
Abstract

Background: Monitoring tumor response to loco-regional
therapy is an increasingly important task in oncologic imaging.

Aim of Study: The aim of the study is to highlight the
growing role of diffusion and dynamic MRI in the follow-up
of patients with hepatocellular carcinoma after radiofrequency
ablation, and hence playing a crucial role in evaluating treat-
ment effectiveness and therefore in taking important decisions
in the management of these patients.

Patients and Methods: This study included 80 patients,
61 males and 19 females, patients ages ranged from 32 to 85
years with the mean age of 60 years underwent Radiofrequency
ablation of 100 hepatic focal lesions over a period of 19
months (July 2018-February 2020). The study was conducted
in the Radiology Department at a private radiology centre.

Results: 69 lesions (69%) were resolved lesions while 31
lesions (31%) had residual/recurrent tumor viability. The
measured cut off value between the completely ablated lesions
and residual/recurrent lesions was 1.18±0.24 X10–3mm2/s
after the 1st month and 1.22±0.30 X 10–3mm2/s after 3-4
months. The ablated zones can be differentiated from liver
parenchyma visually in the DWIs and by means of ADC in
all patients. There is no statistical difference in the mean ADC
values between the ablated zones of the resolved and unre-
solved lesions. All the 31 malignant lesions show arterial
phase enhancement with 16 lesions out of 31 show persistent
enhancement on the portal phase and show washout of the
contrast on the delayed phase with 15 malignant lesion show
washout of the contrast on the portovenous and delayed phases
of the study. The enhancement is considered only if proved
by the subtracted images.

Conclusion: MRI is a powerful tool in detection of tumour
viability and response after RFA of hepatocellular carcinoma.
Imaging protocols should include dynamic study, diffusion
imaging with post processing of the images to obtain subtracted
images and ADC measurements for precise tissue characteri-
zation and should be performed at regular time intervals.
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Introduction

HEPATOCELLULAR Carcinoma (HCC) is one
of the most common causes of cancer death world-
wide [1]. Liver transplantation is thebest curative
option with good survival rates, although its use
is restricted by the shortage of donor organs [2].
The tumors in most patients are unresectable be-
cause of a variety of factors including: Poor hepatic
reserve, multifocal disease or inability to obtain
an optimal tumor free margin [3].

The image guided locoregional treatment for
patients with unresectable HCC includes chemical
or thermal ablative techniques and catheter based
approaches. Among the ablative techniques, Radi-
ofrequency Ablation (RFA) has been used as the
most popular method for treating early stage HCC
[4].

Post-treatment follow-up is usually accom-
plished with both Computed Tomography (CT)
and Magnetic Resonance Imaging (MRI) but the
MRI is found to be superior in detecting residual
or recurrent tumors after treatment. MRI is also
used for diagnosing post-treatment complications.
For radiologists, familiarity with post-treatment
MRI findings is critical for the correct interpretation
of these examinations and for guiding further
therapies [5]. The aim of the present study is to
highlight the growing role of MRI in the follow-
up of patients with hepatocellular carcinoma after
radiofrequency ablation and evaluating treatment
effectiveness and hence in taking clinical decisions
in the management of these patients.
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are included and no age group predilection. Exclu-
sion criteria arecontraindications to MRI, contrain-
dications to contrast media and liver tumour other
than hepatocellular carcinoma. All cases had been
subjected to the following: Full clinical assessment,
revision of the patient's laboratory investigations
including mandatory renal function tests (urea and
creatinine) and liver functional test (if available),
revision of the previous radiological investigations
done for the patients. In our study the 80 patients
were examined 1 month after the ablation and 3-
4 months after the ablation.

MRI protocol:
44 cases were performed using Philips 3 Tesla

MRI scanner (Ingenia) and the other 36 cases were
performed using Philips open 1 Tesla MRI scanner
(Panorama HFO) with the following parameters.

- Pre-contrast imaging (Table 1):

Patients and Methods

This study was performed on 80 cases of HCC
who underwent radiofrequency ablation of 100
hepatic focal lesions over a period of 19 months
(July 2018-February 2020), written informed con-
sent was obtained from all patients before each
procedure. The institutional review board of our
institute approved the study. The patients were
treated by radiofrequency ablation in Theodor
Bilharz Research Institute and the follow-up im-
aging was conducted in the Radiology Department
at a private radiology center. The patients' ages
ranged between 32 to 85 years (mean age 60); 61
patients were males and 19 patients were females.
Most of the patients had liver cirrhosis related to
chronic viral hepatitis. Inclusion criteria are patients
who were candidates for radiofrequency ablation
& already underwent the procedure: Both sexes
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Table (1): Pre-contrast imaging.

Axial T1 TFE
Axial T2 TSE
Axial T2 WI SPAIR

14
1082
991

1 tesla

10
639
842

3 tesla

6.9
80
80

1 tesla

2.3
100
70

3 tesla

300-350
300-350
300-350

1 tesla 3 tesla

15
15
15

1 tesla

15
15
15

3 tesla

7mm
7mm
7mm

1 tesla 3 tesla

by 5-min delayed phase imaging. All patients were
imaged in end expiration to limit the risk of image
misregistration. Acquisition parameters for open
1 Tesla machine were TR 3.3msec, TE 1.6msec,
flip angle 10º, matrix size, 136 X 108, field of
view 300-350mm and slice thickness 2-3mm. Ac-
quisition parameters for 3 Tesla machines were
TR 2.9msec., TE 1.3msec., flip angle 10º, matrix
size, 160 X 160, field of view 300-350mm and
slice thickness 2-3mm.

Analysis of the MR images:
Images were sent to the workstation (Phillips

Extended MR Workspace) for further image
processing. The morphological features of each
lesion were recorded including size, border and
signal intensity at T1, T2 and SPAIR images.
Assessment for the presence of complications,
residual or recurrent tumor viability.

ADC map measurement:
ADC maps were generated on the workstation.

Calculation of the ADC value is an automated
process available on the workstation. The ROI
included the entire ablation zone. Another area of
2cm diameter in the surrounding cirrhotic liver
parenchyma was also measured in each case. In
case of focal hyperintensity within or at the margins
of the ablation zone; its ADC value was calculated.

- Diffusion study:
Diffusion MR imaging was performed before

the dynamic study using respiratory triggered fat-
suppressed single-shot spin echo echoplanar se-
quence that combined the two diffusion (motion-
probing) gradients before and after the 180º pulse.
The acquisition parameters for 1 Tesla machines
were TR 2270 msec, TE 78msec, matrix 100 X 83
with a field of view as small as possible, slice
thickness 10mm, slice gap 1-2mm, scan time 4-5
min. We used b values of 0, 400 and 800s/mm2.
The acquisition parameters for 3 Tesla machines
were: TR 7953msec, TE 64msec, matrix 104 X 89
with a field of view as small as possible, slice
thickness 9mm, slice gap 1-2mm, scan time 3-4
min. We used b-values of 0, 500 and 1000s/mm2.

- Dynamic study:
Dynamic study was performed after manual

bolus injection of 0.1mmol/kg body weight of Gd-
DTPA. Dynamic imaging using 3D fat-suppressed
T1-weighted gradient echo sequence (THRIVE i.e.
T1 high resolution isotropic volume examination).
A dynamic series consisted of one pre contrast
series followed by four successive post contrast
series including early arterial, late arterial, and
portal phases with 19-21 seconds intervals (17
seconds for image acquisition with breath-holding
and 2-4 seconds for re-breathing) this is followed



The ADC was measured three times and the three
measurements were averaged.

Dynamic study analysis:
We perform arterial and portal phasesubtraction

which is automated process available on the work-
station. Pattern of enhancement in the dynamic
imaging and subtracted images was then studied.

Interpretation of the MR image:
Signal of the ablation zone at T1, T2, SPAIR

and diffusion WIs was classified as: High, low or
heterogeneous. ADC measurement (mean and ADC
ratios) of the cirrhotic parenchyma, ablation zone,
surrounding parenchymal changes and any focal
hyperintensity.

Dynamic study interpretation:
Arterial phase enhancement: That should be

confirmed by the subtraction images (to prove that
the high signal in the arterial phase is due to en-
hancement and not due to the original pre-contrast
high T1 signal). Contrast washout: Decrease in the
enhancement on delayed phase imaging compared
with early phase imaging. Presence of ill-defined
perilesional parenchymal enhancement: Post inter-
ventional reactive changes: This is defined as early
phase enhancement beyond the ablated cavity on
the surrounding liver parenchyma that persists in
the delayed phase. Perfusion abnormalities (tran-
sient hepatic intensity difference): Ill-defined pa-
renchymal enhancement during the arterial phase.
This occurs in cases of injury of the portal vein or
traumatic arterioportal shunting.Well defined en-
hancement at the margin of the ablation zone which
may be either: Granulation tissue rim: Persistent
or delayed phase enhancement. Nodular or hallow
enhancement: That suggest tumour recurrence.

Types of tumour progression:
We follow the classification reported by Chopra

et al., 2001 [6] as follow: Halo type: Irregular, thick
rim of enhancement around the ablation zone.
Nodular type: Nodular foci of enhancement at the
margins of the ablation zone. Gross enlargement
type: Overall increase in the size of the ablation
zone.

We categorize the patients into two groups:
Resolved group: No MRI signs of residual or

recurrent viability (regardless the presence of newly
developed lesions).Unresolved group: If there is
evidence of residual or recurrent tumor.

Standard of reference:
It was difficult to obtain pathologic confirmation

in patients who underwent radiofrequency ablation

because most of them did not undergo surgery. In
addition, biopsy could have resulted in sampling
error as recurrent lesions are mostly small nodules.
So, the standard of reference was: - Benign findings
(resolved lesions) are considered if the finding
becomes stationary, regressed or disappeared in
the follow-up studies. Residual/recurrent HCC
(unresolved lesions) is considered if: Increased in
the size of the ablation zone when comparing the
images obtained 3-4 months after treatment with
those 1 month after treatment. Focal area at the
margin of the ablation zone that shows: Diffusion
hyperintensity (restriction) and low ADC value,
early or late arterial phase enhancement that must
be proved by the subtraction images, contrast
washout: The lesion becomes hypointense relative
to the liver parenchyma in the delayed phase.

Statistical analysis:

Results are expressed as mean ± standard devi-
ation or number (%). Comparison between mean
values of ADC in the studied groups was performed
using unpaired t-test. p-value less or equal to 0.05
was considered significant and less than 0.01 was
considered highly significant.

Results

The study group consisted of 80 patients under-
went RFA for 100 hepatic focal lesions, 61 were
males (76.25%) and 19 were females (23.75%).
Age of these patients ranged from 32 to 85 years
(mean age: 60). We classified the ablated lesions
into two groups; resolved (benign) group: No MRI
signs of residual or recurrent viability at the ablated
lesion (regardless the presence of other lesions).
Unresolved (malignant) group: If there's evidence
of residual or recurrent viability.

69 lesions (69%) were resolved lesions while
31 lesions (31%) had residual/recurrent tumor
viability. The formentioned 31 lesions showing
residual/recurrent tumoral activity, they showed
the following types of tumoral activity based on
their pattern of enhancement: Nodular type: The
most common type and detected in 13 lesions
(41.9%), Halo type: Detected in 8 lesions (25.8%),
gross enlargement type: Detected in 6 lesions
(19.4%), more than one type: Detected in 4 lesions
(12.9%) where there were nodular and halo recur-
rence.

In our study the signal intensity of the of the
31 unresolved lesions showing the following signal
intensity in the following T1, T2 WI and DCE-
MRI was, 20 (61.5%) was intermediate, 8 (25.8%)
was low and 3 (9.7%) was high on T1WI while 10
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We studied presence of perilesional parenchymal
enhancement and was found to be benign finding
(based on the follow-up study) that represents
reactive inflammatory and vascular changes of the
liver parenchyma adjacent to the ablation zone.
These areas exhibited mild hyperintensity on the
diffusion imaging. This was present in 74 out of
the 100 lesions imaged within the 1st month after
ablation (74%) which persists in 72 lesions out of
100 imaged at 3-4 months after ablation (72%).

We used the following ADC values of the entire
ablation zones, recurrent lesions, surrounding
parenchymal changes and cirrhotic liver parenchy-
ma at b value of 0, 400, 800 or 0, 500, 1000s/mm2

were calculated for the different study groups to
avoid intravoxal perfusion effect which result from
low b-values (<50s/mm2) as well as image degra-
dation from high b-value (>1000s/mm2) (Table 2).

(32.3%) was intermediate and 21 (67.7%) was high
on T2WI and 31 (100%) showing arterial enhance-
ment, 16 (19.4%) showing persistent portovenous
enhancement, 15 (48.4%) showing wash out on
the portovenous phase and 31 (100%) showing
washout in the delayed phase on the DCE-MRI.
The enhancement is considered only if proved by
the subtracted images. We correlates the DCE-
MRI findings of the lesions 1 month after the
ablation to the final diagnoses and showing 27
(27%) was true positive lesions, 3 (3%), 66 (66%)
was true negative lesions and 4 (4%) was false
negative lesions. The signal intensity of unresolved
lesion of DW-MRI as compared to the ablative
zone was 26 (81.5%) was high signal and 5 (16.1%)
was intermediate in the 1st month after ablation
and 23 (74.2%) was high and 8 (25.8%) was inter-
mediate in 3-4 months follow-up after ablation.
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Table (2): Mean ADC values of the cirrhotic liver parenchyma, entire ablation zones, malignant lesions and reactive
tissue changes.

Cirrhotic parenchyma
Entire ablation zone in RFA lesions
Malignant lesions
Reactive tissue change

Category

100
100
27
100

1st month

100
100
31
100

3-4 month

0.966
1.18
0.87
1.02

1st month

0.988
1.22
0.92
1.29

3-4 month

0.20
0.24
0.24
0.23

1st month

0.22
0.30
0.33
0.12

3-4 month

No. of the lesions Mean ADC ± SD

Significance of the ADC value measured at the
entire ablation zone, cirrhotic liver parenchyma,
residual/recurrent tumoral tissue, post ablation
changes (Table 3).

Table (3): Statistical significance of different ADC values.

• Entire ablation zone versus
cirrhotic liver parenchyma.

• Residual/recurrent tumoral
tissue versus entire ablation
zone.

• Residual/recurrent tumoral
tissue versus cirrhotic liver
parenchyma.

• Post ablation changes
versus residual/recurrent
tumoral tissue.

0.0001
**

0.0008
**

0.003
**

0.0001
**

p-
value

1.22
0.988

0.92
1.22

0.92
0.988

1.29
0.92

Mean
ADC
value

Significance

Significantly
higher

Significantly
lower

Significantly
lower

Significantly
higher

We correlates the DW-MRI findings of the
lesions 1 month after the ablation to the final
diagnoses and showing 22 (22%) was true positive
lesions, 4 (4%) was false positive lesions, 66 (66%)
was true negative lesions and 8 (8%) was false
negative lesions while after 3-4 months 23 (23%)

was true positive lesions and 3 (3%) was false
positive and unchangeable regarding true and false
negative results. Based on these findings we cal-
culated the sensitivity, specificity, accuracy, PPV
and NPV calculated for the dynamic MRI images
on 1 month follow-up and for the diffusion WI on
1 & 3-4 months follow-up (Table 4).

Table (4): Sensitivity, specificity, accuracy, PPV, NPV of the
dynamic and diffusion WI.

• Sensitivity
• Specificity
• Accuracy
• Positive predictive value

(PPV)
• Negative predictive value

(NPV)

87.09%
95.5%
93%
90%

94.3

Dynamic
MRI

1 month
follow-up

73%
94%
88%
85%

89%

DWI
1 month
follow

-up

74%
96%
89%
88%

89%

DWI
3-4

months
follow-up

Regarding complication detected after interven-
tion, was found in 33 lesions in the form of biliary
complication secondary to injury in 5 lesions (5%),
portal vein thrombosis without secondary perfusion
changes in 5 lesions (5%), portal vein thrombosis
with secondary perfusion changes in 11 lesion



(11%) and perihepatic collection in 12 lesions
(12%) with no detectable other major complications

such as hemorrhage, infection or seedling of ma-
lignant cells along the ablation tract Figs. (1,2).
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Fig. (1): 57-year-old male patient with liver cirrhosis underwent radiofrequency ablation of left hepatic lobe segment IV focal lesion. The
patient underwent dynamic MRI with diffusion study of 1 & 4 months after the ablation. (A, B & C) axial T1, T2 & SPAIR WI 1 months after
the ablation showing the ablated segment IV lesion displaying coagulative necrosis of high T1, low T2 and SPAIR signal (arrows). (D) Diffusion
WIs and (E) ADC map at the same level show no diffusion restriction, the ADC value of the entire ablation zone is 1.42 X 103mm2 and of
the ADC value of the cirrhotic liver parenchyma is 0.96 X 103mm2 (arrows). (F, G, H & I) Dynamic post contrast axial arterial, arterial
subtraction, portal and delayed phase images showed no significant early arterial post contrast enhancement (best appreciated on the dynamic
subtraction images) denoting successful ablation with  marginally enhancing rim detected on the delayed phase denoting granulation tissue
(arrows). Non-enhancing right hepatic lobe cyst is also noted.

Fig. (2): (A, B & C) Axial T1, T2 & SPAIR WI 4 months after the ablation showing mild size regression of the ablated segment IV lesion
still displaying high T1, low T2 and SPAIR signal (arrows). (D) Diffusion WIs and (E) ADC map at the same level still show no diffusion
restriction, the ADC value of the entire ablation zone is 1.2 X 103mm2 and of the ADC value of the cirrhotic liver is 0.9 X 103mm2 (arrows).
(F, G, H & I) Dynamic post contrast axial arterial, arterial subtraction, portal and delayed phase images showed no significant post contrast
enhancement on the arterial and portovenous phases (best appreciated on the dynamic subtraction images) denoting successful ablation (arrows).
Still noted surrounding fine enhancing rim on the delayed phase denoting granulation tissue. Final diagnosis: Well ablated lesion with marginal
granulation tissue rim.



homogeneous, 32% were heterogeneous with foci
of high signal intensity.

We didn't find significant difference in the
signal intensity of the entire ablation zone between
the resolved and unresolved groups at the early
imaging follow-up. This agreed with Kierans et
al., 2010 who detected no significant signal changes
at the follow-up within the first 4 months after
ablation. This could be explained by the fact that
the recurrence is mostly at the margin of the abla-
tion zone. This is also may be contributed to the
post-treatment reactive changes that occur within
the ablation zone which may mask any recurrent
lesions within the center of the ablation zone [9].

We also studied the signal intensity of the
recurrent lesions on unenhanced T1 and T2 WI
and we classified the signal intensity of the lesion
into intermediate, high or low signal (relative to
the ablation zone). We found 67.7% of the recurrent
lesions eliciting high T2 signal relative to the
ablation zone and only 23.3% of the lesions elicits
intermediate signal on T2. On T1 WI 64.5% of the
lesions elicit intermediate signal, 25.8% elicit low
T1 signal and 9.7% elicit high T1 WI signal. This
shows that T2 weighted images is superior to non
enhanced T1 WI weighted images in detection of
tumour recurrence. This agreed with Dromain et
al., 2002 [10] who found 8 recurrent lesions (out
of the 9 local recurrence detected within 2 months
after the ablation), six of the eight local regrowths
(75%) exhibited moderate high signal intensity on
T2-weighted images and contrast material uptake
on T1-weighted images. The two remaining local
regrowths (25%) were detected only on T2-
weighted images as hyperintense nodules abutting
the hypointense necrotic area, without suspicious
areas being detectable on T1-weighted images
before or after contrast medium injection. So an
assessment of HCC post RFA ablation based on
precontrastsequencies signal intensity is a conflict
issue. The ADC values of the entire ablation zones,
recurrent lesions and surrounding parenchymal
changes and cirrhotic liver were calculated for the
different study groups and we found that the mean
ADC value of the entire ablation zone in the RF
ablated lesions (whether resolved or non resolved)
was 1.18±0.24 X 10–3mm2/s after the 1st month
and 1.22±0.30 X 10–3mm2/s after 3-4 months. We
found the mean ADC value of the recurrent or
residual lesions in the malignant group was 0.87±
0.24 X 10–3mm2/s after the 1st month and 0.92±
0.33 X 10–3mm2/s after 3-4 months while the mean
ADC value of the surrounding parenchymal chang-
es was 1.02±0.23 X10–3mm2/s after the 1st month
and 1.29±0.12 X 10–3mm2/s after 3-4 months.

Discussion

Monitoring tumor response to loco-regional
therapy is an increasingly important task in onco-
logic imaging. Early favorable response generally
indicates effectiveness of therapy, and may result
in significant survival benefit. Early identification
of treatment failure is also critical in patient man-
agement, since a repeat treatment cycle can be
performed if liver function is maintained, before
disease progression occurs. DWI has been shown
to be sensitive to micro environmental changes in
tumors at molecular level that result from treatment
and hence may be able to predict early response
to locoregional therapy [7]. Dynamic contrast en-
hanced MR imaging can assesses the change in
tumor vascularity and perfusion after TACE or
local ablation therapy [8].

The signal intensity of the entire ablation zone
on non enhanced T1 & T2 weighted images were
studied and we found that on the 1st month after
ablation, homogenous high T1 & T2 in 80% and
25%, heterogenous T1 &  T2 in 13% and 18%
while was homogenous low in 7% and 57% respec-
tively while after 3-4 months follow-up, the ablation
zone was homogenous high in both T1 & T2 wi in
81% and 23% respectively and heterogenous in
7% and 12% and homogenous low in 12% and
65% respectively. The heterogeneity of the ablation
zone in the early post ablation imaging could be
explained by the different tissue changes after
ablation including oedema, haemorrhage and in-
flammatory reaction. Such changes mostly resolved
within 3-4 months after ablation leaving the coag-
ulation necrosis with the characteristic homogenous
high T1 and low T2 signal.

Our findings agreed with Kierans et al., 2010
[9] who performed a study over 203 ablated lesions
for which MRI was acquired <4, 4-9, and >9
months after radiofrequency ablation, cryoablation,
and microwave ablation. They found that 87.8%
of the ablation zones imaged within the first 4
months after ablation show high T1 signal with
persistence of the high signal in about 84.1% in
patients imaged >9 months after ablation. This is
also agreed with Dromain et al., 2002 [10] examined
50 hepatic tumours treated with RFA underwent
MR imaging at 2, 4, and 6 months. They found at
the 2 months follow-up that 28% of the RF-treated
areas were hypointense and homogeneous and 72%
was heterogeneous with a peripheral hyperintense
ring at T1-weighted images. On T2-weighted MR
images, 54% of the RF treated areas were hypoin-
tense and homogeneous, 14% were isointense and
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Then comparison between different study groups
was done and we foundthat: The mean ADC value
of the entire ablation zones in all the 100 ablated
focal lesions (whether resolved or unresolved) in
the study was significantly higher than mean ADC
of the cirrhotic liver parenchyma (p=0.0001**).
The mean ADC value of the recurrent or residual
malignant lesions in the 31 focal lesions in the
unresolved group was significantly lower than the
mean ADC of the entire ablation zones in all the
31 lesions in the study (p=0.0008**).

The mean ADC value of the recurrent or residual
malignant lesions in the 31 focal lesions in the
unresolved group was significantly lower than the
mean ADC of the e cirrhotic liver parenchyma (p=
0.003**). The mean ADC value of the post treat-
ment reactive tissue changes was significantly
higher than the mean ADC of the recurrent or
residual malignant lesions (p=0.0001**). There
was no statistical difference in the mean ADC
values between the entire ablation zones of the
resolved and unresolved groups (p=0.70**).

Our results agreed with Schraml et al., 2009
[11] who studied 148 consecutive follow-up MR
examinations of 54 patients after RFA of malignant
focal lesions. Apparent Diffusion Coefficient
(ADC) values of ablation zones and liver paren-
chyma were assessed. ADC values of ablation
zones and adjacent signal alterations identified in
DWI were analysed with regard to local tumour
recurrence. They found that mean ADC values of
the entire ablation zones was 1.19±0.30 X 10–3

mm2/s while for the liver parenchyma was 1.06±
0.21 X 10–3mm2/s (p=0.0003). No evident changes
in ablations' ADC values over time could be iden-
tified. They also found that ADC values obtained
from the entire ablation zones did not significantly
differ between the resolved group (1.22±0.30 X
10–3mm2/s) and the unresolved groups (1.19±0.30
X 10–3mm2/s). They also found that the mean ADC
value of the recurrent lesions differs significantly
from the mean ADC value of the surrounding
parenchymal tissue changes (p=0.0124). Lu, T-L.,
et al., 2012 [12] performed a study over 43 malignant
liver lesions underwent liver MRI (3.0 T) before
and after RFA (at 1, 3 and 6 months) using T2-,
gadolinium-enhanced T1-and DWI-weighted MR
sequences. They measured the ADC value of the
entire ablation zones in cases without tumour
recurrence. The pre-treatment value was 1.20±0.26
X 10–3mm2/s. At 1month, it was 1.46±0.33 while
at 6 months they found it to be 1.52±0.33. The
values at 1 month and at 6 months were signifi-
cantly higher than the pre-treatment value (p=0.007
and p=0.026, respectively).

In our study, all the 31 malignant lesions show
arterial phase enhancement with 16 lesions out of
31 show persistent enhancement on the portal
phase. All the 31 malignant lesion show washout
of the contrast on the delayed phase with 15 ma-
lignant lesion show washout of the contrast on the
portovenous and delayed phases of the study. The
enhancement is considered only if proved by the
subtracted images. We followed the study of Yu et
al. (2009), Goshima et al. (2008) and Boll D &
Merkle E.M. (2009) [13-15], who considered that
the follow-up MRI is the standard of reference.
We considered the dynamic MRI on 3-4 months
to be the standard of reference and we calculated
the sensitivity, specificity, accuracy, PPV & NPV
of the dynamic MRI 1 month after the RFA, the
diffusion MRI after 1 month and 3-4 months fol-
lowing the RFA as compared to the dynamic MRI
findings after 3-4 months of the RFA. We correlated
the dynamic findings on the 1st month following
the ablation to the final diagnoses (findings on the
dynamic study performed 3-4 months following
the ablation), 27 lesions (27%) were true positive,
3 lesions (3%) were false positive, 66 lesions (66%)
were true negative and 4 lesions (4%) were false
negative. We correlated the diffusion findings on
the 1st month follow-up compared to the final
diagnoses (findings on the dynamic study per-
formed 3-4 months following the ablation), 22
lesions (22%) were true positive, 4 lesions (4%)
were false positive, 66 lesions (66%), were true
negative and lesions (8%) were false negative. We
correlated the diffusion findings on the 3-4 month
follow-up compared to the final diagnoses (findings
on the dynamic study performed 3-4 months fol-
lowing the ablation), 23 lesions (23%) were true
positive, 3 lesions (3%) were false positive, 66
lesions (66%), were true negative and 8 lesions
(8%) were false negative.

Our study revealed that the dynamic MRI of
the 1st month follow-up as compared to the dynamic
MRI done 3-4 months follow-up had a sensitivity
of 87.09%, a specificity of 95.5%, accuracy of
93%, PPV of 90% and NPV of 94.3%. The diffusion
weighted MRI on the 1st month follow-up has a
sensitivity of 73%, specificity of 94%, accuracy
of 88%, PPV of 85% & NPV of 89% as compared
to the dynamic MRI done 3-4 months follow-up,
while the diffusion weighted MRI on the 3-4
months follow-up has a sensitivity of 74%, specif-
icity of 96%, accuracy of 89%, PPV of 88% &
NPV of 89% as compared to the dynamic MRI
done 3-4 months follow-up. Our results are match-
ing with those of Yu et al. (2009) and Goshima et
al., (2008) showing dynamic contrast enhanced
MRI to be superior to diffusion weighted MRI in
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H.J., MARTIROSIAN P., CLAUSSEN C.D., et al.: Nav-
igator respiratory-triggered diffusion-weighted imaging
in the follow-up after hepatic radiofrequency ablation-
initial results. J. Magn. Reson. Imaging, 29 (6): 1308-16,
2009.

12- LU T.L., BECCE F., BIZE P., DENYS A., MEULI R. and
SCHMIDT S.: Assessment of liver tumor response by
high-field (3T) MRI after radiofrequency ablation: Short-
and mid-term evolution of diffusion parameters within
the ablation zone. Eur. J. Radiol., 81 (9): e944-50, 2012.

13- YU J.S., KIM J.H., CHUNG J.J. and KIM K.W.: Added
value of diffusion-weighted imaging in the MRI assess-
ment of perilesional tumor recurrence after chemoembol-
ization of hepatocellular carcinomas. J. Magn. Reson.
Imaging, 30 (1): 153-60, 2009.

14- BOLL D.T. and MERKLE E.M.: Diffuse liver disease:
Strategies for hepatic CT and MR imaging. Radiographics,
29 (6): 1591-614, 2009.
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evaluating HCC response to treatment as dynamic
MRI had a sensitivity of 90.5%, a specificity of
96.6% as compared to 100% and 65.5% respective-
ly of diffusion weighted imaging [13,15].

Limitation of our study. First, the lack of his-
tologic proof in our cases, but this is related to
clinical practice where histology is not always
indicated. Second, the MR examinations were
performed on systems at two different field
strengths with a small variance of sequences but
we believe that these factors did not affect our
results. Third, limitation of the DWI is that the
measurement of the ADC of the entire ablation
zone is not accurate in detection of the recurrent
lesion within the center of the ablation zone as it
could be masked by the post ablation changes,
however the fact that most of the recurrence occur
at the periphery of the ablation zone rather that
within its center should be considered. Fourth,
limitation in diffusion analysis includes absence
of pre interventional MRI in most cases so we
didn't have the ADC before the treatment. In con-
clusion, we are certain that diffusion weighted and
dynamic MRI play a crucial role, complete each
other in the assessment of response of HCC to
RFA measurements for better tissue characteriza-
tion, and should be performed at regular time
intervals.
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