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Abstract 

This study deals with the ultrasound findings of the liver for diabetic patients type 

two. The main objective of this study was to find the characteristic of fatty liver in 

diabetic patients type two. The study was conducted at diabetes and endocrinology 

hospital and Khartoum North teaching hospital in the period from July 2017 to 

October 2017. All patients had done ultrasound examination in the ultrasound 

department. The machine used in the study was Mindary DC-6 with curvelinear 

probe frequency ranged from 3.5MHz to 5MHz. All patients scanned 

transabdominal with supine position technique. The data was collected from 101 

patients (male and female) reported as patients of diabetes mellitus type two. The 

data sheet include gender, age, duration of diabetes mellitus, echogenicity of the 

liver, random blood glucose and size of the Rt and Lt lobe. Patients ages ranged 

above 30 years. The results of the study showed the following: The RBG increased 

by 14.006 mg/dl/echogenicity and the Rt lobe increased by 1.2cm/echogenicity as 

well as 0.25 cm/year. The Lt lobe size increases by 0.33 cm/echogenicity and by 

0.052 cm/year; where echogenicity of the liver ranged from 0 to 3. The study comes 

to conclusion that the fatty liver is common finding in diabetes mellitus type two. 

The high frequency of fatty liver found in patients with uncontrolled diabetes 

mellitus and with increase age. The study data showed that the high frequency of 

fatty liver in males more than females. 
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ϣ̮̮̮̮̮̮̮̮̮̮ЊыϷЮϜ 

зЮϜ рϽЫЃЮϜ пЎϽв ϹϡЫЮ ϣуϦнЋЮϜ ФнТ ϤϝϮнгЮϜ ϭϚϝϧж ϣЂϜϼϹϠ ϩϳϡЮϜ Ϝϻк бϧкϜ ев РϹлЮϜ дϜ . сжϝϫЮϜ Ин

 пУЇϧЃв сТ ϣЂϜϼϹЮϜ иϻк ϥтϽϮϜ. сжϝϫЮϜ ИнзЮϜ рϽЫЃЮϜ пЎϽв оϹЮ бϳЇϧгЮϜ ϹϡЫЮϜ ЈϜн϶ ϸϝϯтϜ ϣЂϜϼϹЮϜ

 нуЮнт еуϠ ϝв ϢϽϧУЮϜ сТ сгуЯЛϧЮϜ ЬϝгІ анАϽϷЮϜ пУЇϧЃв м ̭ϝгЋЮϜ ϸϹПЮϜм рϽЫЃЮϜ2017  ϽϠнϧЪϜ пϧϲм

2017 ϣуϦнЋЮϜ ФнТ ϤϝϮнгЮϜ ЉϳУЮ ϜнЛЏ϶ пЎϽгЮϜ ЙугϮ .  ϾϝлϯЮϜ .ϣуϦнЋЮϜ ФнТ ϤϝϮнгЮϜ бЃЦ сТ

 рϜϼϹзв ϾϝлϮ ЉϳУЮϜ сТ аϹϷϧЃгЮϜDC-6  ев ϰмϜϽϧт ϸϸϽϧϠ ϞϹϳв дϝЫТ ϼϝϡЃгЮϜ ϝвϒ.3.5  пЮϜ ϿϦϽукϝЧув5 

 ев ϤϝжϝуϡЮϜ ЙгϮ бϦ .сЧЯϧЃгЮϜ ЙЎнЮϜ ϣузЧϧϠм сзГϡЮϜ ϼϝϡЃгЮϜ ХтϽА еК ϜнϳЃв пЎϽгЮϜ ЙугϮ .ϿϦϽукϝЧув

101 ϣЋϷЇгЮϜм ( ϨϝжϜм ϼнЪϺ) ЍтϽв  , ϽгЛЮϜ , ИнзЮϜ еК ϤϝжϝуϡЮϜ ϥЛгϮ . сжϝϫЮϜ ИнзЮϜ рϽЫЃЮϝϠ блϦъϝϲ

 ϤϝжϝуϡЮϜ ЙгϮ бϦ . ϽЃтцϜм егтцϜ ЉУЮϜ ЀϝЧв , сϚϜнЇЛЮϜ ϽЫЃЮϜ ЉϳТ ,  ϹϡЫЮϜ ИнГЂ  , рϽЫЃЮϜ ЌϽв ϢϹв

 ФнТ ϝв пЎϽгЮϜ ϼϝгКϒ ϥϲмϜϽϦ . ϣуϳуЎнϧЮϜ ϤϝвнЂϽЮϜм ЬмϜϹϯЮϜ ХтϽА еК30  ϭϚϝϧж ϤϽлДϒм. ϝвϝК

 ϣЂϜϼϹЮϜ ЬϹЛгϠ ϹтϿт сϚϜнЇЛЮϜ  аϹЮϜ ϽЫЂ ЉϳТ :  сЯт ϝв14.006  егтцϜ ЉУЮϜм  ИнГЂ/ϽϧуЯЃтϸ/аϜϽϯЯв

 ЬϹЛгϠ ϹтϿт1.2  ЩЮϻЪм ИнГЂ/ бЂ0.25  ЬϹЛгϠ ϹтϿт ϽЃтъϜ ЉУЮϜм.ϣзЂ/ бЂ0.33 м ИнГЂ/бЂ

0.052 ев ϹϡЫЮϜ ИнГЂ ϣϮϼϸ ϥϲмϜϽϦ . ϣзЂ/бЂ0  пЮϜ3І ϣвыК бϳЇϧгЮϜ ϹϡЫЮϜ дϒ пЮϜ ϣЂϜϼϹЮϜ ϥЋЯ϶ . ϣЛϚϝ

 ̭Ϝϸ ев днжϝЛт етϻЮϜ пЎϽгЮϜ сТ ϤϹϮм сзкϹЮϜ ϹϡЫЮϜ ϢϽуϦм ИϝУϦϼϜ . сжϝϫЮϜ ИнзЮϜ рϽЫЃЮϜ пЎϽв оϹЮ

 ϼнЪϻЮϜ сТ сзкϹЮϜ ϹϡЫЮϜ ϢϽуϦм ИϝУϦϼϜ дϒ ϣЂϜϼϹЮϜ ϤϝжϝуϠ ϤϽлДϒм .ϽгЛЮϜ ϢϸϝтϾ Йвм БϡЏзгЮϜ ϽуО рϽЫЃЮϜ

                      .ϨϝжшϜ ев ϽϫЪϒ 
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Chapter one 

Introduction  

1.1Introduction:  

Fatty liver is a reversible condition where in large vacuoles of triglyceride fat 

accumulate in liver cells via the process of steatosis (i.e., abnormal retention of 

lipids within a cell). Despite having multiple causes, fatty liver can be considered a 

single disease that occurs worldwide in those with excessive alcohol intake and the 

obese (with or without effects of insulin resistance). The condition is also associated 

with other diseases that influence fat metabolism. When this process of fat 

metabolism is disrupted, the fat can accumulate in the liver in excessive amounts, 

thus resulting in a fatty liver.(www.fattyliver.com) 

Nonalcoholic fatty liver disease is a term for a range of liver conditions affecting 

people who drink little to no alcohol. As the name implies, the main characteristic of 

nonalcoholic fatty liver disease is too much fat stored in liver cells
. 

(www.mayoclinic.com) 

Nonalcoholic fatty liver disease (NAFLD) is aclincopathological condition that 

compromise a wide spectrum of liver damage, ranging from steatosis alone to 

steatohepatitis , advanced fibrosis and cirrhosis. The true prevalence of (NAFLD) is 

unknown, but it estimates that it affects 10-24% of the general population of 

different countries. An management of associated condition, such as obesity, 

diabetes mellitus and hyperlipiacmia. the prevalence of (NAFLD) is higher in 

patient with obesity (60-95%), type 2 diabetes (28-55%), greater prevalence of 

(NAFLD) in males than females, most patient are asymptomatic.(Alba and Lindor, 

2003) 

https://en.wikipedia.org/wiki/Vacuole
https://en.wikipedia.org/wiki/Triglyceride
https://en.wikipedia.org/wiki/Hepatocyte
https://en.wikipedia.org/wiki/Steatosis
https://en.wikipedia.org/wiki/Lipid
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Disease
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Metabolism
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Nonalcoholic fatty liver disease is increasingly common around the world, 

especially in Western nations. In the United States, it is the most common form of 

chronic liver disease, affecting an estimated 80 to 100 million people. 

(www.mayoclinic.com)  

The action of insulin can be conveniently discussion in relation to glucose , amino 

acid and fat metabolism and in relation to electrolyte regulation.(Sukkar et al., 2000) 

Effect of insulin to the liver can be increase glycogen synthesis in the liver and in 

skeletal muscle or decrease the glucose output from the liver by decreasing 

gluconeogenesis and by increasing glycogen synthesis. (Sukkar et al., 2000) 

1.2Problem of the study: 

Fatty liver disease may obscure many series liver disease and if doesnôt diagnose 

and treat early will lead to chronic liver disease. 

1.3Objectives: 

1.3.1 General objective:  

The main objective of this study was to find characteristic of fatty liver disease in 

type two diabetic patients. 

1.3.2 Specific objective: 

_ To correlate between echogenicity of the liver with respect diabetic duration. 

_ To correlate between the echogenicity of the liver and age. 

_ To correlate between echogenicity of the liver and liver size. 
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_ To correlate between echogenicity of the liver and statues of diabetic mellitus. 

_ To correlate between echogenicity of the liver and random blood glucose.  
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Chapter Two 

Literature Review and Previous Study  

2.1 Role of ultrasound: 

Ultrasound is a tomographic imaging technique that can provide anatomical and 

functional images with high resolution and great flexibility at low cost (Cosgrove, 

2005) 

Ultrasound is the preferred imaging modalities for diagnosing and monitoring of 

abdomen and pelvic organs. Ultrasound image formed by exposing part of the body 

to high frequency sound waves to produce pictures of the inside of the body. 

because ultrasound images are capture in real time, they can show the structure and 

movement of the bodyôs internal organ. As well as blood flowing through blood 

vessels. (Bushong, 1991) 

In an ultrasound examination, transducer both sends the sound waves and records 

the echoing wave. when the transducer is passed against the skin, it direct small 

pulses of inaudible, high frequency sound waves into the body, as the sound waves 

bounce off of internal organ, fluid and tissues, the sensitive microphone in the 

transducer any changes in the sounds pitch and direction. these signature waves are 

instantly measured and displayed by a computer, which in turn creates a real time 

picture on the monitor. one or more frames of the moving pictures are typically 

captured as still images (Bushong, 1991) 

Doppler ultrasound, a special application of ultrasound. measure the direction and 

speed of blood cells as they move through vessels the movement of blood cells 

cause a change in pitch of the reflected sound waves (called the Doppler effect). A 

computer collects and processes the sounds and creates graphs or color pictures that 

represent the flow of blood through the blood vessels. 



5 
 

Medical imaging uses frequencies that are much higher than 20 KHz; the range 

normally used is from 3 to 15 MHz These frequencies do not occur in nature and it 

is only within the last 50 years that the technology has existed to both generate and 

detects this type of ultrasound wave in a practical way. (Barness E and, Spicer D-

2004). 

 

2.2 Anatomy of the Liver:  

The liver is the largest abdominal organ that plays a major role in metabolism and 

has a number of functions, including glycogen storage, decomposition of red blood 

cells, plasma protein synthesis, hormone production, and detoxification. It is one of 

very few organs that has the ability to regenerate (Schumacher. 2006) 

The liver lies in the right upper quadrant of the abdomen, suspended from the right 

hemidiaphragm. Functionally, it can be divided into three lobes: right, left, and 

caudate. The right lobe of the liver is separated from the left by the main lobar 

fissure, which passes through the gallbladder fossa to the inferior vena cava (IVC). 

The right lobe of the liver can be further divided into anterior and posterior 

segments by the right intersegmental fissure. The left intersegmental fissure divides 

the left lobe into medial and lateral segments. The caudate lobe is situated on the 

posterior aspect of the liver, with the IVC as its posterior border and the fissure for 

the ligamentum venosum as its anterior border. (Rumack CM 2011) 

 

2.2.1 Ligaments:  

The liver is covered by a thin connective tissue layer called Glissonôs capsule. The 

capsule surrounds the entire liver and is thickest around the IVC and the porta 

hepatis. At the porta hepatis, the main portal vein, the proper hepatic artery, and the 

common bile duct are contained within investing peritoneal folds known as the 
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hepatoduodenal ligament. The falciform ligament conducts the umbilical vein to the 

liver during fetal development. After birth, the umbilical vein atrophies, forming the 

ligamentum teres. As it reaches the liver, the leaves of the falciform ligament 

separate. The right layer forms the upper layer of the coronary ligament; the left 

layer forms the upper layer of the left triangular ligament. The most lateral portion 

of the coronary ligament is known as the right triangular ligament. The peritoneal 

layers that form the coronary ligament are widely separated, leaving an area of the 

liver not covered by peritoneum. This posterosuperior region is known as the bare 

area of the liver. The ligamentum venosum carries the obliterated ductus venosus, 

which until birth shunts blood from the umbilical vein to the IVC.(Careol A. 1993). 

 

 

 

Figure(2-1)anterior view of the liver(www.daviddarlin.com) 
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Figure (2-2) posterior view of the liver(www.daviddarlin.com) 

 

 

2.2.2 Anatomic Variants of the Liver: 

Riedel lobe can be described as a tongue like extension of the right hepatic lobe. 

This anatomic variant is more often seen in women. Riedel lobe may extend 

inferiorly as far as the iliac crest. To differentiate Riedel lobe from hepatomegaly, 

one could examine the left lobe for enlargement. 

 An additional variant of the liver is the papillary process of the caudate lobe. This 

inferior extension of the caudate lobe can resemble a mass. If a papillary process is 

suspected, care to evaluate the caudate lobe in both transverse and sagittal scan 

planes is warranted. Other anomalies of the liver include situs in versus, agenesis of 

a lobe, and vascular variations. (Careol A. 1993). 

An enlarged left lobe of the liver occasionally may mimic a solid tumor because of a 

narrow waist separating the right and left lobe. however, additional scan obtained at 
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a slightly more superior level may help prevent this error. at times, the left lobe of 

the liver crosses the midline and extend laterally to occupy the left sub phrenic space 

around the spleen, thus mimicking a sub phrenic abscess. (Careol A. 1993). 

 In 5 percent of patients, the hepatic artery arises from the superior mesenteric artery 

rather than from the celiac axis. the common hepatic artery then passes behind the 

head of pancreas, posterior to the superior mesenteric vein and portal vein, before 

curving around the portal vein to occupy its normal more anterior position. (Careol 

A. 1993). 

 The celiac artery and superior mesenteric artery may originate from a common 

origin, or both may arise directly from the aorta. posterior acoustic shadowing 

occasionally may arise from the borders of the portal vein. This appearance should 

not be mistaken for calculi in the neck of the gall bladder. At times, prominent 

muscle fibers from the hypertrophied diaphragm may extend into the right lobe of 

the liver (Careol A. 1993). 

 

2.2.3 Blood supply: 

2.2.3.1 Portal Veins: 

The liver receives a dual blood supply from both the portal vein and the hepatic 

artery. Although the portal vein carries incompletely oxygenated (80%) venous 

blood from the intestines and spleen, it supplies up to half the oxygen requirements 

of the hepatocytes because of its greater flow. This dual blood supply explains the 

low incidence of hepatic infarction. The portal triad contains a branch of the portal 

vein, hepatic artery, and bile duct. These are contained within a connective tissue 

sheath that gives the portal vein an echogenic wall on sonography and that 

distinguishes it from the hepatic veins, which have an almost imperceptible wall. 

The main portal vein divides into right and left branches. The right portal vein has 

an anterior branch that lies centrally within the anterior segment of the right lobe 
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and a posterior branch that lies centrally within the posterior segment of the right 

lobe. The left portal vein initially courses anterior to the caudate lobe. The 

ascending branch of the left portal vein then travels anteriorly in the left 

intersegmental fissure to divide the medial and lateral segments of the left lobe. 

(Careol A.1993). 

 

2.2.3.2 Arterial Circulation  

The branches of the hepatic artery accompany the portal veins. The terminal 

branches of the portal vein and their accompanying hepatic arterioles and bile ducts 

are known as the acinus. (Careol A.1993). 

 

2.2.3.3 Hepatic Venous System 

Blood perfused the liver parenchyma through the sinusoids and then enters the 

terminal hepatic venules. These terminal branches unite to form sequentially larger 

veins. The hepatic veins vary in number and position. However, in the general 

population, there are three major veins: the right, middle, and left hepatic veins. All 

drain into the IVC and, as with the portal veins, are without valves, the right hepatic 

vein is usually single and runs in the right intersegmental fissure, separating the 

anterior and posterior segments of the right lobe. The middle hepatic vein, which 

courses in the main lobar fissure, forms a common trunk with the left hepatic vein in 

most cases. The left hepatic vein forms the most cephalad boundary between the 

medial and lateral segments of the left lobe. (Careol A.1993). 

 

2.2.4 Sonography of The Liver:  

A sonogram of the liver can be ordered for several reasons. Patient preparation 

should be fasting at least 4 hours, although a period of 8 hours is optimal if the 

entire right upper quadrant is to be evaluated. However, no special patient 
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preparation is needed if only the liver is being examined with sonography. The 

normal liver is homogenous. Its echogenicity is either equal to or slightly 

greater than the parenchyma of the normal right kidney, and slightly less echogenic 

than the normal spleen. Also, when compared with the pancreas, the liver is slightly 

less echogenic in an adult. The liver measures approximately 13 to 15 cm in length 

in an adult. Although many authors disagree, hepatomegaly is often suspected if the 

liver measures greater than 15.5 cm in the mid-hepatic line. As mentioned earlier, in 

some individuals, particularly females, Riedel lobe can mistakenly suggest 

hepatomegaly.(StevenM., 2011)  

 

 

Figure (2ï3) Healthy liver ultrasound (Steven M., 2011) 

 The uniformity of the liver tissue is interrupted by the portal and hepatic veins 

which appear as sonolucent tubular structures.  

The diaphragm is routinely seen in the transverse and sagittal planes as highly 

echogenic membrane that moves with respiration. In the sagittal plane, it serves as 

landmark for defining the plural space, subdiaphargmatic space. and liver. The 
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diaphragm is often used to differentiate a sub hepatic abscess from liver abscess and 

to define the plural cavity. (Careol A.1993).  

2.3 Physiology: 

 The various functions of the liver are carried out by the liver cells or hepatocytes. 

The liver is thought to be responsible for up to 500 separate functions, usually in 

combination with other systems and organs. Currently, there is no artificial organ or 

device capable of reproducing all the functions of the liver. Some functions can be 

carried out by liver dialysis, an experimental treatment for liver failure. 

(www.fattyliver.com)
 
 

2.3.1 Biliary flow: 

The biliary tract is derived from the branches of the bile ducts. The biliary tract, also 

known as the biliary tree, is the path by which bile is secreted by the liver then 

transported to the first part of the small intestine, the duodenum. The bile produced 

in the liver is collected in bile canaliculi, small grooves between the faces of 

adjacent hepatocytes. The canaliculi radiate to the edge of the liver lobule, where 

they merge to form bile ducts. Within the liver, these ducts are 

termed intrahepatic bile ducts, and once they exit the liver they are 

considered extrahepatic. The intrahepatic ducts eventually drain into the right and 

left hepatic ducts, which exit the liver at the transverse fissure, and merge to form 

the common hepatic duct. The cystic duct from the gallbladder joins with 

the common hepatic duct to form the common bile duct.  

Bile either drains directly into the duodenum via the common bile duct, or is 

temporarily stored in the gallbladder via the cystic duct. The common bile duct and 

the pancreatic duct enter the second part of the duodenum together at the 

hepatopancreatic ampulla, also known as the ampulla of Vater.(www.fattyliver.com)
 

https://en.wikipedia.org/wiki/Hepatocyte
https://en.wikipedia.org/wiki/Artificial_organ
https://en.wikipedia.org/wiki/Liver_dialysis
https://en.wikipedia.org/wiki/Liver_failure
https://en.wikipedia.org/wiki/Biliary_tract
https://en.wikipedia.org/wiki/Duodenum
https://en.wikipedia.org/wiki/Bile
https://en.wikipedia.org/wiki/Bile_canaliculi
https://en.wikipedia.org/wiki/Bile_duct
https://en.wikipedia.org/wiki/Hepatic_duct
https://en.wikipedia.org/wiki/Porta_hepatis
https://en.wikipedia.org/wiki/Common_hepatic_duct
https://en.wikipedia.org/wiki/Cystic_duct
https://en.wikipedia.org/wiki/Gallbladder
https://en.wikipedia.org/wiki/Common_hepatic_duct
https://en.wikipedia.org/wiki/Common_bile_duct
https://en.wikipedia.org/wiki/Duodenum
https://en.wikipedia.org/wiki/Gallbladder
https://en.wikipedia.org/wiki/Pancreatic_duct
https://en.wikipedia.org/wiki/Ampulla_of_Vater
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2.3.2 Synthetic function:  

 The liver plays a major role in carbohydrate, protein, amino acid, and lipid metabolism. The liver 

performs several roles in carbohydrate metabolism: The liver synthesizes and stores approximately 

100g of glycogen via glycogenesis, the formation of glycogen from glucose. When needed, the 

liver releases glucose into the blood by performing glycogenolysis, the breakdown 

of glycogen into glucose. The liver is also responsible for gluconeogenesis, which is the synthesis 

of glucose from certain amino acids, lactate or glycerol. Adipose and liver cells produce glycerol 

by breakdown of fat, which the liver uses for gluconeogenesis.  

The liver is responsible for the mainstay of protein metabolism, synthesis as well as 

degradation. It is also responsible for a large part of amino acid synthesis. The liver 

plays a role in the production of clotting factors as well as red blood cell production. 

Some of the proteins synthesized by the liver 

include   coagulationfactors  I (fibrinogen), II (prothrombin), V, VII , VIII , IX, X, XI ,

 XIII , as well as protein C, protein S and antithrombin. In the first trimester fetus, 

the liver is the main site of red blood cell production. By the 32nd week of gestation, 

the bone marrow has almost completely taken over that task. The liver is a major 

site of production for thrombopoietin, a glycoprotein hormone that regulates the 

production of platelets by the bone marrow.  

The liver plays several roles in lipid metabolism: it  

performs cholesterol synthesis, lipogenesis, the production of triglycerides, and a 

bulk of the body's lipoproteins are synthesized in the liver. 

The liver plays a key role in digestion, as it produces and excretes bile (a yellowish 

liquid) required for emulsifying fats and help the absorption of vitamin K from the 

diet. Some of the bile drains directly into the duodenum, and some is stored in 

the gallbladder. 

https://en.wikipedia.org/wiki/Carbohydrate_metabolism
https://en.wikipedia.org/wiki/Glycogen
https://en.wikipedia.org/wiki/Glycogenesis
https://en.wikipedia.org/wiki/Glycogenolysis
https://en.wikipedia.org/wiki/Glycogen
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Gluconeogenesis
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Lactic_acid
https://en.wikipedia.org/wiki/Glycerol
https://en.wikipedia.org/wiki/Lipolysis
https://en.wikipedia.org/wiki/Metabolism
https://en.wikipedia.org/wiki/Amino_acid_synthesis
https://en.wikipedia.org/wiki/Fibrinogen
https://en.wikipedia.org/wiki/Thrombin
https://en.wikipedia.org/wiki/Factor_V
https://en.wikipedia.org/wiki/Factor_VII
https://en.wikipedia.org/wiki/Factor_VIII
https://en.wikipedia.org/wiki/Factor_IX
https://en.wikipedia.org/wiki/Factor_X
https://en.wikipedia.org/wiki/Factor_XI
https://en.wikipedia.org/wiki/Factor_XIII
https://en.wikipedia.org/wiki/Protein_C
https://en.wikipedia.org/wiki/Protein_S
https://en.wikipedia.org/wiki/Antithrombin
https://en.wikipedia.org/wiki/Fetus
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Gestation
https://en.wikipedia.org/wiki/Bone_marrow
https://en.wikipedia.org/wiki/Thrombopoietin
https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Platelet
https://en.wikipedia.org/wiki/Bone_marrow
https://en.wikipedia.org/wiki/Lipid
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Lipogenesis
https://en.wikipedia.org/wiki/Triglyceride
https://en.wikipedia.org/wiki/Bile
https://en.wikipedia.org/wiki/Duodenum
https://en.wikipedia.org/wiki/Gallbladder
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The liver also produces insulin-like growth factor 1 (IGF-1), 

a polypeptide protein hormone that plays an important role in childhood growth and 

continues to have effects in adults .(www.fattyliver.com) 

2.3.3 Catabolic function: 

The liver is responsible for the breakdown of insulin and other hormones. The liver 

breaks down bilirubin via glucuronidation, facilitating its excretion into bile. The 

liver is responsible for the breakdown and excretion of many waste products. It 

plays a key role in breaking down or modifying toxic substances (e.g., methylation) 

and most medicinal products in a process called drug metabolism. This sometimes 

results in toxication, when the metabolite is more toxic than its precursor. 

Preferably, the toxins are conjugated to avail excretion in bile or urine. The liver 

breaks down ammonia into urea as part of the urea cycle, and the urea is excreted in 

the urine. . (www.fattyliver.com)
.
 

2.3.4 excretory function: 

The principle excretory product of the liver is bile, an aqueous mixure of conjugated 

bilirubin, bile salts ,phospholipids, cholesterol and electrolytes . bile not only 

provides a respiratory for the products of hem catabolism but is also vital for fat 

absorption in the small intestine. (Mazzaferro, 1996) 

2.3.5 Other function: 

¶ The liver stores a multitude of substances, including glucose (in the form 

of glycogen), vitamin A (1ï2 years' supply), vitamin D (1ï4 months' 

supply)[citation needed], vitamin B12(3ï5 years' supply), vitamin K, iron, 

and copper. 

https://en.wikipedia.org/wiki/Insulin-like_growth_factor_1
https://en.wikipedia.org/wiki/Polypeptide
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Bilirubin
https://en.wikipedia.org/wiki/Glucuronidation
https://en.wikipedia.org/wiki/Bile
https://en.wikipedia.org/wiki/Toxic
https://en.wikipedia.org/wiki/Methylation
https://en.wikipedia.org/wiki/Drug_metabolism
https://en.wikipedia.org/wiki/Toxication
https://en.wikipedia.org/wiki/Xenobiotic_conjugation
https://en.wikipedia.org/wiki/Ammonia
https://en.wikipedia.org/wiki/Urea
https://en.wikipedia.org/wiki/Urea_cycle
https://en.wikipedia.org/wiki/Glycogen
https://en.wikipedia.org/wiki/Vitamin_A
https://en.wikipedia.org/wiki/Vitamin_D
https://en.wikipedia.org/wiki/Wikipedia:Citation_needed
https://en.wikipedia.org/wiki/Vitamin_B12
https://en.wikipedia.org/wiki/Vitamin_K
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Copper
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¶ The liver is responsible for immunological effectsðthe mononuclear phagocyte 

system of the liver contains many immunologically active cells, acting as a 

'sieve' for antigens carried to it via the portal system. 

¶ The liver produces albumin, the most abundant protein in blood serum. It is 

essential in the maintenance of oncotic pressure, and acts as a transport for fatty 

acids and steroid hormones. 

¶ The liver produces the enzyme catalase in order to break down hydrogen 

peroxide, a very toxic substance due to it being a powerful oxidizing agent, into 

water and oxygen. (www.fattyliver.com) 

2.3 Pathology: 

2.3.1 Diffuse Liver Disease: 

2.3.1.1 Fatty Liver Disease: 

Fatty liver is a reversible disease characterized by deposits of fat within the 

hepatocytes. Causes of fatty liver include obesity, alcohol abuse, chemotherapy, 

diabetes mellitus, pregnancy, glycogen storage disease, and the use of some drugs. 

Although fatty liver is typically asymptomatic, patients may present clinically with 

elevated liver function tests. Fatty changes within the liver can be diffuse or focal. 

Diffuse infiltration will cause the liver to appear diffusely echogenic and it will be 

more difficult to penetrate. Frequently, in the presence of diffuse fatty infiltration, 

the walls of the hepatic vasculature and diaphragm will not be easily imaged, 

secondary to the attenuation of the sound beam. Sonographically, the liver segment 

affected by focal infiltration will appear as an area of increased echogenicity and 

can appear much like a solid, hyperechoic mass. Alternatively, focal fatty sparing of 

the liver can occur. In this circumstance, the liver is involved with diffuse fatty 

https://en.wikipedia.org/wiki/Mononuclear_phagocyte_system
https://en.wikipedia.org/wiki/Mononuclear_phagocyte_system
https://en.wikipedia.org/wiki/Hepatic_portal_system
https://en.wikipedia.org/wiki/Albumin
https://en.wikipedia.org/wiki/Blood_plasma
https://en.wikipedia.org/wiki/Oncotic_pressure
https://en.wikipedia.org/wiki/Fatty_acid
https://en.wikipedia.org/wiki/Fatty_acid
https://en.wikipedia.org/wiki/Steroid_hormone
https://en.wikipedia.org/wiki/Steroid_hormone
http://www.fattyliver.com/
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infiltration, with certain areas spared. This area of sparing can appear much like a 

solid, hypoechoic mass or possibly even fluid.(StevenM., 2011) 

 

 

Figure (2 ï 4) diffuse fatty liver(Steven M., 2011) 

 

Pathophysiological of fatty liver in diabetes type two: 

The pathogenesis of NAFLD is not yet fully understood, but insulin resistance 

appears to be a critical contributing factor, with obesity as the most common cause 

of the insulin resistant state. As body fat stores expand with calorie excess and 

progressive obesity, alterations in lipid metabolism together with inflammation in 

adipose tissue and ectopic sites of fat deposition lead to insulin resistance 

predominantly secondary to post-receptor abnormalities in insulin signaling 

pathways. 

Elevated circulating free fatty acid levels, in part related to diminished suppression 

of adipose tissue lipolysis by insulin, result in increased delivery of free fatty acids 

to the liver. The synthesis of excess triglyceride in the liver is driven by this supply 

of fatty acids and the accumulation of excess liver fat is further exacerbated by 

impaired hepatic fatty acid oxidation secondary to insulin resistance. When glucose 

levels are elevated in the context of pre-diabetes or overt diabetes, this provides 
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further substrate for triglyceride synthesis. Additionally, impaired very low density 

lipoprotein (VLDL) secretion, which commonly occurs with insulin resistance, 

further contributes to hepatic fat accumulation. Insulin resistance is not only a factor 

in obesity and diabetes, but also may be an underlying mechanism for NAFLD even 

in non-obese individuals without diabetes, as noted in a euglycemic insulin clamp 

study .  However, insulin resistance most commonly is associated with NAFLD in 

the context of obesity, and the development and progression of NAFLD usually 

occurs in association with both insulin resistance and a state of ongoing excess 

calorie intake. 

There may not only be an increased risk for NAFLD secondary to diabetes, but there 

also is evidence suggesting that NAFLD conversely may be a risk factor for the 

development of T2DM. In a study comparing NAFLD patients and control subjects, 

none of whom had diabetes at baseline, those with NAFLD were more likely to have 

diabetes and metabolic syndrome when re-evaluated eleven years later. When overt 

diabetes develops in the setting of preceding insulin resistance and obesity, the 

diabetic state may be an independent additional factor contributing to progression of 

NAFLD and the ultimate development of cirrhosis. In a study of over 400 adults 

with NAFLD, those with moderate to severe fibrosis were more likely to have 

diabetes .  Thus, in examining associations between DM and NAFLD, it is important 

to consider not only the occurrence of NAFLD with diabetes, but also the effects of 

diabetes on NAFLD progression to NASH.( www.ncbi.gov) 
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2.4 Previous study: 

Result of 132 patients with NAFLD, 44 patients (33%) had an established diagnosis 

of DM. Patients with DM were older and had greater serum glucose and triglyceride 

levels and a greater aspartate aminotransferase-alanine aminotransferase ratio. Liver 

biopsy specimens from patients with DM showed more vacuolated nuclei and 

acidophilic bodies. Cirrhosis (histological or clinical) occurred in 25% of patients 

with DM (11 of 44 patients) and NAFLD compared with only 10.2% (9 of 88 

patients) of patients without DM with NAFLD (P = 0.04). After adjusting for 

potential confounders (age, body mass index, and the presence of cirrhosis), both 

overall mortality (risk ratio [RR], 3.30; 95% confidence interval [CI], 1.76ï

6.18; P = 0.002) and mortality related to liver disease (RR, 22.83; 95% CI, 2.97ï

175.03; P = 0.003) were greater in diabetic patients with NAFLD.(Younossi et al., 

2004) 

 

The study showed that the fatty liver is common finding in type two Diabetes 

Mellitus patients. The prevalence of FLD is much higher in patients with type two 

Diabetes Mellitus. The high frequency of fatty liver found in middle age (54-60) 

years old in the collected data. The study data showed that the high frequency of 

fatty liver in male 82%. Increase the prevalence of fatty liver disease with 

age.(Padwe and Abdallah, 2012) 

 

NAFLD is associated with features of metabolic syndrome and is more prevalent 

among obese subjects and patients with type two diabetes independent of degree of 

obesity. The increased risk for cardio-metabolic diseases in NAFLD is caused by 

different factors among which hepatic overproduction of glucose, inflammatory 

factors, C-reactive protein (CRP), and coagulation factors and by the presence of 

insulin resistance. Large trials that investigate the incidence of and related mortality 
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in subjects with NAFLD are needed to confirm this observation.(Gaggini et al., 

2013) 

The average age of participants was 48.0 years at the entry, and the average follow-

up period was 4.0 years. The incidence of diabetes in the FL group was 2,073 per 

100,000 person-years (65 cases), whereas 452 per 100,000 person-years (44 cases) 

in the non-FL group. Also The average prevlance  of fatty liver was about twice as 

high in males (26% ) as in females (12.7%) in the japan . the prevelance in female 

tended to rise gradually with age .(Shibata et al., 2007) 

 

NAFLD is extremely common in people with type two diabetes and is associated 

with a higher prevalence of CVD. The unadjusted prevalence of NAFLD was 69.5% 

among participants, and NAFLD was the most common cause (81.5%) of hepatic 

steatosis on ultrasound examination. The prevalence of NAFLD increased with age 

(65.4% among participants aged 40ï59 years and 74.6% among those aged Ó60 

years; P < 0.001) and the age-adjusted prevalence of NAFLD was 71.1% in men and 

68% in women. NAFLD patients had remarkably (P < 0.001) higher age and sex-

adjusted prevalence of coronary (26.6 vs. 18.3%), cerebrovascular (20.0 vs. 13.3%), 

and peripheral (15.4 vs. 10.0%) vascular disease than their counterparts without 

NAFLD. In logistic regression analysis, NAFLD was associated with prevalent 

CVD independent of classical risk factors, glycemic control, medications, and 

metabolic syndrome features.(Targher et al., 2007) 

 

The study included 3175 subjects (1218 men) with a mean age of 52 years. FLD was 

found in 661 (20.82%) subjects. Fatty liver increase in men more than women . 

After adjustment by age and sex, FL prevalence was found to be 17.29%, and the 

prevalence of alcoholic, suspected alcoholic and nonalcoholic FL were determined 

to be 0.79, 1.15 and 15.35%, respectively. Generally, age, body mass index (BMI), 
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waist circumference, blood pressure, and the prevalence of obesity, diabetes, 

hypertension and dyslipidemia were all significantly higher in FL patients than in 

controls; In contrast, the levels of high-density-lipoprotein cholesterol (HDL-C), 

education and physical activity were markedly lower. Multiple regression analyses 

showed that only nine factors (male, educational level, waist circumference, BMI, 

HDL-C, triglyceride, fasting plasma glucose, diabetes and hypertension) were 

closely related to FL. In excessive drinkers, obesity increased the risk for FL by 4.8-

fold, but excessive drinking was associated with only a 1.5-fold increased risk in 

obese subjects. (Fan, 2005}  
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Chapter Three 

Material and Methods 

 

3.1 Material:  

All patients were scanned in the department of the ultrasound in diabetes and 

endocrinology hospital and Khartoum north teaching hospital. The machine used in 

the study was Mindary DC-6  with curvilinear probe 3.5 -5 MHz. 

 

3.2 Type of the study:  

This study was designed as descriptive cross-sectional study, where the data 

collected prospectively. 

 

3.3 population of the study: 

Study population consisted of patients presented with diabetes mellitus type two 

from both gender, in the period from July 2017 up to October 2017, in Alsukkary 

hospital and Khartoum north teaching hospital. 

 

Exclusion criteria: 

The following patients are excluded from the study: 

- alcoholic 

- obese. 

- chronic illness. 

- late pregnancy. 
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3.4 study sample: 

The sample size consisted of 101 selected conveniently. 

3.5 Method of data collection: 

No patient preparation. trans abdominal ultrasound technique is performed with 

patient lying in supine position. used an adequate amount of ultrasonic coupling gel 

in the hypochondriam rejoin both of longitudinal and transverse views of the 

patientôs liver were applied. 

Scanning technique of the liver:  

The patient is placed in the supine. Scans are usually done in longitudinal and 

transverse or transverse-oblique planes. The transducer is placed in a subcostal 

location and scanning is usually performed with the patient in deep suspended 

inspiration in order to lower the liver. The best images of the diaphragmatic portion 

of the liver are usually obtained with steep cephalad angulation of the transducer. 

Start by placing the transducer longitudinal central and at the top of the abdomen 

(the xiphoid angle). 

 - Ask the patient to take a deep breath and hold it. 

 - Angle the transducer beam towards the right side of the patient to image the 

liver. 

Right lobe: 

Right lobe imaged by angle the transducer toward the right side of the patient from 

the central of the abdomen at the xiphoid angle, The normal size of the right lobe 

measure 13-15cm. (Devin D 2005). 
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Figure (3 -1) show technique for imaging Rt lobe of liver.(palmer P,2003) 

Left lobe: 

Left lobe imaged by placing the transducer longitudinal at the center of the abdomen 

at the xiphoid process, The normal size of the left lobe 10cm. 

 

Figure (3 -2) show technique for imaging Lt lobe of liver.(www.ultrasoundpaedia.com) 

The classification of the fatty liver:  

¶ Mild  fatty liver characteristic by minimal diffuse increase in hepatic 

echogenicity with normal visualization of diaphragm and intrahepatic vessel 

borders. 
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¶ Moderate fatty liver characteristic by moderate diffuse increase in hepatic 

echogenicity with slightly impaired visualization of intrahepatic vessels and 

diaphragm. 

¶ Severe fatty liver characteristic by marked increase in echogenicity with poor 

penetration of posterior segment of right lobe of liver and poor or no 

visualization of hepatic vessels and diaphragm. 

3.6 variables of the study: 

The data was collected by master data sheet using the following variable gender, 

echogenicity of the liver, age, RBG, duration of diabetes mellitus, size of Rt and Lt 

lobe and status of DM. 

 

3.7 data analysis: 

All data were processed and analyzed through computerized data analysis system 

(SPSS) statistical package for social science. 

3.8Over view of the study: 

This study consisted of five chapters; with chapter one is an introduction which 

includes a brief introduction, Problem of the study, General and Specific objective. 

Chapter two included a comprehensive literature review and theoretical background. 

Chapter three discussed the material and method used to collect the data. Chapter 

four   presents the results and finally chapter five included discussion, conclusion 

and recommendations.  
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  Chapter Four 

Results 

4.1 Results: 

Table (4 -  1) across tabulation between echogenicity of liver across right lobe size 

Table (4 - 2) across tabulation between echogenicity of liver across left lobe size. 

 

  

Echogenicity Rt lobe size 

Mean +/-SD Max Min 

Non fatty liver 14.578cm 16.4 cm 13.2 cm 

Mild fatty liver 15.329 cm 18.2 cm 13.0 cm 

Moderate fatty 

liver 

16.458 cm 18.4 cm 13.0 cm 

Sever fatty liver 18.248 cm 19.5 cm 16.3 cm 

Echogenicity Lt  lobe size 

Mean +/-SD Max Min 

Non fatty liver 9.678 cm 10.2 cm 8.0 cm 

Mild fatty liver 9.516 cm 12.2 cm 8.0 cm 

Moderate fatty 

liver 

10.065 cm 11.2 cm 8.0 cm 

Sever fatty liver 10.595 cm 11.8 cm 9.2 cm 
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Table (4 - 3) show ANOVA test between echogenicity and size of Rt and Lt lobe 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Rt_lobe_size Between 

Groups 
171.671 3 57.224 60.797 .000 

Within 

Groups 
91.299 97 .941     

Total 262.970 100       

Lt_lobe_size Between 

Groups 
16.525 3 5.508 9.176 .000 

Within 

Groups 
58.229 97 .600     

Total 74.754 100       

 

 

Table (4 - 4) show the mean of age, RBG, duration of DM, size of Rt lobe and size 

of Lt lobe according to echogenicity(0=non fatty, 1=mild fatty, 2=moderate fatty, 

3=sever fatty liver) 

echogenicity Age/years RBG/mg/dl Duration/years Rt_lobe_size/cm Lt_lobe_size/cm 

0 50.08696 213.2609 9.130435 14.57826087 9.67826087 

1 58.87097 232.3871 7.870968 15.32903226 9.516129032 

2 59.80769 239.6538 9.730769 16.45769231 10.06538462 

3 60.90476 257.5238 9.619048 18.24761905 10.5952381 
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Figure (4 -1) scatter plot shows correlation between echogenicity and RBG 

 

 

Figure (4 -2) scatter plot shows correlation between echogenicity and Rt lobe 

size. 
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Figure (4 -3) scatter plot shows correlation between echogenicity and Lt lobe 

size. 

 

 

Figure (4 -4) scatter plot shows correlation between age and Rt lobe size. 
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Figure (4 - 5) scatter plot shows correlation between age and Lt lobe size. 

 

        Table (4-5) across tabulation between echogenicity of the liver across the   

status of DM. 

 

STATUS OF DM 

Total controlled uncontrolled 

echogenicity Non fatty 21 2 23 

mild fatty 25 6 31 

moderate 10 16 26 

sever fatty 2 19 21 

Total 58 43 101 
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Figure (4- 6) a bar graph show echogenicity of the liver versus the status of 

DM. 

 

Table (4 ï 6) across tabulation show the mean size of the Rt & Lt lobe with 

status of DM.  

STATUS OF DM N Mean 

Std. 

Deviation 

Std. Error 

Mean 

SIZE_RT_LOBE controlled 58 15.272 1.1934 .1567 

uncontrolled 43 17.112 1.5296 .2333 

SIZE_LT_LOBE controlled 58 9.688 .8657 .1137 

uncontrolled 43 10.230 .7680 .1171 

 

 

 

0

5

10

15

20

25

30

non fatty mild  moderate sever

n
u
m

b
e

r 
o
f 
p

a
tie

n
t  

echogenicity of the liver  

control DM uncontrolled DM



30 
 

Table (4-7) across tabulation between echogenicity of the liver across the   

gender. 

 

GENDER 

Total male female 

echogenicity Non fatty 9 14 23 

mild fatty 20 11 31 

moderate 15 11 26 

sever fatty 12 9 21 

Total 56 45 101 

 

 

 

 

Figure (4- 7) a bar graph show echogenicity of the liver versus the gender. 
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Chapter Five 

Discussion,conclusion and recommendations 
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Chapter Five 

Discussion,conclusion and recommendations 

5.1 Discussion: 

This study aimed to evaluate the echogenicity of the liver in diabetic patients type II. 

The data were collected from 101 patients and it has been found that, there are 

various factor affecting the echogenicity of the liver like age, gender, duration of 

DM, RBG, size of the Rt and Lt lobe size and the status of DM if it controlled or un 

controlled. 

However, sonography is a simple, practical, low cost and accurate method in the 

evaluation of liver echogenicity and size. Data were arranged according to the 

echogenicity of the liver into four groups which are non-fatty, mild, moderate and 

sever fatty liver. 

ANOVA test showed that there were statistically significant differences between the 

echogenicity of the liver groups, associated with increasing of the liver size. Table 

(4-1) and (4-2) showed that the mean size of the Rt lobe was increased by increasing 

echogenicity non fatty, mild, moderate and sever i.e. 14.6, 15.3, 16.4 and 18,2cm 

respectively, similarly the mean size of the Lt lobe; 9.6, 9.5, 10.0, 10.6 cm 

respectively. 

Also the scatter plot showed that the echogenicity of the liver has direct linear 

relation with different variables i.e. random blood glucose, Rt and Lt lobe size and 

age, where the random blood glucose and the size of the lobe can be estimated if the 

echogenicity were known. The random blood glucose increases by 14.006 

mg/dl/echogenicity and the Rt lobe 1.2cm/echogenicity as well as 0.25 cm/year. The 

Lt lobe size increases by 0.33 cm/echogenicity and by 0.052 cm/year; where 

echogenicity ranged from 0 to 3.   
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The results of this study according to cross-tabulation showed the distribution of 

different echogenicity of fatty liver among different status of patients according to 

the status of DM and the type of gender; it has been found that the echogenicity of 

the liver is directly increased with uncontrolled diabetes, also increase in male more 

than female, this result supports the previous study about Chinese patients found the 

prevalence of fatty liver in male more than female.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



33 
 

5.2 conclusion: 

The fatty liver is a common finding in Type II diabetes mellitus patients, where the 

liver showed different echogenicity from non-fatty to sever one. The status of the 

liver mostly affected liver size.   

This study found that the development of fatty liver also affected by status of DM, 

RBG, Rt and Lt lobe size as well as the increases of fatty liver prevalence with age. 

Also the study showed the prevalence of fatty liver increased in male and 

uncontrolled DM.  

The RBG and liver lobe size can be estimated using the following linear equation: 

RBG (mg/dl) = (14.006 × echogenicity) + 214.7 

Rt lobe size (cm) = (1.2 × echogenicity) + 14.3 

Lt lobe size (cm) = (0.33 × echogenicity) + 9.46 

Rt lobe size (cm) = (0.25 × age) + 1.84  

Lt lobe size (cm) = (0.052 × age) + 6.94 
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5.3 Recommendations: 

According to this study the researcher willing to recommended the following points: 

- Weight loss by eating appropriate portion, eating healthy choices, exercising 

regularly generally reduce hepatic steatosis.  

- There is high incidence of fatty liver in Khartoum state, some reason can cause 

fatty liver like alcohol, malnutrition and starvation, so suggest research run in this 

side. 

- physicions should actively check the presence of NAFLD in those who are 

overweight or diabetic. 

- Primary noninvasive evaluation such as ultrasound should be used to confirm the 

diagnosis of fatty liver disease, to avoid risks and costs of liver biopsy. 

- Because of potential role of elastography technique in the evaluation of patients 

with NAFLD should be used as routine in liver evaluation.  

- Histological evaluation is the gold standard and should be considered. 

- Further studies are needed to define the pathogenesis of NAFLD clearly and 

explain the apparent inter individual variation in the susceptibility to progress to 

more advanced liver disease. 
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Appendix: 

 

 

Case(1) : male 66years old with mild fatty liver  

 

Case (2) : female 40 years old with mild fatty liver  
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Case (3) : female 50 years old with mild fatty liver  

 

 

Case (4) : female 46 years old with sever fatty liver  
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Case (5): male 40 years old with moderate fatty liver  

 

 

Case (6) male 56 years old with moderate fatty liver  
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Case (7): female 48 years old with mild fatty liver 

 

 

Case (8); male 50 years old with sever fatty liver . 
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Case (9) :female 60 years old with sever fatty liver. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


