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Early diagnosis of liver cirrhosis is important. Ultrasound-guided
Ultrasound guided liver biopsy is the gold standard for
diagnosis of liver cirrhosis. However, its invasiveness and sampling bias limit the applicability of the
method. Basic imaging for the diagnosis of liver
liver cirrhosis has developed over the last few decades,
enabling early detection of morphological changes of the liver by ultrasonography (US), computed
tomography, and magnetic resonance imaging (MRI). They are also accurate diagnostic methods for
advanced liver cirrhosis, for which early diagnosis is difficult. There are a number of ways to
compensate for this difficulty, including texture analysis to more closely identify the homogeneity of
hepatic parenchyma, elastography to measure the stiffness and elasticity of the liver, and perfusion
studies to determine the blood flow volume, transit time, and velocity. Amongst these methods,
elastography using US and MRI was found to be slightly easier, faster, and able to provide aan
accurate diagnosis. Early diagnosis of liver cirrhosis using MRI or US elastography is therefore a
realistic alternative, but further research is still needed.
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INTRODUCTION
Liver cirrhosis is the end stage of chronic liver disease. It is
caused by diffuse fibrosis and regenerating nodules that result
from recurrent necrosis of liver cell and degeneration. It is
recognized as an irreversible form of parenchymal fibrosis.
Liver cirrhosis reduces hepatic function and results in multiple
complications induced by nodular regeneration and portal
hypertension, including ascites, variceal bleeding, renal failure
due to hepatorenal syndrome, hepatic encephalopathy, and
spontaneous bacterial
erial peritonitis. In addition, the incidence of
hepatocellular carcinoma is sharply increased. Recently, early
liver cirrhosis was shown to be improved by regression of
collagen tissue (Massarrat et al., 2004).. Regression is usually
associated with the improvement
provement of clinical status, but can vary
in the degree of improvement, depending on the reversibility of
liver damage. Extensive scarring with parenchymal destruction
is unlikely to regress. Therefore, early diagnosis of liver
cirrhosis and quantificationn of the proportion of fibrosis in the
liver are very important in the management of chronic liver
disease. Prognosis and management of chronic liver diseases
hinge strongly on the amount and progression of liver fibrosis
(Ghany et al., 2009; Castera, 2011).. there are a variety of
causes of liver cirrhosis, with alcohol consumption, viruses,
and fatty liver disease making up the majority of factors.
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These various etiologies induce chronic inflammation. Normal
lobular architecture of the liver parenchyma is replaced by a
parenchymal nodule surrounded by the fibrous tissue. Portal
Portalcentral septa, connecting the portal vein and central vei
vein,
develop. As the inflammation persists, various form of fibrosis
develops. The gross morphologic appearance of a cirrhotic
liver is categorized by the size of the parenchymal nodules:
micronodular, macronodular, or mixed. Micronodular cirrhosis
is characterized
terized by regenerative nodules of relatively uniform
and small size. This pattern is seen in chronic alcoholic,
hepatitis C, and biliary cirrhosis. In macronodular cirrhosis, the
parenchymal nodules are larger, and more variable in size.
Chronic hepatitis B is the most common cause of macronodular
cirrhosis (Ishak et al., 1995)
Classification
Morphological cassification (Friedman
Friedman et al., 1987)
 Micronodular cirrhosis: Has approximately equal sized
nodules up to 3mm m diameter associated with septa of
approximately equal width (up to 2 mm).
 Macronodular: Characterized by variably sized nodules
many greater than 3mm and some as large as 3cm or
more associated with irregular septa of varying width
(often broad).
 Mixed: Both small and large nodule are present.
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Aetiological classification (Sherlock, 1987)
 Viral hepatitis. Type B; C
 Alcohol
 Metabolic e.g haemochromatosis, wilson s disease and,
anti-trypsin deficiency, diabetes mellitus Type 17
glycogenosis, galactosaemia.
 prolonged cholestasis : intra and extra-hepatic.
 Hepatic venous out flow obstruction e.g veno-occlusive
disease.
 Disturbed immunity.
 Toxin and theraputic agent e.g methotrexate.
 Intestinal bypass.
 Indian childhood cirrhosis.
On the other hand, liver cirrhosis is classified according to the
main location of fibrosis occurrence. A portal-based pattern
usually results from hepatitis B and C, autoimmune hepatitis,
Wilson’s disease, primary biliary cirrhosis, primary sclerosing
cholangitis,
recurrent
pyogenic
cholangitis,
and
hemochromatosis. Conversely, a centrizonal fibrosis pattern
results from alcoholic and nonalcoholic steatohepatitis or
chronic venous outflow obstruction.
There are differences in the grading and scoring of fibrosis by
microscopic pathology according to the cirrhosis pattern. The
METAVIR score (F0: no fibrosis, F1: portal fibrosis without
bridging fibrosis, F2: portal fibrosis with few bridging fibrosis,
F3: bridging fibrosis with architectural distortion, F4: cirrhosis)
and the Ishak score (grades four categories of activity/necrosis,
0-4 or 0-6) are commonly used systems for grading or staging.
The METAVIR score is simple, reproducible, and clinically
validated, while the Ishak score is generally considered to be
unnecessarily complex but preferred in many clinical trials.
Ultrasonic examination of Liver Cirrhosis: A diagnosis of
cirrhosis made with ultrasound is based on hepatic and
extrahepatic sign. Extrahepatric sign (Such as splenomegaly,
ascitis, or sign of portal hypertension) are a consequence of
cirrhosis but these sign are common to other disease. Liver
cirrhosis is characterized by changes in liver volume
distribution, surface nodularity, accentuation of the fissure,
heterogeneity, bright and coarsening of the hepatic
architecture, cirrhotic nodules including regenerative and
dysplastic nodules, and signs of portal hypertension.
Studies showed an overall sensitivity to chronic liver disease
of 65%- 95%, with a positive predictive value of 98%(810).The most indicative finding of liver cirrhosis was nodular
surface, which was moe sensitive on the undersurface of the
liver than the superior surface (86% vs 53%) Figure 1. It was
also more sensitive in a high frequency probe (Colli et al.,
2003; Viganò et al., 2005; Soresi et al., 2014). Although any
single US feature had limited sensitivity or specificity in
detecting cirrhosis, improvements could be achieved by
combining two or three parameters.
Hepatic sign
Hepatomegaly
This sign did not correlate well with cirrhosis, it is present in
similar percentage of the cirrhotic and non-cirrhotic patients
(Di Lelio, 1989). In the earlier stages Liver size either enlarged
or normal.

A small shrunken liver is seen only in advanced cases of
cirrhosis (Friedman, 1987). It is found that Liver measuring
13.0 cm or less in the mid hepatic line regarded as normal, and
those measuring 15.5 cm or greater are enlarged (Gosink,
1988). The parenchyma of the normal liver demonstrates a
homogenous moderately echogenic pattern equal to or slightly
less echogenic than the pancreas and more echogenic than
normal renal cortical tissue.The increased parenchymal
echogenicity in cirrhosis can be explained by collagen and or
fat deposition. An initial study performed a simple
quantification of parenchymal echogenicity and compared the
standard deviation between chronic liver disease and normal
liver (Figure (Figure2) (Hartman, 1993; Lee, 2006).
Increased ultrasonic attenuation: The coarseness of hepatic
parenchyma decreased beam penetration, while the attenuation
of echogenicity according to depth increased proportionally to
fibrosis. Methods that were more delicate were also introduced.
Measurement of differences in echogenicity between
neighboring pixels can be pathologically correlated to chronic
liver disease (Li et al., 2006).
C- Bright liver echo pattern: It has been recognized for some
years that in cirrhosis high amplitude echoes may be returned
from the liver giving rise to a bright liver echo pattern. In study
(67) patients with proven cirrhosis who had liver biopsy and an
ultrasound examination within three months of one anther. In
43 patients cirrhosis was suggested by recognition of a bright
liver echo pattern. In 23 patients the Liver echo pattern was
normal these results are recorded in table 1
In the first group of 43 patients. About 50% of the patients had
micronodular cirrhosis, 10% macronodular cirrhosis, 30%
showed evidence of fatty change, 15% evidence of piece meal
necrosis. In the 2nd group of 23 patients with cirrhosis, the
liver echo pattern was considered within normal limits. In this
group 66% of patient had a macronodular cirrhosis, 50% of
patients showing evidence of piece meal necrosis, only 15%
showed a micronodular cirrhosis and 15% some fatty changes.
These findings are compared with the findings in the first group
in Table II. We have shown that ultrasound will indicate the
presence of cirrhosis in 65% of an unselected series, by the
recognition of a characteristic bright liver echo pattern. In cases
of micronodular cirrhosis, Ultrosound is likely to detect about
80% of patients, and in macronodular cirrhosis only 20% of
patients. Both fibrous tissue and fatty tissue can give rise to
high amplitude echoes and so give a bright liver picture. The
reason that this does not occur in all cases of cirrhosis remains
unresolved (Dewbury, 1979).
Surface Nodularity: The normal appearance of the liver
surface is seen as a hyperechoic straight line not more than
1mm thick and without sign of irregularity. In cirrhosis,
Surface irregularities are seen due to nodular regeneration, the
size of nodules can be measured and cirrhosis classified as
micronodular or macronodular according to the size of the
nodules (smaller than or larger than 3 mm respectively. The
hyperechoic line of the liver surface is interupted like a dotted
line dotted line sign) this is mainly seen with micronodular
cirrhosis (Di Lelio, 1989) Characteristic findings of liver
cirrhosis in ultrasound are nodular Liver surface, round edge,
and hypoechoic nodules in liver parenchyma which represent
regenerative nodules of cirrhotic liver.
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Detection of hypoechoic nodule more than 10mm is important
in the early diagnosis of hepatocellular carcinoma (Matsutani,
1994).
Caudate to Right Lobe Ratio - Using The Main Portal Vein
C/RL (MPV):Compared to normal liver the right lobe
contribute much less and the caudate lobe relatively more to the
total transvers diameter of the level of the main portal vein. In
addition, the porta hapatis (the transverse fissure of the liver)
appears widened in many cases of cirrhosis (Harbin, 1980).
* C/RL (MPV):
 Caudate: Distance from the lateral margin of the main
portal vein to the outside of caudate.
 Right Hobe: distance from Rt lateral margin to the lateral
edge of main portal vein.
 Ratio: Caudate measurement divided by right lobe
measurement (Mittelstaedt, 1989)
If the C/RL ratio is greater than 0.65, cirrhosis can be
diagnosed with 96% confidence, if the ratio is greater than 0.73
cirrhosis can be diagnosed with 99% confidence, and if less
than 0.6 cirrhosis is unlikely (Harbin, 1980)
Increased fasting gall bladder volume: Mean fasting gall
bladder volume is significantly higher in cirrhotic patients than
in patients with non cirrhotic liver disease. There is no
relationship between gall bladder volume and clinical and
biological test parameters except for decrease prothrombin time
(Rector, 1986).
Ultrasonic Signs of Portal Hypertension: Real- time
ultrasound has made it possible to evaluate the portal vein
rapidly, reliably and non invasively. It is possible to identify
portal hypertension befor it has clinically manifested
(Mittelstaedt et al., 1989).
Enlargment of the portal vein and its tributaries: It has been
asserted that a portal vein diameter larger than 13 mm in
diameter is characteristic of portal hypertension (normal portol
vein diameter have been reported in the range of 0.64 - 1.21
cm). Portal vein diameter being Larger in patient with
demonstrable porto systemic collateral vessels than in those
without these vessels (Friedman, 1987; Rector, 1986).
Attenuation of the normal inspiratory increase in vein size :
Normally inspiratory diminution or arrest of splanchnic flow
occurs as a result of diaphragmatic compression by the liver
and the splanchnic veins enlarge. These phenomenon is
reduced or absent altogether in patients with chronic liver
disease, and it is found to be more pronounced in the splenic
and superior mesenteric veins than in the portal vein (Rector,
1986).
Gall bladder wall thickening (Congestive cholecystopathy):
Wall thickness 4mm or greater is considered abnormal. It is
found that portal hypertension is the dominant factor causing
gall bladder wall thickening in cirthosis and ultrasound
demonstration of gall bladder wall thickening in chronic liver
disease should suggest the presence of portal hypertension
(Saverymuttu, 1990).
Thickened stomach (congestive gastropathy) : It occurs with
portal hypertension and is associated with vascular changes

including dilatation and tortuosity of the submucous veins.
Transabdominal US measurements of the stomach were made
to determine whether these changes resulted in increased
thickness of the stomach in patient with established cirrhosis
and portal hypertension. Mean thickness of the antrum and
body was 22.15mm and 22.2 mm respectively in patients with
portal hypertension. In the control group measurements of the
antrum and body were 13.8 mm and 14.05 mm respectively. A
thickened stomach may indicate the presence of portal
hypertension (Saverymuttu, 1990).
In cirrhosis, Doppler waves of the hepatic vein show spectral
broadening and hepatic vein narrowing. Phasic oscillations in
hepatic venous flow are dampened. Normal phasicity of the
hepatic vein represents a pressure change in the right atrium
through the cardiac cycle. However, phasicity of the hepatic
vein is reduced in liver cirrhosis, a result of decreased hepatic
compliance and venous segments narrowed by adjacent
regenerative nodules (Sharma, 2010). The portal vein is
initially dilated over 1.4 cm in diameter, but the emergence of
the bypass collateral vessels changes hepatofugal blood flow
and decreases the portal vein diameter to less than 1 cm. The
hepatic artery has a high resistive index, but the development
of a large arteriovenous shunt or arterioportal shunt leads to
lower resistance (Kok et al., 1999; Yin et al., 2001; Bernatik et
al., 2002). US elastography is now widely recognized as a
reliable method to assess liver fibrosis. The principle of
elastography is the shearing of the examined tissue, which
induces a smaller strain in hard tissues than in soft ones. There
are several commercial types of US elastography currently in
use: transient elastography (TE), acoustic radiation force
impulse imaging (ARFI), Supersonic shear wave imaging
(SSI), and real-time tissue elastography. TE is performed with
the Fibroscan™ (Echosens, Paris, France) which comprises of
an ultrasound transducer probe located on the axis of a vibrator.
The vibrator makes a vibration, which leads to an elastic shear
wave propagating to the liver. The shear wave velocity
(expressed in kiloPascals-kPa) is directly related to the stiffness
of the tissue (Sandrin et al., 2003). At present, TE is the most
widely used method for the liver fibrosis assessment. TE has
been validated in various chronic liver diseases including
chronic hepatitis B and C, nonalcoholic fatty liver disease
(Friedrich-Rust, 2008; Sporea et al., 2010; Riggio et al., 2010;
Chon et al., 2012). However, it has several limitations; the rate
of unreliable measurements is reached up to 20% and the rate
of reliable measurements decreased in obese patients and it
cannot be performed in patients with ascites (Castéra et al.,
2010).
T Scan of Liver Cirrhosis: CT is the most sensitive
diagnostic tool for evaluating hepatic morphological changes
(Castéra et al., 2010). CT readily shows alterations in hepatic
morphology and extra-hepatic manifestations related to portal
hypertension. With liver cirrhosis progression, the nodularity
of the liver surface and generalized heterogeneity of the
hepatic parenchyma are visible. The porta hepatis and
interlobar fissure frequently appear wider due to shrinkage of
the right lobe and the medial segment of the left lobe with
concomitant enlargement of the caudate lobe and the lateral
segment of the left lobe. Changes in size and volume
distribution are easily visible in a CT scan. In early stages, the
liver may appear normal. The limited spatial resolution of CT
and MRI allow detection of only a relatively thick fibrous
septum. Thick fibrous septa and confluent hepatic fibrosis
showed low attenuation in non-enhanced CT.
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Figure 1. Transaxial scan. A: Transaxial epigastric scan shows the left lobe of the liver with surface irregularity (arrows), and coarse
parenchyma echotexture; B: Subcostal transaxial scan shows the inferior margin of right hepatic lobe with irregular surface (arrows)

Figure 2. The region of interest of texture analysis is positioned in the right lobe of the liver, with an intercostals scan
performed with gray scale ultrasonography. Chronic liver disease patient shows heterogeneous parenchymal echogenecity
with high standard deviation value (Area: 1880 pixels, Mean: 75.39, SD: 20.12)

The boundary between fibrosis and normal parenchyma was
more ambiguous in a contrast-enhanced scan (Figure
(Figure3). Therefore, it is difficult to perform texture analysis
using CT. Considering the fact that the CT contrast agent is an
extracellular space contrast agent, texture analysis is a method
of measuring the decrease of the extracellular space fraction.
When liver cirrhosis progress is enforced experimentally, there
is a high correlation with the fibrosis grade, though this has not
been proven clinically (Kudo et al., 2008). Image of liver
cirrhosis caused by chronic hepatitis B. Contrast enhanced
computed tomography portal phase image shows the liver with
irregular surface and heterogeneous enhancement of

parenchyma with reticular pattern suggesting confluent
fibrosis. The image shows decreased diameter of portal vein
(arrow) due to large collateral vessels (arrow head) and also
shows large amount of ascites. A caudate lobe to right lobe
size ratio has been proposed as an accurate objective means of
diagnosing cirrhosis on either ultrasound and CT (Harbin,
1980). The increase in size of the caudate lobe relative to the
right lobe is due to both enlargement of the caudate and
fibrotic shrinkage of the right lobe. The enlarged caudate can
cause constriction of the inferior vena cava which may be
contributory to the development of ascites and hepatorenal
syndrom, the hepatic artery and portal veins supplying the
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Figure 3. Image of liver cirrhosis caused by chronic hepatitis B. Contrast enhanced computed tomography portal phase image shows the liver
with irregular surface and heterogeneous enhancement of parenchyma with reticular pattern suggesting confluent fibrosis. The image shows
decreased diameter of portal vein (arrow) due to large collateral vessels (arrow head) and also shows large amount of ascites

Figure 4. Images show progressive geographic enhancement radiating from the hepatic
hilum to the liver capsule, consistent with confluent fibrosis
Table 1. Ultrasound in the diagnosis of cirrhosis
1- Bright echo pattern
2- Normal echo pattem
3- Other echo pattern

43 patients (65%)
23 patients (35%)
l patient
Total 67 Patients

Table 2. Comparison of pathological findings
Selected features
micronodular cirrhosis
macronodular cirrhosis
Piece meal necrosis
Fatty change

Patients with bright Pattern exhibiting each
feature % (Group 1-43 Patients)
50
10
15
30

Patients with normal Pattern exhibiting
each feature,%(Group 2-23 Patients)
15
66
50
15
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caudat lobe have a shorter intrahepatic course than those
supplying the right lobe and therefore undergo less distortion
by cirrhosis, explaining the relative preservation and even
hypertrophy of the caudate lobe in cirrhosis. Caudate lobe
enlargement is absent early in cirrhosis and roughly parallels
the degree of cirrhosis thereafter (Harbin, 1980). Additional
features seen on CT in cirrhosis are ascites splenomegaly and
evidence of portosystemic collateral circulation..CT during
arterial portography is the most reliable imaging modality for
the differentiation of small liver cancer from adenomatous
hyperplastic nodule. In this modality, AHNS are not visualized
because of the existence of portal blood flow in the lesion in
distinct contrast to small liver cancers which are shown as
areas of low attenuation due to their lack of portal flow
(Matsui, 1989). CT in Portal Hypertension: The collateral
circulation in portal hypertension can be evaluated by CT
Portal and / or splenic vein enlargement is easily detected,
periportal collaterals are depicted as numerous worm - like
enhancing veins, traversing the porta hepatis. Esophageal and /
or gastric varices can be suggested on CT when marked
contrast enhancement is seen in the thickened wall of the
appropriate viscus. It is appropriate to consider the possibility
of portal hypertension when CT of the thorax incidentally
shows marked enhancement of the esophageal wall (Ishikawa,
1980). Porto systemic collaterals are tortuous, tubular or
rounded soft tissue attenuation masses on unenhanced scans,
and scans after bolus injection of contrast often necessary to
confirm their vascular nature. Azygos, hemiazygos, and para
esophageal collaterals can mimic mediastinal masses, and
retroperitoneal varices can mimic adenopathy or renal / adrenal
masses (Ishikawa, 1980). Perfusion CT had several limitations.
It suffered from the classic CT limitations: radiation, the use of
iodinated contrast agents and limited scan coverage range
(Ronot et al., 2010). However, new technological
developments have reduced the scanning time and increased
the detector size, enabling a reduction in the dose of radiation
and expanding the scanning range.
MRI Of Liver Cirrhosis: MRI has several advantages over
other imaging techniques, including high-resolution images
with excellent contrast against other soft tissue lesions and a
number of different techniques facilitating the diagnostic
evaluation of organ morphology, physiology, and function. As
it is dependent on the detection of alterations in hepatic
morphology, conventional MRI is limited to the diagnosis of
earlier stages of liver fibrosis and is not suitable for disease
staging(38). Normally the hepatic parenchyma has moderate
intensity with gray back ground, against this gray back ground,
normal vessels (hepatic and portal vein)are depicted as low
intensity structures because of their flowing blood. Tl is
dependent on field strength, it has been reported from 155-397
ms.T2 of the liver is relatively independent of field strength
and has been reported from 40-96 ms (Friedman, 1987).
Enhancement Characteristics: Benign Enhancement
Characteristics. In the setting of cirrhosis, fibrosis is typically
demonstrated as progressive enhancement that peaks during
the late venous/equilibrium phases. There is typically minimal
or no enhancement during arterial or early venous phase
imaging. Fibrosis may present as enhancing septa and bridges,
or demonstrate a more confluent pattern. Confluent fibrosis is
more common in alcohol-related cirrhosis as compared to viral
liver disease. It appears as wedge-shaped, geographic areas of
enhancement with straight or concave borders that radiate from
the portal hilum to the liver surface, often resulting in

retraction of the adjacent hepatic capsule figure 4 (Faria et al.,
2009).
Nodules and Malignant Finding: Regarding imaging
characteristics, regenerating nodules are typically isointense
compared to adjacent liver parenchyma on unenhanced T1weighted MR images(39) Occasionally, however, they can be
hyperintense on T1 sequences. On T2-weighted imag- ing, the
nodules are often hypointense secondary to iron deposition.
After the administration of extracellular contrast agents,
regenerative nodules usually enhance to the same degree or
slightly less compared to adjacent liver parenchyma (Choi,
2014). Dysplastic nodules are iso- to hyperintense on T1 and
iso- to hypointense on T2 sequences. The increased T1 signal
intensity results from fat or copper deposition or tumoral
bleeding. This T1 hyperintensity can be seen in either
dysplastic nodules or HCC. Rarely, dysplastic nodules are
hyperintense on T2 sequences, also making it difficult to
distinguish them from HCC, which also generally demonstrates
increased T2 signal. Most dysplastic nodules have relatively
normal arterial supply; therefore, they are isointense to the liver
parenchyma in the late arterial phase (Choi, 2014)
Occasionally, a high-grade dysplastic nodule can show
hyperenhancement in the arterial phase, as would be seen with
HCC. However, dysplastic nodules usually do not demonstrate
the typical washout pattern or have a capsule, as is seen in
HCC. Magnetic resonance elastography (MRE) is an emerging
technique that noninvasively quantifies liver stiffness by
analyzing the propagation of mechanical waves through liver
tissue. It is based on the concept that the stiffness of the hepatic
parenchyma is increased as fibrosis advances. One study
showed that MRE has a high sensitivity and specificity in
detecting liver fibrosis, with a predicted sensitivity and
specificity of 91% and 97% for liver fibrosis ≥ stage F2,
respectively; 92% and 95% for liver fibrosis ≥ stage F3,
respectively; and 95% and 87% for liver fibrosis ≥ stage F4,
respectively (Wang et al., 2011). MRE can be easily added to
standard abdominal MRI protocols, promising value added in
staging liver cirrhosis.
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