
AIN SHAMS MEDICAL JOURNAL                                         Vol. 70, No., 10, 11 & 12 (2019) 

759 

ROLE OF DYNAMIC CONTRAST-ENHANCED AND DIFFUSION-
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ABSTRACT: 

Background: Hepatocellular carcinoma (HCC) accounted as the sixth 
most prevalent cancer worldwide and the third most common cancer 
leading to death. However unfortunately only a minority HCC patients are 
surgical candidates at the time of diagnosis, Transcatheter arterial 
chemoembolization (TACE) is one of the most commonly used intra-arterial 
therapies to treat unresectable HCC, Assessing early response to therapy 
using objective criteria is paramount for clinical care. 

Aim of the Work: To emphasize the role of dynamic contrast-enhanced 
and diffusion-weighted MRI in the assessment of response to treatment of 
hepatocellular carcinoma after transcatheter arterial chemoembolization 
(TACE).   

Patients and Methods Thirty-eight patients who were proven as HCC patients 
radiologically with AFP correlationwere enrolled in this study, fulfilled the 
inclusion criteria. They scheduled to undergo dynamic MRI with DWI within 90 
days after one or more treatments of TACE. In case of absent evidence of residual, 
follow up was done within 90 days after the first MRI. 

Results no statistically significant difference between group  according to 
demographic data , and  lesion size , while there is  statistically significant relation 
between groups according to signal intensity (P < 0.001), dynamic enhancement   
(P < 0.001 ), DWIs (P  = 0. 036) and ADC value (P < 0.001). 

Conclusions dynamic MRI  is still superior  than Diffusion-weighted 
MR imaging  with high  specificity and remain the standard follow up 
technique in well cooperative patient  yet  DWI adding more to the overall 
sensitivity  when combined with it and may help in condition of difficulty 
breath holding. 

Keywords: Diffusion Weight Magnetic resonance image, Dynamic 
enhancement Magnetic resonance image   

 

INTRODUCTION 

Hepatocellular carcinoma (HCC) 
counted as the sixth most prevalent cancer 
worldwide and the third most common 
cancer leading to death. However, 
unfortunately, only a minority of HCC 
patients are surgical candidates at the time of 
diagnosis with Transcatheter arterial 
chemoembolization (TACE) is one of the 
most commonly used intra-arterial therapies 
to treat unresectable HCC(1). The evaluation 

of tumour response of hepatic malignancies 
after intra-arterial therapies is of major 
clinical interest, However, imaging 
techniques and imaging response criteria 
have been limited in giving clinically 
satisfactory information about the extent of 
tumour necrosis(2).  

Unenhanced CT is a superior modality 
for evaluation of the pattern of 
acculmulation of the chemoembolization 
mixture into the targeted lesions yet its beam 
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hardening artefacts produced by the high 
attenuation of iodized oil make obscure the 
contrast enhancement of the residual tumoral 
tissue while the signal intensity of MRI is 
not degraded by the presence of iodized oil; 
therefore, a residual viable tumour is better 
defined by MRI(3). 

Conventional Non-contrast T1- and T2-
weighted images provide information on 
morphological change, fluid content and 
fibrosis, and dynamic contrast-enhanced 
MRI can provide information on perfusion 
for assessment of the response to 
treatment(4). 

Diffusion can provide insight about 
water composition within a tumour and the 
degree of tumour viability. Viable tumour 
cells have intact membranes that restrict 
water diffusion, whereas necrotic tumours 
have increased water diffusion due to cell 
membrane distruption(5) The apparent 
diffusion coefficient (ADC) calculated in 
diffusion-weighted MRI  is a measure of the 
mobility of water in tissues. Viable tumours 
cells have an intact cell membrane that 
restricts the mobility of water molecules and 
results in a relatively low ADC. Conversely, 
cellular necrosis increases membrane 
permeability, allowing water molecules to 
move freely and causing a relative increase 
in ADC(3) 

The World Health Organization (WHO) 
guidelines, incorporating bidimensional 
perpendicular measurements and the 
Response Evaluation Criteria in Solid 
Tumors (RECIST)  incorporating unidimen-
sional measurements, were intended to 
evaluate change in tumor size over months 
to years after systemic treatments without 
considering the changes in tumor vascularity 
or necrosis New criteria taking into account 
a decrease in enhancing tumour and tumour 
necrosis on CT and MRI have been 
proposed. The criteria proposed by the 
European Association for the Study of the 
Liver (EASL) are based on modified WHO 
bidimensional measurements to estimate 

tumour response while The introduced 
modified RECIST classification  addresses 
many of the shortcomings of the EASL 
criteria by defining methods for newer 
image acquisitions, target selection, and 
target measurement by adapting many of the 
strengths of  RECIST. Modified RECIST 
uses the single largest diameter of the viable 
tumour (defined as the component 
enhancing during the arterial phase) and is 
more practical for clinical use(6). 

 

MATERIAL AND METHODS: 

Study population 

Thirty-eight patients had undergone MR 
imaging over a period of 24 months 
(February 2016–February 2018), studies 
were performed at Maadi Military Hospital. 
All patients were subjected to full clinical 
assessment, revise of theirs laboratory 
including renal function tests and previous 
radiological investigation. 

The patients’ age ranged from 44 to 75 
years (median 66.6) 35patients were males 
and 3 were females. All patients had liver 
cirrhosis related to chronic viral hepatitis.  

All patients scheduled to undergo 
dynamic MRI with DWI within 90 days 
after one or more treatments of TACE. In 
case of absent evidence of residual, follow 
up was done within 90 days after the first 
MRI.  

Trans arterial chemoeembolization 
(TACE): 

Chemoembolization is performed per-
cutaneously in the angiography suite, with 
the patient under conscious sedation. After 
infiltration of local anaesthetic, the Seldinger 
technique is used to gain access to the 
common femoral artery through femoral 
artery puncture, although the brachial artery 
may also be used(7). 

A 5-French vascular sheath is placed 
into the common femoral artery over a 
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0.035-inch Guide-wire. Under fluoroscopic 
guidance, a 5-French glide Simmons-1 or 
Cobra catheters (Cordis, Miami, FL) is 
advanced into the aortic arch, formed, and 
then used to select the celiac axis(8). 

Image Acquisition 

Magnetic resonance imaging: 

The MRI was performed using a 3-T 
MRI scanner GE{ Discovery 750}equipped 
with phased-array torso surface coil. 

Protocol of MRI: 

Precontrast T1 3D-SGE FS pre axial 
weighted image  (TR=3.8 msec, TE=1.7 
msec, FOV=350/400mm, acquisition matrix 
= 160/256 pixels, slice thickness=3mm, with 
1mm gap). T2 SS-FSE axial weighted 
images its value (TR ≥1500 msec,TE=70-
85msec, FOV=350/400mm, acquisition 
matrix=192x256 pixel, slice thickness=6-
8mm, with 1mm gap).  

DWI was performed before the dynamic 
imaging using respiratory triggered fat-
suppressed single-shot echoplanar sequence 
by applying three different b factors of 20, 
500, and 800 s/mm2.Parallel imaging with 
generalized auto-calibrating partially parallel 
acquisition (GRAPPA) with an acceleration 
factor of two was applied to reduce the 
acquisition time. The other parameters were 
as follows: repetition time (TR) ≥5000 msec, 
echo time (TE)  66-70 msec, number of 
excitations (NEX)=3, matrix 112 /256 with a 
field of view as small as possible, slice 
thickness 6-7mm, slice gap 1-2mm, scan 
time 4-5 min. 

The dynamic study was done after the 
diffusion study to avoid the effect of contrast 
agents on ADC value. after bolus injection 
of 0.1 mmol/kg bodyweight of Gd-DTPA, 
flushed with 20ml of sterile saline solution 
from the antecubital vein. using T1 LAVA ( 
Liver Acquisition with Volume Acceleration 
)  technique  performed in triphasic way; A 
dynamic series consisted of one pre-contrast 
series followed by four successive post-

contrast series including early arterial, late 
arterial, and portal venous phase imaging 
with 18-21s intervals (17-20 s) for image 
acquisition according to liver size with 
breath-holding and one second for re-
breathing for the start of each phase imaging 
followed by 5-min delayed phase imaging. 
All patients were imaged in end-expiration 
to limit the risk of image misregistration 
with Acquisition parameters were 3.3–
4.5/1.4–1.9; flip angle, 10°; number of 
signals averaged, 1; parallel imaging factor, 
1.8; matrix size, 172x135; field of view, 
300–400 mm, slice thickness, 2–3 mm. 

ADC measurement:- 

Pixel-based ADC maps were generated 
on the workstation. ADC was calculated 
with linear regression analysis of the 
function S = S0 × exp (–b × ADC), where S 
is the signal intensity after application of the 
diffusion gradient, and S0 is the signal 
intensity at a b value of 0 s/mm2. The three 
b values (0, 500, and 800 s/mm2) were used 
for ADC calculation A region of interest was 
drawn over any sustaining hyperintensity 
areas on diffusion images, and if no high 
signal can be identified, the whole lesion 
was measured. The ADC was measured 
three times and the three measurements were 
averaged. 

MR images analysis and Interpretation 

MR images were analyzed for the 
following: 

 The morphological features of each lesion 
including size, border, signal intensity at T1 
and T2 weighted images. 

 The enhancement pattern at the dynamic 
contrast-enhanced imaging. 

 Signal intensity in diffusion imaging with 
measurement of ADC values using a 
commercial windows workstation. 

Interpretation of the MR image: 

 The signal of the ablatedlesionat T1 and T2 
was classified as high, low,  heterogeneous. 
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 Dynamic study interpretation: 

a. Arterial enhancement and subsequent 
washout pattern were regarded as 
suggestive findings of the residual 
viable lesion. 

b. The absence of enhancement in the 
arterial phase or progressive or 
persistent enhancement was detected 
on dynamic images was suggestive of 
the well ablated nonviable lesion. 

 Diffusion MRI: 

Signal intensity on diffusion images with 
ADC values and fusion images using 
commercially windows workstation (GE).The 
pattern of diffusion restriction was classified 
into- homogenous and nodular. 

All DWI images using different b values were 
sorted according to two grade scales:- 

a. Nonviable lesions were considered when 
lost signal on diffusion images or mild 
sustained hyperintensity with bright ADC 
map (shine through effect) is noted. 

b. Viable tumour portion was identified by 
sustained hyperintensity in the diffusion 
images compared with the signal drop of 
background parenchyma with increasing 
b values combined with low ADC map. 

ADC value measured three times and the 
three measurements were averaged. 

Statistical analysis 

 For statistical analysis Computer software 
package SPSS version 20 was used in the 

analysis. And a Chi-Square test was used 
to estimate differences in qualitative 
variables. 

 A ROC (Receiver Operating 
Characteristic) curve was constructed and 
the area below the ROC curve was used 
to represent prediction precision.  

 P-values less than 0.05 were considered 
as statistically significant. 

The standard of reference 

 It was difficult to obtain pathologic 
confirmation in patients who underwent 
chemoembolization because most of these 
patients do not undergo surgery. Few 
lesions were located at the hepatic dome 
and few cases were small in size. The 
aforementioned factors could cause 
selection bias leading to increased 
sensitivity of diffusion-weighted images 
since hepatic lesions close to the diaphragm 
pose a challenge to DW-MRI evaluation as 
they are more sensitive to motion and 
susceptibility artefacts. 

 Viable HCC was finally diagnosed 
depending on thesustained iodized-oil 
accumulations in the hypervascular residual 
area on the hepatic arteriography at the 
following session of  TACE. 

 In the nonviable lesion the perilesional 
inflammatory, ischemic hepatic 
parenchyma changes abnormal signal 
intensity area should regress in size or 
totally disappears on MRI in 3 months 
follow-up. 
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therapeutic response into 24 patients LR-
Treated viable and 14 patients LR-Treated 

Nonviable. 

 

Viable
63.2%

Non‐viable
36.8%

 
0.0%

LR‐TR

 
Diagram. (1): Bar chart LR-TR distribution of the study group. 

Among the 24 LR-treated viable cases 
(25.0%) showed heterogeneous and (75%) 
show low T1 signal intensity and (25.0%)  
showed heterogeneous and (75%)  show low  
T2 signal intensity , while  in the 14 LR-
treated nonviable cases   (14.3%) showed 
heterogeneous and  (85.7%) show low  T1 

signal intensity and (14.3%) showed 
heterogeneous, (21.4%) show high  and 
(64.3%)show low  T2 signal intensity that 
makes the depend on conventional MRI 
sequence in  assessment of HCC necrosis 
after TACE  is confusing . 

  

 
Diagram.(2): Bar chart between viable and non-viable according to signal intensity. 

 Dynamic MRI had a sensitivity of 
95.8%, a specificity of 92.9%, a positive 
predictive value of 95,8 %, a negative 
predictive value of 92.9% and overall 

agreement of 91.4% compared to 70, 8%, 
64.3%, 77.3%, 56,3% and 67,4% 
respectively of diffusion-weighted imaging. 
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Table (1): Comparison between viable and non-viable according to dynamic enhancement and DWIs. 

 Dynamic 
enhancement 

DWIs Combined 

Sensitivity % 95.8% 70.80% 100% 
Specificity% 92.9% 64.30% 88.3% 
PPV% 95.8% 77.30% 90.2% 
NPV% 92.9% 56.30% 100% 
Accuracy% 94.7% 68.40% 95.1% 
Overall agreement 91.4% 67.40% 94.7% 

Receiver operating characteristics (ROC) curve was used to define the best cut off value of ADC value 
with ≤1.22 has a sensitivity of 83.3%, specificity 71.4%, PPV 83.3%, NPV 71.4% and accuracy 63.2%. 

 
Diagram (3):Receiver operating characteristics (ROC), the diagnostic performance of viable and 

non-viable in discrimination of ADC value. 

 

DISCUSSION: 

As stated by  Kim et al.(9),that 
Multiphase dynamic CT is popularly used 
for evaluating the therapeutic effect of 
TACE because the degree of uptake and the 
distribution of the iodized oil within the 
tumour and the surrounding hepatic 
parenchyma can provide useful information 
on the degree of tumour necrosis However  
Lim et al. (3). stated that it can be difficult to 
evaluate contrast enhancement in a tumour 
with partial retention of iodized oil on 
contrast-enhanced CT because of the beam 
hardening artefacts produced by the high 
attenuation of iodized oil. 

As stated by Yaghmai et al. (6) a central 
area of coagulative necrosis is often seen 
within the ablated tumour. This coagulative 
necrosis will result in a hyperintense signal 
on T1-weighted imaging and Braga et al.(10) 
stated that Lesions that showed good 
response became low signal on T2-weighted 
images immediately after treatment, 
reflecting the devascularization of the tumor. 

Özkavukcu et al.(11) reported that In 
addition to residual tumour, T2 
hyperintensity can represent haemorrhage, 
liquefactive necrosis, or inflammatory 
infiltrate in the current  study, about 21.1 % 
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of lesions showed heterogeneous signal 
intensity that makes assessment of HCC 
necrosis after TACE depending on 
conventional spin-echo T1-weighted and T2-
weighted imaging characteristics after 
chemoembolization were highly variable. 

Braga et al.(10) stated that within 1 
month after chemoembolization, Partial 
response shows enhancement on immediate 
postgadolinium images of residual tumour. 
However, Transient hyperemia manifested 
by thin, uniform enhancement of the treated 
zone is an expected finding after TACE and 
represents a transient physiologic response 
to embolizationof  the hepatic parenchyma 
as mentioned by   Yaghmai et al.(6) 

In the current study, we had a sensitivity 
of dynamic MRI agree with the study 
conducted by Ebeed et al.(12)   as we had one 
case in whichinadequate breath-holding 
leading to false-negative interpretation by 
the viewer. We also had one false positive 
case due to misinterpretation of an 
irregularthick perilesional transient 
hyperemia by the viewer which resolved at 
the consequent study. 

As tumour cells undergo necrosis, they 
present less of an impediment to the motion 
of water molecules. This results in a relative 
decrease in diffusion restriction and an 
increase in ADC value. 

Taouli and Koh.(13)   agree with  the 
following    study conducted   by Kamel et 
al.(8), Vossen et al.(14), Buijs et al. (2)   and 
Liapi et al. (5) that tumour necrosis 
corresponded to higher ADC values 
compared with viable tumour 

In the current study, we agree with the 
conclusion of Goshima et al.(15)  that DW-
MRI was not found to be a reliable predictor 
of local HCC recurrence after TACE as 
compared with gadolinium-enhanced MR 
imaging and the difference between ADC 
variables between the viable and  non-viable  
groups were statistically significant (P-value 
<0.001). The best cut off that maximizes 

sensitivity and specificity is ≤1.22. At this 
ADC value, the sensitivity is 83.3%, and 
specificity is 71.4%,   

In the current study, we also found that 
diffusion MRI increased the sensitivity of 
local HCC detection and despite the 
decreased sensitivity yet there is a slight 
improvement of the overall accuracy. 

We were convinced by the interpretation 
introduced by Yu et al.(16)  that the increase 
in false-positive findings originated from 
perilesional parenchymal insult lead to 
hypercellularity intermingled with a fibrotic 
component in the inflammatory granulation 
tissue which could restrict water diffusion, 
resulting in sustaining hyperintensity on 
DWI. 

Conclusion: 

The current study concludes that 
dynamic MRI is still superior than 
Diffusion-weighted MR imaging with high 
specificity and remain the standard follow 
up technique in well cooperative patient yet 
DWI is adding more to the overall 
sensitivity when combined with it and may 
help in condition of difficulty breath-
holding. 
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دور الرنين المغناطيسى الديناميكى بالصبغه و الرنين بطريقة الانتشار فى تقييم استجابة اورام 
 لخبيثه بعد العلاج بطريقة الحقن الكيميائىالكبدالأوليه ا

أحمد مصطفي ، ٢وائل فتحى  الشواف ،١ياسرابراھيم عبدالخالق، ١شيرين جورج مفتاح، ١منير صبحي جرجس 
  ٢محمد

  جامعة عين شمس - كلية الطب -الأشعة التشخيصية قسم  -١

 الأكاديمية الطبية العسكرية -الاشعة التشخيصية قسم  -٢

 

يعد سرطان الكبد سادس أكثر أنواع السرطان انتشارًا في العالم وثالث أكثر أنواع السرطان شيوعًا التي تؤدي  :مقدمة
الكبد ھم المرشحون للتدخل الجراحي في وقت التشخيص ولكن لسوء الحظ ، ھناك أقلية فقط من مرضى سرطان . إلى الوفاة

، يعتبر الحقن الكيميائي الشرياني من أكثر العلاجات المستخدمة داخل الشرايين شيوعًا لعلاج سرطان الكبد غير القابل 
  .الطبيةللاستئصال ، وتقييم الاستجابة المبكرة للعلاج باستخدام معايير موضوعية له أھمية قصوى بالنسبة للرعاية 

ھو التأكيد على دورالرنين التقليدى و الرنين الديناميكى بالصبغه و الرنين بطريقة الإنتشار فى  :الھدف من ھذا البحث
 .تقييم استجابة الأورام الكبديه الأولية  للحقن  الكيميائى 

المغناطيسي في تقييم الاورام الكبديه وقد قمنا في ھذه الدراسة بعرض الدور الذي يلعبه التصوير بالرنين  :النتائج
الاوليه بعد الحقن الكيمائى وتم تقييم ثمانيه وثلاثين  مريضا بفحص الرنين التقليدى و الرنين الديناميكى بالصبغه و الرنين 

  .بطريقة الانتشار و تمت دراسة نتائج ھذه الحالات

ص الرنين المغناطيسي الديناميكى مقارنة مع الرنين أظھرت نتائج ھذه الدراسة ارتفاع أداء التشخيص بفح: الخاتمة
٪، قيمه تنبؤيه سالبيه ٩٥.٨٪، قيمه تنبؤيه ايجابيه ٩٢.٩.٪، وخصوصية٩٥.٨بطريقه الانتشار حيث كانت له حساسيه  

٪ على التوالي للرنين بطريقه ٦٧.٤٪ و ٥٦.٣٪ و ٧٧.٣٪، ٦٤.٣٪،  ٧٠.٨٪ مقارنة ب ٩١.٤٪ والتوافق العام ٩٢.٩
  .رشاالانت


