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Abstract: Aim: The aim of this study is to assess the role of Diffusion Wighted Imaging (DW techniqie used in
Magnetic Resonance Imaging (MRI) of the liver and its ability to characterize hepatic focal lesions and differenti ate
them as benign or malignant. Summary: 37 cases with HFIs was inwstigated by dynamic MRI in conjunction
adjacent to DW B nique at 3different b values and ADC measurement for each lesion. DWprowd to be helpful in
the characterization of focal liver lesions, but should always be used in conjunction with traditional dynamic MRI
since there is great owrlap between ADC values of benign and malig nant lesions however it shows high sensitivity
in diagnosing malignant lesions. So, it seems reasonable to use DWin conjunction to conwentional imaging. W
can predict that with more scientific researches the use of DWimaging of the liver will become far more common
and may replace routine multiphasic imaging approaches in the near future. Key words: MRI magnetic resonance
imaging, DWI diffusion weighted imaging, ADC apparent diffusion coefficient, HFL hepatic focal lesions, SOR
standard of reference, HCC hepatocellular carcinoma.
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1. Introduction: Cairo, including 37 patients with hepatic focal lesions
Diffusion weighted imaging (DW is a discowered during routine examination by US or
relatively recent non -contrast imaging tool. It has a during follow up of known oncological patient. The
high resolution allowing more accurate detection and patients were 27 males and 10 females with mean age
characterization of FIls ( Galea et al., 2013). Its 2,8 years. All patients underwent routine
principle is based upon measuring the random motion conwentional MR sequences which was performed on
of water into a voxel of tissue. It provides quantitative high field system (1.5Tsla - hilips Achiew) using a
and qalitative information about tissue cellularity, phased array coil to cowr the whole liver and
depicting between normal parenchyma and malignant conwentional sequences including T, T, chemical
tissues. A recent application of MRI and of DWin shift Tl and triphasic post G d-DPIA TIWs. DW at
particular is the use of the apparent diffusion three b values (b 5, b 50 b &0 s / mm ) and
coefficient (ADC) walue as a measure of the corresponding ADC and ADC yalue measurements
magnitude of diffusion within a tissue (Sinha et al., for RO (regions of interest).
2013). Wually, malignant FIIs are characterized by MR protocol used:
restricted diffusion defined by hyperintensity on the b- Coronal Survey BFFE:
&0 image and hypointensity on the ADC map. R=2.8 TE.4H Matri2525% slice
Benign FIIs with fluid content (such as hemangioma thickness=l Smm, slice gap=3mm and Flip Angle=60°:
or biliary cyst) are characterized by hyperintensity Scan time =57 sec.
both on the DWat high b -walues, and on the ADC Axial T1 weighted (T1W) images:
map, behavior is known as "2 -shine through" (Galea Repetition time (TR)<msec, echo time
et al., 2013). DWrepresents an excellent method for (TB2msec, matrix 1Rx19R, slice thickness 10mm,
detection and differentiation of metastatic liver lesions slice gap 1-2 mm, and scan time =153 sec.
(Se 8%and Sp 97% compared to other methods Coronal TIW-IP SENSE:
such as triphasic CT (Se 5 and Sp 78 TR =0msec, TE46 msec, matrix 3 34
(Holzapfel et al.,, 2011). Results of sewral studies with a slice thickness 3mm, slice gap Omm and flip
show that diffusion-weighted (DWMR imaging can angle of 10 degrees, scan time =1.36min.
help to characterize FIIs by enabling measurement of Axial in phase and out phase gradient echo
lesion (ADC) (Parikh et al., 2008). sequence (dual-FFE-BH-SENSE) axial images:
TR= 170msec, TE4amsec for in phase and
2. Patient and methods: 2.3msec for out phase, matrix 3433 with slice
From April 2016to May 2017 prospective study thickness 10mm, slice gap 2 mm & flip angle =80,
was performed at Al-Azhar university’s hospitals in Scan time =1.20 sec.
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Axial T2 weighted (T2ZW-TSE SENSE):

TR 300 -510 msec, TED -100 msec, matrix 384
x 34 with a slice thickness 10 mm, slice gap 2mm,
FA=9 degrees & Scan time =2 -5 min.

Coronal T2W-TSE SENSE:

TR =00msec, TE= 100 msec, matrix 28&28
with a field of view: 365 slice thickness 3mm, slice
gap Omm and flip angle of 10 degrees, scan time
=.3min.

Axial T2 SPAIR (Spectral Attenuated Inversion
Recovery) fat suppression sequence:

TR 412 - 418 msec, TEOmsec, matrix 384 x
34 with a slice thickness 10 mm, slice gap 2mm,
scan time = 1.12 min. Axial heavy T2 weighted
images: TR=737msec, TE300msec, matrix 400 x
400 with a field of view: 381, slice thickness 10 mm,
slice gap 2 mm.

Diffusion study:

Breath  hold  fat-suppressed  single-shot
echoplanar DW imaging was performed in the
transwerse plane with tri-directional diffusion
gradients by using three different b values 30, 00 &
80 sec/mm’ to increase sensitivity to cellular
packing. Parallel imaging with generalized auto -
calibrating partially parallel acquisition with an
acceleration factor was applied to improw image
quality. he other parameters were as follows: (DW -
3 - RTSENSE/ Ax ial image) repetition time (1TR)
>1.2sec, echo time (B = @ msec, number of
excitations (NEY=3, matrix 12x12 with a slice
thickness 10mm, slice gap 1-2mm & scan time 2-
3min.

ADC calculation:

The mean ADC of each focal lesion detected was
measured by drawing a region of interest (RQ) ovwer
the lesion. The ADC was measured twice and the
measurements were aweraged.

Dynamic study:

Dynamic study was performed after bolus
injection of 0.1mmol/kg body weight of (@ -DTPA at
a rate of 2ml/s, flushed with 20ml of sterile 0.%%
saline solution from the antecubital win. Dynamic
imaging using THRINE (T High Resolution
Isotropic V0lume Bamination) technique which is
3D RE with fat suppression (SPAIR) performed
before and after contrast administration in arterial,
porto-venous as well delayed phase. The patient was
asked to hold breath at end expiration.

Coronal 2D BOLUS TRACK:

TR =mses, TE0.79 -1.8 msec, matrix
25625 with a field of view: 365 slice thickness
3mm, slice gap Omm and flip angle of 10 degrees,
scan time =2.34mi n.
eThrive Dynamic Sense:

TR 377 -3&ms, TEHH.79 -1.8 msec, matrix
12x19 with a field of view: 365 slice thickness
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3mm, slice gap Omm and flip angle of 10 degrees,
scan time=1.01 min. Mean whole scan time=24min.
Imaging evaluation:

All the study was ewaluated by radiologist who
had at least 5 years’ experience in hepatic imaging,
firstly blind characterization and detection of focal
lesions was done, then the diffusion image with ADC
value were revewed and all images results were
wrified against standard of reference.

Study ewaluated by using TW, W DW
and dynamic sequences for lesion detection and
characterization. Assessment of The MR features
included shape, margin, signal characteristics, pattern
of enhancement in the dynamic study and measuring
the ADC on the highest b value (b80) then the whole
data collected at excel table and provisional diagnosis
was done according to MR features, if conclusiwe it
considered final diagnosis, and if was not, biopsy was
recommended. Using DW sequence, calculation of
ADC value on the highest b value was done twice and
awerage value was taken then we made statistical
relations between results, dynamic pattern, provisional
diagnose and histopathological results (if present) for
correlation between the ADC value and malignancy.
In patients who had different pathological lesions, we
considered each lesion as separate case in the
demographic study of the lesions.

3. Result:

@ the 37 patients with liver lesions, 21 patients
were diagnosed as benign cases and 16 p atients with
malignant lesions. We noticed that that the most
common benign lesion was hemangioma and the most
common malignant lesion was HCC. The mean ADC
value of benign lesions was 1.8<10 = mm?/sec. ADC
values of benign lesions were between 0.774<10 ~ and
52 +0.1040 “mm/sec. The highest mean ADC
value was for simple cysts and the lowest was for
abscess.

The ADC walues of malignant lesions were
between 0.60 x10 ~* mm?2/sec and 1.3040 “mm?/sec,
with a mean walue of 1.1X10 “mm?sec. The ADC
measurements of benign and malignant hepatic
masses were significantly different with a p value
0.005 and to ewluate the ability of ADC
measurement in discrimination of lesions as benign
and malignant, we found that cut-off value of ADC
which can discriminate the malignant lesions
was146 with sensitiity of 84%specificity of
&.7%positive predictive value of 9.3 negative
predictive value of 8%with diagnostic accuracy of
&.6%

4. Discussion:
57 lesions were detected all over the study, some
patients who had multiple innumerable lesions, 5



New York Science Journal 2017;10(7)

http://www.sciencepub.net/newyork

lesions were selected. In patients who had lesions of
same pathology, awerage size and ADC value were
taken, and in cases with different pathological lesions
we considered each lesion as separate case.

In the current study we found 13 male patients with
HCC. W also found that 12 (9.3% out of 13
patients had an evidence of underlying liver cirrhosis.
W classify the HCC to non -treated 6 cases and
treated 7cases, most of HCC lesions displayed
heterogeneous enhancement at the arterial phase,
porto-wenous, and equilibrium phases, they displayed
rapid washout. That was on line with Silva et al.,
(2009), who found that at dynamic contrast-enhanced
imaging, HCC lesions more often demonstrate
heterogeneous enhancement During the porto-wenous
& at equilibrium phases, HCC will show rapid loss of
enhancement, becoming iso- or hypointense relative
to the liver. In DWsequence , HCC lesions showed
evidence of restricted diffusion with high DWsignal
on increasing b-values that returned to low signal on

o
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ADC maps denoting their high cellular nature or
residual tumoral activity after treatment. Mean ADC
of HCC (non-treated +failed treated) in our study was
(1.13x10 *mm’ /sec) which was quite similar to some
other studies where Koike et al. (2009), who found
mean ADC value of 1.3140.28&10 ~ mm?sec. Bruegel
et al. (2008), with mean ADC value of 1.05.21x10
mm?*/sec. in cases of post locoregional therapy, DW
can clearly differentiate between vable tumor tissue
and necrotic tissues (inherent tumoral necrosis & post
radioablation sequel), as viable tumoral tissue appears
hyperintense with significantly lower mean ADC
walues (1.12610  mm?/s) and completely ablated and
necrotic tissue which appear hypointense with higher
mean ADC values (1.90%10 ~“mm?s), our study was
similar to Schraml et al. (2009) study where viable
tumors after RFA appeared as hyper-intense, &
necrotic regions were recognized as hypointense areas
on DW
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Figurel; DWI and ADC map showing right lobe HFL with increase in signal intensity ofent b values and
drop of signal intensity at the ADC map (restricted pattern). ADC value was: 1.13x10”mm’/sec., Diagnosis was

HCC.

Figure2; post TACEprocedure to the same patient in figurel followed by dynamic MRI for follow up. On DWIs:
the lesion decreased in size and appears isointense to the liver tissue on different b values with no change in signal
on ADC map (non-restricted diffusion pattern). ADC value post TACE: 1.65 x10”° mm®/sec, with no residual

activity detected.
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Hemangioma is the most common benign hepatic
lesion as we found 13 lesions out of 29 benign FIIs.

In the current study, all lesions displayed low signal
on T -W high signal on 2 -Wand maintained high

signal ‘light bulb’ on heawy T2 -Wwhich is similar to

Schneider et al., (2006), where mentioned that on
unenhanced Tl -weighted MR images, hemangiomas
are most commonly vsualized as well defined,
typically homogeneous, hypointense masses with
lobulated borders and, @ T -weighted images they
characteristically show marked homogeneous
hyperintensity with 'light bulb sign'. @ DW in 7

cases out of § the lesions showed sig nal intensity loss
with increasing b-values and showing high signal

DWIb50

intensity on ADC maps denoting benign nature of
these lesions (facilitated diffusion) and mean ADC
walue wa's (2.022.%10 ® mm?/sec), which was near to
other studies such as Bruegel et al. (2008), with mean
ADC value of 1.9240.4&10 ~° mm*/sec and Koike et
al. (2009) with mean ADC value of 1.8404%10
mm?/sec, on the other hand 1 case out of 8
hemangioma showed hyperintensity along different b-
values with drop of signal at the ADC maps denoting
restricted diffusion pattern, the mean ADC value was
1.26 H31x10  “mm?/sec, this could be explained by
slowing flow of the blood or degeneration inside the
lesion specially as it showed type III enhancement
pattern.

Figure3: MRI of the liver in female patient with known primary (DCIS). On DWIs: The lesion showed signal intensity loss with
increased b-values (thin arrow). @ ADC map the lesi ons appeared hyperintense (yellow arrow) ADC values: 1.9x10 * mm?/sec.

Diagnosis was: liver hemangioma.

4 cases with metastatic deposits were found, W
found 2 cases with colon cancer metastasis, lcase
prostatic carcinoma metastasis, 1 case
ganglioblastoma metastasis. one case of colonic
carcinoma resemble hypovascular metastases in
which faint or peripheral rim enhancement was noted
at the delayed phase which was similar to Silva et al.
(2009) resultsin which hepatic metastases from cancer

colon displays delayed enhancement. The lowest
ADC walues in our study was for metastases with a
mean ADC value of 1.003x10 ° mm?/sec. This was
similar to other studies as Onur et al. (2012) with
mean ADC nalue of 1.050.22x10 ° mm?/sec,
Vergara et al. (2010) with mean ADC salue of
1.0340.17x10 = mm?%sec, and Koike et al. (2009), with

Figured4; 31 -year-old female patient, known case of rectal carcinoma. Dynamic MRI of the liver was carried outand On DWIs:
The lesions showed persistent high signal intensity with increasing the b value. @ the ADC map, the lesion became of low
signal, denoting restricted diffusion. ADC value: 0.907x10 ° mm?sec. Diagnosis: metacentric hepatic metastases

(adenocarcinoma) pathologically prowen.
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The ADC measurements of benign and
malignant hepatic masses were significantly different
with a p value 0.005 which was not similar to
previous findings where Onur et al. (2012) stated that
the mean ADC walues of benign lesions were higher
than malignant lesions and these differences were
statistically significant for all 3 diffusion gradients
with P values of 0.0023 0.0001, and <0.0001, but
similar to Miller et al. (2010) where stated that the
ADC values of benign hepatic lesions were
significantly higher than that of malignant hepatic
tumors, with a Pvalue <0.05, Vergara et al. (2010)
where stated that the mean ADC value obtained for
benign lesions differed significantly from the awrage
for malignant lesions with a p value <0.05and Demir
et al. (2007) Stated that the difference between the
mean ADC values of benign and malignant lesions
was statistically significant (P <0.01).

Conclusion:

Actually, wusing acut-off ADC walue to
distinguish benign from malignanthepatic focal
lesions can be problematic when dealing with solid
lesions. Fluid containinglesions such as cysts can be
distinguished from solid lesions using DW howeer,
the distinction of cysts and hemangiomas from lesions
such as HCC and metastases can often be reliably
made with conwentional imaging. In hepatic MR
exams where contrast is contraindicated, DW may
increase diagnostic confidence in the distinction. It is
important to recognize that benign lesions such as
abscesses, hematomas and some hemangiomas haw
restricted diffusion pattern. Differentiating solid liver
lesions such as metastases, cholangiocarcinoma and
HCC, in certain patients, may be difficult on
conwentional MR sequences and especially without
gadolinium; however, diffusion -weighted MR did not
help in the distinction due to significant owrlap.
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