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Abstract: Aims: 

1. Detection and characterization of focal liver lesions. 

2. Differentiation of  benign from malignant liver lesions. 

3. Differentiation of  liver metastasis from primary liver lesions. 

4. To compare respiratory triggered diffusion weighted single shot echo planar imaging (RT DW-SS-EPI) and 

T2 weighted turbo spin echo imaging (T2W TSE). 

5. To determine apparent diffusion coefficients (ADCs) of focal liver lesions and normal liver parenchyma. 

Material And  Methods: 30 patients were subjected to MRI scan using Philips Achieva 1.5 Tesla MRI. 

Results: In the present study maximum percentage of patients were in age range of 61-70 years (30%). There 

was male preponderance (63.3%), when compared to females (36.7%). Most common lesion was HCC (30%), 

and mets were (26.7%). Out of 30, 19 (63.3%) were malignant and 11 (36.6%) were benign.The number of 

malignant FLLs detected with DWI (62 out of 63 – 98.4%) was highly significant than that detected with T2 WI 

(P <0.001). 

Conclusion: The use of DWI was superior for the detection of malignant hepatic lesions than the use of T2 

weighted imaging. Our findings indicate that the DWI may provide useful information in patients with suspected 

malignant hepatic lesions. However, in our populations, no significant difference was observed between DWI 

and T2 weighted imaging for the detection of bening hepatic lesions, which included only cysts and 

hemangiomas and characterization of hepatic lesions. 

 

 

I. Introduction 
Liver diseases have been known to affect mankind since the dawn of civilization and have steadily 

gained recognition as a major health problem principally because of their world-wide distribution. Clinical & 

biochemical examination provide information regarding liver size and functions but the assessment of the exact 

pathology is grossly inadequate. 

Focal liver disease is a common diagnostic problem referred to radiologists forevaluation owing to its 

nonspecific clinical presentation and marked interobservervariation on clinical examination. Focal hepatic 

lesions include a large gamut of both benign and malignant lesions . 

Modern operative techniques and local therapies such as radiofrequency (RF) ablation are effective 

methods to treat liver metastases or primary hepatic malignancies. Therefore, the determination of liver lesion 

count, and the nature of the lesion are important. 

Today, focal masses are diagnosed using ultrasonography (USG) and/or computed tomography (CT). 

Additionally, magnetic resonance imaging (MRI) is preferred when further characterization of these masses is 

needed. MRI has many advantages making it a favored modality. Lesion morphology, signal intensity, and 

contrast enhancement pattern are taken into consideration when characterizing masses with MRI. There can still 

be difficulties in the differentiation of benign and malignant lesions.  

With introduction of MRI contrast agents, MRI with contrast material enhancementhas potential to 

become the leading imaging modality in evaluation of liver. MRI is currently considered to be the most accurate 

noninvasive method in the evaluation of liver lesions .The utilization of tissue specific contrast agents such as 

SPIO or MnDPDP, and the possibility to employ MR techniques that alter tissue contrast such as MT and the 

multiple slices SL render MRI an attractive tool for liverimaging. 

It is not possible to distinguish between highly vascular metastases and hemangiomas, even using 

dynamic examinations.1Diffusion weighted imaging (DWI) is another mechanism for developing image 

contrast and relies on changes in the diffusion properties of water molecules in tissues.2 

Diffusion images should be interpreted in conjunction with conventional sequences. In patients who 

cannot receive gadolinium-based contrast agents, DW MR imaging has the potential to be a reasonable 

alternative technique to contrast-enhanced imaging.5 
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This study is designed to evaluate the contribution of imaging science towards the evaluation and 

diagnosis of focal liver lesions. Objective is to detect and characterize focal liver lesions, differentiate benign 

from malignant liver lesions and to differentiate liver metastasis from primary liver lesions. 

 

II. Methodology 
Source of data: Patients admitted to three tertiary care hospitals.  

 

Study area: Two private teaching hospitals in Davanagere district i.eBapuji Hospital and S.S. 

Institute of Medical Sciences and also Davanagere  district government hospital  

 

Sample size: 30 patients with focal liver lesions and additional 10 healthy volunteers with no focal liver lesion 

were studied to know to know normal ADC of liver. Diagnosis on MRI was made with background of clinical 

context. Final diagnoses was reached in consensus with biopsy/FNAC, wherever applicable or clinical, 

laboratory, other imaging modality findings and follow up 

 

Sample selection: All patients referred to the department of Radio diagnosis Patients of all age groups  

referred to MRI clinically suspected of focal liver lesions were considered for study. Patients with 

indeterminate lesions detected on USG or CT were also included.  

 

Study period: October 2012 to November 2012 [1 year ,2 months]  

 

Inclusion criteria : 

All patients referred for MRI with clinically suspected focal liver lesions and patients with 

indeterminate liver lesions detected on USG or CT . Incidentally detected focal liver lesions.  

 

Exclusion criteria: 

All patients having cardiac pacemakers, prosthetic heart valves, cochlear implants or any 

metallic implants. Patient having history of claustrophobia.  All patients who do not consent to be a 

part of the study. 

 

Data Analysis: 

Descriptive statistics was used to interpret data. Results expressed as mean, standard 

deviation, number and percentages.One-way ANOVA was used for multiple group comparison and 

student unpaired ‘t’ test for 2 group comparison. Categorical data was analyzed by chi -square test. P 

value of 0.05 or less was considered for statistically significant. SPSS version 16 software was used 

for data analysis.  

 

Study instrument: 

The studies were conducted on the PHILIPS ACHIEVA 1.5 TESLA MRI.A 16 channel phased array 

XL-TORSO coil was used. 

 

MRI protocol 

All ADCs were calculated on a workstation with standard software (Diffusion Calculation, 

Philips Medical Systems). The signal intensities for ADC calculation were measured by using 

operator-defined region-of-interest (ROI). In large lesions the mean value of 3 different ROI 

measurements on the same slice was calculated. In lesions with necrotic or fibrous core, measurement 

of this area was avoided.ADC of normal liver parenchyma was calculated in area away from focal 

liver lesions.  
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III. Results 
Table – 1 :Age sex wise distribution of focal liver lesions 

Age group (years) No.of patients Percentage  Male Female 

<40 6 20.0 4 2 

41-50 4 13.3 3 1 

51-60 8 26.7 5 3 

61-70 9 30.0 6 3 

>70 3 10.0 1 2 

Total 30 100 19 11 

 

 In the present study maximum percentage of patients were in age range of 61-70 years 

(30%). Mean age of patients in the study was 55.6 years.  

 

Table – 2 : Sex wise distribution of focal liver lesions  
Sex No.of patients Percentage 

Male 19 63.3 

Female 11 36.7 

Total 30 100 

 

 In the present study there was male preponderance (63.3%), when compared to females 

(36.7%). 

 

Male : Female – 1.7 : 1. 

 

Table – 3 : Distribution of patients according to diagnosis  
Diagnosis No.of patients Percentage 

HCC 9 30 

METS 8 26.7 

CholangioCa 2 6.7 

Hemangioma 4 13.3 

Simple hepatic cyst 4 13.3 

Hydatid cyst 3 10.0 

Total 30 100 

 

 In the present study, most common lesion was HCC (30%), and mets were (26.7%).   

 

Table – 4 :Distribution of patient according to multiplicity of hepatic mass  
Type of lesion  No.of patients Percentage 

Single 7 23.3 

Multiple 23 76.6 

Total 30 100 

 

 In the present study 76.6% of patients had multiple focal hepatic lesions.  

 

Table – 5 : Distribution of patients according to liver lobes involved  
Lobe No.of patients Percentage 

Right lobe  (RL) 13 43 

Left lobe (LL) 2 6.7 

Both lobe (BL) 15 50 

 

 In present study most of patients (50%) had involvement of both lobe involvement. 

 

Table – 6 : Distribution of cases according to age and diagnosis  
Diagnosis <40 41-50 51-60 61-70 >70 Total 

HCC - - 3 4 2 9 

METS 1 1 3 2 1 8 

CholangioCa 1 - - 1 - 2 

Hemangioma 1 - - 3 - 4 

Simple cyst 2 1 1 - - 4 

Hydatid cyst 1 2 - - - 3 

Total 6 4 7 10 3 30 

Percentage 20 13.3 23.3 33.3 10 100 
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In the present study out of 30, 19 (63.3%) were malignant and 11 (36.6%) were benign.  

33% of patients were in the age group of 61-70 years. Most of the malignant lesions were seen in the 

age group of 51-70 years.  Mean age of patients in the study was 55.6 years.  

 

Table – 7 :Distribution of cases according to sex and diagnosis  

Diagnosis 
No.of cases Male Female 

No % No. % 

HCC 9 8 88.9 1 11.1 

METS 8 5 62.5 3 37.5 

CholangioCa 2 1 50.0 1 50 

Hemangioma 4 0 0 4 100 

Simple hepatic cyst 4 3 7.5 1 25 

Hydatid cyst 3 2 66.7 1 33.3 

Total 30 19  11  

 

 In the present study overall there were 19 males (63.3%) and 11 females (36.7%).  Male : 

female = 1.7 :1.  All lesions were common in males  HCC (88.9%), metastasis (62.5%), simple cysts 

(75%), hydatid (66.7%) except hemangiomas which is common in females. 

 Cholangio carcinoma had equal sex distribution  

 

Table – 8 :Distribution of patients according to severity of disease  

Group No.of patients Percentage 

Benign 11 36.66 

Malignant 19 63.33 

 

 In the present study 19 (63.3%) were malignant and 11 (36.6%) were benign.  

 

Table – 9: Distribution of the total flls according to severity (n=85)  
Group No.of lesions Percentage 

Benign 22 25.9 

Malignant 63 74.1 

Total 65 100 

 

 Out of 85 FLLs seen in 30 patients 22 (25.9%) was benign and 63 (74.1%) were malignant 

lesions. 

 

Table – 10 : distribution of each flls according to diagnosis  
Diagnosis No.of patients No.of lesions Percentage 

HCC 9 23 27.1 

Mets 8 36 42.4 

CholangioCa 2 4 4.7 

Hemangioma 4 6 7.1 

Simple cyst 4 9 10.6 

Hydatid cyst 3 7 8.2 

Total 30 85 100 

 

 Most common lesion was metastasis (42.4%). 

 

Table – 11 : Distribution of lesions by size and diagnosis (n=85)  
Diagnosis <2cm 2-5 cm >5 cm Total 

HCC 6 9 8 23 

Mets 18 14 4 36 

CholangioCa 2 1 1 4 

Hemangioma 2 1 3 6 

Simple hepatic cyst 6 3 0 9 

Hydatid cyst 0 3 4 7 

Total 34 31 20 85 

 

 In the present study most of the HCCwere between 2-5 cm, Metastasis, cholangio carcinoma 

and simple hepatic cyst were less than 2 cm in sizes.  Most of the malignant lesions (n=26) 26 OUT 

OF 85, 30.6% were less than 2 cm in size. Most of hemangiomas and hydatid cysts were more than 2 

cm in size. 
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Table – 12 : Detection rate of benign and malignant flls in 30 patients (85 lesions)  

 with dw and t2 weighted imaging 
Parameter All lesions Malignant Benign 

Total 85 63 22 

T2WI 65 (76.51%) 44 (69.8%) 21 (95.5%) 

DWI 82 (96.5%) 62 (98.4%) 20 (90.9%) 

Z-value 3.99 4.77 0.61 

P-value <0.001 HS <0.001 HS 0.54 NS 

 

The number of malignant FLLs detected with DWI (62 out of 63 – 98.4%) was highly 

significant than that detected with T2 WI (P <0.001).  

 There was no significant difference noted between DWI and T2 WI in detection of benign 

FLLs may be due to most of benign lesions were more than 2cm in size and benign lesions consisted 

only cystic and hemangioma lesion, and no solid benign lesions (FNH and  adenoma) were studied. 

 

Table – 13 :lesions detection rate by according to size  
Parameter <2          (n=34) 2.0 – 5 (n=31)  5.0  (n=20) 

DWI 31 (91.2%) 31 (100%) 20 (100%) 

T2 WI 14 (41.2%) 31 (100%) 20 (100%) 

Z 5.13 0.0 0.0 

P <0.001 HS 1.00 NS 1.00 NS 

 

 The detection rate was stratified according to the lesion size. There was significant 

difference only for detection of FLLs with the diameter of less than 2 cm (p<0.001).  

 No significant difference between DWI and T2WI for FLLs more than >2 cm. 

 

Malignant lesions: 

 All HCCs and cholangio ca. detected on DWI were hyperintense on DWI b=0, b=500, 

b=1000 and hypointense on ADC map.  

 

Metastasis :  All lesions were hyper on b=0. Most of the lesions were hyper (55.5%) and 41.6% 

were P.hyper on b=500 and b=1000.  All theseP.hyper lesions were more than 1 cm.  

Malignant lesions retained high signal intensity on high b values.  

 

Benign lesions: 

Hemangioma – DWI – on b=0 hyper and on high b=values (b=500 and b=1000) then was obvious 

signal intensity reduction. On ADC hemangiomas were Iso-hyper, or heterogeneously hyper. This 

may be due to T2 shine through effect.  

Hydatidcysts - On low b-values (b=0) all lesions were hyper there was gradual decrease in signal 

on high b-values (b=500 moderate hyper and b=1000 – Iso).  On ADC map all lesions were hyper.  

Simple cysts:All detected lesions on DWI hyper on low b-values (b=0) and Iso – Hypo on high b-

values (b=500, b=1000) on ADC all lesions were hyper intense.  

 

IV. Discussion 
A total of 30patients (85 focal liver lesions) were studied. Diagnosis on MRI was made 

withbackground of clinical context. Final diagnoses was reached in consensus withbiopsy/FNAC, 

wherever applicable or clinical, laboratory, other imaging modalityfindings and follow -up. 

Majority of cases was seen in the age range of 61-70years (30%).Majority (44.4%) of the 

patients with HCC (Fig.1) were in the age range of 61-70years.Metastases (37.5%) (Fig.3) were 

commonly seen in age group of 51-60years. 

Majority (75%)of the patients with Hemangiomaswere seen in age group of 61-

70years.Majority (50%)of the patients with cysts were seen age group of < 40 years.Two cases of 

intrahepatic Cholangiocarcinoma (Fig.2) were in the age range of<40and 61-70years. 

In our study, there was a male preponderance (63.3%) when compared to females 

whoaccounted for (36.7%) of cases.Sex ratio was Male: Female – 1.7: 1. 

Regarding gender distribution, there was male preponderance in HCC (88.9%), 

andmetastases (62.5%) simple cyst (75%) (Fig.6), hydatidcyst (66.7%) (Fig.4) when compared to 

females. Haemangiomas (100%) (Fig.5) were seen in females only.  

Majority(90%) of patients had multiple focal liver lesions and 10% had single lesion and 

majority 15 (50%) of patients had both lobe involvement.   
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Out of 30 patients 19(63.3%) had malignant lesions whereas 11 (36.6%) had benign lesions.  

total 85 lesions seen in 30 patients.  Benign hepatocellular mass lesions were first evaluated by 

Taouliet al
52

 and their ADC values were found to be lower than cysts and hemangiomas, and higher 

than malignant masses. 

Out of the total 85 focal liver lesions seen in 30 patients there were 63(74.1%) were 

malignant and 22(25.9%) were benign lesions. 

Among the 30 included patients, there were 9 with 23 HCCs, 2 with 4 cholangiocarcinoma,8 

with 36 metastatic lesions, 11 with 22 benign lesions (6 hemangiomas in 4 patients, 9 cysts in 4 

patients, 7 hydatid cysts in 3 patients).  

Regarding size distribution among individual FLLs in our study:  

Out of 85 FLLs maximum number 34(40%) of FLLs were within <2 cm, and 31(36.5%) 

were b/w 2-5cm and 20 lesions were more than 5cm. Most of malignant lesions 26 out 63 (41%) 

were in less than 2cm range,Most of HCCs 9 of 23 lesionswere in 2-5cm range and only 6 of 23 

were in less than 2cm range. 

Most of metastasis (18 of 36), cholongiocarcinoma (2 of 4), and simple hepatic cysts (6 of 

9) lesions were in less than 2cm range.  

 

Limitations 

Patient population was small and all of the benign lesions were cystic lesions, including 

haemangiomas and cysts. Solid benign lesions such as adenomas and focal nodular hyperplasia were 

not encountered.  

 

References 
[1]. Demir Öİ, Obuz F,  Sağol Ö , Dicle O. Contribution of diffusion-weighted MRI to the differential diagnosis of 

hepatic masses. DiagnInterv Radiol.2007; 13:81-86. 
[2]. Kele P,Van der Jagt, E.World J Gastroenterol. 2010 April 7; 16(13): 1567 –1576. 

[3]. Stejskal EO, Tanner JE. Spin diffusion measurement s: spin echoes in the presence of a time-dependent field 

gradient. J ChemPhys 1965;42:288–292. 

[4]. Le Bihan D et al. MR imaging of intravoxel incoherent motions: application to diffusion and perfusion in 

neurologic disorders. Radiology 1986;161:401–407. 

[5]. Taouli B, Koh DM. Diffusion-weighted MR imaging of the liver. Radiology 2010 Jan;254(1):47 -66. 
[6]. Kilickesmez O, Bayramoglu S, Inci E, Cimilli T. Value of apparent diffusion coefficient measurement for 

discrimination of focal benign and malignant hepatic masses. J Med Imaging RadiatOncol. 2009 Feb;53(1):50-5. 

[7]. Miller, F.H., Hammond, N., Siddiqi, A.J., Shroff, S., Khatri, G., Wang, Y., Merrick, L.B. and Nikolaidis, P. Utility 
of diffusion-weighted MRI in distinguishing benign and malignant hepatic lesions. Journal of Magnetic Resonance 

Imaging, 2010;32: 138–147. 

[8]. Sandrasegaran K,  Akisik FM, Lin C,Tahir B, Rajan J, Aisen AM. The Value of Diffusion -Weighted Imaging in 
Characterizing Focal Liver Masses. Academic Radiology 2009 Oct ; 16(10) :1208 -1214,  

[9]. Vergara ML et al. Diffusion­weighted MRI characterization of solid liver lesions. Rev ChilRadiol 2010: 16 (1): 

5­10. 
[10]. Bruegel M, Holzapfel K, Gaa J, Woertler K, Waldt S, Kiefer B, Stemmer A, Ganter C, Rummeny EJ. 

Characterization of focal liver lesions by ADC measurements usi ng a respiratory triggered diffusion-weighted 

single-shot echo-planar  MRimaging technique. EurRadiol. 2008 Mar;18(3):477 -85 
[11]. Chikawa T, Haradome H, Hachiya J, Nitatori T, Araki T. Diffusion -weighted MR  imaging with a single-shot 

echoplanar sequence: detection and characterization of focal hepatic lesions AJR Am J Roentgenol. 1998 Feb; 

170(2):397-402. 

[12]. Zech CJ, Reiser MF, Herrmann KA. Imaging of hepatocellular carcinoma by computed tomography and magnetic 

resonance imaging: state of the art.Dig Dis. 2009; 27 (2):114-24 
[13]. Bruegel M, Gaa J, Waldt S, Woertler K, Holzapfel K, Kiefer B,  Rummeny EJ. Diagnosis of hepatic metastasis: 

comparison of respiration-triggered diffusion-weighted echo-planar MRI and five  T2-weighted turbo spin-echo 

sequences.AJR Am J Roentgenol. 2008 Nov;191(5):1421-9. 
[14]. Namimoto T, Yamashita Y, Sumi S, Tang Y, Takahashi M.Focal liver masses: characterization with diffusion -

weighted echo-planar MR imaging. Radiology. 1997 Sep; 204(3):739 -44. 

[15]. Abbas I, ElghawabiH. Diffusion MRI of focal liver lesions.PJR, 2010Jan-Mar; 1(20):01-07. 
[16]. T.W. Sadler; Langman’s medical embryology 10th edition. Twin bridges: Montana,Lippincott Williams & Wilkins; 

2007 

[17]. InderbirSingh : Human Embrology, V Edition  
[18]. Carol M Rumack : Diagnostic Ultrasound, III Edition, Volume I.  

[19]. David O. Cosgrove et al : Abdominal and General Ultrasound, Vol. 1.  

[20]. B.D. Chaurasia : Human Anatomy, Volume II.  
[21]. John K. Mukai et al : Imaging of Surgically Relevant Hepatic Vascular and Segmental Anatomy ( Part.1, Part.2). 

A.J.R. 1987;149:287-292. 

[22]. Haaga JR, Dogra VS. Forsting M, GilkesonRc, Ha HK, and Sundaram M, 5theds. Mosby Elsevier; 2008.  
[23]. Le BihanD. Molecular diffusion nuclear magnetic  resonance imaging. MagnReson Q 1991;7:1 -30. 

[24]. BammerR. Basic principles of diffusion weighted imaging.Eur J Radiol2003 ;45:169–184. 

[25]. Nicholson C, Phillips JM. Ion diffusion modified by tortuosity and volume fraction in the extracellular 
microenvironment of the rat cerebellum . J Physiol1981;321:225 –257. 

[26]. SzaferA,Zhong J, Anderson AW, Gore JC.Diffusion -weighted imaging in tissues: theoretical models . NMR 

Biomed 1995;8:289–296.   



Role of Diffusion Weighted Magnetic Resonance Imaging in Focal Liver Lesions 

DOI: 10.9790/0853-14711022                                      www.iosrjournals.org                                            16 | Page 

[27]. KohDM, Collins DJ. Diffusion-weighted MRI in the body: applications and challenges in oncology. AJR Am J 

Roentgenol 2007; 188: 1622 – 1635. 

[28]. ChenevertTL,Brunberg JA, Pipe JG. Anisotropic diffusion in human white matter: demonstration with MR 
techniques in vivo. Radiology 1990;177: 401 – 405. 

[29]. Turner R, Le Bihan D, Maier J, Vavrek R,Hedges LK, Pekar J. Echo -planar imaging of intravoxel incoherent 

motion . Radiology 1990;177: 407 – 414.  
[30]. PierpaoliC,Jezzard P, Basser PJ, Barnett A, Di Chiro G. Diffusion tensor MR imaging of the human brain. 

Radiology 1996;201:637–648.  

[31]. Moseley ME, Cohen Y, Kucharczyk J, et al. Diffusion -weighted MR imaging of anisotropic water diffusion in cat 
central nervous system. Radiology 1990;176:439– 445. 

[32]. Damon BM, Ding Z, Anderson AW, Freyer AS, Gore JC. Validation of diffusion tensor MRI -based muscle fiber 

tracking.MagnReson Med 2002;48:97–104. 
[33]. RiesM, Jones RA, Basseau F, Moonen CT,Grenier N. Diffusion tensor MRI of the human kidn ey. J MagnReson 

Imaging 2001;14: 42 – 49. 

[34]. NotohamiprodjoM, Glaser C, Herrmann KA, et al. Diffusion tensor imaging of the kidney with parallel imaging: 
initial clinical experience. Invest Radiol2008;43:677–685. 

[35]. Le Bihan D. Molecular diffusion nuclear magnet ic resonance imaging.MagnReson Q 1991;7:1–30. 

[36]. StehlingMK, Turner R, Mansfield P. Echoplanar imaging: magnetic resonance imagingin a fraction of a second. 
Science 1991;254:43 – 50. 

[37]. Butts K,Riederer SJ, Ehman RL, Felmlee JP, Grimm RC. Echo-planar imaging of the liver with a standard MR 

imaging system. Radiology 1993;189:259– 264. 
[38]. Turner R, Le Bihan D, Chesnick AS. Echoplanar imaging of diffusion and perfusion.MagnReson Med 1991;19:247 

– 253. 

[39]. Chiu FY,Jao JC, Chen CY, et al. Effect of intravenous gadolinium -DTPA on diffusion weighted magnetic 
resonance images for evaluation of focal hepatic lesions. J Comput Assist Tomogr2005;29:176 –180. 

[40]. TaouliB, Sandberg A, Stemmer A, et al.Diffusion -weighted imaging of the liver: comparison of navigator triggered 

and breathhold acquisitions. J MagnReson Imaging 2009;30:561–568. 
[41]. KohDM,Takahara T, Imai Y, Collins DJ. Practical aspects of assessing tumors using clinical diffusion -weighted 

imaging in the body.MagnReson Med Sci2007;6:211–224. 

 

Figures: 

 



Role of Diffusion Weighted Magnetic Resonance Imaging in Focal Liver Lesions 

DOI: 10.9790/0853-14711022                                      www.iosrjournals.org                                            17 | Page 

 
Fig.1 

 

 



Role of Diffusion Weighted Magnetic Resonance Imaging in Focal Liver Lesions 

DOI: 10.9790/0853-14711022                                      www.iosrjournals.org                                            18 | Page 

 
Fig.2 
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Fig.3 
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Fig.4 
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Fig.5 

 

 
Fig.6 
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