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Abstract 

Background: With the advances in magnetic resonance imaging (MR) technology, diffusion-weighted 

magnetic resonance imaging (DWI) can be used in further characterization of liver lesions and 

differentiating malignant and benign lesions. 

Aims: The purpose of this study was to evaluate focal hepatic lesions using Diffusion Weighted Magnetic 

resonance imaging and calculate apparent diffusion coefficient (ADC) values, to determine if focal hepatic 

lesions could be differentiated as benign or malignant by diffusion weighted imaging and ADC maps. 

Histopathological correlation wherever possible. 

Material and Methods: This study was carried out on 40 patients in Department of Radiodiagnosis, 

Government Medical College, Rajindra Hospital, Patiala. Patients with indeterminate hepatic masses found 

on USG abdomen and/ CT abdomen were included and MRI abdomen was conducted to characterize liver 

lesions and ADC values calculated using different b values = 0, 100, 500 and 750 s/mm
2
.ADC values of 

benign and malignant lesions were compared. 

Results: Mean ADC values of malignant focal lesions were significantly lower than benign mass lesions: 

0.87 ± 0.15 x10
-3

mm
2
/s V/s 2.66±0.80x10

-3
mm

2
/s respectively (P<0.05). The best ADC threshold value for 

distinguishing benign and malignant lesions was1.50 x 10
-3

mm
2
/s with Sensitivity =100 %, Specificity = 

90.9%, Positive predictive value= 93.33%, Negative predictive value =100% and p value <0.05 

respectively. 

Conclusion: DWI and ADC can better characterize focal hepatic lesions. DWI can be used as an additional 

sequence to the standard protocol study and not as a unique imaging series.Since there could be substantial 

overlap in the range of ADCs between different pathologies, the ADC should be interpreted concurrently 

with all available imaging before making the radiologic diagnosis.  

Keywords: DW MRI liver; Hepatic focal lesions; ADC of hepatic focal lesions; Benign and malignant 

lesions; ADC cut-off. 
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Introduction 

Focal liver lesions (FLL) can be classified into 2 

clinical categories: benign lesions and malignant 

lesions. Differentiation between malignant and 

benign focal liver lesions and establishing the 

correct diagnosis are of great importance in 

treatment planning. Imaging is an important 

decision-making tool in the diagnosis of FLLs as 

it can accurately differentiate benign from 

malignant lesions in most of the cases.
[1] 

Diffusion weighted imaging (DWI) is one of the 

MRI sequences that produces image contrast and 

depends upon the diffusion properties of water 

molecules in biologic tissues. Water molecules 

freely move in any direction in tissues like normal 

liver parenchyma and most of the benign liver 

lesions. In tissues with extracellular space densely 

packed with cells due to any cause like 

hypercellularity or cellular edema show restricted 

movement of free water molecules. This is called 

as restricted diffusion.
[2]

Diffusion is quantitatively 

measured in the form of apparent diffusion 

coefficient (ADC), expressed in square 

millimeter/second. It is called apparent because it 

is a mean value of diffusion contributed by 

movement of water molecules from the 

intracellular, extracellular and vascular 

compartments within an image voxel at different 

b-values. ADC calculation can be used for the 

characterization of focal and diffuse diseases 

within the liver.
 [3] 

By using two or more b values in DW images, it 

allows quantification of the ADC values of 

tissues. The ADC calculation process is usually 

automated with the clinical MR systems. 
[4] 

ADC 

value can be obtained by one pulsate sequence 

using two different b values.
 [5]

The ADC of the 

liver lesion calculated from diffusion acquisition 

can be appraised by either visual assessment of the 

ADC maps or by drawing regions of interest on 

the ADC maps to record the mean or median ADC 

values in the tissue of interest. ADC is routinely 

expressed (x10
-3

) as square millimeters per 

second. However, quantification of ADC requires 

minimum acceptable SNR at higher b values.
[6]

 

Materials and Methods 

This prospective study was carried out on 40 

patients (both inpatients and out patients) in 

Department of Radiodiagnosis, Government 

Medical College, Rajindra Hospital, Patiala. 

Continuous sampling method was used by 

selecting patients referred to radiology department 

from various other departments with 

indeterminate hepatic focal lesions found on USG 

abodomen and/ CT abdomen.  

Ethical Consideration: Permission was obtained 

from ethical committee as per the protocol. 

Informed consent was obtained from all patients 

after full explanation of the benefits and risks of 

the procedure. 

Inclusion Criteria: Patients with indeterminate 

hepatic masses based on other imaging modality 

such and USG and CT. Patients giving consent for 

MR imaging and are willing to enroll in study 

were included. 

Exclusion Criteria: Patients having cardiac 

pacemaker, electromagnetic implant and Patients 

with blunt trauma abdomen were excluded. 

Patients were subjected to clinical assessment 

such as recording of age, sex and clinical 

presentation, laboratory investigations (liver 

biochemical profile, renal function tests) and then 

Abdominal MRI. MR techniques by 1.5-T 

superconductive scanner (Siemens 1.5T 

Magnetomaera MRI machine) used were 

Unenhanced axial T1 weighted acquisitions, Axial 

and coronal T2 weighted fast spin echo sequence, 

Diffusion Weighted Imaging (Respiratory-

triggered protocol) using different b values = 0, 

100, 500 and 750 s/mm
2
. Imaging Evaluation and 

provisional diagnosis was given.  

Diffusion images were reviewed with ADC 

images to find out pattern of diffusion restriction. 

Diffusion images with ADC values were 

measured by applying region of interest in the 

lesions. In patients with multiple lesions, a 

maximum of 5 lesions per patient were selected 

for analysis (including lesions which were largest, 

most conspicuous and easiest to localize). The 

mean ADC of each detected focal lesion is 
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measured by drawing a region of interest (ROI) 

over the lesion. Final diagnosis was done by 

histopathological study by FNAC/biopsy, other 

methods like laboratory tests, clinical data and 

follow up with a minimum of 6 months 

observation period by US,CT and MRI.  

Statistical Methods: ADC values of all the 

selected lesions were mapped and mean ADC 

value of each individual diagnosis were 

calculated. Mean ADC of all benign lesions and 

malignant lesions were calculated separately and 

compared. Independent t-test was used to know 

whether difference between mean ADC values of 

benign and malignant lesions was significant. A p 

value of less than 0.05 was considered significant. 

Statistical analysis of mean ADC values in benign 

and malignant hepatic lesions is done using SPSS 

and EPI info software. Cut-off ADC value 

differentiating benign and malignant lesions was 

obtained from receiver operating characteristic 

curve (ROC). The best ADC cut off value with 

maximum sensitivity and specificity was selected 

for differentiating benign and malignant lesions. 

 

Results 

Maximum percentage of cases (37.5%) were in 

age group of 41-60 years and minimum (12.5%) 

in age group 0-20 years. Malignant lesions 

showed male preponderance with male : female 

ratio of 1.8:1 and benign lesions showed female 

preponderance with ratio of 0.7:1. Maximum 

number of patients had malignant lesions than 

benign lesions. Out of 90 liver mass lesions 57 

(63.3 %) were malignant and 33 (37.7%) were 

benign lesions.64 (71.11 %) lesions were found in 

right lobe, 26(28.89%) were in left lobe of liver. 

20(50%) patients had single liver lesions and 20 

(50%)had multiple liver lesions. 

There were 9 hemangiomas, 15 simple cysts, 2 

abscess, 6 hydatid cysts, 1 adenoma, 16 HCCs, 32 

metastasis, 5 hepatoblastoma, 4 

cholangiocarcinoma out of 90 lesions. The mean 

ADC values of different liver mass lesions in the 

present study were as follows: simple cysts (3.33 

± 0.29 x10
-3

mm
2
/s), Hemangiomas (2.29 ± 

0.39x10
-3

 mm
2
/s), Hydatidcyst (2.90 ± 0.28 x10

-

3
mm

2
/s), abscesses (0.69 ± 0.04 x10

-3
mm

2
/s), 

adenoma (1.32 x10
-3

mm
2
/s)[Table 01]. HCC (0.93 

± 0.15 x10
-3

mm
2
/s), cholangiocarcinoma (1.21 

±0.11 x10
-3

mm
2
/s), hepatoblastoma (0.85 ± 0.16 

x10
-3

mm
2
/s) and metastasis (0.82 ± 0.08 x10

-

3
mm

2
/s) [Table 02]. 

Table-01 Mean ADC for each type of Benign 

Liver Mass Lesions 

Diagnosis No. of Lesions ADC x 10
-3

mm
2
/s 

(n=33) Mean SD 

Abscess 2 0.69 0.11 

Adenoma 1 1.32  

Hemangioma 9 2.29 0.39 

Hydatid cyst 6 2.9 0.28 

Simple cyst 15 3.33 0.29 

 

Table-02 Mean ADC for each type of Malignant 

Liver Mass Lesions 

Diagnosis No. of 

Lesions 

 ADC x 10
-

3
mm

2
/s 

(n=57) Mean SD 

Cholangio carcinoma 4 1.21 0.11 

HCC 16 0.91 0.15 

Hepatoblastoma 5 0.85 0.18 

Metastasis 32 0.82 0.08 

 

Table-03 Comparison of Mean ADC Values of 

Benign and Malignant Lesions  

Group No. of 

patients 

Mean 

ADC x 10-

3mm2/s 

SD Std. 

Error 

Mean 

Benign 18 2.69382353 0.85358785 0.14639 

Malignant 22 0.87214286 0.14627141 0.01955 

 

Independent T- test: t- Value is 15.6511. P – 

Value is 0.00001 In the present study the mean 

ADC values of malignant lesions were 

significantly lower than those of benign lesions 

(0.87 x 10
-3

mm
2
/s V/s 2.69 x 10

-3
mm

2
/s). The 

difference between ADC values of both groups is 

highly significant as p value is <0.05. 

 

Table-04 Diagnostic Validity of ADC in 

Differentiating Malignant v/s Benign with ADC 

Cut-Off=1.24 X 10
-3

mm
2
/S (Obtained from 

Receiver Operating Characteristic Analysis) 

ADC x 10
-3

mm
2
/s Malignant Benign Total 

<1.24 55 2 57 

>1.24 2 31 33 

Total 57 33 90 
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Sensitivity (55/57=96.49%), specificity 

(31/33=93.93%), positive predictive value (55/57 

= 96.49%), negative predictive value (31/33 = 

93.93 %) of diagnosing malignant hepatic lesions 

using ADC cut-off of 1.24 X 10
-3

mm
2
/S[Table-

04]. 

Table-05 Diagnostic Validity of ADC in 

Differentiating Malignant v/s Benign with ADC 

Cut-Off=1.50 X 10
-3

mm
2
/S (Obtained From 

Receiver Operating Characteristic Analysis) 

ADC x 10
-

3
mm

2
/s 

Malignant Benign Total 

<1.50 57 3 60 

>1.50 0 30 30 

Total 57 33 90 

Sensitivity (57/57= 100 %), specificity (30/33 = 

90.9%), positive predictive value(57/60 = 93.33 

%) and   negative predictive value (30/30 = 100 

%) of diagnosing malignant hepatic lesions using 

ADC cut-off of 1.50 X 10
-3

mm
2
/S[Table-05]. 

 

Case-1 

Diffusion weighted b-750 sec/mm
2 

 
The lesion shows peripheral hyperintensity at high 

b value. 

ADC 

 

ADC: Peripherally hypointense with ADC value 

of 0.98x10
-3

mm
2
/s. suggestive of malignant 

pathology. 

Provisional diagnosis: Metastasis 

Final diagnosis: Metastasis (Confirmed on 

Biopsy) 

 

Case-2 

DWI 

 
The lesion is hyperintense on low b value (b=100) 

 

ADC 

 
(ADC): It is hyperintense with ADC value of 

2.89x10
-3 

mm
2
/s suggestive of benign lesion. 

Provisional diagnosis: Simple cyst. Diagnosis 

was confirmed on FNAC which revealed single 

layered epithelial cells suggestive of simple cyst.  
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Case-3 

DWI 

 
The lesion remained peripherally hyperintense on 

high b value (b=750) 

 

ADC 

 
It is peripherally hypointense with ADC value of 

0.81x10
-3 

suggesting malignant pathology. 

 

Provisional diagnosis: Hepatocellular carcinoma.  

Final diagnosis on histopathology: 

Hepatocellular carcinoma. 

 

Discussion 

In the present study, out of 40 cases, maximum 

number of cases were in age group of 41-60 years 

.Malignant lesions showed male preponderance 

with male to female ratio of 1.8:1 and benign 

lesions showed female preponderance with male 

to female ratio of 0.7:1,as similar to that reported 

in previous studies.
[7-10]  

more number of lesions 

were found in right lobe of liver than left lobe, 

Similar to existing studies.
[7,10] 

Out of all lesions 

maximum were malignant, positive correlation 

was seen with other studies.
[8,9]  

which also 

showed predominance of malignant lesions. In the 

present study the number of patients having single 

lesion was equal to number of patients having 

multiple lesions and there was no predominance 

of either groups. Maximum number of lesions 

were metastasisand least in number was adenoma. 

Maximum number of patients had lesions in right 

lobe. Most common benign lesions was simple 

cyst and among malignant lesions was metastasis. 

Quantitative analysis by ADC values of liver 

mass lesions: In the present study ADC values 

were obtained for all 90 lesions detected by DWI. 

Hepatic simple cysts and hydatid cysts had the 

highest ADC values while metastasis, abscesses 

and adenoma had the lowest values. The lowest 

ADC values among the malignant masses 

belonged to metastasis. Abscesses, though they 

are benign showed least ADC value overall 

0.69x10
-3

mm
2
/s accounting for false positive cases 

resembling malignant lesions. Among the 

malignant lesions, the lowest ADC value was for 

metastatic hepatic lesion (0.82 ± 0.08 x10
-

3
mm

2
/s). 

Mean ADC values of malignant mass lesions were 

significantly lower than benign mass lesions: 0.87 

± 0.15 x10
-3

mm
2
/s V/s 2.66±0.80x10

-3
mm

2
/s 

respectively (P<0.05), similar to available 

literature.
[13-18] 

The ADC cut-off value of 1.24 ± 

0.06 x10
-3

mm
2
/s obtained from receiver operating 

characteristic analysis. With 1.24 ± 0.06 x10
-

3
mm

2
/s cut-off the sensitivity of 96.49 %, 

specificity 93.93 %, PPV of 96.49% and NPV of 

93.93 % was obtained. 96.49 % sensitivity was 

due to 2 false positive lesions. Both of these were 

abscesses and showed ADC of 0.80 and 0.58 (x 

10
-3 

mm
2
/s), characterizing these as malignant 

lesions. 93.93% specificity was due to 2 false 

negative cases (1 HCC & 1 Cholangiocarcinoma). 

Both of them were having ADC value of 1.25 and 

1.37 (x 10
-3 

mm
2
/s) characterized these as benign 

lesions.  

After overall observation and analysis of ADC 

value of liver mass lesions, ADC measurements 
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were capable of differentiating between benign 

and malignant liver lesions. The best ADC 

threshold value for distinguishing benign and 

malignant lesions was1.50 x 10
-3

mm
2
/s.  with 

Sensitivity 100 % Specificity = 90.9% Positive 

predictive value 93.33 % Negative predictive 

value 100 % and p value  <0.05  respectively. The 

area under the curve was 0.935 when receiver 

operating characteristic (ROC) curve of the ADC 

value was used for the differentiation of benign 

from malignant liver lesions. Similar results were 

obtained in previous studies
[16-20] 

The variation in 

ADC cut offs is due to differences in the DW MR 

imaging technique applied for image acquisition, 

the choice of b value and the liver lesions 

assessed.  

 

Table- 06 Mean ADCs of normal liver and hepatic focal lesions, ADC cut-offs, sensitivity and specificity 

for diagnosing malignant lesions as reported in selected studies compared with the present study. 

Parameter Taouli et 

al
[18]

 (2003) 

Namimoto et 

al
[19]

 (1997) 

Kim et al
[20] 

(1999) 

Parikh et 

al
[21]

 (2008) 

Miller et 

al
[16]

 

(2010) 

Present 

study (2018) 

No. of patients/ lesions 66/52 51/59 126/79 53/211 30/41 40/90 

b values (sec/mm
2
) ≤ 500 30, 1200 ≤ 846 1, 50, 500 0, 1000 0, 100, 500, 

750 

Normal liver 1.83 0.69 1.02 - - 1.24 

HCC 1.33 0.99 0.97- 1.28 1.31 0.99 0.91 

Metastasis 0.94 1.15 1.06- 1.11 1.5 0.79 0.82 

Simple cyst 3.63 3.05 2.91- 3.03 2.54 3.05 3.33 

Hemangiomas 2.95 1.95 2.04- 2.10 2.04 2.46 2.29 

Abscess - - - 1.64 1.09 0.69 

Adenoma 1.75 - - 1.49 - 1.32 

Hydatid cyst - - - - 2.99 2.9 

Benign lesions 2.45 1.95 2.49 2.19 2.57 2.69 

Malignant lesions 1.08 1.04 1.01 1.39 0.86 0.87 

ADC (x10
-3

 mm
2
/s) cut-off 

for diagnosis of malignant 

lesions 

1.5 - 1.6 1.6 - 1.5 

Sensitivity (%) 84  98 74  100 

Specificity (%) 89  80 77  93.3 

 

Conclusion 

Based on the results of our study the following 

conclusions can be made: Diffusion-weighted 

(DW) MR imaging can be used for liver lesion 

detection and characterization with potential 

additional value to routine MRI sequences. This 

method was very useful in differentiating 

malignant and benign lesions without the need for 

contrast agent administration. Significantly lower 

ADC values were seen in malignant lesions when 

compared with benign ones. There was however 

overlap between different types of lesions 

specially adenoma, abscess & malignant lesions 

with few benign lesions showing restriction of 

diffusion and may look like malignant lesions. So 

DWI alone should not be taken as a stand-alone 

procedure. ADC thresholds applied for lesion 

characterization should be derived from imaging 

studies using similar techniques and ranges of b 

values for meaningful interpretation. Since there 

could be substantial overlap in the range of ADCs 

between different pathologies, the ADC should be 

interpreted concurrently with all available imaging 

before making the radiologic diagnosis. 

 

Funding: Nil 

Conflict of Interest: None 

 

References 

1. Caraiani C, Chiorean L, Fenesan D, 

Lebovici A, Feier D, Gersak M, et al. 

Diffusion weighted magnetic resonance 

imaging for the classification of focal liver 

lesions as benign or malignant. J 

Gastrointestin Liver Dis 2015;3(24):309–

17. 



 

Sachin Kumaraswamy et al JMSCR Volume 07 Issue 06 June 2019 Page 59 
 

JMSCR Vol||07||Issue||06||Page 53-60||June 2019 

2. Stejskal EO, Tanner JE. Spin diffusion 

measurements: spin echoes in the presence 

of a time dependent field gradient. J 

ChemPhys 1965;42:288–292. 

3. Taouli B, Koh DM. Diffusion-weighted 

MR imaging of the liver. Radiology. 

2010;254(1):47-66. 

4. KohDM, Collins DJ. Diffusion-weighted 

MRI in the body: applications and 

challenges in oncology. AJR Am J 

Roentgenol 2007;188(6):1622–35.  

5. Hori M, Ichikawa T, Sou H, Tsukamoto T, 

Kitamura T, Okubo T et al. Improving 

diffusion-weighted imaging of liver with 

SENSE technique: a preliminary study. 

Nippon Igaku Hoshasen Gakkai Zasshi 

2003;63(4):177-79. 

6. Gudbjartsson H, Patz S. The Rician 

distribution of noisy MRI data. Magn 

Reson Med 1995;34 (6):910-14. 

7. Rao UMM, Rao L. Evaluation of focal 

liver lesions by magnetic resonance 

imaging and correlation with pathology. 

International Journal of Research in 

Medical Sciences. 2016;4(11):4659-68. 

8. Hasan NM, Zaki KF, Alam-Eldeen MH, 

Hamedi HR. Benign versus malignant 

focal liver lesions: Diagnostic value of 

qualitative and quantitative diffusion 

weighted MR imaging. The Egyptian 

Journal of Radiology and Nuclear 

Medicine. 2016;47(4):1211-20. 

9. El-Badrawy A, Ashmallah GA, Tawfik 

AM, Abdelfattah S, Salah-Eldin M, Azmy 

EE et al. Diffusion-weighted MR imaging 

of the Benign hepatic focal lesions. Open 

Journal of Radiology. 2014;4(01):136-43. 

10. Turdean S, GurzuSm, Turcu M, Viodazan 

S, Sin A. Current data in 

clinicopathological characteristics of 

primary hepatic tumors. Rom J Morphol 

Embryol 2012;53(3 Suppl):719–24. 

11. Nijalingappa, Maralahalli NS. Role of 

diffusion weighted magnetic resonance 

imaging in focal liver lesions. IOSR 

Journal of Dental and Medical Sciences 

2015;14(7):10-22. 

12. Battal B, Kocaoglu M, Akgun V, 

Karademir I, Deveci S, Guvenc I et al. 

Diffusion-weighted imaging in the 

characterization of focal liver lesions: 

efficacy of visual assessment. Journal of 

computer assisted tomography. 

2011;35(3):326-31. 

13. Abdelsamed AM, Elia RZ, Hatim MU. 

The role of diffusion weighted MRI in the 

differentiation between benign and 

malignant hepatic focal lesion. The 

Egyptian Journal of Hospital Medicine 

2017;68(2):1176-83. 

14. Vergara ML, Fernández M, Pereira R. 

Diffusion-weighted MRI characterization 

of solid liver lesions, Revista Chilena De 

Radiología, 2010;16(1):510. 

15. Jahic E, Sofic A, Selimovic AH. 

DWI/ADC in Differentiation of Benign 

from Malignant Focal Liver Lesion. Acta 

Informatica Medica. 2016;24(4):244-47. 

16. Miller FH, Hammond N, Siddiqi AJ, 

Shroff S, Khatri G, Wang Y, Merrick LB, 

Nikolaidis P. Utility of diffusion‐weighted 

MRI in distinguishing benign and 

malignant hepatic lesions. Journal of 

Magnetic Resonance Imaging. 2010;32 

(1):138-47. 

17. Demir O., Obuz F., Sagol O., Dicle O. 

Contribution of diffusion-weighted MRI to 

the differential diagnosis of hepatic 

masses. Diagn Interv Radiol. 2007;13 

(2):81-6. 

18. Taouli B, Vilgrain V, Dumont E, Daire JL, 

Fan B, Menu Y. Evaluation of liver 

diffusion isotropy and characterization of 

focal hepatic lesions with two single-shot 

echoplanar MR imaging sequences: 

prospective study in 66 patients. 

Radiology 2003;226(1):71–8. 

19. Namimoto T, Yamashita Y, Sumi S, Tang 

Y, Takahashi M. Focal liver masses: 

characterization with diffusion weighted 



 

Sachin Kumaraswamy et al JMSCR Volume 07 Issue 06 June 2019 Page 60 
 

JMSCR Vol||07||Issue||06||Page 53-60||June 2019 

echo-planar MR imaging. Radiology. 

1997;204(3):739–44. 

20. Kim T, Murakami T, Takahashi S, Hori M, 

Tsuda K, Nakamura H. Diffusion-

weighted single-shot echoplanar MR 

imaging for liver disease. AJR Am J 

Roentgenol 1999;173(2):393–98. 

21. Parikh T, Drew SJ, Lee VS, Wong S, 

Hecht EM, Babb JS et al. Focal liver 

lesion detection and characterization with 

diffusion-weighted MR imaging: 

comparison with standard breath-hold T2-

weighted imaging. Radiology 2008;246 

(3): 812–22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


