorbidities.13 As 
hepatic steatosis is a biomarker of 
NAFLD, detection and quantification 
of fat is important.

Ultrasound is useful for detecting 
fatty change in the liver; however, the 
increased echogenicity of the liver pa-
renchyma is nonspecific. In addition, 
the quantification of fatty changes with 
grayscale ultrasound is inaccurate. A 
new technique, controlled attenuation 
parameter (CAP), is now available with 
elastography to quantify the liver fat. 
CAP can easily detect steatosis >10%.14 
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The utility of CAP for hepatic steatosis 
is still being evaluated.

The attenuation of a normal healthy 
liver on non-contrast enhanced CT 
ranges from 50-65 Hounsfield Units 
(HU) and is denser than the spleen paren-
chyma and the hepatic vasculature.15,16 
Non-contrast CT is more accurate in 
qualitatively diagnosing moderate to se-
vere hepatic steatosis than it is in mild to 
moderate steatosis. Hepatic steatosis can 

be diagnosed when liver attenuation < 
spleen attenuation or when liver attenu-
ation < 48 HU.15 Increased density of the 
liver vessels compared to the liver paren-
chyma (Figure 1) is associated with 30% 
steatosis. Moderate-to-severe hepatic 
steatosis can be diagnosed with 100% 
specificity when liver attenuation is <40-
42 HU, hepatic-splenic attenuation ratio 
is < 0.8, or a hepatic-splenic attenuation 
difference is ≤-10 HU with 73-82% sen-

sitivity for moderate-to-severe hepatic 
steatosis.17,18 Due to the risks associated 
with ionizing radiation exposure, CT is 
not recommended for evaluating hepatic 
steatosis. 

MRI is the most useful technique 
for evaluating hepatic steatosis. The 
various techniques for detecting and 
quantifying hepatic steatosis include 
fat suppression, chemical shift imaging 
(CSI), frequency selective imaging, and 
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FIGURE 1. Unenhanced CT (A), axial In-phase (B) and opp-phase (C) images at the same level in a patient with hepatic steatosis. Hepatic 
steatosis causes diffuse hypo-attenuation of the liver and vessels appear denser and on MRI there is loss of signal in opp-phase. Note the het-
erogeneity of steatosis.

FIGURE 2. Chemical shift encoded multi-echo sequence produces multiple images, including (A) fat, (B) water, (C) In-phase, (D) opp-phase, 
(E) fat fraction map, and (F) R2* map.
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MR spectroscopy (MRS).  Qualitative 
in-phase and opposed-phase imaging 
(IP/OP) is widely available and can 
easily detect fat in the liver (Figure 1). 
However, the range of hepatic steatosis 
that can be quantified is only 0-50% and 
the sequence is easily affected by the 
presence of iron and other paramagnetic 
substances. MRS is the most accurate 
imaging technique capable of detection 
of small quantities of liver fat and for 
followup.18,19 However, MRS analysis 
is limited to a single anatomical loca-
tion, requires technical expertise and 
additional post-processing time. Hence, 
MRS remains a major research tool 
widely used in clinical trials and not in 
routine clinical practice. 

The accuracy of proton density fat 
fraction (PDFF) measurement using 
chemical shift encoded methods is 
similar to that of MRS and is easily im-
plemented in MRI scanners. These are 
typically performed with single-breath-
hold sequences that allow coverage of 
the entire liver. Unlike the previously 
mentioned MRI techniques, PDFF 
pulse sequences have been optimized 
such that they are minimally affected by 
magnetic field inhomogeneity and T2* 
effects. A recent study conducted by 
Serai et al20 showed that PDFF estima-
tion using multipoint Dixon techniques 
was highly reproducible across readers, 
magnetic field strengths and across ven-
dor imaging platforms. The advantage 

of these multi-echo-based sequences 
is that, in addition to PDFF, they also 
generate R2* (or T2*) maps, IP and OP 
images, and water and fat images (Fig-
ure 2). The ease of quantification by 
drawing regions of interest (ROI) over 
liver parenchyma makes it practical for 
clinical use. The advantages and disad-
vantages of various MRI techniques for 
the quantification of fat is summarized 
in Table 1.21,22

Hepatic iron overload
Liver iron overload results from 

abnormal accumulation of iron in the 
hepatocytes, Kupffer cells, or both.23 
The condition is associated mostly 
with hereditary hemochromatosis, 
transfusion-related iron overload, and 
chronic liver pathologies.24 Ultrasound 
is not a suitable modality for evalu-
ating liver iron overload, as it cannot 
detect iron deposits. On non-contrast 
CT, iron overload results in increased 
liver density (≥ HU); however, co-ex-
istent hepatic steatosis, which com-
monly presents as reduced attenuation 
on CT, can reduce detection sensitiv-
ity. Similarly, other pathologies that 
can increase the liver density on CT, 
such as Wilson disease, colloidal gold 
treatment and amiodarone administra-

Table 1. MRI techniques for fat quantification.

Method Advantages Disadvantages
In-phase and opposed-phase imaging • Simple technique • Fat quantification may be unreliable
 • Whole liver     when IP is acquired before OP
  • Confounding factors: Iron
Frequency selective imaging  • Simple technique • Requires a homogeneous magnetic
(fat suppression technique) • Easily combined with other sequences    field for uniform suppression  
  • Requires distinct separation of fat and  
     water spectral peaks
Magnetic resonance spectroscopy (MRS) • Minute fat as low as 0.5% detectable • Quality dependent on magnetic field
 • High accuracy over a wide    uniformity 
    range of hepatic steatosis  • Sampling error
  • Susceptibility artifacts
  • Need for technical expertise
  • Additional processing time
Chemical shift encoded PDFF estimation  • Wide range of hepatic steatosis  • Presence of confounders, especially 
    assessed (0-100%)    moderate to severe iron, may affect
 • Automated generation of R2*, water,     quantification 
    fat, IP, OP images  • Not available in all MRI scanners
 • High accuracy, similar to MRS

FIGURE 3. Axial In- (A) and opposed- phase (B) images in a patient with iron overload due to 
hemochromatosis. Note the loss of signal of liver parenchyma in the in-phase.
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tion, can decrease the specificity of CT. 
Consequently, CT is not considered a 
reliable modality for the diagnosis and 
quantification of liver iron overload. 

MRI is a well-established modality 
for assessing liver iron concentration 
(LIC) and is a good alternative to bi-
opsy. IP/OP images, which are part 
of standard liver MRI protocols, can 
also detect iron. A signal drop is noted 
on IP images in the case of iron (Fig-
ure 3), while fat causes a signal drop 
on OP images. Iron causes shortening 
of T1, T2, and T2*, and this shorten-
ing is more pronounced with T2* im-
ages. Therefore, T2*-weighted images 
have higher sensitivity and are more 
routinely used for detecting iron.25,26 
The two major methods used in quan-
tifying liver iron overload are signal 
intensity ratio (SIR) and relaxometry. 
SIR method calculates the signal inten-
sity (SI) of the liver and another tissue 

with no iron accumulation (eg, mus-
cle) and determines the ratio to quan-
tify the LIC.27,28 Limitations of SIR 
include its inability to quantify LIC 
>350μmol Fe/g and tendency to over-
estimate LIC. Relaxometry methods, 
on the other hand, calculate the SI of 
the liver across several echo times and 
measure the T2 or T2* values depend-
ing on the obtained sequence. T2 or 
T2* values are inversely related to iron 
concentration. But, R2 or R2* values 
(1000/T2 or T2*) are directly related 
to the iron concentration and increase 
linearly with LIC determined by liver 
biopsy. R2* and T2* calculation plays 
a crucial role in identifying the extent 
of LIC for treatment with iron-chelat-
ing agents. The major advantage of 
relaxometry is its ability to also calcu-
late myocardial iron overload, while  
its limitations include the requirement 
of specialized software which is not 

readily available.29 A T2* value <18ms 
is considered to be liver iron overload.30 
A recent study conducted by Galimberti 
et al31 showed that an R2* cut-off value 
of 147.1 Hz (T2* value of 6.8ms) dis-
criminates moderate and severe hepatic 
iron overload from absent and mild he-
patic iron overload. MR field strength is 
an important factor in measuring LIC. 
Although high field strengths have an 
advantage in identifying tissues with 
low iron content, the susceptibility to 
artifacts reduces the sensitivity for de-
tection and quantification of severe iron 
overload.32,33  Chemical shift-encoded  
sequences that automatically generate 
PDFF and R2 * maps for fat and iron 
quantification, respectively, are useful 
for clinical practice without the need 
for additional post-processing. Liver 
iron quantification with MRI should  
be tailored to the clinical need and 
benchmarked against the institutional 

Table 2. Summary of ultrasound elastography techniques 

Technique Advantages Limitations
Vibration controlled transient  • Rapid (< 5 mins) • Multiple successful measurements 
elastography (TE) • Portable and point of care    must be obtained within a defined 
  • Results are immediately available    interquartile range to obtain a valid result
  • Reliable in the assessment of • No real-time imaging guidance; hence, 
     advanced liver fibrosis    no anatomical information
   • Obesity 
   • Ascites
   • Confounding factors including fatty change, 
      inflammation, and cholestasis 
Static or quasistatic  • Mainly used for breast and  • Variable compression 
strain imaging/compression    thyroid imaging • Limited role in liver imaging, as 
elastography     intercostal space and subcutaneous
      fat thickness hinder compression
Point shear wave  • Allows ROI selection • Requires more expertise than one- 
elastography (pSWE) • Follow up at same spot possible    dimensional transient elastography
  • More robust shear wave production  • Needs more validation 
     than VCTE • Tissue energy absorption is greater
  • Diagnostic performance similar to VCTE    than one-dimensional transient
      elastography; concerns for tissue heating
Shear wave elastography (SWE) • Larger ROI • Requires more expertise of sonographers
  • Shear waves measured using  • Less validated when compared to TE 
     real time imaging • Not currently used for diagnostic purposes
  • Produces a 2D map when the passing     in clinical practice
     shear wave is measured
  • Real-time color map of tissue viscoelastic  
     properties under evaluation
  • Less impact from obesity and ascites
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laboratory values of serum and blood 
iron levels, as the test results are variable 
with different laboratory equipment. 

Hepatic fibrosis and cirrhosis
CLDs are characterized by ongoing 

inflammation and fibrosis. Chronic in-
flammation leads to potentially revers-
ible early hepatic fibrosis and when 
untreated progresses to cirrhosis with 
the cross-linking of collagen fibres 
and the formation of regenerative nod-
ules.34 Regression of hepatic fibrosis 
can occur, with significant reduction in 
fibrosis burden, especially when treat-
ment is started early. Hepatitis C can be 
cured with new antiviral drugs and life-
style changes can significantly reduce 
hepatic steatosis. Non-invasive detec-
tion and staging of hepatic fibrosis is 
important in the management of chronic 
liver diseases. 

Ultrasound (US)
Liver fibrosis causes coarse echo-

genicity of liver parenchyma on US, 
a nonspecific feature that can be seen 
with fatty change and inflammation. 
Although grayscale US can identify 
a cirrhotic liver in CLD, it is unreli-
able for identifying mild changes, 35, 

36 and is often unable to differentiate 
between mild and severe fibrosis.37 
US however can detect morphologi-
cal changes in advanced fibrosis with 
moderate accuracy.38

Ultrasound-based elastography 
Ultrasound-based Elastography 

methods include vibration controlled 
transient elastography (VCTE), point 
shear wave elastography (pSWE) 
and shear wave elastography (SWE). 
These are simple to use and can detect 
liver cirrhosis with high accuracy. The 

advantages and limitations of VCTE, 
pSWE and SWE have been summa-
rized in Table 2.39 Although US elas-
tography is an inexpensive and accurate 
technique for diagnosing liver cirrhosis, 
it has significant limitations and con-
founders (Tables 2,3). The methods are 
operator-dependent and in general have 
reduced sensitivity and specificity in 
detecting early fibrosis.40,41

Computed tomography (CT)
Diagnosing fibrosis/cirrhosis on CT 

relies on morphological changes, such 
as irregular or nodular liver surface, 
blunt edges, heterogeneous texture, wid-
ened fissures, segmental atrophy and 
hypertrophy and features of portal hy-
pertension.42 CT is useful for evaluating 
complications such as esophageal vari-
ces, hepatocellular carcinoma, and asci-
tes. Nevertheless, CT is not the preferred 

Table 3. Confounders of ultrasound elastography 

Technical confounders
 1. Left lobe vs. right lobe measurements
   Left lobe measurements are associated with a higher liver stiffness measurement due to liver compression  

by the transducer, heart, or stomach.
 2. Depth of measurement
   Measurements of high stiffness were noted closer to the liver surface compared to deeper measurements.  

Stiffness measurements ≥1 cm below liver surface are recommended.
 3. Wave frequencies
   The liver shows a dispersive (ie, frequency-dependent) behavior. Therefore, the choice of excitation frequency  

is vital in liver elastography to obtain the frequency- dependent viscoelastic properties.
 4. Device dependencies and standardization
  Shear-wave speed measurement is not yet standardized across modalities, scanners, and transducers.

Biological confounders
 1. Hepatic steatosis
  The effect of steatosis on liver stiffness remains controversial.
 2. Inflammation
  Inflammation, particularly acute inflammation, can lead to increase in elasticity and viscosity.
 3. Cholestasis
  Liver stiffness can also be increased by extrahepatic cholestasis.
 4. Breathing
   Deep inspiration can lead to erroneous liver stiffness measurements; hence, breath hold at end expiration  

is preferred to prevent overestimating liver stiffness.
 5. Right heart failure
  Right heart failure is associated with increased liver stiffness.
 6. Hepatic venous congestion
  Hepatic venous congestion can also increase liver stiffness.
 7. Fasting vs. postprandial state
   In patients with chronic liver disease, postprandial state can increase liver stiffness; hence, liver  

stiffness should be measured preferably in the fasting state.
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modality for primary diagnosis of liver 
fibrosis because of the risk of radiation 
and its lower sensitivity for early hepatic 
fibrosis. Clinically occult liver fibrosis 
is often underdiagnosed in routine ab-
dominal CT, and its sensitivity (77.1%–
84.3%) and specificity (52.9%–67.6%) 
for liver cirrhosis is mediocre.43

Magnetic resonance imaging 
(MRI)

Conventional MRI probably has 
slightly better accuracy than CT as pa-
renchymal heterogeneity due to under-
lying fibrosis can be better appreciated 
on MRI sequences which helps to de-
tect earlier stages of fibrosis. However, 
conventional MRI is still limited in the 
detection of early hepatic fibrosis and 
hence, not reliable for disease staging. 
Newer MR imaging techniques such 
as diffusion-weighted imaging (DWI), 
perfusion imaging, texture analysis,  

hepatocellular function imaging, t1-p 
imaging, susceptibility weighted im-
aging (SWI) and MR elastography are 
now being explored for application in 
hepatic fibrosis. 44,45

Diffusion weighted imaging is use-
ful for identifying advanced fibrosis 
and cirrhosis, but the technique lacks 
standardization across platforms and 
has low accuracy, as apparent diffu-
sion coefficient (ADC) values overlap 
between normal liver and fibrotic/cir-
rhotic liver.46 Extrapolating the DWI 
technique, utilizing several b-values an 
intravoxel incoherent motion (IVIM) 
analysis is performed, especially with 
low b-values (<200 s/mm2). Several 
studies have evaluated the relation-
ship between ADC and fibrosis stage, 
with conflicting results.46 While some 
studies have noted a reduction in ADC 
values with increasing fibrosis stage, 
a study46 observed this pattern only in 

live, not dead, rats, suggesting that per-
fusion rather than diffusion is affected 
by fibrosis stage. DWI and IVIM tech-
niques are limited by lack of standard-
ization and have confounding factors of 
fat and iron deposition in the liver.47

MR elastography (MRE)
MRE of the liver was introduced 

into clinical practice in 2007. MRE is 
currently the most accurate non-inva-
sive MRI technique for detecting and 
staging of liver fibrosis.29,38,48 MRE 
can reliably differentiate NAFLD from 
NASH prior to patients developing liver 
fibrosis.49 Similar to ultrasound based 
shear wave elastography, MRE utilizes 
propagating shear waves produced by a 
vibrating passive driver placed over the 
liver and imaged with a special phase 
encoded MRI sequence. The wave in-
formation is automatically processed 
with software and produces maps for 
liver stiffness measurement.50 Liver 
stiffness increases  in higher stages of fi-
brosis and is easily distinguishable from 
normal liver stiffness (<2.5kPa) (Figure 
4). Liver stiffness measurement with 
MRE has proven to have a higher sensi-
tivity and specificity for each stage of fi-
brosis when compared to DWI.51 MRE 
has 98% sensitivity and 99% specificity 
detection of hepatic fibrosis and is con-
sidered an alternative gold standard to 

FIGURE 4. Axial T2-weighted MRI images of normal healthy volunteer (A), stage 2 fibrosis (B), stage 3 fibrosis (C), and stage 4 fibrosis (D). 
Corresponding MRE stiffness maps (E-H). Numbers in right lower corners are mean stiffness of liver parenchyma.
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Table.4. Clinically useful liver stiffness  
measurement cut-offs with MRE 

 MRE Stiffness (kPa) Fibrosis Stage
 < 2.5  Normal
 2.5- 2.9 Normal or inflammation
 2.9-3.5  Stage 1-2
 3.5-4.0  Stage 2-3
 4.0-5.0  Stage 3-4
  > 5.0  Stage 4
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liver biopsy. MRE can be easily added 
to standard liver MRI protocols, allows 
a large sample of liver to be assessed, 
is not influenced by ascites, obesity or 
hepatic steatosis, is unaffected by intra-
venous contrast administration, and has 
high intra- and interobserver agreement 
for measurement of stiffness. However, 
MRE has a few limitations and these 
include potential failure in patients 
with moderate-to-severe iron accumu-
lation due to low signal of the liver pa-
renchyma, additional time required for 
positioning the driver, and lack of avail-
ability at all centres. Clinically useful 
LSM cut-offs are provided in Table 4.

MRI techniques estimating frac-
tional extracellular space estimation52 
and magnetic transfer ratio (MTR) have 
been less successful in differentiating 
normal from cirrhotic liver.53 MR per-
fusion requires the use of intravenous 
contrast and early studies have reported 
encouraging results54 but has technical 
limitations, requires patient co-opera-
tion for several breath holds and is sus-
ceptible to motion artifacts. Perfusion 
imaging is also not widely available.

T1ρ imaging is another MRI tech-
nique which uses the spin-lattice re-
laxation time for evaluation of hepatic 
fibrosis. It has been shown useful for 
hepatic fibrosis staging, as demon-
strated by a preclinical study conducted 
on rat livers.55 Preliminary T1ρ MRI 
studies have shown that, compared 
to normal liver, fibrotic liver exhibits 
higher T1ρ values and has high diag-
nostic accuracy to differentiate normal 
from cirrhotic livers.56,57 However, this 
technique is influenced by magnetic 
field inhomogeneity and breath-hold 
artifacts. Further evaluation with more 
subjects is required to establish its role 
in assessing liver fibrosis. 

Texture analysis is an emerging 
method for evaluation of hepatic fibro-
sis and can be performed with any tech-
nique. Currently there is no standardized 
approach and several different software 
methods exist. Diagnostic performance 
of texture analysis is variable.58, 59

Hepatocellular function imaging 
can be performed easily on any clinical 

MRI scanner; however, this requires 
hepatobiliary contrast medium– ga-
doxetate sodium--that is invasive and 
adds scan time. Relative enhancement 
parameters are derived from hepatobi-
liary phase and non-contrast-enhanced 
T1-weighted images. The enhancement 
is reduced in hepatic fibrosis and cir-
rhosis. Early studies have been encour-
aging and shown high accuracy of 0.93 
for diagnosis of advanced fibrosis. This 
technique needs further evaluation.

Conclusion
Recent advances in diagnostic imag-

ing have led to an early and improved 
detection of diffuse liver diseases. 
MRI is the main modality for imaging 
diffuse liver diseases and provides ac-
curate quantification of liver fat, iron, 
and fibrosis. 
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