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Background: Limited studies have evaluated the role of diffusion weighted imaging (DWI) and apparent diffusion
coefficient (ADC) for histologically grading the hepatocellular carcinoma (HCC). Objective: To compare the
efficacy of DWI with dynamic contrast enhanced magnetic resonance (DCEMR) in detection of HCC in cirrhosis,
and to evaluate whether DWI can be used instead of DCEMR. Methods: 20 patients of either sex with cirrhosis and
suspected of having HCC on screening USG were included in this prospective study approved by the Institutional
Ethics Committee. All patients underwent DCEMR of the abdomen on 3T scanner and fine needle aspiration of
the lesions. MR protocol included T1WI, T2WI, DWI, and dynamic CEMR. The results of diffusion weighted
imaging were compared with DCEMR to find the efficacy of DWI vis-à-vis CEMR. Results: DWI had a sensitivity
and specificity of 100%, for diagnosis of lesions in cases having single lesion on CEMR, and sensitivity of 75% and
specificity of 100% for diagnosis of lesions in cases having multiple lesions. There was a decreasing trend of ADC
values with increasing grade of the tumor; however, the decreasing trend was not statistically significant. A cut-off
ADC value of 0.8705 resulted in a sensitivity of 75% and specificity of 50% for differentiating between well-
differentiated and other grades of HCC. Conclusion: DWI can be used as an alternative for the detection and
characterization of HCC, especially in patients with impaired renal function or contrast allergies precluding the
use of contrast. In addition, DWI with ADC measurement may be helpful for non-invasive and preoperative
prediction of the degree of differentiation of HCC. ( J CLIN EXP HEPATOL 2016;6:303–310)
H

Hepatocellular carcinoma (HCC) is the sixth most
commonly encountered cancer worldwide and
third most common cause for the cancer-related

death globally. It is the most common primary hepatic
malignancy with around 80% cases developing predomi-
nantly in patients who have underlying cirrhotic back-
ground.1–4 Arterial phase enhancement is considered as
the essential characteristic of HCC and dynamic contrast
enhanced magnetic resonance (DCEMR) imaging is con-
sidered as the gold standard for the diagnosis of HCC non-
invasively.5 Patients having impaired renal function or
s: HCC, DWI, ADC, grading, DCEMR
 20.03.2016; Accepted: 25.08.2016; Available online: 1 September

for correspondence: Dr. Naveen Kalra, Professor, Department of
agnosis and Imaging, Post Graduate Institute of Medical Educa-

 Research, Sector-12, Chandigarh 160012, India.
 172 2744401.
avkal2004@yahoo.com
tions: ADC: apparent diffusion coefficient; DCEMR: dynamic
 enhanced magnetic resonance; DWI: diffusion weighted imaging;

 half-Fourier acquisition single-shot turbo spin echo; HCC: hepa-
r carcinoma; TSE: turbo spin echo; VIBE: volume interpolated
old examination
x.doi.org/10.1016/j.jceh.2016.08.012

 INASL. Journal of Clinical and E
history of contrast allergies cannot be administered gado-
linium contrast agent for DCEMR, and hence an alterna-
tive imaging technique is required for the detection and
characterization of HCC.

Diffusion weighted MR imaging (DW-MRI) has
emerged as a non-invasive sequence which works on micro-
scopic motion of water in tissue. It is being increasingly
used in liver diseases due to availability of echo-planar
imaging and parallel imaging techniques which has con-
siderably improved the quality of images with reduction of
artifacts related to breathing, cardiac motion, and bowel
peristalsis.6 Even though previous studies have reported
DWI to have improved sensitivity when combined with
CEMR in diagnosing HCC, to the best of our knowledge,
there is no previous prospective study directly comparing
the efficacy of diffusion weighted imaging (DWI) against
DCEMR in the diagnosis of HCC on a 3T MRI scanner.
Among the several forecasters of recurrence of HCC after
surgical resection, histological grading is the most impor-
tant foretelling factor for early tumoral recurrence.7,8

Hence, preoperative prediction of grade of tumor may
be helpful for clinicians for further management. It has
been hypothesized that highly cellular tumors are associ-
ated with more restriction of motion of water molecules,
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and hence apparent diffusion coefficient (ADC) values are
considerably lower for malignant lesions compared to
lesions of benign nature and also for high grade tumors
than for low grade tumors.6,9

Limited studies have evaluated the role of DWI and
ADC for histologically grading the HCC. However, they
have revealed contradicting results for correlation between
grade of HCC and ADC values. Hence, the results at
present are equivocal for correlation of ADC values with
tumor grading. Thus, in the present study, DWI efficacy
was compared with DCEMR in detection of HCC in cir-
rhotics, taking DCEMR as gold standard. We also evalu-
ated whether DWI can be used instead of DCEMR. This
can avoid the use of intravenous contrast which will be
more beneficial to patients with hepatic and renal failure.
The correlation between calculated ADC values and grades
of tumor was also looked for, and cut-off ADC value for
various grades of HCC was looked for.
MATERIALS AND METHODS

The prospective study was approved by the Institutional
Ethics Committee of Post Graduate Institute of Medical
Education and Research, Chandigarh, India. Informed
written consent was obtained from all patients. The fine
needle aspirate of the focal hepatic lesions was also
approved, as we needed to grade the lesion as a part of
the study protocol.

Study Population
A total of 20 patients of either sex who presented to out-
patient department (OPD) of hepatology clinic of our
institute over a period of 18 months, with chronic liver
disease and suspected of having HCC on screening USG
were included. None of them had undergone previous
locoregional therapy or surgery for the liver lesion.

These twenty patients (19 men and one female) were in
the age range of 40–80 years with a mean age of 59.05 years.
The underlying cause of cirrhosis was HBV in 9 patients,
HCV in 6 patients, alcoholic cirrhosis in 4 patients, and
non-alcoholic steatohepatitis (NASH) in one patient. The
mean AFP level in the study group was 80.13 ng/ml with
14 patients having AFP levels less than 100 ng/ml.

Imaging Protocol
MR abdomen was done on 3T (SIEMENS VERIO) imaging
system using a body coil. The protocol included T1
weighted axial imaging, T2 weighted axial imaging includ-
ing both non fat suppressed and fat suppressed sequence,
axial DWI and conventional axial DCEMR. The T1-
weighted gradient echo sequence had following parame-
ters: TR—120 ms, TE—2.46 ms, flip angle—658, slice thick-
ness—6 mm, interslice gap—1 mm, matrix—320 � 320, and
field of view—38 � 38 cm. The T2-weighted half-Fourier
304 
acquisition single-shot turbo spin echo (HASTE) sequence
had following parameters: TR—2000 ms, TE—96 ms, flip
angle �1508, slice thickness—6 mm, interslice gap—1 mm,
matrix—320 � 320, and field of view—38 cm � 38 cm. Fat
suppressed T2-weighted turbo spin echo (TSE) sequence
was obtained with simultaneous use of respiratory gating
with following parameters: TR/TE—6600–8600 ms/84 ms,
slice thickness—6 mm, interslice gap—1 mm, matrix—
320 � 320, and field of view—38 cm � 38 cm. The DWI
(single shot echo planar imaging with simultaneous use of
respiratory triggering) was obtained with following param-
eters: TR/TE—6600–8400 ms/92 ms, slice thickness—
6 mm, interslice gap—1 mm, field of view—38 cm � 38 cm,
and matrix—320 � 320. The acquisition was done with
four b values of 0, 100, 500, and 1000 s/mm2 with diffusion
encoding gradient in all three orthogonal directions. DWI
sequence was of around 4–5 min. The trace images were
obtained separately for all the four b values. Imaging
software on the imager console automatically generated
a pixel-based ADC map. The DCEMR images were
obtained using 3D gradient echo FLASH (volume interpo-
lated breath hold examination, VIBE) sequence using fol-
lowing parameters: TR/TE—6600–8400 ms/92 ms, slice
thickness—6 mm, interslice gap—1 mm, field of view—
38 cm � 38 cm, and matrix—320 � 320. The images were
acquired before injecting contrast and after the time period
of 30, 70, and 180 s after injecting contrast corresponding
to arterial dominant, portal venous, and delayed phase
imaging. Gadobenate dimeglumine (multihance) contrast
was injected (0.1 mmol/kg of contrast material) through
antecubital vein using a power injector at a rate of 2–3 ml/
s. Subtraction images were generated automatically on the
console by the imager software for every set of post-con-
trast images for assessing enhancement in nodules that
were of high signal intensity on T1-weighted images before
injection of gadolinium.

Image Interpretation
The conventional sequences including T1 WI and T2 WI
were interpreted for presence of lesion, number of lesions,
and for signal characterization of lesion in both the
sequences. The DWI and DCEMR images were interpreted
separately by two different radiologists. Both of them had
more than 10 years of experience in abdominal imaging.
The lesions which showed enhancement in hepatic arterial
phase with or without washout in delayed images were
considered positive in DCEMR for HCC. The lesions which
appeared bright on DWI and dark on ADC maps were
considered positive in DWI for HCC. On ADC maps, ADC
values of the lesion were measured by placing region of
interest (ROI) manually within the lesion. At least five
ROIs of uniform size of 44 pixels were taken within the
lesion and mean ADC value was calculated. While measur-
ing the ADC values, care was taken to place ROI exactly
within the part of lesion corresponding to solid enhancing
© 2016 INASL.
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part of tumor in DCEMR. The care was taken to avoid
placing the ROI within the part of tumor corresponding to
area of necrosis in DCEMR and T2 WI. In case where there
were multiple lesions, the ADC value of the largest lesion
was measured.

Cytological Grading of Lesion
The lesions seen on MR were sampled using a 22G LP
needle. The cell block specimens were also obtained. In case
there were multiple lesions, sampling of the largest lesion
was done. All the lesions were interpreted by a single
pathologist having more than 10 years of experience
and was blinded to the findings of MRI. The lesions were
categorized cytologically as well, moderate, and poorly
differentiated based on Edmondson grading system. The
staining was done using May-Grünwald Giemsa stain and
Hematoxyline-eosin stain.

Statistical Analysis
The statistical analysis was carried out using statistical
package for social sciences (SPSS. version 6.0). The degree
of agreement between the two modalities DWI and
DCEMR was measured using kappa test of agreement.
The ADC values of various grades of HCC were tested
for normality using Kolmogorov–Smirnov tests. Normally
distributed data were expressed as mean � SD of all the
groups. Then, the mean ADC values of various groups were
correlated with cytological grading using ANOVA tests. A P
value of <0.05 was considered significant in all tests. The
cut-off ADC value between various grades was determined
by receiver operating characteristic (ROC) curve analysis.
RESULTS

MR Interpretation
Out of 20 patients, single lesion was found in 16 patients,
two lesions in one patient, four lesions in another one
patient, while multiple lesions were seen in two patients on
DCEMR. According to the morphology, the lesions were
classified as solitary (75%), multifocal (20%), and infiltra-
tive (5%). The lesions varied in size from 1.3 cm to 17 cm in
their maximum dimensions with a mean size of 6 cm. In
patients having multiple lesions, the characteristics of the
largest lesion were considered for statistical purpose and
hence a total of 20 lesions were evaluated. Based on signal
intensity, the lesions were interpreted as hypointense
(45%), isointense (40%), and hyperintense (15%) on
T1WI with presence of T1 hypointense rim seen in 10
(50%) patients. The lesions were classified as either isoin-
tense (20%) or hyperintense (80%) on T2WI with presence
of T2 hyperintense rim in 2 (10%) patients. None of the
lesions were hypointense on T2WI. The lesions were inter-
preted on CEMR as those showing arterial phase enhance-
ment with washout on delayed images (90%) and those
Journal of Clinical and Experimental Hepatology | December 2016 | Vol. 6 
showing arterial phase enhancement without evidence of
washout on delayed images (10%). On delayed images, the
lesions were classified as either having delayed enhance-
ment of capsule (70%), or as those not having delayed
enhancement of capsule (30%).

On DWI, out of 20 patients, 17 patients had single
lesion, one patient had four lesions, while two patients
had multiple lesions. The lesions in DWI were either
homogenously bright (40%) or heterogenously bright
(60%). The lesions were similarly either homogenously
dark (10%), heterogenously dark (60%), and peripherally
dark (30%) on ADC maps.

We tried to calculate the percentage of lesions seen using
various criteria such as arterial hypervascularity, washout,
and diffusion restriction in diagnosing HCC. For the pur-
pose of calculating the percentages, we excluded the two
patients who had multiple lesions diagnosed in both
modalities, DCEMR and DWI. Excluding them, we had a
total of 22 lesions, out of which a total of 20 lesions were
picked among 22 lesions (90.9%) using the criteria of arte-
rial phase enhancement with washout as two patients had
single lesion that showed hypervascularity on arterial phase,
but no washout on delayed images. The criteria of diffusion
restriction again picked up a total of 21 lesions (95.45%), as
one patient had one lesion out of two lesions not seen in
DWI, but seen on DCEMR. The combined criteria of hyper-
vascularity on arterial phase and washout on delayed
images picked up all the lesions as none of the patients
had lesions seen on DWI, with not being seen on DCEMR.

Cytological Grading and ADC Values
On pathological examination, the lesions were interpreted
as well differentiated in 8 patients (40%), moderately dif-
ferentiated in 10 patients (50%), and poorly differentiated in
2 patients (10%). The ADC values of the lesions of all grades
ranged from 0.5 to 1.1 � l0�3 mm2/s (mean 0.86 � 0.15
SD). The mean ADC values of poorly differentiated, mod-
erately differentiated, and well-differentiated HCC were
0.69500 � 0.121622 � l0�3 mm2/s, 0.8664 � 0.10024 �
l0�3 mm2/s, and 0.92410 � 0.16513 � l0�3 mm2/s respec-
tively. We calculated the ADC value of surrounding liver
parenchyma, similarly by placing five ROIs randomly
within the surrounding liver parenchyma and calculating
the mean ADC value. The mean ADC value of surrounding
liver in poorly differentiated, moderately differentiated, and
well-differentiated HCC were 1.3210 � 0.2807 � l0�3

mm2/s, 1.2190 � 0.1877 � l0�3 mm2/s, and 1.243
� 0.0962 � l0�3 mm2/s respectively (Figures 1–3).
Degree of Agreement Between DWI and
DCEMR
DWI and DCEMR had similar findings on 19 patients.
There was difference in only one patient in whom DCEMR
showed two lesions while DWI picked up only one lesion.
| No. 4 | 303–310 305



Figure 1 65-year-old male, a known case of NASH, with history of abdominal pain and loss of appetite and weight (AFP- 16 ng/ml). T2 WI axial (A) and
T1 WI axial (B) images show a well-defined SOL, T1 isointense and T2 isointense lesion in left lobe of liver in cirrhotic background. DWI b value 1000 (C)
and ADC MAP (D) showing lesion to be homogenously bright on DWI (except for small necrotic area anteriorly) and heterogenously dark on ADC map.
DCEMR arterial phase (E), portal venous phase (F) and delayed phase (G) showing lesion to be hypervascular on arterial phase with washout on portal
venous phase and enhancement of capsule on delayed image. (H) ADC map with ADC values (mean ADC - 0.941). (I) and (J) microphotograph of FNAC
smear (I, May-Grünwald Giemsa stain, original magnification 200� and J, Hematoxyline-eosin stain, original magnification 200�) shows well
differentiated HCC.

ROLE OF DIFFUSION WEIGHTED IMAGING FOR HEPATOCELLULAR CARCINOMA
DETECTION

SHANKAR ET AL

H
ep

a
to
cellu

la
r
C
a
rcino

m
a

The observed kappa value was 0.8984 with a range of
0.6818–1.0. This value corresponds to high degree of agree-
ment between these two modalities.

Correlation of ADC Values With Cytological
Grading
The ADC values of three grades of HCC showed a decreas-
ing trend with increasing grade. The decreasing trend of
ADC values is illustrated in Figure 4. However, they did not
show any correlation as P value is 0.118 which is not
statistically significant. The P values of correlation of
Table 1 Correlation of ADC Value With Grading.

Correlation P value

Well, moderate and poor 0.118

Well and moderate 1.00

Moderate and poor 0.336

Well and poor 0.127

306 
ADC values with various grades of HCC are shown in
Table 1. When we tried to draw a ROC curve, to define
a cut-off value between well-differentiated and other two
grades (moderate and poorly differentiated clubbed
together) of HCC, we got a cut-off value of
0.87050 � l0�3 mm2/s to differentiate between well and
other two grades of HCC with a sensitivity of 75% and
specificity of 50%. The ROC curve is illustrated in Figure 5.
The ADC values of surrounding liver parenchyma were
correlated with cytological grading of tumor using
ANOVA test. The mean ADC values of the surrounding
liver did not show any correlation with grading of lesion as
evidenced by a P value of 0.727.
DISCUSSION

HCC is one of the most common causes of cancer-related
death. Patients who are diagnosed at an early stage without
metastasis are eligible for curative therapies and hence have
a good prognosis in the range of 50–70% 5-year survival
rate.10 However, the prognosis is poor when HCC is diag-
nosed at an advanced stage. Hence, diagnosing HCC at an
© 2016 INASL.



Figure 2 75-year-old HCV positive male with history of abdominal pain and loss of weight and appetite (AFP- 54.4 ng/ml). T2 WI axial (A) and T1 WI
axial (B) axial images show a well-defined SOL, T1 hypointense, and T2 hyperintense lesion in right lobe of liver in cirrhotic background. DWI b value 1000
(C) and ADC map (D) showing lesion to be heterogenously bright on DWI and peripherally dark on ADC map. DCEMR arterial phase (E), portal venous
phase (F) and delayed phase (G) showing lesion to be hypervascular on arterial phase with washout on portal venous phase and enhancement of
capsule on delayed image. (H) ADC map with ADC values (mean ADC- 0.908). (I) and (J) microphotograph of FNAC smear (I, May-Grünwald Giemsa
stain, original magnification 400� and J, hematoxyline-eosin stain, original magnification 400�) shows moderately differentiated HCC.
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early stage is important. The radiological criteria have been
proposed for diagnosing HCC early without sampling.11

The diagnostic imaging criteria for HCC include arterial
phase enhancement with washout in the portal venous
and/or delayed phases on computed tomography or mag-
netic resonance imaging.12,13 However, gadolinium con-
trast cannot be used in patients with chronic renal failure
due to risk of nephrogenic systemic fibrosis and in those
with history of allergy to gadolinium. This creates a need
for imaging sequences without the use of gadolinium
which can be used for diagnosing HCC in patients with
contraindication for gadolinium. In DCEMR, hepatic
lesions, which show arterial phase enhancement without
venous washout such as dysplastic nodules, and arterio-
portal shunts are often encountered which often pose a
diagnostic difficulty in discriminating HCC from these
pseudo-enhancing lesions.14 Also, a small percentage of
HCC are hypovascular which do not show enhancement in
arterial phase images. When these standard criteria are
used, a sensitivity of 59.6% was calculated for diagnosing
of HCC by DCEMR in the study by Piana et al.,15 whereas it
was slightly higher in the study by Forner et al.16 reaching
61.7%. This low sensitivity is mainly due to arterial phase
enhancing lesions not showing washout in the venous or
Journal of Clinical and Experimental Hepatology | December 2016 | Vol. 6 
delayed phase images and to a less extent due to hypo-
vascular HCCs, which do not enhance in arterial phase.
Since arterial phase enhancement is also seen in many
lesions other than HCCs, the washout on delayed images
is a criterion to increase specificity which in turn decreases
the sensitivity of the criterion.13 Hence, to increase the
sensitivity, there arises a need for defining additional imag-
ing criteria.

DWI shows microscopic motion of water in tissue
which involves exploitation of movement of water mole-
cules in the blood vessels, and extracellular and intracellu-
lar spaces.17 To the best of our knowledge, even though few
studies have compared the combined efficacy of DWI and
DCEMR to that of DCEMR alone, this is the first prospec-
tive study in which efficacy of DWI alone is directly com-
pared with DCEMR. DWI was outperformed by CEMR for
detection of HCC in the retrospective study by Park et al.18

However, it represented a reasonable alternative to CEMR
for detection of HCC with a size above 2 cm. The addition
of DWI to CEMR slightly increased the detection rate in
their study. In the present study, DWI had a high degree of
agreement (kappa co-efficient-0.8984) with DCEMR, iden-
tifying almost all lesions except for single lesion in one
patient. In our study, 95.45% of HCCs were hyperintense
| No. 4 | 303–310 307



Figure 3 80-year-old HBV positive male with history of abdominal pain (AFP-110 ng/ml). T1 WI axial (A) and T2 WI axial (B) images show a well-defined
SOL, T1 hypointense, and T2 hyperintense lesion in right lobe of liver in cirrhotic background. DWI b value 1000 (C) and ADC MAP (D) showing lesion to
be homogenously bright on DWI and homogenously dark on ADC map. DCEMR arterial phase (E), portal venous phase (F), and delayed phase (G)
showing lesion to be minimally hypervascular on arterial phase with washout on portal venous phase. (H) ADC map with ADC values (mean ADC- 0.609).
(I) and (J) microphotograph of FNAC smear (I, May-Grünwald Giemsa stain, original magnification 200� and J, Hematoxyline-eosin stain original
magnification 400�) showing poorly differentiated HCC.

Figure 4 Comparison of ADC values of various grades of HCC.
Figure 5 ROC analysis for differentiating between well-differentiated
and other grades of HCC.
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on DWI. This percentage is slightly higher than in previous
studies. In the study by Piana et al.,15 82% or 72% of HCC
were hyperintense depending on the reader, where around
91.2% of hypervascular HCC were hyperintense in the
study by Nasu et al.19

Previous reports have also mentioned that it may be
difficult to differentiate HCC from other solid hepatic
lesions like focal nodular hyperplasia (FNH), adenomas,
and metastasis by DWI. As these solid lesions also have
increased cellularity, they can show ADC values that over-
lap with ADC values of HCC.20,21However, the objective of
the present study was to assess the role of DWI in cirrhotic
patients only. According to the recent International Work-
ing Party's Terminology of Nodular Hepatocellular
Lesions, FNH and adenoma should not be diagnosed
within a cirrhotic liver.22 Furthermore, metastases to a
liver with a cirrhotic background are very unlikely due to
reduction of portal blood flow. With these results in
background, DWI can be confidently applied as a single
sequence for diagnosing HCC in patients with liver cir-
rhosis and in whom there exists a contraindication to
gadolinium. In patients with non-cirrhotic liver, when a
liver lesion is detected on conventional sequences but is
not very characteristic of HCC, the imaging findings on
DWI may add confidence for detection and characteriza-
tion of HCC.

In the second part of the present study, attempt was
made to find out whether quantitative analysis of ADC and
DWI before treatment can help in assessment of cytologi-
cal grading. Taouli et al. first showed that ADC values can
be used to differentiate between benign and malignant
lesions in liver.20,21 After this, few studies23,24 were done
to differentiate between benign and malignant hepatic
lesions and also to differentiate between various grades
of HCC. Nasu et al.,19 Piana et al.,15 and Saito et al.25

showed that there exists no relationship between ADC
values and histopathological grades of HCC, whereas
Heo et al.26 and Nishie et al.27 said that the ADC values
of HCC had an inverse correlation with the degree of
differentiation. In the present study, even though there
was a decreasing trend of ADC values with increasing grade
of tumor, however the decreasing trend was not statisti-
cally significant (P value of 0.118).

To the best of our knowledge, this is the first study done
on a 3T MR scanner, whereas previous published studies
have been limited to 1.5T. With increase in field strength,
the increased signal to noise ratio (SNR) can be used to
improve spatial resolution or achieve a higher diffusion
weighting, which can thereby increase the accuracy of
diffusion studies. Most of the previous studies used only
two b values, whereas in our study, we used a maximum of
four b values. Multiple b values help in calculating a precise
ADC value with decreased regional ADC variations and
decreased perfusion contamination. Nasu et al.19 and
Piana et al.15 in their studies used a maximum b value
Journal of Clinical and Experimental Hepatology | December 2016 | Vol. 6 
of 500 mm2/s, whereas in our study, we used a maximum
b value of 1000 mm2/s. A high b value of 1000 s/mm2 in
addition provides information about the water molecules
which have a slow diffusion and thereby reflecting rela-
tively minor effects like intracellular microenvironment.
Nasu et al.19 and Piana et al.15 in their studies had the
fallacy of not taking into account the necrotic areas while
measuring ADC of the lesion, whereas in our study, we
tried to avoid the necrotic areas in the measurement of
ADC value by placing ROI in ADC maps corresponding to
solid enhancing part of tumor in DCEMR.

Generally, cytopathological grade of a neoplasm is deter-
mined by both cellular and nuclear atypia.28 In the present
study, classification the HCCs was done based on Edmond-
son-Steiner grading system,29 which primarily depends on
nuclear atypia that affects the intracellular environment
rather than the intercellular environment. Nuclear atypia,
which is represented mainly by the nuclear-cytoplasmic
ratio, is not fully represented on the DWI sequence. DWI
primarily describes the Brownian motion of the extracellu-
lar water molecules with little description of movement of
intracellular water molecules. This could be one reason as
to why ADC values did not show significant correlation
with cytopathological grading.

This study had quite a few limitations. Firstly, this was a
small study population of 20 patients only. Further studies
with increased patient population are recommended. In
addition, most of the lesions were more than 2 cm. The
efficacy of DWI in detection of small lesions may be
evaluated in future studies with relatively large sample
population. Secondly, CEMR was taken as gold standard
as per AASLD and EASL guidelines and efficacy of DWI
was compared with CEMR and not with explanted liver.
The lesions that were missed in both the studies could not
be determined and were not taken into consideration for
calculation of sensitivity and specificity. Thirdly, only
FNAC was taken from the lesion and ADC values were
correlated with cytopathological grading. Most of the
published studies have used histopathologic specimens
for correlation. Though we used cell blocks for grading,
histopathological grading is the gold standard when com-
pared to cytopathological grading. Fourthly, the ADC
value measurement in MR imaging may not exactly co-
register with the cytological specimen meaning that area
from which the ADC values were measured may not be
exactly sampled during cytological examination. The ADC
values were measured by drawing five different ROIs in the
same slice of tumor, but not including the cystic or
necrotic components. This sampling bias could have con-
tributed to the disparity between the ADC values and the
cytopathologic analysis since drawing multiple ROIs in
one slice may not fully represent the tumoral cytopatho-
logical heterogeneity. Finally, most of the patients turned
out to have either well or moderately differentiated HCC
with only two of the patients belonging to poorly
| No. 4 | 303–310 309
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differentiated HCC and hence we were not able to define a
cut-off between poorly differentiated and other grades
of HCC.

To conclude, DWI is seen to have excellent degree of
agreement with DCEMR for detection of HCC. In patients
with impaired renal function or contrast allergies preclud-
ing use of dynamic gadolinium enhanced imaging, DWI
can be used as an alternative for the detection and char-
acterization of HCC. Although correct prediction of exact
histopathological grade of HCC is not possible because of
the large overlap among the ADC values, DWI with ADC
measurement may be helpful for non-invasive and preop-
erative prediction of the degree of differentiation of HCC.
However, further studies with increasing number of
patients are recommended.
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