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ABSTRACT 

Background: The increased use of imaging technology has contributed to an increase 

in the overall number of focal liver lesions (FLL) that are found incidentally. The vast 

majority of FLLs that arise in livers that are not cirrhotic are benign and do not 

progress to malignancy. The most common forms of solid benign tumours are 

adenomas, focal nodular hyperplasias, and hemangiomas. After metastases, the most 

frequent malignant lesions that occur in non-cirrhotic liver are hepatocellular 

carcinoma and intrahepatic cholangiocarcinoma. Accurate characterization of liver 

masses allows for the avoidance of potentially disastrous outcomes, such as delayed 

treatment of malignant tumours or treatment that is not essential for benign lesions. In 

order to reduce the number of needless liver biopsies that are performed, it is of the 

highest significance to improve the sensitivity and accuracy of cross-sectional 

imaging for these incidental hepatic lesions. Though detection and characterization of 

FLLs mainly depends on dynamic enhanced magnetic resonance imaging (MRI), for 

patients with contraindications such as an allergy to contrast agents, unenhanced MRI 

sequences, such as T2-WI and DWI have proven crucial in the identification and 

diagnosis of FLLs. Based on signal intensity of the lesion, T2WI can differentiate 

benign cystic lesions from malignant solid lesions. Though DWI is beneficial for 

lesion detection and characterization, it has not yet replaced T2WI in routine use 

because it has many advantages and limitations simultaneously. This study mainly 

focuses on the combined ability of both the sequences to improve the diagnostic 

ability.  

Materials and methods: A hospital based observational study was done on 45 

patients referred for MRI (Magnetic Resonance Imaging) abdomen and pelvis to a 

tertiary care teaching institute in Belgaum. All patients were evaluated clinically and 
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then MRI of the abdomen was done using a 3Tesla MRI scanner. The primary 

outcome variables in this study were diagnostic accuracy of T2WI, DWI and both the 

sequences together.  

Results: The median age was 56 years in this study. Majority were males (57.7%). Of 

45 patients, 9 were known case of chronic liver disease, 2 were known case of 

hepatitis-b, 2 were known case of carcinoma rectum, 1 had carcinoma stomach, 1 had 

carcinoma cervix, 1 had carcinoma adrenal gland, 1 had carcinoma tongue and 1 was 

a known case of wilson’s disease. Rest of the 27 patients either showed a liver lesion 

on routine annual ultrasonography or had either come with other complaints. 37 out of 

51 lesions were correctly classified on T2WI (72.5%). 41 out of 51 lesions were 

correctly classified on DWI (80.3%). Accuracy of correctly classified lesions was 

increased to 86.2% (44 out 51) when the lesion was categorized using both the 

sequences. 

Conclusion: Accuracy of correctly classified lesions was increased when the lesion 

was categorized using both the sequences. In this study, DWI was better at 

categorizing malignant lesions and T2WI was good at categorizing cystic benign 

lesions.  

 

 

 

 

 

 

 

 



ix 

 

TABLE OF CONTENT 

S. NO TABLE OF CONTENT PAGE NO 

1 INTRODUCTION 1-3 

2 AIMS & OBJECTIVES 4 

3 REVIEW OF LITERATURE 5-32 

4 MATERIALS & METHODS 33-35 

5 RESULTS 36-55 

6 DISCUSSION 56-60 

7 CONCLUSIONS 61-62 

8 LIMITATIONS AND RECOMMENDATIONS 63 

9 SUMMARY 64-68 

10 BIBLIOGRAPHY 69-77 

11 ANNEXURES 78-93 

 I. INFORMED CONSENT FORM 78-83 

 II. STUDY PROFORMA 84-86 

 III. PHOTOGRAPHS OF CASES 87-91 

 IV. KEY TO MASTER CHART 92 

 V. MASTER CHART 93 

 

 

 



x 

 

LIST OF TABLES 

 

S. NO TABLE DESCRIPTION PAGE NO 

1. Age wise distribution of patients 36 

2. Gender wise distribution of patients 37 

3. Associated comorbidity of the patients 38 

4. No of lesions present wise distribution of patients 39 

5. Lobe/segment wise distribution   40 

6. Status of  margin of lesions on T2WI 41 

7. Status of  signal intensity  on T2WI 42 

8. Status of  lesion character on T2 WI 43 

9. Status of  lesions at 50 mm/s2   44 

10. Status of signal drop of lesions at 400 and 800 mm/s2  45 

11. Status of ADC of lesions 46 

12. Status of restriction pattern of lesions 47 

13. Status of  lesion character on DWI 48 

14. Status of lesion character on T2WI AND DWI  49 

15. Status of  BIOPSY/FNAC of lesions 50 

16. Status of  final lesion character 51 

17. Percentage of lesions correctly classified 52 

18. Status of diagnosis of all lesions 53 

19. Kappa agreement of lesion character 55 

 

 

 

 

 

 

 



xi 

 

LIST OF GRAPHS 

 

S. NO GRAPHS DESCRIPTION PAGE NO 

1. Age wise distribution of patients 36 

2. Gender wise distribution of patients 37 

3. Associated comorbidity of the patients 38 

4. No of lesions present wise distribution of patients 39 

5. Lobe/segment wise distribution   40 

6. Status of  margin of lesions on T2WI 41 

7. Status of  signal intensity  on T2WI 42 

8. Status of  lesion character on T2 WI 43 

9. Status of  lesions at 50 mm/s2  44 

10. Status of signal drop of lesions at 400 and 800 mm/s2 45 

11. Status of ADC of lesions 46 

12. Status of restriction pattern of lesions 47 

13. Status of  lesion character on DWI 48 

14. Status of lesion character on T2WI AND DWI  49 

15. Status of  BIOPSY/FNAC of lesions 50 

16. Status of  final lesion character 51 

17. Percentage of lesions correctly classified 52 

18. Status of diagnosis of all lesions 54 

 

 

 

 

 

 

 

 

 



xii 

 

LIST OF FIGURES 
 

S. NO FIGURE DESCRIPTION PAGE NO 

     1. Segmental anatomy of the liver 5 

2. Segmental numbering of the liver 6 

3. CT image showing hepatic cyst 13 

4. CT image showing hepatic abscess 14 

5. CT image showing intrahepatic cholangiocarcinoma 19 

6. CT image of liver metastasis in a known case of carcinoma colon 22 

7. T2W image of the liver 23 

8. DWI and ADC of hepatocellular carcinoma 27 

 



Introduction 

 

 Page 1 
 

INTRODUCTION 

The increased use of imaging technology has contributed to an increase in the 

overall number of focal liver lesions (FLL) that are found incidentally. The vast 

majority of FLLs that arise in livers that are not cirrhotic are benign and do not 

progress to malignancy1. The most common forms of solid benign tumours are 

adenomas, focal nodular hyperplasias, and hemangiomas. After metastases, the most 

frequent malignant lesions that occur in non-cirrhotic liver are hepatocellular 

carcinoma and intrahepatic cholangiocarcinoma2. 

Imaging modalities used for liver pathology are ultrasound, CT and MRI. In a 

systematic review, contrast-enhanced ultrasound, CT, and MRI were all shown to 

have similar detection effectiveness, with specificities between 82% and 89%, and the 

summary receiver operating characteristics showed no significant variation. For FLL 

characterization, magnetic resonance imaging is the standard due to the absence of 

ionising radiation and inadequate accessibility of ultrasound contrasts.  

Accurate characterization of liver masses allows for the avoidance of 

potentially disastrous outcomes, such as delayed treatment of malignant tumours or 

treatment that is not essential for benign lesions. In order to reduce the number of 

needless liver biopsies that are performed, it is of the highest significance to improve 

the sensitivity and accuracy of cross-sectional imaging for these incidental hepatic 

lesions. After these biopsies, the post-procedure morbidity rate is between 0.08 and 

0.34 percent, and the mortality rate is between 0 and 0.190 percent3. 

Detection and characterization of FLLs mainly depends on dynamic enhanced 

magnetic resonance imaging (MRI) with several contrast agents. In order to get 
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complete picture of the liver, it is necessary to look at the parenchyma in addition to 

the arterial and biliary systems. For patients with contraindications such as allergy to 

contrast agents, unenhanced MRI sequences, such as T2-WI and DWI have proven 

crucial in the identification and diagnosis of FLLs.  

DWI is more sensitive than the T2-weighted sequences when it comes to the 

accurate detection of liver lesions. In identifying and accurately defining tiny 

localised hepatic lesions, DWI works remarkably well. When low b values are used, 

localised liver lesions that have a high signal-to-noise ratio and a high lesion-to-liver 

signal intensity ratio are much simpler to visualise. This is due to the fact that these 

ratios suggest that the lesion is of a higher intensity than the liver itself. In addition to 

its improved lesion-to-background contrast, DWI also provides physiological 

information through apparent diffusion coefficient (ADC) values. 

The dark blood effect which is seen in DWI is helpful in differentiating 

between the intra-hepatic arteries and the small localised lesions4. Patients who 

already have cirrhosis of the liver may benefit from the use of DWI since it helps in 

the early diagnosis of HCCs. On the other hand, compared to conventional T2-

weighted images, DWI exhibits a reduced clarity of parenchymal heterogeneity as 

well as a lower signal intensity associated with regenerating nodules and fibrosis.  

Even though DWI is superior at locating and characterizing lesions, it has not 

yet fully supplanted T2WI in common usage. This is because T2WI is able to 

differentiate between the two types of lesions without compromising its accuracy 

(such as cystic benign lesions like cysts and hemangiomas from solid malignant 

lesions like metastases and hepatocellular carcinoma [HCC]). However, there is a 
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possibility that the capacity of this approach to differentiate between benign solid 

lesions and malignant solid lesions is restricted.  

At this point in time, we are only aware of two investigations that directly 

compared DW imaging to T2-weighted imaging with the intention of identifying FLL. 

Using an MRI scanner with a field strength of 3 Tesla, the primary objective of this 

research is to determine whether or not combining the two sequences (T2WI and 

DWI) results in more accurate diagnoses. 
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OBJECTIVES 

AIM: To assess the diagnostic accuracy of diffusion-weighted imaging (DWI), T2 

weighted imaging (T2WI), and the combination of the two sequences in 

differentiating benign from malignant localised liver lesions (FLLs). 

OBJECTIVES: 

 To perform plain MRI abdomen on patients having symptoms and/or in suspected 

case of liver lesion. 

 To evaluate the diagnostic efficacy of diffusion-weighted imaging (DWI), T2-

weighted imaging (T2WI), and a combination of the two sequences in 

distinguishing benign focal liver lesions from malignant ones. 
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REVIEW OF LITERATURE 

ANATOMY OF LIVER: 

Liver is located in the upper right quadrant of the abdomen, just below the 

right hemi-diaphragm. It has the form of a wedge and is reddish brown. It is divided 

into two lobes. Liver measures roughly 15 centimetres (about 6 inches) in length and 

weighs approximately 1.5 kilos (3.3 pounds). Portal vein and hepatic artery supply 

blood to liver. 

Claude Couinaud, a French surgeon and anatomist, was the first person to 

divide liver into eight segments based on the location of hepatic and portal veins5. 

Each section has a branch that connects to portal vein, hepatic artery, and bile duct 

respectively. Along central hepatic vein, liver is divided into two lobes: the right and 

the left. Right lobe is segmented into its anterior and posterior portions along the 

plane of the right hepatic vein. Along left hepatic vein which extends from the 

falciform ligament to the inferior vena cava, the left lobe is divided into medial and 

lateral segments. The horizontal plane along the portal vein divides the liver into 

superior and inferior segments as follows: 

 

Fig. 1 Segmental anatomy of the liver 
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The numbering of the eight subdivisions, which are separated according to the 

Couinaud System, starts at the top left and continues in a path that is clockwise 

around the subdivisions5 (as in Fig.2). 

1. Caudate: I 

2. Superolateral segment of left lobe: II 

3. Inferolateral segment of left lobe: III 

4. Medial segment left lobe: IV 

5. Anteroinferior segment of right lobe: V 

6. Posteroinferior segment of right lobe: VI 

7. Posterosuperior segment of right lobe: VII 

8. Anterosuperior segment of right lobe: VIII 

 

Fig. 2 Segmental numbering of the liver 

According to Bismuth's explanation, segment IV is split into two parts: IVa and IVb.  
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Description of liver tumors: 

Tumors of the liver can be basically categorised as either benign or malignant. 

They can either progress to malignant stage or remain benign for a long time. Benign 

liver tumours can be subdivided into a number of subgroups depending on their 

location of origin. These subtypes include hepatocellular, biliary, and stromal liver 

tumours. 

Etiology and risk factors of benign hepatic tumors: 

 Hemorrhage or clots in tiny blood vessels in the liver. 

 Inflammation in the liver. 

 Hormonal imbalance (estrogen). 

Types of Benign Tumors: 

1. Hemangiomas 

The cavernous hemangioma affects three percent to ten percent of people, with 

a female preference, and most of them are asymptomatic6. These are produced when 

endothelial cells surround blood clots by wrapping themselves around them. They get 

their supply of blood from the hepatic artery and its branches. Although the root cause 

of hepatic hemangiomas is unknown. 

In the majority of instances, their diameters do not surpass 10 centimeters; 

nevertheless, a big hemangioma may alter the coagulation properties in addition to 

pain in the right upper abdomen region. There are a variety of treatment options 

available, including surgical excision, vascular embolization, and radio-frequency 

ablation. 
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A typical hemangioma is well demarcated, has a T1 hypointense appearance, a 

T2 bright appearance, and enhances in a manner that is comparable to CT 

postcontrast. In the early stages, the contrast enhancement is nodular and peripheral, 

but in the late and delayed phases, it gradually fills in the centre from the periphery. 

The signal strength is similar to that of blood7. The ADC value of hemangiomas is 

noticeably greater than that of solid liver lesions, although it is lower than that of 

cysts8. 

Giant and flash-filling hemangiomas9 (small hemangiomas < 2cm), which 

exhibit quick arterial filling, are two examples of atypical appearances. The 

distinctive significant T2 hyperintensity will still be visible in both.10 

Hemangiomas had lower ADC values than normal liver tissue at b-100 and b-

600 values and displayed greater ADC values than healthy hepatic tissue on b-1000, 

according to a research by Bozgeyik et al. However, size of the hemangiomas did not 

significantly affect the ADC values, since no significant relationship between lesion 

size and ADC values with various b values was discovered. 

2. Focal Nodular Hyperplasia (FNH) 

FNH affects approximately 0.2–0.3% of people all over the world with the 

number of females outnumbering the number of males. FNH has been connected to 

both women of reproductive age and who use oral contraceptives10. It originates as a 

hepatocyte response to a congenital arteriovenous defect in the liver.  

In their early stages, they are often asymptomatic. Ultrasonography and 

magnetic resonance imaging (MRI) with contrast both play an important role in 

diagnosis of FNH. The presence of a distinct "central scar" may be seen on contrast-
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enhanced imaging. On the other hand, if imaging does not reveal a central scar, it is 

difficult to differentiate between FNH, hepatic adenoma, and hepatocellular cancer. A 

biopsy may be performed to assist with the diagnosis. 

Because FNH are benign and have low rates of malignant change, they are 

typically managed conservatively. If it is substantial, however, it can necessitate 

surgical intervention or vascular embolization. 

On T1, FNH seems to vary from iso to hypointense, but on T2, its intensity 

may range from iso to hyperintense. Fifty percent of these lesions have a central scar 

that is moderately hyperintense on T2 and has late Gd-contrast enhancement. The 

efficacy of ADC values in discriminating solid liver masses is severely restricted due 

to the fact that the ADC values of FNH and adenomas are same as those of metastases 

and HCC11. 

Following contrast (gadolinium) study, there is a rapid and significant 

enhancement in 98% of FNH during the arterial phase. It is not feasible to 

differentiate FNH properly from a hepatic adenoma based only on this imaging. 

However, an accurate separation is attainable with hepatobiliary contrast 

enhancement, 1-3 hours after gadobenate dimeglumine enhancement: FNH appear 

Iso-hyperintense (97%), whereas adenomas are hypointense (100%). 

An atypical form of FNH does not have a central scar and it appears 

hyperintense on both T2 and T1WI but is isointense during the hepatobiliary phase. In 

addition to this, further investigations such as a biopsy and also follow-up is required 

for an accurate diagnosis11. 
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3. Hepatic Adenoma (HA): 

Hepatocellular adenomas are benign liver tumours that are composed of 

hepatocytes. They account for around 2% of all liver tumours, making them an 

extremely uncommon form. It presents with nonspecific symptoms such as discomfort 

in the abdomen, jaundice, and elevated gamma-glutamyl transferase and alkaline 

phosphatase. Pregnant women, steroid abusers, and those who take contraception or 

hormone replacement that contains estrogen are the most at risk12. Hepatic adenomas 

may be caused by a number of conditions, including diabetes, obesity, high blood 

pressure, and abnormal lipid levels. HA’s have been demonstrated to be associated 

with glycogen storage disease in recent study (types I and III). 

Since HA’s have the potential to evolve into malignant tumours, molecular 

categorization may be performed by biopsy and pathological investigation. However, 

a biopsy can make the adenoma bleed or rupture. There are four subtypes under the 

molecular classification: HNF-1 alpha inactivated mutation, Beta catenin activated 

mutations, inflammatory type, and unidentified type13. Excisional biopsy is the most 

effective method for obtaining sample of the tumour. There is a 4.2% probability that 

it will progress to hepatocellular carcinoma. Males are more likely to advance to 

hepatocellular carcinoma. 

It is recommended that HA’s can be surgically removed if they meet the 

following criteria: they must be larger than 5 centimetres in size, they must be 

growing in size, they must be symptomatic lesions, and they must have molecular 

markers associated with HCC transformation as well as liver tumour markers such as 

alpha fetoprotein. 
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On MRI, Adenomas show T1 and T2 heterogeneous hypointensity. Areas with 

increased T1 signal intensity is caused by the presence of fat and haemorrhage, 

whereas necrosis is the cause of areas with lower signal intensity14. Adenomas can 

display a hypointense peripheral rim, which will correspond to a fibrous capsule that 

has a low signal intensity on both the T1-WI and the T2-WI.  

The existence of enormous subcapsular feeding arteries may be attributed to 

the early arterial enhancement that can be detected on dynamic MRI. On portal-

venous phase and equilibrium phase imaging, it typically appears isointense or 

slightly hypointense. 

4. Liver cell Adenomatosis: 

There is a strong connection between hepatocellular adenoma and liver cell 

adenomatosis, which is also referred to as hepatic adenomatosis. Either imaging tests 

or histological samples may be used to diagnose hepatic adenomas, and the results of 

either method provide the same conclusion. When there are more than 10 hepatic 

adenomas in both lobes of the liver in a patient without any pre-existing condition like 

glycogen storage disorder and is not using any exogenous hormones, a diagnosis of 

liver cell adenomatosis can be made. They are associated with a greater risk of 

developing hepatocellular carcinoma15. Since liver cell adenomatosis is characterised 

by multiple lesions that are dispersed over a significant area, surgical removal and 

transplantation of liver may be an effective form of treatment. 

On unenhanced MRI, liver adenomatosis appear hyperintense on T2-WI and 

hyper- to isointense on T1-WI, while certain lesions can appear hypointense.16 
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Majority of lesions show enhancement during the arterial phase when 

gadolinium-based contrast media is used. However, the enhancement during the 

venous and delayed phases is more variable and depends on the histologic nature of 

the lesion. All peliotic adenomas show enhancement, mixed adenomas show partial 

enhancement, and no enhancement is seen in steatotic adenomas. 

5. Simple cysts: 

Cysts in the liver are very prevalent seen in 2.5% of the population17. They are 

encased structures that are filled with fluid. In terms of pathophysiology, they are 

formed as a reaction to the processes of development, as well as to trauma and 

inflammation. Few cysts can be hamartomatous in origin. 

The average ADC value is highest for hepatic cysts among FLL. Because of 

the reduction in signal on DWI that occurs in hepatic cysts, with higher b values 

(more than 500 s/mm2) are able to discriminate hepatic cysts from solid lesions. The 

presence of fluid inside hepatic cysts enables unfettered diffusion within the lesion, 

which in turn leads to an increase in ADC values. On unenhanced MRIs, hepatic cysts 

and hemangiomas may seem to be identical due to the same signal intensities. On the 

other hand, the ADC values of cysts will be noticeably greater than those of 

hemangiomas on DW-MRI. As a result, the measurement of ADC values could make 

it possible to distinguish between simple cysts, hemangiomas and abscesses. 
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Fig 3: CT axial image shows large hepatic cyst in left lobe of liver. 

6. Pseudotumors: 

Pseudotumors, on the other hand, are nothing more than "local variations" of 

the tissue type they originate from. Pseudotumors may take on a wide variety of 

diverse appearances, including distinct zones of hepatic fibrosis, isolated pockets of 

fatty liver alterations, and inflammatory pseudotumors18 etc. 

7. Liver abscess 

Pyogenic liver abscesses are characterised by the presence of pus and may be 

either unilocular or multilocular in nature. They are surrounded by capsule made of 

fibrous tissue. Even though pyogenic abscesses are brought on by a conglomeration of 

different microorganisms, Escherichia coli and Klebsiella pneumoniae are the ones 

that are most often found to be the causative agents19. 

There are four primary mechanisms that contribute to the formation of hepatic 

abscesses: 
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A. “Hematogenous spread of gastrointestinal tract pathology via the portal vein or 

disseminated sepsis through the hepatic artery. B). Infection of the bile due to bile 

duct blockage, which can be caused by a number of different etiologies including 

stones, neoplasms, and strictures due to ascending cholangitis, pancreatic cancer, or 

inflammatory bile duct disorders. C). Factors that increase the chance of developing 

pyogenic liver abscesses after undergoing procedures such as biliary stent 

placement20. D). Other routes of infection for liver abscesses include the direct 

introduction of bacteria into the liver parenchyma, during cholecystectomy, as well as 

during hepatic biopsy or surgery, and the superinfection of pre-existing hepatic 

lesions, such as cysts or necrotic liver lesions”.  

IMAGING APPEARANCE: On MRI, the central pus is hyperintense on T2WI and 

hypointense on T1WI, with restricted diffusion on DWI. The inner and outer layers of 

the wall appear hypo- and hyperintense on T2WI, respectively21. Capsular 

enhancement is seen on contrast study, however this may be absent in 

immunocompromised patients. 

Pyogenic abscesses can also resemble primary or secondary hepatic tumours 

in appearance, seeming more solid. This is often seen in association with K. 

pneumoniae.  

 

Fig 4: Hepatic abscess showing high signal on DWI with low ADC signal 
suggestive of restricted diffusion. 
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8. Nodules in Cirrhotic Liver  

Regenerative nodules: 

These are well defined, localised proliferations of regular hepatocytes. They 

typically measure less than 2 cm in size. The progression from RNs to HCC may 

occur in stages, beginning with low grade dysplastic nodules and progressing to high 

grade dysplastic nodules and finally HCC. 

IMAGING APPEARANCE: On plain CT, they appear hyperdense than normal liver 

tissue owing to iron deposition, however on portal venous phase, they range from 

being isodense to hypodense. The RNs are hypointense on T1 and T2, and there is a 

loss of signal during out of phase gradient echo sequences. On postcontrast imaging, 

they are either isointense or very slightly hypointense to the liver parenchyma22.  

Dysplastic nodules: 

Histopathology reveals that these nodules have abnormal development of the 

hepatocytes, but there is no indication that they are malignant. There are both high-

grade and low-grade nodules. 

IMAGING APPEARANCE: Most of them are not seen on ultrasound. On CT, the 

degree of enhancement seen during the early phase is determined by the severity of 

dysplasia, which in turn is determined by the degree of hepatic artery 

neovascularization. 

On MRI, low grade nodules are hypointense on T2WI and high grade nodules 

are slightly hyperintense on T2WI. High-grade dysplastic nodules are hypointense on 

hepatocyte phase imaging with hepatocellular agents. T2 hyperintensity, restricted 

diffusion, and microscopic fat are all associated with an increased risk of malignant 

transformation23. 
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Etiology and risk factors of malignant hepatic tumors: 

 Hepatitis B and C Virus Infection 

 Alcohol abuse 

 Cirrhosis 

 Smoking 

 Higher hepatic DNA synthesis in cirrhosis 

 Autoimmune Hepatitis 

 Primary Biliary Cirrhosis 

 Environmental such as Aflatoxin, Thorotrast, N-Nitrosylated Compound, 

Pyrrolizidine alkaloids etc. 

 Metabolic Diseases such as Type 1 and 3 glycogen storage disease, Wilson’s 

Disease, alpha1-antitrypsin deficiency, Hemochromatosis, Galactosemia, 

Familial cholestatic cirrhosis etc. 

Types of malignant hepatic lesions: 

1. Hepatocellular Carcinoma (HCC): 

Nearly 75% of all primary liver malignancies are hepatocellular carcinoma, 

making it the most frequent type of liver cancer. Among those with cancer, it is the 

fourth leading cause of death24. Hepatocellular carcinoma (HCC) is most likely to 

occur in patients with cirrhosis, chronic viral hepatitis B or C, alcoholism, and/or non-

alcoholic steatohepatitis; hence, these patients should undergo routine 

ultrasonography to reduce their risk of developing HCC. If ultrasound reveals a focal 

lesion that is larger than one centimetre, either a CT scan or MRI with triple-phase 

contrast enhancement should be done. 
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According to the 2010 practice guidelines released by the American 

Association for the Study of the Liver Diseases (AASLD)25, the diagnosis of HCC 

must be based on both histology and imaging. Due to the possibility of 

cholangiocarcinoma or metastasis from colorectal cancer, a tumour in a cirrhotic liver 

with a high AFP is no longer usually associated with HCC. 

IMAGING APPEARANCE: On plain CT, HCC is hypodense, 

heterogeneously hypervascular on the arterial phase, with early washout (iso- to 

hypodense) on the portal phase, and hypodense on the delayed phase. HCC may be 

distinguished from arterioportal shunts and regenerating nodules by the presence of 

this early washout. 

The characteristic appearance of HCC on extracellular contrast agents (ECA)-

enhanced MRI is comparable to that of triple phase CT in most cases26. When using 

ECA, unique characteristics of HCC include the existence of "washout" as well as 

delayed enhancing pseudocapsule. On T1-WI, the signal strength of HCC may be 

rather varied, whereas on T2, it seems to be slightly hyperintense. The HCC shows 

diffusion restriction. Because of the presence of hemorrhage, fat, or necrosis, larger 

tumours exhibit a signal intensity distribution that is more heterogeneous over all 

sequences. Macroscopic fat may be recognised by using fat-saturated sequences, 

whereas microscopic fat can be identified by signal loss on out-of-phase images. 

Necrosis appears hypointense on T1 and hyperintense on T2WI with the reverse 

pattern seen with hemorrhage27. Other findings include a tumour capsule that is 

hypointense on both T1 and T2, as well as a tumour thrombus (vascular invasion of 

the portal or hepatic veins). 
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2. Intrahepatic cholangiocarcinoma: 

Cholangiocarcinoma, often known as CCA, is a kind of epithelial tumour that 

affects the branches of the intrahepatic biliary system. It is a primary liver cancer, 

which is the second most frequent28. The usual age of diagnosis is between 60 and 70 

years old, and men are more likely to be affected than women. Infection with the 

parasite Opisthorchis viverrini and Clonorchis sinensis, sclerosing cholangitis, 

choledochal cysts, previous surgery of the biliary tree, exposure to thorotrast29 & 

dioxin, and cirrhosis are all considered risk factors for intrahepatic CCA. Patients 

remain asymptomatic until the latter stages of the disease. The carcinoembryonic 

antigen (CEA), CA19-9, and CA-125 are all liver markers that have the potential to be 

increased when intrahepatic CCA is present.  

In the majority of instances, they will have a signal that is iso-hypointense on 

the T1, however the T2-WI may have a variable signal. A typical intrahepatic 

cholangiocarcinoma will show hyperintensity on T2-WI and will often obstruct both 

the arteries and the bile ducts, resulting in upstream ductal dilatation. The size of the 

affected region will decrease in conjunction with the capsular contraction that can be 

seen there. When contrast is given, the lesion shows delayed enhancement pattern (a 

hemangioma-like appearance). On the other hand, the enhancement of the 

cholangiocarcinoma does not match the blood pool. In addition, intrahepatic 

cholangiocarcinoma may also display homogeneous arterial contrast enhancement30. 

MRI, in combination with magnetic resonance cholangiopancreatography, is 

often used in the diagnostic process and staging of cholangiocarcinoma at present31. 

In many instances, the early enhancement is continuous around the rim, and it 

is then followed by increasing enhancement that is heterogeneous over the remaining 
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portion of the lesion. The cholangiocarcinoma is characterised by a late enhancement, 

which might be attributed to the fibrotic nature of the tumour. It has been shown that 

hypervascularity is present in about one third of the cases of cholangiocarcinoma. 

According to a study done by Lee et al., the degree of diffusion restriction can 

be used to establish a treatment plan and optimize the prognosis for patients with 

intrahepatic cholangiocarcinoma32. 

 

Fig 5 : Case of mass-forming intrahepatic cholangiocarcinoma in the left liver 
lobe of a 76-year-old man showing lobulated hetrogeneously hyperintense 
hepatic tumor on axial T2WI FS image and peripheral area of restricted 

diffusion on diffusion-weighted image (b = 800 s/mm2) 
 

3. Hemangiosarcoma: 

These tumours are extremely rare and aggressive, they only account for 0.2% 

to 2.0% of all cases of primary liver cancer. Liver hemangiosarcoma can be traced 

back to the endothelial cells that line arteries as their point of origin. These tumours 

have poor prognoses because of their propensity for metastasis and their rapid growth 

rate. These are difficult to diagnose due to the high levels of bleeding, haemorrhage, 

and necrosis that they present with on CT and MRI. Histological examination of a 

specimen obtained from a biopsy is the only method that provides 100% accuracy for 

determining a diagnosis. There is a correlation between exposure to chemicals such as 

vinyl chloride, arsenic, and thorotrast and the development of these tumours; 
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however, the underlying cause is often never identified (75 percent of cases are 

idiopathic) (e.g. occupational exposure). Radiation is also present, which is another 

source of concern. Majority of patients pass away within the first six months 

following their diagnosis.  

In most cases, the symptoms of hepatic angiosarcoma are non-specific and 

include fullness in the abdomen, malaise, and fatigue. Changes in laboratory 

indicators such as bilirubin levels, changed protein-albumin/globulin ratios, or 

elevated liver enzyme levels are only seen in large sized tumours. 

Hepatic angiosarcoma has many presentations ranging from multiple lesions 

to a single large mass or as a mixed tumor. Non contrast scans may show areas of 

heterogeneity with hemorrhage. In most cases, they demonstrate early arterial 

enhancement, which is then followed by gradual filling in of contrast inside the 

lesion. This is in contrast to the washout that is observed in hepatocellular 

carcinoma33. Angiosarcoma of the liver often has a hypervascular pattern that is 

distinct from that of other vascular tumours that may occur in the liver, such as 

hepatoma and hemangioma. 

On MRI the lesion shows variable signal intensity on T1 and T2WI along with 

diffusion hyperintensity and variable ADC values (which are greater than the mean 

reported in other hepatic malignancies, but lower than those shown in benign cysts 

and hemangiomas)34. A well-known complication that occurs in about 27% of patients 

is spontaneous rupture of the tumour, which may also be accompanied by peritoneal 

bleeding35. 
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4. Hepatoblastoma: 

In children less than 5 years old, hepatoblastoma is the liver tumour that occurs 

most often. It is very rare in adults36.  At least ninety percent of patients will have an 

abnormal AFP, and the AFP may be used as a marker to follow therapy and identify 

recurrence37. The right lobe of the liver is most commonly involved. 

IMAGING APPEARANCE: On CT, it is seen as a heterogeneously 

hypodense mass lesion with calcifications inside it in around 40% of the cases38. 

5. Metastasis 

Metastases are the most prevalent liver malignant neoplasms which are forty 

times more often than primary liver malignant neoplasms. The most common primary 

malignancy associated with metastasis is colorectal adenocarcinomas39 and are 

hypovascular. Neuroendocrine tumors, thyroid malignancies, renal cell, breast 

carcinoma, melanoma, and sarcoma show hypervascular metastasis40. Metastases 

from other primaries are usually hypovascular. 

At autopsy, the liver metastases are found in around 40% of individuals with 

extrahepatic cancer. As a result, proper characterization of liver metastases is crucial 

for establishing therapy and prognosis41. When it comes to imaging liver 

abnormalities, including metastases, MR is considered as primary imaging modality at 

many institutions. 

Metastases appear to be hypointense on T1WI and hyperintense on T2WI. On 

the other hand, metastases that include cystic and necrotic areas demonstrate elevated 

signal on T2WI. The distinctive T2 hyperintensity of melanotic metastases is caused 

by the presence of paramagnetic substances. These molecules include melanin, 
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extracellular methemoglobin, and protein. It is also seen that metastatic lesions 

resulting from necrotic or mucinous tumours are seen to have high ADC levels. 

According to the findings of the vast majority of research, the ADC levels of 

metastasis and HCC were the lowest when compared to those of the other malignant 

hepatic lesions.  

On dynamic post-contrast imaging, metastases are categorised as 

hypervascular, iso-vascular, or hypovascular based on whether or not they enhance 

more than the background liver parenchyma during the late arterial hepatic phase. 

When it comes to identifying tiny hepatic metastases, hepatocyte-specific 

agents (HAS) and DWI are more sensitive than CT imaging and give more sensitivity 

than traditional T2-W MR. Since the metastatic tumours have functional hepatocytes, 

they appear hypointense during the hepatocellular phase, creating a sharp distinction 

between enhancing liver tissue and metastases. Hence the detection of small liver 

metastases is more accurate and sensitive when HSAs and DWI are combined than 

when single magnetic resonance sequence is used42 43. 

 

Fig: 6 75-year-old man with metastatic colon cancer. On axial DWI, lesion 
appears hyperintense on b50 and b750 and intermediate signal on ADC value 

(1.55 × 10−3 mm/s). 
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Normal MRI Imaging of the Liver: 

The appearance of normal liver on MRI depends on the applied pulse 

sequence. On T1 weighted images, normal liver appears hyperintense compared to the 

normal spleen but shows lesser signal intensity than the pancreas. On T2 weighted 

images, normal liver appears hypointense compared to normal spleen.  

 

Fig 7. T2WI of the liver 

Proposal in clinical setting: Jaundice, hepatomegaly, unexplained fever, abnormal 

liver function tests can be indicative of a more serious underlying condition. When a 

mass lesion is seen in a patient with hepatitis B or C infection, associated with chronic 

liver illness, it is fair to suspect malignancy such as HCC.  

Lesions smaller than one centimeter are almost always discovered 

incidentally. These lesions, which can be cysts, hemangiomas, or biliary hamartomas 

and are absolutely innocuous.  

The major method used to categorise lesions is based on whether they are 

solid (i.e., benign or malignant tumours) or cystic (cysts, abscesses). Examples of 

benign tumours with arterial hypervascularization include adenomas and focal 

nodular hyperplasia (FNH), while examples of malignant tumours with the same 
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include hepatocellular carcinoma (HCC), metastases from neuroendocrine tumours, 

and hypernephroma. In most cases, abdominal CT with intravenous (IV) contrast and 

MRI with vascular (gadolinium) contrast media are sufficient for diagnosis and 

decision making without the need for histologic confirmation.  

Because of the consistent development and improvement in MRI over the 

past 15–20 years, it is now a reliable imaging modality for the liver. The 

modifications that have taken place are the result of the development of new 

technologies as well as the introduction of alternate intravenous contrast media. 

Phased array coils and systems are able to provide these benefits. It is the only 

organ for which, in addition to the general, nonspecific Gadolinium-based 

contrast agents, that are specific to the tissue of interest have been developed. 

T2 weighed imaging: 

The imaging techniques used for T2WI are the same whether a moderate 

or strong magnetic field is present. Whether for conventional TSE imaging while 

the patient is breathing normally or for breath-holding single-shot imaging, turbo 

or fast SE (TSE or FSE) pulse sequences are nearly always utilised to scan the 

liver. When utilising the free breathing approach, a picture of the liver can be 

acquired in approximately two to four minutes, but when using the single-shot 

method39, an image of the liver can be obtained in about thirty seconds44. It is 

essential to keep in mind that extremely small lesions that have T2 relaxation 

durations that are noticeably longer than those of the liver are usually more 

difficult to recognise on TSE images in comparison to standard T2WI SE 

images. The echo planar imaging (EPI) technique, which is fundamentally a 

T2WI method, makes it feasible to obtain an image of the liver in fewer than five 
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seconds. Another quick sequence for T2W imaging is based on the steady-state 

concept underlying free precession (e.g., TrueFISP). Even though this technique 

is utilised for T2W imaging of the liver, it appears to be subpar in comparison to 

other quick methods (such as HASTE) for imaging the heart and other organs 

that are constantly in motion.  

T2-weighted imaging reveals a lot of detail because the signal decay from 

mobile protons, like those in a tiny water molecule, takes a long time on the detector 

plane. T2-weighted imaging reveals a lower signal strength for protons that are 

coupled fat molecules that are bigger and less moving. This is because the signal for 

these protons decays more quickly, which is demonstrated by a smaller T2 value. 

Hemorrhage can change the local magnetic fields and cause susceptibility effects. 

Some of these alterations have the potential to alter the T1 or T2 relaxation rate of the 

tissue, making them visible on routine T1- and T2-weighted imaging. Nevertheless, it 

is not always possible to detect or define the lesion based purely on changes in T1 and 

T2 relaxation. This is because T1 and T2 relaxations are dependent on one another. 

Highly T2-weighted conventional spin-echo (SE) MR images can be utilised to 

distinguish benign from malignant nonsolid lesions such hemangiomas and cysts.  

Magnetic resonance imaging's (MRI) ability to visualise variations in the 

diffusion characteristics of tissue water has evolved as a powerful and multipurpose 

tool for characterising tissue structure and diagnosing and discriminating disease 

processes45. 

Each proton in the water molecule experiences a different-sized phase shift as 

a result of the initial gradient pulse. These changes are sensitive to the position of the 

molecule in relation to the gradient. The phase shift will be eliminated as long as the 
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water molecule remains in the same position between the first and second gradient 

pulses; otherwise, the phase shift will be introduced (which has the opposite effect of 

the first). It is possible that the signal from a specific location could be lost if the 

molecule of water moved between the first and second gradient pulses. Additionally, 

it has been shown that the strength of a signal's attenuation is related to the size of the 

motion component along the same axis as the diffusion gradient. If the motion is 

perpendicular to the gradient, there would be no degradation of the signal.  

Non-diffusion-related motion artefacts may have a deleterious impact on DW-

MRI. Displacements much larger than those to which DW-MRI has been sensitised 

can be produced by naturally occurring motions within the body, such as respiration, 

intentional movement, and even arteriole level perfusion. To account for bulk motion, 

"snap-shot" imaging techniques had to be developed, and echo-planar imaging this far 

has been the most successful technique. While single-shot systems are robust against 

motion, they are especially vulnerable to variations in the magnetic field. This causes 

blurring and artefacts in areas with large fluctuations in magnetic susceptibility, such 

as the interface between air and tissue or the chemical-shift effect, which is most 

evident at the fat-water interface. In addition, single-shot methods have a lower 

resolution than multi-shot methods.  

DWI is a method of functional imaging that works by tracking the Brownian 

motion of individual water molecules. The architecture of a tissue creates obstacles 

for extracellular water molecules that are aimlessly travelling through the tissue. In 

densely packed tissue, there is a greater possibility that the cell membranes will act as 

a barrier to the diffusion of extracellular water. As a result of the reduced length of the 

ADC's diffusion path, the size of the ADC will be reduced. In necrotic or cystic 
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tumous, on the other hand, where there are less structural barriers, a high ADC value 

would be linked with the diffusion channel. This implies that ADC maps, which are 

created from diffusion-weighted imaging, might offer a method of examining 

cellularity without the use of any invasive techniques. b-values between 0 and 

1000s/mm2 are used to generate diffusion-weighted images and ADCs of superior 

quality is standard.  

 

Fig.8 Axial diffusion-weighted (b value=800 s/mm2) image shows hyperintensity. 
Apparent diffusion coefficients (ADC) shows hypointensity compared with 
normal parenchyma with ADC value of about 1.15 × 10-3 mm2/s. Case of 

hepatocellular carcinoma. 
 

Intravascular space was found to be the source of a significant portion of the 

signal on the DWI. There is a clear correlation between the degree to which water 

diffusion is impeded and the cellularity of the tissue as well as the integrity of the cell 

membranes. Hypercellularity and expanded nuclei are two characteristics that are 

unique to malignant lesions. These histopathological characteristics lower the ADC 

value because they reduce the amount of extracellular matrix and the amount of space 

available for the diffusion of water protons in the regions outside of the cells. 

Therefore, it is possible to identify benign and malignant liver lesions with the use of 

the ADC values.  
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In a study conducted by Filipe et al. the cut- off value used to differentiate 

benign and malignant lesions was 1.43 x 10-3 mm2 /s. He also concluded that the ADC 

value of malignant lesions is significantly lower compared to benign lesions46. 

In addition to playing a part in the detection and characterization of tumours, 

DWI has also shown promise as a tool for predicting and monitoring the efficacy of 

treatment interventions. Increasing ADC values have been consistently associated 

with positive treatment outcomes in clinical investigations47. 

In the vast majority of trials, researchers discovered that malignant tumours 

had ADC values that were much lower than those of benign tumours. This technique 

does not utilise radiation, does not call for the use of intravenous contrast material, the 

expediency with which it can be applied, and can provide quantitative information 

regarding tissue are among the most notable advantages. Patients diagnosed with renal 

dysfunction might develop nephrogenic systemic fibrosis if gadolinium is given, 

hence contrast should be avoided48. 

Recently, there has been a lot of interest brought on by the effectiveness of 

DWI in oncological applications. It has been determined through research that the 

diagnostic performance of DWI in patients with HCC and metastatic liver disease is 

comparable to that of contrast MRI. 

Standard T2 weighted imaging might make it difficult to locate small lesions 

surrounding arteries and in the periphery of the liver. However, DWI makes it simple 

to locate these lesions. It has been shown to be effective in the detection of metastases 

that are less than 10 millimetres in size. Along with multiphase contrast enhanced-

MRI techniques, DWI better depicts metastatic liver lesions, and is more sensitive 

than gadoxetic acid-enhanced MRI (90.6-95.4%) when used alone.  
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DWI has also been helpful in facilitating the differentiation of cirrhotic 

hepatocellular nodules. DW-MRI has also shown to be beneficial in patients with 

locally progressed HCC by determining whether the venous thrombus is benign or a 

tumour thrombus caused by HCC suggesting angioinvasion. In comparison to a bland 

thrombus, tumour thrombus and HCC have been shown to have an ADC ratio that is 

lower than 2. 

Recently, DWI has been utilised in an effort to make a prediction regarding 

the histopathological grades of HCC. Microvascular invasion and histological sub-

type maturation are found to correlate with ADC levels. The ADC of poorly 

differentiated HCCs is also shown to be much lower compared to that of HCCs with a 

higher degree of differentiation. Microvascular invasion can be predicted using a 

cutoff value of 1.1750 x 10-3 mm2/s.  

After radiofrequency ablation of hepatic primary tumours and metastases, it 

may be possible to detect local tumour progression and post-treatment tissue changes 

unrelated to the tumour by analysing signal variations proximal to the ablation zone 

using ADC. This would be done in order to determine whether or not the progression 

is related to the tumour. In the early post-ablation zone, there may be a heterogeneous 

signal on unenhanced T1 and T2WI as a result of edema, haemorrhage, and the 

inflammatory response. Four to six months following the ablation, a high T1 and a 

low T2 signal (coagulation necrosis) continue to be present; however, they eventually 

revert to normal. It is indicative of a local recurrence if there is a reappearance of 

nodular enhancing foci inside the ablation zone. Patients who have ADC values (one 

month after RFA) that are lower than 1.145 x 10-3 mm2/s are at an elevated risk for a 

local recurrence of HCC. 
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REVIEW OF STUDIES: 

49In a large case series that Frank and his colleagues worked on, apparent 

diffusion coefficient values were used to characterise the various types of focal liver 

lesions and, in particular, to distinguish solid benign lesions from solid malignant 

neoplasms. This was done in order to better treat patients with solid malignant 

neoplasms. The ADC value for cysts was 3.40, while the ADC for hemangiomas was 

2.26, the ADC for FNH was 1.79, the ADC for adenomas was 1.49, the ADC for 

abscesses was 1.97, and the ADC for HCC was 1.53 x 10-3mm2/s. The average ADC 

for benign lesions was 2.50, whereas the average for malignant ones was 1.52. It was 

quite easy to differentiate cysts from other types of lesions. Tumors of solid tissue, 

whether benign or malignant, did share several characteristics, though.  

50According to Demir et al., the average ADC value of a hemangioma was 

calculated to be 2.46 x 10-3mm2/s when applying a gradient of 1,000 s/mm2. The 

average ADC for b-600 among the 61 hemangiomas in their study was 1.98 x 10-

3mm2/s. 

49Recent research conducted by Miller and colleagues evaluated ADC levels to 

characterise a variety of localised liver lesions. Mean ADC values (with b-0 and b-

500 s/mm2 values) were 1.53 x 10-3 mm2/s, 1.50 x 10-3 mm2/s, and 1.79 x 10-3 mm2/s, 

respectively, for hepatocellular carcinoma, metastasis, and focal nodal hyperplasia, 

respectively. Scientists found that benign tumours had considerably elevated ADC 

levels than malignant ones. Conversely, a FNH benign lesion's ADC value is not 

noticeably different from that of a malignant lesion. 
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51Focused MRI of the liver (hepatic MRI) is often used to categorise focal 

liver lesions (FLLs) as benign or malignant, and Lidia Ciobanu conducted research to 

evaluate the diagnostic utility of DWI. The average ADC ratio was 1.91 for non-

cancerous FLLs and 1.85 for cancerous FLLs, according to the two readers. To know 

if FLLs are benign or malignant, the ROC analysis with ADC ratio is the best 

indicator. Liver DWI may help identify FLLs, and the ADC value and ADC ratio can 

help distinguish between benign and malignant FLLs. 

52Haradome H et al proved that accuracy was more when both the sequences 

are combined (80.3%) than individual sequences, T2WI set (68.8%), and DWI set 

(73.2%). But there was not much difference between the T2WI and DWI sets. 

53Elbarbary AA et al conducted a study was conducted in 40 patients. The 

study shows that low ADC values were noted in metastases, cholangiocarcinoma’s, 

hepatocellular carcinomas and the highest values were noted in hemangiomas. 

However, no significant difference was found amongst the different benign and 

malignant lesions. The study concluded that DWI alone performs equally well as 

contrast enhanced MRI in detection and differentiation of different hepatic focal 

lesions in cases where contrast cannot be given. 

54Javadrashid R et al conducted a prospective study in 93 patients referred to 

study the sensitivity and specificity of diffusion-weighted imaging (DWI) along with 

ADC values in discriminating benign lesions from malignant ones. Mean ADC values 

for benign and malignant hepatic lesions were found to be 1.58 ± 0.35 (10-3 mm2/s) 

and 0.87 ± 0.16 (10-3 mm2/s s), respectively. DW imaging had a sensitivity of 97.6% 

and specificity of 98.7% in detecting malignant hepatic lesions from benign ones.  
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55Paley did this study to determine whether or not differences in signal 

intensity and lesion-to-liver contrast brought about by ferumoxides-enhanced MRI of 

localised hepatic lesions may be utilised to differentiate between benign and 

malignant lesions. Ferumoxides-enhanced T2-WI showed considerable signal 

reduction in localised nodular hyperplasia. Few hepatic adenomas and hepatocellular 

carcinomas showed a statistically significant decrease in signal intensity on 

ferumoxides-enhanced T2-WI. T2-WI enhanced with ferumoxides demonstrated a 

considerable increase in lesion-to-liver contrast for metastases and hemangiomas, but 

not for hepatocellular carcinoma. Significant attenuation of signal on ferumoxides-

enhanced T2-WI distinguishes focal nodular hyperplasia from other localised hepatic 

lesions. Reticular endothelial uptake is not unique to focal nodular hyperplasia, even 

though it is present at lower levels in this condition. Hepatocellular adenoma and 

carcinoma also share this feature. 

56Elizabeth MacFarland performed research on a 1.5-T MRI to see if more 

heavily T2-weighted conventional spin-echo sequences help distinguish between 

benign and malignant tumours. Malignant hemangiomas had a mean T2 time of 76 

msec, whereas hemangiomas had a mean T2 duration of 142 msec 40 and cysts had a 

mean T2 duration of 341 msec. With a cutoff T2 value of 112 msec, we were able to 

distinguish hemangiomas from malignant tumours with a 97% accuracy, 100% 

sensitivity, and 92% specificity. Differentiating between benign lesions like 

hemangiomas and malignant ones like lymphomas is possible by evaluating T2 

relaxation times with a more highly T2-weighted sequence.  
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MATERIALS AND METHODS 

Source of data: The study population includes patients referred to do MRI abdomen 

study to diagnose and/or to confirm the ultrasonographic or CT findings of focal 

hepatic lesions, presenting to the Department of Radio-Diagnosis at the KLE’s Dr. 

Prabhakar Kore Hospital & MRC, Belagavi. 

Method of collection of data: 

a) STUDY DESIGN: Hospital based prospective study 

b) SAMPLE SIZE: The minimum sample size formula based on prevalence    

rate is  

                         n =  

where, P is the percentage of prevalence and d is the percentage likely difference in 

the prevalence. 

zα is linked with the level of significance. For 5% level of the significance zα = 1.96. 

Ref: 

With P = 69.88%3 and d = 17.47% of P = 7.50%, the sample size is 26. 

To make the study more confirmative, the sample size will be raised to 30. 

c) STATISTICAL ANALYSIS: Since the study is observational, the plan of 

analysis will be as follows. 
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For the continuous quantitative variables mean and standard deviation will be 

calculated. 

Categorical data will be represented in the form of frequency and percentage. 

The agreement between the variables is assessed using kappa coefficient. 

Suitable graphs will be used to depict the comparison.  

d) For all the tests the value of p less than 5% (0.05) will be considered 

significant. 

e) SAMPLING METHOD: Universal sampling 

f) STUDY DURATION: 1st January 2021 to 31st December 2021 (12 months) 

g) INCLUSION CRITERIA: 

• All patients referred for MRI abdomen with clinically suspected focal liver 

lesions and patients with incidental findings detected on Ultrasonography 

or Computerized tomography (CT). 

• Age group: 15-90 years. 

h) EXCLUSION CRITERIA:  

• Having no FLL. 

• Having FLLs with a maximum diameter of less than 5 mm 

• Regional therapy (radiofrequency ablation) or systemic chemotherapy 

before MRI, which could affect signal of the lesions at DWI. 
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• All patients having cardiac pacemakers, prosthetic heart valves, cochlear 

implants or any metallic implants. 

METHODOLOGY 

• All patients referred to the Department of Radio diagnosis at KLE’s Dr. 

Prabhakar Kore Hospital & MRC, Belagavi. 

• Patients of age group 15-90 years referred to MRI abdomen clinically 

suspected of focal liver lesions and with incidental findings detected on USG 

or CT in a period of 1 year will be subjected for the study. 

• Abdomen will be assessed in axial, sagittal and coronal planes. 

• Recommended sequences: T1WI, T2WI in axial and coronal plane, DWI and 

Post contrast dynamic study (whenever indicated). 

• Patients are followed with biopsy of the lesion or surgery or follow up after six 

months at KLE hospital. 

• Informed consent-Written informed consent will be taken from each 

participant prior to the study. 
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RESULTS 

Table 1: Age wise distribution of patients 

Age groups No of patients % of patients 

<=40yrs 10 22.22 

41-50yrs 9 20.00 

51-60yrs 9 20.00 

61-70yrs 10 22.22 

>=71yrs 7 15.56 

Total 45 100.00 

Mean age 53.57  
 

Figure 1: Age wise distribution of patients 

 

This study included 45 patients of which 78% of the patients are above 40 years of 

age. The prevalence of focal liver lesions is more in this age group. 
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Table 2: Gender wise distribution of patients 

Gender No of patients % of patients 

Male 26 57.78 

Female 19 42.22 

Total 45 100.00 

 

Figure 2: Gender wise distribution of patients 

 

Out of 45 patients with FLL’s, 26 are males accounting for 57.7% of the sample and 

19 are females accounting for 42.2% of the sample. 
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Table 3: Associated comorbidity of the patients 

Associated comorbidity No of patients % of patients 

CA adrenals 1 2.2 

CA cervix 1 2.2 

CA rectum 2 4.4 

CA stomach 1 2.2 

CA tongue 1 2.2 

CLD (chronic liver disease) 9 20.0 

HbsAg+ 2 4.4 

Wilson's disease 1 2.2 

No underlying comorbidities 18 40.0 

Other complaints 9 20.0 

Total 45 100 
 

Figure 3: Associated comorbidity of the patients 

 

20% of the patients had associated CLD, followed by hepatitis-b, carcinoma rectum 

etc. 
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Table 4: No of types lesions wise distribution of patients 

No of lesions present No of patients % of patients 

One 39 86.67 

Two 6 13.33 

Total 45 100.00 

 

Figure 4: No of types of lesions wise distribution of patients 

 

In this study, 39 out of 45 patients had one type of lesion and 6 patients had 2 types of 

lesions. 
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Table 5: Lobe/segment wise distribution 

Lobe/segment No of patients % of patients 

Right lobe 40 78.43 

Left lobe 7 13.73 

Both lobes 4 7.84 

Total 51 100.00 

 

Figure 5: Lobe/segment wise distribution 

 

40 out of 51 patients had lesions in the right lobe of the liver, 7 patients had lesions in 

the left lobe of liver and 4 patients had lesions in both the lobes. 
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T2 WI findings 

Table 6: Status of margin of lesions on T2WI 

Margin No of lesions % of lesions 

Ill defined 19 37.25 

Well defined 32 62.75 

Total 51 100.00 

 

Figure 6: Status of margin of lesions on T2WI 

 

On TW2I, 32 out of 51 lesions had well-defined margins and the rest of the lesions 

had ill-defined margins. 
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Table 7: Status of signal intensity on T2WI 

Signal intensity No of lesions % of lesions 

Hetero 19 37.25 

Hyper 29 56.86 

Iso/hypo 3 5.88 

Total 51 100.00 

 

Figure 7: Status of signal intensity on T2WI 

 

On TW2I, 29 out of 51 lesions were hyperintense, 19 lesions had heterogeneous 

signal intensity and the rest had iso-hypointensity. 
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Table 8: Status of lesion character (T2 WI) 

Lesion character No of lesions % of lesions 

Benign 28 54.90 

Intermediate 5 9.80 

Malignant 18 35.29 

Total 51 100.00 

 

Figure 8: Status of lesion character (T2 WI) 

 

 On T2WI, 28 lesions considering benign, 18 lesions are considered malignant and 5 

lesions as intermediate based on the lesion margins and signal intensity. 

 

 

Benign
54.90%

Intermediate
9.80%

Malignant
35.29%



Results 

 Page 44 
  

DWI findings 

Table 9: Status of lesions at 50 mm/s2 

50 mm/s2 No of lesions % of lesions 

High signal 50 98.04 

Low signal 1 1.96 

Total 51 100.00 

 

Figure 9: Status of 50 mm/s2 of lesions 

 

In this study, 50 out of 51 lesions had high signal on DWI at 50 mm/s2. 
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Table 10: Status of signal drop at 400 and 800 mm/s2 of lesions 

Signal drop at 400 and 800 mm/s2 No of lesions % of lesions 

Absent 23 45.10 

Present 28 54.90 

Total 51 100.00 

 

Figure 10: Status of signal drop at 400 and 800 mm/s2 of lesions 

 

On DWI, signal drop at 400 and 800 mm/s2 is seen in 28 lesions. Rest of the lesions 

(23) showed persistent high signal.  
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Table 11: Status of ADC of lesions 

ADC No of lesions % of lesions 

High signal 20 39.22 

Low signal 31 60.78 

Total 51 100.00 

 

 

Figure 11: Status of ADC of lesions 

 

31/51 lesions showed low ADC value and rest of the lesions showed high ADC value 
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Table 12: Status of restriction pattern of lesions on DWI and ADC 

Restriction pattern No of lesions % of lesions 

Absent 20 39.22 

Heterogeneous 26 50.98 

Homogeneous 5 9.80 

Total 51 100.00 

 

Figure 12: Status of restriction pattern of lesions on DWI and ADC 

 

Of the 31 lesions with restricted diffusion, 26 lesions showed heterogeneous pattern 

of restriction and 5 lesions had homogeneous pattern. 
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Table 13: Status of Lesion character (DWI) 

Lesion character No of lesions % of lesions 

Benign 20 39.22 

Malignant 31 60.78 

Total 51 100.00 

 

Figure 13: Status of Lesion character (DWI) 

 

Based on the signal at DWI and ADC, 31 lesions are considered malignant since they 

had restriction of diffusion and the rest are considered benign. 
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Table 14: Status of Lesion character (T2WI AND DWI) of lesions 

Lesion character No of lesions % of lesions 

Benign 23 45.10 

Malignant 28 54.90 

Total 51 100.00 

 

Figure 14: Status of Lesion character (T2WI AND DWI) of lesions 

 

Based on both the sequences, 28 lesions are considered malignant and 23 lesions are 

considered benign. 
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Table 15: Status of BIOPSY/FNAC of lesions 

BIOPSY/FNAC No of lesions % of lesions 

Benign 8 15.69 

Malignant 14 27.45 

No 29 56.86 

Total 51 100.00 

 

Figure 15: Status of BIOPSY/FNAC of lesions 

 

Biopsy was done for 22 lesions of which 14 lesions turned out to be malignant and 8 

lesions were benign.  
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Table 16: Status of final lesion character 

Final lesion character No of lesions % of lesions 

Benign 26 50.98 

Intermediate 1 1.96 

Malignant 24 47.06 

Total 51 100.00 

 

Figure 16: Status of final lesion character 

 

The final lesion character was based on cross-sectional imaging and histopathological 

correlation. 26 were benign lesions, 24 were malignant lesions and 1 lesion was 

intermediate. 
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Table 17: Percentage of lesions correctly classified 

Sequences Correctly classified % correctly classified 

T2 WI 37 72.55 

DWI 41 80.39 

Both 44 86.27 

 

Figure 17: Percentage of lesions correctly classified 

 

In this study, 37 lesions are correctly classified on T2WI, 41 lesions are correctly 

classified on DWI and 44 lesions are correctly classified on both the sequences 

together. 
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Table 18: Status of diagnosis 

Diagnosis No of lesions % of lesions 

Cholangitic abscess 1 1.96 

Dysplatic nodule 1 1.96 

Focal nodular hyperplasia 2 3.92 

Hemangioma 9 17.65 

Hepatic abscess 4 7.84 

Hepatic adenoma 1 1.96 

Hepatic cyst 8 15.69 

Hepatocellular carcinoma 12 23.53 

Intrahepatic 

cholangiocarcinoma 

3 5.88 

Metastasis 6 11.76 

Multicentric HCC 1 1.96 

Multifocal HCC 2 3.92 

Regenerative nodules 1 1.96 

Total 51 100.00 
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Figure 18: Status of diagnosis 
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Table 19 a: Kappa agreement between lesion character (T2 WI) and final Lesion 

character 

Agreement Kappa Std. Err. Z-value p-value 

72.55% 0.4479 0.1176 4.2700 0.0001,S 

 

 

Table 19 b:  Kappa agreement between lesion character (DWI) and final Lesion 

character 

Agreement Kappa Std. Err. Z-value p-value 

80.40% 0.6095 0.1361 4.4800 0.0001,S 

 

 

Table 19 c:  Kappa agreement between lesion character (T2 WI and DWI) and 

final Lesion character 

Agreement Kappa Std. Err. Z-value p-value 

86.27% 0.7260 0.1391 5.2200 0.0001,S 
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DISCUSSION 

In this study, the role of T2WI and DWI of liver in plain MRI abdomen is 

studied in 45 patients presenting with pain abdomen or in asymptomatic patients in 

whom routine ultrasound abdomen showed a liver lesion, between the age group 15-

90 years. 

MRI abdomen (plain) is done for 45 patients, of which 9 patients are known 

case of chronic liver disease, 2 patients are known case of hepatitis-b, 2 patients are 

known case of carcinoma rectum, 1 patient has carcinoma stomach, 1 patient has 

carcinoma cervix, 1 patient has carcinoma adrenal gland, 1 patient has carcinoma 

tongue and 1 patient is a known case of wilson’s disease. The most commonly 

associated condition in this study is chronic liver disease which is seen in 20% of the 

patients. Rest of the 27 patients either showed a liver lesion on routine annual 

ultrasonography or had either come with other complaints 

The median age in this study is 56. In a similar study conducted by Robert M. 

Hicks et al. had a median age of 6357. 

Males are more in number than females (26 out of 45 were males) in this 

study. In a similar study conducted by Yang DM et. al, included 45 patients in their 

studies in which the 30 were males and 15 were females58. 

A total number of 51 lesions are present in 45 patients, 6 patients have more 

than one type of lesion. In 78% of the patients right lobe of liver was involved (Of 51 

lesions, 40 lesions were present in right lobe, 7 lesions were present in left lobe and 4 

lesions were present in both the lobes of liver). In a study conducted by KOTNIS S et. 
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al, 64% of the patients had lesion in right lobe of the liver (27 out of 38 patients had 

lesion in right lobe of the liver)59. 

Based on the margins and signal intensity on T2 weighted sequence52, the 

status of lesion character is categorized into benign/malignant/intermediate. The 

lesion is considered benign if the margin is well-defined and showed homogenously 

high signal intensity on T2, it is considered malignant if it has ill-defined margins 

with iso or low signal intensity and is considered intermediate if the lesion has ill-

defined margins with homogenously high signal intensity or if the lesion has well 

defined margins with heterogenous low/ isointensity56. 

Of 51 lesions, 29 lesions are homogeneously hyperintense on T2 weighted 

sequence, 19 lesions are heterogenous and 3 lesions are either iso or hypo intense. 32 

lesions had well defined margins on T2 weighted sequence, and 19 lesions had ill- 

defined margins. Based on these two characteristics, 28 lesions are considered as 

benign, 18 lesions are considered malignant and 5 lesions are considered intermediate. 

On DWI, lesions are assessed at 50 mm/s2 400 mm/s2 and 800 mm/s2. Lesions 

are categorized into benign and malignant based on the signal on DWI and ADC. 

Lesion is considered benign if it has high signal on DWI & ADC and it is considered 

malignant if it has high signal intensity on DWI and low signal intensity on ADC 

suggesting restriction of diffusion. In a study conducted by Bruegel M et al, 

Malignant hepatic lesions have demonstrated a significantly lower ADC than benign 

hepatic lesions60.  

In our study out of 51 lesions, 50 had high signal at 50 mm/s2. Of the 50 

lesions, 28 showed signal drop (low signal) at both 400 and 800 mm/s2. Based on 
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DWI and ADC, 31 lesions are considered malignant which showed restriction of 

diffusion, of which 26 had heterogeneous restriction pattern and 5 lesions had 

homogeneous restriction pattern. 20 lesions did not show diffusion restriction and are 

considered benign. 

The lesions are again categorized combining both T2WI and DWI sequences. 

Lesions are considered as malignant if it was malignant one or both the sequences and 

lesions are considered benign only if it is benign on both the sequences. Of 51, 23 

lesions are categorized as benign and 28 lesions are categorized as malignant based on 

both the sequences. 

In our study, biopsy was done for 22 lesions of which 8 lesions are benign and 

14 lesions are malignant. 

On assessing the accuracy of lesion characterization, correctly classified 

lesions based on T2WI are 37 (72.5%), based on DWI are 42 (80.3 %) and 44 (86.2 

%) based on both the sequences. Hence combination of both the sequences increased 

the accuracy in discriminating benign and malignant focal liver lesions. In a study 

conducted by Parikh et al, sensitivity, specificity, and accuracy rates of T2WI and 

DWI in lesion characterisation were 92%/92%, 80%/83%, and 87%/89%, 

respectively4. 

Of 51 lesions, Hepatocellular carcinoma (includes multicentric and multifocal 

HCC) contributed to the highest percentage of lesions found (29.41%), followed by 

hemangiomas (17.65%), hepatic cysts (15.6%), metastasis (11.7%), hepatic abscess 

(7.8%), intrahepatic cholangiocarcinoma (5.8%), focal nodular hyperplasia (3.9%), 
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cholangitic abscess (1.9%), dysplastic nodule (1.9%), hepatic adenoma (1.9%) and 

regenerative nodule (1.9%). 

Misclassified lesions: 

On T2WI, 14 lesions were misclassified. 2 metastatic lesions were considered 

benign since they were well defined and homogenously hyperintense, 2 metastatic 

lesions were considered intermediate (1 had well defined margins with heterogenous 

signal intensity and one had ill-defined margins with heterogeneous signal). All the 

metastatic lesions were correctly classified on DWI, as the lesions showed low ADC 

values. 3 HCC’s were classified as intermediate because the lesions showed ill-

defined margins with high signal, 1 HCC was considered benign because of well-

defined margins and homogeneously high signal. All the HCC’s were correctly 

classified on DWI, as ADC value was low for these lesions. Hence DWI is more 

accurate in categorizing malignant lesions than T2WI in accordance with few 

previous studies. 

FNH (n=2) were wrongly classified as malignant on both T2WI and DWI 

sequences, as the lesions had ill-defined margins and heterogenous signal with low 

ADC value. One intrahepatic cholangiocarcinoma was misclassified as benign on 

both the sequences due to well-defined margins, high signal on T2WI and high ADC 

value. 

1 regenerative nodule was wrongly classified on T2WI since it had 

hypointense signal but was correctly classified as benign on DWI due high ADC 

value. 1 dysplastic nodule was wrong classified as benign on both T2WI and DWI 
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since it had well defined margins with hyperintense signal on T2 and high ADC 

value.  

Hepatic abscesses (4) and cholangitic abscess (1) were misclassified as 

malignant on DWI due to low ADC values. 2 of these lesions were correctly classified 

as benign on T2WI since the lesions showed well defined margins with high signal 

intensity.  

Hepatic adenoma was misclassified as malignant on DWI due to low ADC 

value, however the lesion was correctly classified on T2WI as it showed well defined 

margins with high signal intensity on T2WI. 

In agreement with previous similar studies, in this study most of the benign 

cystic lesions are correctly classified on T2 and DWI sequences56.  
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CONCLUSION 

• Sample size in the present study was 45. 

• 78% of the patients having focal liver lesions were above 40 years of age. Rest 

28% were in the age group 20-40 years. 

• In the present study, males outnumbered females (57.8% v/s 42.2% 

respectively). 

• The most common associated condition was chronic liver disease (20% of the 

patients had co-existing CLD), followed by hepatitis-b, carcinoma rectum etc. 

• 40 out of 51 (78.4%) patients had lesions in right lobe of liver. Rest of them 

had either in the left lobe or involving both the lobes (13.7% and 7.8% 

respectively). 

• Lesions were assessed independently using T2WI and DWI sequences and on 

both the sequences on 3T MRI scanner. 

• Histopathological confirmation was done for 22 lesions, of which 14 were 

malignant and 8 were benign. 

• 37 out of 51 lesions were correctly classified on T2WI (72.5%). 

• 41 out of 51 lesions were correctly classified on DWI (80.3%). 

• Accuracy of correctly classified lesions was increased to 86.2% (44 out 51) 

when the lesion was categorized using both the sequences. 

• Almost all benign cystic lesions were correctly classified on T2WI. 

Misclassified lesions on T2WI are mostly the malignant ones. 

• Most of the malignant lesions were correctly classified on DWI like HCC and 

metastases. Most misclassified lesions on DWI were hepatic abscesses. 
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• Solid benign lesions like focal nodular hyperplasia and hepatic adenoma were 

misclassified as malignant on both the sequences. 

• In this study, DWI was better at categorizing malignant lesions and T2WI was 

good at categorizing cystic benign lesions. However, both the sequences when 

used together improved the diagnostic accuracy of focal liver lesions. 
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LIMITATIONS 

 Sample size was less in this study. 

 Most of the benign lesions were either cysts or hemangioma. Very few 

number of solid benign lesions like hepatic abscess, focal nodular hyperplasia 

and hepatic adenomas were included. 

 Large number of benign cystic lesions were correctly classified, but solid 

benign lesions were considered malignant on T2WI and DWI hence 

decreasing the percentage of correctly classified lesions. 

 Biopsy was done for few number of lesions, however the diagnosis was 

confirmed by cross-sectional imaging and follow up imaging to avoid 

misclassification. 

 Sensitivity, specificity and accuracy can be calculated by single receiver 

operating characteristic curve (ROC); however, it was not obtained in this 

study. 

 



Summary 

 Page 64 
 

SUMMARY 

• The overall number of focal liver lesions (FLL) discovered accidentally has 

increased as a result of the increased usage of imaging technology. The great 

majority of FLLs that develop in livers without cirrhosis are benign and do not 

develop into malignancy. Adenomas, focal nodular hyperplasias, and 

hemangiomas are the three types of solid benign tumours that are most 

prevalent. 

• Ultrasound, CT scan, and MRI are imaging modalities utilised for liver 

pathology. Since ultrasound contrasts are difficult to obtain and ionising 

radiation is not present, magnetic resonance imaging is the preferred method for 

FLL characterisation. 

• DWI is useful in distinguishing between the intra-hepatic arteries and the small 

localised lesions, however it has not yet completely replaced T2WI in everyday 

practise. This is because T2WI can distinguish between the two types of lesions 

without reducing its accuracy. 

• In this study MRI scanner with a field strength of 3 Tesla is used, to determine 

whether or not combining the two sequences (T2WI and DWI) results in more 

accurate diagnoses. 

• The study population includes patients referred to do MRI study to diagnose 

and/or to confirm the ultrasonographic or CT findings of focal hepatic lesions, 

presenting to the Department of Radio-Diagnosis at the KLE’s Dr. Prabhakar 

Kore Hospital & MRC, Belagavi. 
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• The role of T2WI and DWI sequences of liver in plain MRI abdomen was 

studied in 45 patients between the age group 15-90 years. 

• MRI abdomen and pelvis was done for 45 patients, of which 9 patients were 

known case of chronic liver disease, 2 patients were known case of hepatitis b, 2 

patients were known case of carcinoma rectum, 1 patient had carcinoma 

stomach, 1 patient had carcinoma cervix, 1 patient had carcinoma adrenal gland, 

1 patient had carcinoma tongue and 1 patient was a known case of wilson’s 

disease. The most commonly associated condition was chronic liver disease 

which was seen in 20% of the patients. Rest of the 27 patients either showed a 

liver lesion on routine annual ultrasonography or had either come with other 

complaints 

• The median age in this study was 56. In 78% of the patient’s right lobe of liver 

was involved. Lesions were assessed independently using T2WI and DWI 

sequences and on both the sequences together on 3T MRI scanner. 

• On T2WI, of 51 lesions, 29 lesions were homogeneously hyperintense on T2 

weighted sequence, 19 lesions were heterogenous, and 3 lesions were either iso 

or hypo intense. 32 lesions had well defined margins on T2WI, and 19 lesions 

had ill- defined margins.  

• Lesions were categorized into benign/malignant/intermediate based on margins 

and signal intensity on T2WI. The lesion was considered benign if the margin is 

well-defined and showed homogenously high signal intensity on T2, it was 

considered malignant if it had ill-defined margins and iso or low signal intensity 

and it was considered intermediate if the lesion had ill-defined margins with 

homogenously high signal intensity or if the lesion had well defined margins 

with heterogenous low/ isointensity. Based on these two characteristics, 28 
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lesions were considered as benign, 18 patients were considered malignant and 5 

lesions were considered intermediate.  

• Lesions were categorized into benign and malignant based on the signal on DWI 

and ADC. Lesion was considered benign if it had high signal on DWI & ADC 

and it was considered malignant if it showed high signal intensity on DWI and 

low signal intensity on ADC suggesting restriction of diffusion in the lesion.  

• Based on DWI and ADC, 31 lesions were considered malignant which showed 

restriction of diffusion, of which 26 had heterogeneous restriction pattern and 5 

lesions had homogeneous restriction pattern. 20 lesions did not show diffusion 

restriction and were considered benign. 

• Based on both T2WI and DWI sequences, lesions were considered as malignant 

if it was malignant one or both the sequences and lesions were considered 

benign if it is benign on both the sequences. Of 51, 23 lesions were categorized 

as benign and 28 lesions were categorized as malignant based on both the 

sequences. 

• Biopsy was done 22 lesions of which 8 lesions had come out as benign and 14 

as malignant. 

• Correctly classified lesions based on T2WI were 37 (72.5%), based on DWI 

were 42 (80.3 %) and 44 (86.2 %) based on the both the sequences. Hence 

combination of both the sequences increased the accuracy in discriminating 

benign and malignant focal liver lesions.  

• 37 out of 51 lesions were correctly classified on T2WI (72.5%). 

• 41 out of 51 lesions were correctly classified on DWI (80.3%). 

• Accuracy of correctly classified lesions was increased to 86.2% (44 out of 51) 

when the lesion was categorized using both the sequences. 
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• Almost all benign cystic lesions were correctly classified on T2WI. 

Misclassified lesions on T2WI are mostly the malignant ones. 

• Most of the malignant lesions were correctly classified on DWI like HCC and 

metastases. Most misclassified lesions on DWI were hepatic abscesses. 

• Solid benign lesions like focal nodular hyperplasia and hepatic adenoma were 

misclassified as malignant on both the sequences. 

• In this study, DWI was better at categorizing malignant lesions and T2WI was 

good at categorizing cystic benign lesions. However, both the sequences when 

used together improved the diagnostic accuracy. 

• Limitations of the present study: 

 Sample size was less in this study. 

 Most of the benign lesions were either cysts or hemangioma. Very few 

number of solid benign lesions like hepatic abscess, focal nodular 

hyperplasia and hepatic adenomas were included. 

 Large number of benign cystic lesions were correctly classified, but solid 

benign lesions were considered malignant on T2WI and DWI hence 

decreasing the percentage of correctly classified lesions. 

 Biopsy was done for very few number of lesions, however the diagnosis was 

confoirmed by cross-sectional imaging and follow up imaging to avoid 

misclassification. 
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 Sensitivity, specificity and accuracy can be calculated by single receiver 

operating characteristic curve (ROC), however it was not obtained in this 

study. 

• Recommendations for future study include: 

 Use of contrast enhanced sequences for evaluating liver lesions in 

correlation with CT images. 

 Diagnosis should be confirmed by histopathology correlation  
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ANNEXURE – I 

INFORMED CONSENT FORM 

TITLE: “UTILITY OF T2 WEIGHTED AND DIFFUSION WEIGHT ED 

SEQUENCES IN MAGNETIC RESONANCE IN DIFFERENTIATION OF 

BENIGN AND MALIGNANT LIVER LESIONS: BENEFITS OF SIN GLE 

VERSUS COMBINED INTERPRETATIONS”. 

PRINCIPAL INVESTIGATOR:  

INTRODUCTION AND PURPOSE: With the advancement in the use of cross-

sectional imaging, an increase in rate of incidentally detected focal liver lesions (FLL) 

has been observed. Despite dynamic enhanced magnetic resonance imaging (MRI) 

with several contrast agents having a major role in the detection and characterization 

of FLLs, unenhanced MR sequences such as T2‐weighted imaging (T2WI) and 

diffusion‐weighted imaging (DWI) became vital in the characterization of FLLs in 

patients with contraindications like allergy to contrast agents. Based on signal 

intensity of the lesion, T2WI can differentiate benign cystic lesions (simple cyst, 

hemangioma, etc) from malignant solid lesions (metastasis, hepatocellular carcinoma 

[HCC], etc), but its use in discriminating solid benign and malignant lesions may be 

limited. Though DWI is beneficial for lesion detection and characterization, it has not 

yet replaced T2WI in routine use because it has many advantages and limitations 

simultaneously.  

The purpose of this study is to determine the diagnostic accuracies of T2WI 

and DWI alone and, combined sequences in MRI, in discriminating benign from 

malignant liver lesions in patients referred to MRI abdomen and in patients with 
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findings on ultrasonography or computed tomography (CT). Combination of 

sequences helps in reaching a diagnosis accurately and hence the patients can be 

treated accordingly without misdiagnosis.  

PROCEDURE: We request you to kindly participate in the study titled “UTILITY 

OF T2 WEIGHTED AND DIFFUSION WEIGHTED SEQUENCES IN MAGNETIC 

RESONANCE IN DIFFERENTIATION OF BENIGN AND MALIGNANT LIVER 

LESIONS : BENEFITS OF SINGLE VERSUS COMBINED INTERPRETATIONS-

ONE YEAR HOSPITAL BASED CROSS SECTIONAL STUDY” at Dr. Prabhakar 

Kore Hospital and Medical Research Centre, Belagavi is being conducted by                     

Dr. ______________ Postgraduate in Radio diagnosis at J.N. Medical College, 

Belagavi, Karnataka, under the guidance of Dr. ____________ Professor & Head, 

Dept. of Radio-diagnosis, J. N. Medical College, Belagavi. 

BENEFITS: No use of surgical equipment/risk associated with it.  

COMPLICATIONS: No risk to the patient has been documented from MR 

imaging of the abdomen conducted earlier. 

ALTERNATIVES: If you are not willing to take part in the study, your 

treatment or any other further investigations the patient wants to undergo, in 

future, in KLE will not be affected by your decision. 

VOLUNTARY PARTICIPATION/WITHDRAWAL: Taking part in this study 

is voluntary. You may choose not to take part in this study, or if you decide to 

take part, you can later change my mind and withdraw from the study. Your 

decision will not change the present or future health care or other services that 

you receive. The study doctor or the sponsor may stop your participation in this 
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study. You will tell if any important new findings that may change my 

willingness to continue to take part. If you choose not to take part in the study, 

you will receive the standard treatment for patients with your condition. 

COSTS: NIL (The study is to be conducted on the participants who are advised 

MRI abdomen as an investigation by the referring consultant and the participants 

will bear the charges for it.) Payment for Participation: No incentive will be paid 

to you for participating in this study. 

COMPENSATION: In the event that you become injured as a result of taking 

part in this study, treatment whatever available at KLE Charitable hospital, 

Belagavi, will be offered to you. No reimbursement, compensation or free 

medical care is given. 

CONFIDENTIALITY:  All information collected about you during the course of 

the study will be kept confidential to the extent permitted by the law. The code 

numbers will identify you in this research record. Information from this study 

may be published but your identity will be kept confidential in any publication/ 

presentation. 
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QUESTIONS: If you have any enquiries in the future or in case of research 

related injury illness, you may contact following persons: 

 

 
Dr. HARSHA HEGDE. 

Chairman, IEC & scientist 
D, ICMR, National 

institute of traditional 
medicine, Belagavi. 

Ph. No: 0831-2473777, 
Ext. 1529 
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CONSENT TO PARTICIPATE IN RESEARCH STUDY: 

1. “I understand that I am participating in the study, which includes MRI 

abdomen (plain). 

2. I confirm that I have read and understood the information in the patient 

information sheet. Procedure is explained to me in detail along with 

information about the advantages and disadvantages of taking part in the 

study. I have been given the opportunity to discuss all aspects of the trial, 

to ask questions and hereby consent to participation in the trial outlined 

above. 

3. I understand that the decision to take part in this study is completely 

voluntary and I am aware that I can choose to withdraw from the study at 

any point of time. 

4. I consent to the photographing or recording of the procedure to be 

performed including appropriate portions of my body, for medical, 

scientific or educational purposes provided my identity is not revealed in 

the pictures or by the descriptive texts accompanying them. 

5. I understand that there is no significant risk involved in the test that 

would be done in this study. 

6. No guarantee or assurance has been given by anyone as to the results that 

may be obtained.  

7. My signature on this form signifies that I have willingly decided to 

participate after understanding the above information”.  
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Participant’s Name/ legally authorized representative ___________________ 

Signature   ____________________    

Name and signature of witness  ___________________  

Name and signature of interviewer    ___________________  

Date: 

Place: 
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ANNEXURE – II  

PROFORMA FOR DATA COLLECTION 

DATE OF INTERVIEW: __________ 

NAME OF THE PATIENT: ________________________________ 

AGE (in years): ___________   SEX(M/F):      OP/IP NO:___________ 

MOBILE NUMBER: _______________ 

ADDRESS: HOUSE NO_____ GALLI____________ VILLAGE _______ 

CITY ______________ DISTRICT ______________ PIN CODE _____________ 

MRI NUMBER: ____________  

CHIEF COMPLAINTS:                                                                DURATION: 

1.    

2.    

3.    
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HISTORY OF PRESENTING ILLNESS: 

1.   

2.   

3.   

 

PAST HISTORY: 

1.   

2.   

3.   

 

 

CLINICAL EXAMINATION: 

CVS: 

RS: 

PA: 

PROVISIONAL DIAGNOSIS: 

 

ULTRASOUND FINDINGS: 
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CT FINDINGS: 

 

MRI FINDINGS: 

• T2 weighted sequence: 

 

• DWI and ADC: 

 

BIOPSY FINDINGS: 

 

FINAL DIAGNOSIS: 
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ANNEXURE – III 

PHOTOGRAPHS OF CASES 

Case 1: A 28-year-old non-alcoholic male, was referred for MRI abdomen in view of 

pain abdomen and fever. On T2WI, ill-defined hyperintense mass lesion was seen in 

segment VIII of right lobe of liver. The lesion also showed diffusion restriction on 

DWI suggesting the possibility of hepatic abscess. 

 

T2WI 

 

DWI at b value 1000mm2/sec 

 

ADC 
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Case 2: A 72-year-old male, was referred for MRI abdomen in view of pain abdomen. 

He is a known case of hepatitis-b. On T2WI, fairly well defined large lobulated 

heterogeneous predominantly T2 hyperintense mass lesion in the right lobe of liver 

with central areas of diffusion restriction on DWI sequence suggesting the possibility 

of HCC. Biopsy was done and it suggested HCC. 

 
T2WI 

  
DWI at b value 1000mm2/sec 

  
ADC 
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Case 3: A 46-year-old male, was referred for MRI abdomen in view of pain abdomen 

and abdominal discomfort. On T2WI, fairly well defined heterogeneous T2 

hyperintense mass lesion in the left lobe of liver with no evidence of restricted 

diffusion on DWI sequence. Biopsy was done for the lesion and it suggested 

intrahepatic cholangiocarcinoma. 

 

T2WI 
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Case 4: A 51-year-old female, was referred for MRI abdomen in view of right upper 

quadrant pain. Ultrasound abdomen was done and showed cholelithiasis and 

hypodense cystic area in the right lobe of the liver. On T2WI, well defined 

homogeneous T2 hyperintense mass lesion in the right lobe of liver with no evidence 

of restricted diffusion on DWI sequence suggesting the possibility of hepatic cyst. 

 
T2WI 

 
DWI at b value 1000mm2/sec 

 
ADC 
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Case 5: A 49-year-old female, was referred for MRI abdomen in view of right upper 

quadrant pain. Patient is known case of carcinoma cervix. On T2WI, well-defined T2 

hyperintense area in segment VI of right lobe with evidence of homogeneous 

restricted diffusion on DWI sequence suggesting the possibility of metastasis. 

 

T2WI 

 

DWI at b value 1000mm2/sec  

  

ADC 
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ANNEXURE IV - KEY TO MASTERCHART 

T2WI T2 weighted imaging 

DWI Diffusion weighted imaging 

ADC Apparent diffusion coefficient 

ID Ill-defined 

WD Well-defined 

HYPER Hyperintense 

ISO Isointense 

HYPO Hypointense 

HOMO Homogeneous 

HETERO Heterogeneous 
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ANNEXURE – V- 

 MASTER CHART  
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1 24834 45 F CLD 1 RIGHT LOBE ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALIGNANT
HEPATOCELLULAR 

CARCINOMA
2 27499 71 M HbsAg+ 2 RIGHT LOBE ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGN ANT - MALIGNANT MULTIIFOCAL HCC

VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST
3 26800 28 M - 1 VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - - LOW HOMO - - MALIGNANT MALIGNANT BENIGN - - BENIGN HEPATIC  ABSCESS
4 21931 50 F CLD 1 VI ID - HYPER HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MAL IGNANT MULTIIFOCAL HCC

5 16548 35 M - 1 VII ID - - HETERO - MALIGNANT HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALIG NANT
INTRAHEPATIC 

CHOLANGIOCARCINOMA

6 26949 52 M CLD 1 IV b - WD - HETERO - INTERMEDIATE HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALIGNANT
HEPATOCELLULAR 

CARCINOMA
7 26558 49 F CA CERVIX 1 VI - WD HYPER - - BENIGN HIGH - - ABSENT - ABSENT - LOW HOMO - - MALIGNANT MALIGNANT - - NO MALIGNANT METAS TASIS
8 25160 51 F CA RECTUM 1 VII & VIII ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALIGNANT METASTASIS
9 24675 65 F CA ADRENALS 1 VI - WD - HETERO - INTERMEDIATE HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGN ANT - MALIGNANT METASTASIS

10 23530 60 M CLD 1 VI ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALIGNANT
HEPATOCELLULAR 

CARCINOMA
11 22733 38 F - 2 VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST

VIII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA

12 22689 70 F CLD 1 RIGHT LOBE ID - - - ISO/HYPO MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGN ANT - MALIGNANT
HEPATOCELLULAR 

CARCINOMA

13 21841 42 M - 1 IV b & VIII - WD - HETERO - INTERMEDIATE HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALGNANT
HEPATOCELLULAR 

CARCINOMA

14 21645 38 M - 2 VI - WD HYPER - - BENIGN HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALGNANT
HEPATOCELLULAR 

CARCINOMA
VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST

15 21234 75 M - 1 RIGHT LOBE - WD - HETERO - INTERMEDIATE HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALGNANT
HEPATOCELLULAR 

CARCINOMA

16 27071 72 M CLD 2  IV a & VII ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALI GNANT
HEPATOCELLULAR 

CARCINOMA
- RIGHT LOBE - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST

17 27217 56 M - 1 VI ID - HYPER - - INTERMEDIATE HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT BENIGN BENIGN - - BENIGN LIVER ABSCESS

18 23754 23 F - 1 VII ID - - HETERO - MALIGNANT HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT MALIGNANT - - NO BENIGN
FOCAL NODULAR 

HYPERPLASIA

19 41223 65 F CLD 2 VIII ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALI GNANT
HEPATOCELLULAR 

CARCINOMA
V - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA

20 23123 45 F - 1 V - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA

21 23156 60 M - 1 VIII - WD - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALIGNANT
HEPATOCELLULAR 

CARCINOMA

22 43255 58 F - 1 III & IV a ID - - HETERO - MALIGNANT HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALIGNANT
INTRAHEPATIC 

CHOLANGIOCARCINOMA

23 27865 68 M - 1 IV a - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA
24 21662 46 F - 1 VI - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA
25 23419 51 F - 1 VIII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST
26 32332 39 F - 1 III - WD HYPER - - BENIGN HIGH - - ABSENT - ABSENT - LOW HOMO - - MALIGNANT MALIGNANT BENIGN - - BENIGN HEPATIC AD ENOMA



27 23140 28 F WILSON'S DISEASE 1 BOTH LOBES - WD - - ISO/HYPO MALIGNANT - LOW - - - - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN
REGENERATIVE 

NODULES
28 23132 71 M - 1 RIGHT LOBE - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN BENIGN - - BENIGN HEMANGIOMA

29 28760 72 M HbsAg+ 1 RIGHT LOBE ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIG NANT - MALIGNANT
HEPATOCELLULAR 

CARCINOMA

30 28778 56 M CLD 1 VIII ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNANT - MALI GNANT
HEPATOCELLULAR 

CARCINOMA
31 29076 72 M CLD 1 VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO INTERMEDIATE DYSPLATIC NODULE
32 29854 64 M - 1 II ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - - NO MALIGNANT MULTIC ENTRIC HCC
33 23864 67 F - 1 III - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST
34 24091 46 M - 1 VIII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA
35 28154 76 M CA STOMACH 1 BOTH LOBES - WD HYPER - - BENIGN HIGH - - ABSENT - ABSENT - LOW HOMO - - MALIGNANT MALIGNANT - - NO MAL IGNANT METASTASIS
36 28234 65 M - 1 V - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST
37 26800 28 M - 1 VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT BENIGN BENIGN - - BENIGN LIVER ASBSCESS

38 22212 46 M - 1 LEFT LOBE - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - MALIGNANT - MALIGNANT
INTRAHEPATIC 

CHOLANGIOCARCINOMA

39 44491 38 M CA TONGUE 1 RIGHT LOBE - WD HYPER - - BENIGN HIGH - - ABSENT - ABSENT - LOW HOMO - - MALIGNANT MALIGNANT - - NO MALI GNANT METASTASIS
40 23781 67 M - 1 VI WD - HYPER - - BENIGN HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT MALIGNANT BENIGN - - BENIGN CHOLANGITIC ABSCESS
41 26175 28 M - 1 VIII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT BENIGN BENIGN - - BEINIGN LIVER ASBSCESS

42 29001 67 F - 1 RIGHT LOBE ID - - - ISO/HYPO MALIGNANT HIGH - PRESENT - PRESENT - - LOW - HETERO - MALIGNANT MALIGNANT BENIGN - - BENIGN
FOCAL NODULAR 

HYPERPLASIA
43 28134 56 F - 2 VII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA

VIII - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEPATIC CYST
44 29002 45 F - 1 VI - WD HYPER - - BENIGN HIGH - PRESENT - PRESENT - HIGH - - - ABSENT BENIGN BENIGN - - NO BENIGN HEMANGIOMA
45 23990 67 M CA RECTUM 1 VIII ID - - HETERO - MALIGNANT HIGH - - ABSENT - ABSENT - LOW - HETERO - MALIGNANT MALIGNANT - MALIGNAN T - MALIGNANT METASTASIS


