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Abstract

Purpose: Radiologists have generally acknowledged that hepatic hemangioma
and hepatic cysts are high signal intensity lesions on conventional T2-weighted
images. The T2 signa intensity of HCC is moderate high. The appearance of
T2 in long TE might be different. Therefore the purpose of this study is to
examine the reliability of very long TE sequence in distinguishing hepatic cysts,
hepatic hemangiomas and HCC.

Material & Methods. A tota of 89 patients, with 32 HCCs, 58 hepatic
hemangiomas and 48 hepatic cysts, were recruited for the study. Full approval
from the medical ethics committee was obtained.  All patients underwent
ultrasound and MR imaging (including a heavily T2, TE=750ms), and these
were reviewed indeperdently by two radiologists. The signal intensities of the
lesons were measured by user-defined region of interest. Each leson's
variation in signal intensities, between heavily T2 with long TE and

fat-suppressed T2-weighted images, is calculated using the formula:

Signd Variation= (Sl in TE 750ms — Sl in T2 fat-saturated)

(Sl in T2 fat-saturated)

The results were validated using a Receiver of Operating Calculation curve
(ROC curve).
Results:  All of the HCC are not visible in heavily T2 (TE=750ms). The

signal intensities of hemangiomas is 276.4 £ 19.6 on heavily T2 (TE=750ms).
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As for hepatic cysts, their signa intensities on T2W is 2172 + 172.2 on heavily
T2 (TE=750). These demonstrate a significant difference between the signal
intensities of hepatic hemangiomas and cysts, (P<0.001). The Kappa value,
representative of the inter-observer variation between the two radiologists in this
study, is 0.94 (P<0.0001). Using this, the derived senditivity is 98.4%, the
specificity 97.7%, and the accuracy 98.8%.

Conclusion: HCC, Hepatic hemangiomas and cysts have significantly different
sgnal intensities on T2 with very long TE. The long TE T2WI is a

non-invasive, reliable, and accurate imaging technique for their differentiation.

Introduction

From experiences with MRCP and MRU [1,2], we found that although both
hepatic cysts and hemangiomas display very high signal intensities on
conventional T2 images, they appearances are quite distinct on heavily T2 with
very long TE[3]. Whilst hepatic cysts emit very high signa intensity on
heavily weighted T2 with long TE, the hepatic hemangiomas display only a
dightly high intensity. Their distinct appearances are most likely related to
their different MR properties. Previous literatures suggest that for a 1.5T MR
device, the relaxation time of hemangiomas is approximately 140-178msec, and
341-517 for hepatic cysts [4,5]. Despite this piece of well-known information,
HCC, hepatic cysts and hemangiomas are till routinely distinguished by
contrast-enhanced MR studies. Whether T2WI with very long TE is a feasible
technique in the differentiation of HCC, hepatic cysts from hemangiomas has
not been examined in detail. Therefore the purpose of this study is to
investigate the reliability of the heavily T2 (TE=750ms) as a norncontrast

alternative to discriminate these two lesions.
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Material & Methods

Patients

This was a prospective study which was conducted over, from Jan 2005 to Nov

2005. 89 patients, who had hemangioma-like or cystic lesions on sonography,

or histologically proved HCC were referred for MRI to have the lesions further

characterized. These revealed 32 HCC, 58 hepatic hemangiomas and 48
hepatic cysts, were selected for the study (since only the largest three cysts from
each patient was selected). The diagnosis of hepatic cysts relied on its
characteristic sonographic and MRI findings, which includes hypoechogeneity

with posterior enhancement, and high T2 signal intensity without enhancement

in contrast-enhanced MRI.  Hemangioma was confirmed by its distinctive

variable echogeneity with clear and/or geographic margin, as wel as a
peripheral white ring. In addition, its MR characteristics are also quite unique.
It is lesion of very high T2 signal intensity, which enhances in a peripheraly

nodular or rapidly homogenous pattern in early arterial phase, and fills-in or

remains persistently homogenous in late and delayed phases. All of the HCC

were proved by fine needle biopsy and histology findings. Informed consents

were obtained from al of them prior to the MR examinations. The MR
examinations were composed of conventional pre- and post-1V gadolinium

dynamic hepatic series, complemented by multi-slice single shot Heavily T2WI

(TE=750ms).

The size of the tumors ranged from 0.8cm to 5.7cm in diameter (mean

2.01+1.04 cm). After their MR examinations, all patients with hemangiomas

and cysts were followed up by ultrasound for a minimum of six months.

Should there be any discrepancies between the findings of the two modalities,

then a repeat MR examination similar to the initial set was done for further
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clarification.

Imaging

The sonographic examinations were performed with a Logiq 700 sonography
unit (Logiq 700, GE medical system, Milwaukee, Wisconsin, USA), using a
3.5-4.0MHZ probe. MR images were acquired through a 1.5T MR scanner
(Philips Gyroscan ACS-NT, the Netherlands), and a phased-array body cail.
Dud T1-weighted images (TR/TE: 210/2.3 and 4.6; dlices thickness 8mm, gap
0.8mm) were performed within one breath hold. Turbo spin-echo (TSE)
T2-weighted images (TR/TE: 2500/100; TSE factor, 23) with and without fat
saturation, and corona T2-weighted imaging were obtained with respiratory
triggering.

Heavily T2WI was axia 2D single shot, multi-slice sequences, with
fat-saturation, acquired within one breath hold (TR/TE, 8000/750; TSE factor
128; 12 dlices; dice thickness, 8mm; gap, 0.8mm, matrix 256x204, NEX 2).
The total acquisition time was only 16 seconds, and all patients were examined
using the same techniques described above. The total thickness of tissue
scanned for each 2D MR hydrography was 10cm typicaly, however there are
times two separate sequences were required to fully cover the entire livers.
Dynamic MR images were obtained by applying T1-weighted fast field echo
(FFE) sequerce (175-210/1.3-2.1; flip angle, 80°) before intravenous contrast
administration, and 18-20 seconds (arteria-dominant phase), 50-55 seconds
(portal venous phase), 5 minutes (5-minute delayed phase) after manual
intravenous administration of gadopentetate dimeglumine (Magnevists,
Schering, Berlin, Germany; 0.1mmol/kg body weight). Another delayed phase
axial images and corona images were then acquired about 10 minutes after

intravenous contrast administration (10-minute delayed phase). These pulse
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sequences were all obtained with single acquisitions during one breath hold.

ImageAnalysis

The task of image analysis was subdivided between three separate radiologists.
One measured the signal intensity of lesions on T2W images, fat-saturated T2W
images, and MR hydrography. This was performed on a PACS system with

high-resolution monitor, using an operator-defined region of interest (ROI)
which was defined as an ovoid area 5-10mm in diameter. The other two
radiologists independently reviewed al MR images in two stages, without prior
knowledge of diagnosis. The non-contrast images including heavily T2WI

(TE=750ms) were given to the radiologists for review, and they were asked to
record lesions signa intensities on T2WI, T2W fat-saturated, and heavily T2WI

(TE=750ms), and the variation between them. Preliminary diagnoses were
then made based upon these readings. Should a lesion’ s signal intensity in

heavily T2WI (TE=750ms) be comparable with or higher than in T2WI or
T2WI with fat-saturation, it is labeled a hepatic cyst. If the reverse occurs and
the lesion’ s heavily T2WI (TE=750ms) signal intensity is lower than that of T2
images, the lesion is regarded as a hemangioma. If the lesions were not
defected is heavily T2 (TE=750ms), the lesion is labeled a HCC.  After this
was completed and the preliminary diagnoses were made, the radiologists then
reviewed the dynamic MR images with contrast enhancement. This produced
the definitive diagnoses to be used as the gold standard, and these were recorded

separately from the preliminary diagnoses.

Statistical Analysis
For the statistical analysis of the signal intensities of the lesionsin different MR
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series, we used the Beferroni Correct T Test.
The variation of lesions signal intensities, between heavily T2 (TE=750ms) and
T2WI with fat-saturation, is central to this study. This is defined by the
formula
Sl (in T2wi with TEZSoms) Sl (in T2 fat sty / S| (in T2 fa sty The resulting variations
derived from this formulais evaluated and validated by a Receiver of Operating
Calculation (ROC) curve, from which an idea cut-off value was also obtained.
Thus lesions with signal intensity variation that falls beneath the cut-off value
would be diagnosed as hemangiomas, and lesions with signal intensity variation
above the cut-off value considered hepatic cysts. All of the HCC were not
detected in T2WI with TE750ms. The formula cannot be calculated. This
method’ s sensitivity and specificity can also be derived from the ROC curve.
The sensitivity and specificity of the visual assessment by two radiologist
were caculated. Their inter-observer variation was analyzed by the Kappa

test.

Result

The radiologist successfully diagnosed 57 out of 58 hepatic hemangiomas, and
46 out of 48 hepatic cysts, all 32 HCCs based on his visual assessment of their
signa intensity variations. The sensitivity is 98.32%, specificity 95.7%, and
accuracy 96.4%. The Kappa value was 0.94 in two radiologist. (P<0.0001)
The inter-observer variation appeared minimal.

We aso attempted to quantify the signal intensity variation that distinguish the
hepatic hemangioma and hepatic cyst. For hemangiomas, the signal intensity
was 276.4 £ 19.6 on heavily T2WI (TE750ms). (Fig 1) For cysts, the signal

intensity was 2172+ 172.2 on heavily T2WI (TE=750ms). (Fig 2) When these
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numbers were anayzed with the Boferroni correct t test, it appears this
difference in signal intensity variation is consistent and statistically significant
(P<0.001). It aso demonstrates that alowing for few exceptions, a ratio
of —0.38 appears to be a good cut-off value for discriminating hemangiomas and
cysts. Which means that lesions with signal intensity reduction ratio less
than —0.38 would be considered as hemangiomas, whereas lesions whose ratio is
more than—0.38 should be diagnosed as cysts. The area under the ROC curve
was 0.988. (Fig 4) Quantitative analysis of MR hydrography’ s performance
reveds that MR hydrography has a sensitivity of 98.4%, specificity of 97.7%,

and accuracy of 98.8%, when differentiating hepatic hemangiomas from cysts.

Discussion

Sonography is a common screening tool and diagnostic imaging modality for
hepatic lesions. It does however has some difficulty differentiating hepatic
hemangiomas and cysts, often because hemangiomas may be hypoechoic.
This is especialy pronounced in obese patients [7, 8]. Recently, there is an
increasing trend to utilize whole body computed tomography or magnetic
resonance imaging for routine health examinations. Since these are clinically
asymptomatic patients, intravenous contrast medium is seldow use a to avoid
unnecessary drag reaction [9,10]. However without the administration of
intravenous contrast medium the differentiation of HCC, hepatic hemangiomas
and cysts is difficult with conventional MRI. Despite the fact that both
diagnoses are benign, patients often prefer to have an exact diagnosis [11].
Heavily T2 WI (TE=750ms) is able to highlight static or very slow-flowing
fluid by applying a heavily weighted T2 pulse sequence. In Fenlon’ s gudy,

extreme T2 weighted imaging with TE of 125ms is useful for distinguishing
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benign hepatic lesions from malignant ones [1]. Other investigators also used
heavily T2-weighted MR imaging to differentiate hepatic cysts and
hemangiomas from other solid tumors. Jafari et @ measured the T1 and T2
signa intensities of liver, spleen, and hemangioma with Rapid Acquisition
Relaxation Enhanced (RARE) sequence on a 0.5T MR imager, setting the TE at
500ms. They noted that even with TE set at 500ms the signal intensity of
hemangioma remained high. In view of this pre-existing phenomenon we have
increased TE to 750ms for our MR hydrography, and noted a significant drop in
the signa intensity of the hemangiomas compared to cysts , obvious even to
the naked eye.

To remove the confounding factor of indigenous signal intensity differences in
different lesions, the difference in signa intensity of the lesion between on
heavily T2 WI (TE=750ms) and on fat-saturation T2-weighted imaging was
expressed in aratio. It was mentioned earlier that the ideal cut-off value
is—0.38, according to the ROC curve and the dot diagram. This gives heavily
T2 WI (TE=750ms) a sensitivity of 98.4%, a specificity of 97.7%, and an
accuracy of 98.8%. Looking at these figures it is obvious that heavily T2 WI
(TE=750ms) is an excellent tool for differentiating hepatic hemangiomas from
cysts.

A recent paper explored the feasibility of differentiating hepatic cyst from
hemangiomas using multisection FLAIR-HASTE. This MR technique appears
workable, however there is a particular dilemma. That is the fact that in that
study only 85% of the cysts can be nulled effectively by the FLAIR-HASTE.
In this study, long TE=750ms accuracy is 96.4%, which is boosted to 98.8%
when ROl measurement replaces visual assessment. Therefore, we believed

that MR hydro may be a move reliable technique in differentiating these two
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lesions.

In our current day to day practice, delayed phase post-contrast MRI sequence is
still occasionaly required for confirmation of hepatic cysts or hemangiomas,
and exclusion of other lesions. This typicaly adds five to ten minutes to the
study duration. In comparison, heavily T2 WI (TE=750ms) does not require
contrast enhancement, takes only sixteen seconds for twelve images, and can be
done as an add-on as soon as prior MR sequences reveal suspicious hepatic
lesons. Most importantly, it is both sensitive and specific, with or without

ROI measurement. (p<0.001)

Conclusion

HCC, Hepatic hemangiomas and cysts may be differentiated by heavily T2 WI
(TE=750ms). It is a fast and reliable technique, and does not require the
administration of intravenous contrast agent. It can be a useful MRI technique,

especialy as part of the whole body MRI for routine health examinations.
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