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Eecent progress of the data procesang appli ed to wtrasound (5] examination made it
possible to develop new softerare. The TS wotkstation of the last generation thuos
itcorpot abed a compnter into their center that alloweda wery precize teatim ent of the T3
inage. Thismads it possible to work ot new imageslike thre e dumensional (3-00 173, the
I3 of contrast-harmome associated with the intravenous g ection with product wath
cortrast for US, atd finally even more recently elastograplyy. These techrdoques,
owtertly quite elahorate in pefmutansous US, are to be adapted and evaluated with
E choendosc op(ETTE.

Wi this will approach the 3-D EUS saccessiwvely, then the contritibion of the
products of contrast for 13 with the patereatic BT, and finally, elastographbey g de d by

Enidosotiogy aphy
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THREE-DIMENSIONAL ENDOSCOERIC
VLTRAS OUND

Recent developenent of the probes of elec tronde
echoendoscopy (EUS) commected o the
ultrasound (1T5) rackine ofthe last-zene ration
HITACHI 6500 or 5300 with three-
dirrensional (3-00) soffware built in cwrently
rnakes it possible to produce EUS fmagessery
eagily The acquisition of the mages is wery
fastapproximatel w30 sec;

the nnages in 2-D0 are rebuilt in siv planes
different to that of the cormputer from the TS
rnachine . The yware retomedin a 3-Dvolume of
cubie forra, thus making it possible to build
transverse and longitudinal cuts of the six faces
of the cube The fast acquisition of the irmages
rnakes it possible to eliminate all the avtefacts,
in particular on the lewvel of the mediastinm |
thoge induced by cardiac meseraents and
breathing. It iz rather easy by a ample
racrve rent of shrinking the endoscope, if one
nges radial echoendoseope EG 36 UR orbya
rota tonal moverment of 360°

if one uses the EG 32 UT, fo carry out 3-D
rebnilding of EUS images.

Basic Principlesof 3-D US

Two types of systers have been developed,
making use of either a series of 2-D Irmages
procduce dbyrl-Drartays, or 2-Darta veto

produce 3-D0 irnages ditectly, Two critena
mst be met to avold inaccuracies: the
relative position and angulation of the
accuired 2-D images must be Enown
ac curately, and the rnages

rmst be acquived rapidly andior gated o
avold artefacts due to respiratory; cardiac,
and mrevoluntary motion. Tracked free-hand
systerns  The operator holds an assembly
cormposedof the transduce rand an
attachraent, and marapulates 1t ower the
ahatory  Two-ditnensional mages are
digitized as the

tranaducer is moved while meeting two
critetia: the exact relative angulation and
posthon ofthe U5 transducer ransthe knoem
for each digifized irnage; and the operator
rstensire that no

significant gaps are left when scanrdng the
atatory.

3-D reconstrucion The 3-D reconstrie ion
process refers o the generation of a 3-D
inage from a digitized set of 2-D images.
The approach used was the soxelbased
wolurag. The 2-D

Images are built o a 3-D voxelbased
wolue (3-D grid) by placing eachdigitized
2-Diirage

into its correct location in the solarne. The
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main advantage was that nonmformation
wras logt during the 3-D reconsttactionanda
warety of rendering fechrdques were
possible, butlarge datafilesare generated.
Visnalizationof 3-D U5 images The dbility
o visnalize information m the 3-D image
dependscritically on the rendering
fechrdgue . Threebasic types are being nsed.?
Swface-based wiewing techrague  &n
operator or algorthen identifies houndaries
of strictures o create a wire-frame
representation. These are shaded and
ilhrninated so that swfaces, structures, or
organs are visualized.
Iultiplane wiewing technigues Orthogoral
wiewe: thre e perpe ndicular plane s are
displayed siranltare ouslyand can be moved
ot rotated; polvhedron: the 3-Dimage is
presented as a multisided wolume
(polyhedron). The appropriate US irnage is
“painted” on each face of the polyhedron,
which canbe manipulated.
Volurne -hased rendering technicues The 3-
Dimage s projected onto a 2-D plane by
cagting rays through the 3-D0 image. The
woxelvalues intersected bareach raveanbe
multiplied by fac tors and spnmed to produce
differe nt effects: roltiplyby 1 and thenadd
fo form a radiographic-hike irmage, raaltiply
by factors to produce translucency, or
displayonly N
the woxel with the marirmurm ntensity along
each ray

Clinic al Imp act of 3-D EUS

The inportant point is fo know the real
inpact of this new techricue in houran
pathologyw. Cmrently it arises that the
contrbuton of this new type of lmagery iz
ondy infe resting in turmoral pathology of the
recturn. Indeed, the first studies showr that it
1z much easier to visualize the resorec o
and its lnits in 3-D EITS than in 2-D0 ETTS
{Fig. 1). These results hawve an mmportant
inpact on therapeutic decision making in
particular when the tornor imseolye entirely
the mesorecturn and the fascia rech . These
rectal cancers have wvery bad outcoraes |
approaching me tastatic rectal cancer,
[naddition, the 3-D EUS see s tobring a

legidoynd of

better reliability with endorectal EUS for the
asaessnent of rectal cancer[l]. This was
shown in several studies, in paricular, the
studies of Odegaard[Z]. It would also seerm
that pancreatic 3-0 ETTSnakes it possible to
better appreciate the tunoral mfiltration on
the lewvel of the porto-spleno-mesenteric
corfluence of pancreatic cancers . There are
shll fewr data in the Lterature[3], assessrent
ofvenons exte nsion would e raore precise
in3-Dyancreatic EUS. Inconclusion, to date,
it wonld seern that 3-D EUS brings more
infiorrnation than the cormentional ETUS to the
lewel of cancers of the recturn Other studies
are necessaryto specifirthe exact place of the
3D pancreatic EUS in the staging of
panc reatic cancer.

Our Exp erience in 3-D Endorectal US

We have performed 35 3-D endorectal (ER)
U5 exarainations using this new software [3].
The indicationof ERTTS was alocal staging of
rectal cancer in 35 cases. Before 3-D ERIS
scarhing, a standard ERUS was realized.
Three-dirmersional rectsl exardnation was
performed using a radial electrome ngid
probe, The 3-D a0 ftware was included in the
new U5 scarming raachine (HITACHI 6500
or 8500} and perraatte d a rec onstruction of the
2-Dn ERUS pictares in siv different acans,
B copuisition tiree isversyguick around 10
25zec Legmimton trne was afunction of the
rrebe r of irnage s recorded. Using 2-Dand 3-
D ERITS, 35 rectal cancers were assessed, L1l
toreors were located in the raiddle and lower
part of the recturn and stenotic turmors were
excluded frorm this study. In all cases, 3-D
ERUS was possible; 2-D0 ERUS data
classified the turmor in TIFO (2 cases), T2H0
(3 cases), TAM0 (15 cases), TAH1(12 cases),
atd TAM (3 cases). It was irmpossible using
2-Dimages tode terrnine precise Iy the degree
of irerobement of the mesorectar (more or
less than 50%). Mo difference was shown
using 3-D ERTIS for the superficial turnor(T1
and TZMO), bt in 615 patients classified
T3H0, 3-D ERUS showed malignant lynph
tides, which was confired smgically in 506
Cases

Cin the other hand, 3-D EUS allowed us to
deterraine precisely the degree of infiltration
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mmprove the accuracy of EUS i the
diaghosis of maliznant wascular irreasion, in
detection of occult pancreatic neoplasmns,

of themesorectur in all cases and showed a
uite corplete irseasiom of it in eight cases.
The s findings were confirrned in all cases by
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the surgical data. To suranarize for rectal
cancer, 2-D0 ERIS cormectly assessed 25035
rectal turnors (71.4%) for T and N
classification, and 3-D0 EUJS increased these
results to 31035 comect evaluation (22 6% If
you eotnpare the 2-Dand 3-D acewracy in T
staging (T1-2 ws. T3-Td), there was no
difference(34/35 accurate staging using the
two fechrigues), bt patients classified 3-Dr
TZH0 developed less Iner mefastasis than
those classified 2-D T3H0 (19 vs. 6715, 11 vs.
0%, p=0.002). Thiz differe nee wasdue to the
fact that 715 of 2-D T3HO rectal cancers are
PT3H1 onthe resected specimen. Cn the other
hand, of patients inwhom 3-0 ERTS showeda
latge mesorechim infiltration (roore than bao-
thirds of the thickness of the mesorecturn), 235
developed more metastasis (Ineror perifoneal
carcinornatosis )48 ws AT, 50 ws. 260, p <
0.0aty.

PANCREATIC EUS AND U5 CONSTEAST
AGCENTS

Diagnogis between adenocarcinomas and
nodularchrome pancre at s 1s proble matic. &11
e thodsof diazhosisare lraited.

Histolog vy is the standard, bt even biopeycan
ke difficult hecanse cancers can peoduce a
tnatked fibrotic reaction or necross, and give
false results. For endoscopis retograde
cholangiopancreatography (ERCP),
seneitivity and spe cificify are, respec thve Ly 25
and 66%, when there 1s a stenosis of the mam
pancreatic duct[4]. Magnefic msonance
cholangiopancreatography (WMECF) has a
sirrilar sensitivity and specificity for detecting
pane reatic cancer of ¢ hrovde panc reatitizasthat
of ERCPHevertheless, sensitmeity 15 et
perfectible and MECPE gives a comect
differe ntiation hetween malignant and benign
lesionsin58% of cases[5,6) . WECP remains an
e e naive proce dure, is e consrning, and iz
avallable only in a few centers There are fewr
studies about contrastenhanced EUS (CE-
EUSY. In one of the first studies, Bhutard et
al.[7 ewaluated the uhlity of SHUS0E &
(Lemeorvist®) and concluded it conld potentially
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and in the diagnosis of vaseular throwboss.
Subesuently, Hirooka et al [5] studied the
presence or absence of enhancement of
different lesions with Alunex® in 37
patients. An enharcernent of the lesion was
ohserved m 100% of the patients with 1slet
cell tomor (Fizs, 24 and B), in 30% with
intraductal papillary rmecinons  tumor
{IPDMT}, in 5% wath chronic pancreatihs,
and no enhane erment effe ot was cheerved in
the patients with carcimoma (Fig 3) &l
patients underwent angiography and
corparison betve enimages of CE-EUS and
angiographic images showed sinularresults,
except for three patients (heo TFIVT and one
chrorde pancreatitis) in whom angiograms
were hypovasculat, but enhancerment effect
was oharved on EUS images. Finally
Becker et al [0] showed their experience m
23 patients with another contrast azent (F3S
0AD Optizon® ) and evaluated CE-EUS asa
e thod of differe ntiating inflarmation and
carcinoma based on perfusion
characteristics. Nlarkedly hyperperfused
lesions were considersd as imflarrnatory
peendoturmors, whereas hopoperfused
lesions cormpared to sumounding tissue were
considered as carcimoras. Sensitreity for
differentiation of pancreatic careinoma s,
inflarnmatory changes was 34%;, specificity
100%, positree predictve walue (PEV)
100%:, negative pre dictTe wale (HMEV)

B8%,. These remults ave veryairilar to ours[3]
(sensitivity 90.9%., specifivity 28.8%, FFV
B8 2%, and NPV 01 4900 Tn our study{3], we
alan studied hyperechoie lesions (mupposed
not tobe a pancreatic adenocarcinoma), and
seneitivity was 28 200 specificity 20 9%,
FPV 91 4%, and WPV 88 2%,. In futmre, CE-
EUS could allow us to have a direct and
telighle result(rnalizhant or not) withoot
walting several days for histological
findings. Perhaps it could also save fire
atdmoney in litniting the use of expenste
ElS needles.

CE-EUS couldbe anintere sting cornplerment




to EUS fine needle aspiration (FHA)
concerning disgnosis accuracy: EUTS FHA
sensifivity and diaghosis accuracy are,
respectively, T5392% and
TR0 [2.10,11,12,13, 14,15,16] . First
reasor, EUS FHA isnot realizable in6%% of
cases owing to wvessel inderpositions,
duodenal stenosis, and tumoral hardress,
particularly m chronic pancreatitis. Ther,
sensitivity of the EUS FHA is limited by
unhinterpretable material (hleeding or
noncelular samples) ranging from 919%.
Totally the lack of sensitivity of EUS FHA
ranges frow 2230 of cases[d]. In ow
work[3], sensitratyand diagnostic accurac v
of thiz techrdeue were comparable to
cytopathology results gmded by EUS
(zensitivity 90 9%, specificity 88 8%, FFV
B2 2%, and MEFV 91 4%). From a rore
general point of wiew, 97% of
bypoechoiclesions were malighant turaors
(30 ade nocarcinoma, 1 endocrne turmor, 1
pancreatic lymphoma, 1 pancreatic
e tastasis from colonic cance ). Therefore,
CE-EUS could appear like a relishle and
completnentary tool for EUS FHA in
detection and classification of pancreatic
lesions when EUS FN& is inpossiole or
hiopey uwninterpretable. CE-EUS could
inprove accuracy and allow us to propose
an appropriate treatwent (surgery; folloe-
up, chemotherapsr  ete ).CE-EUS could
allow us to differentiate mahgn homor from
peendoturnoral noduls,

Chronic pane reatitizizalso aliraiting factor
for diagnosis of pancreatic masses. Several
wiorks have atternpted to establish EUTS
Imaging criteria (without tssue sarpling)
for the discrimination of benign
inflarenatory peendoturmors and turnors.
Diespite the high resolution of EUS, it does
tot provide relishle differentiation of
benign abd malignant lesions of the
pancreas[17]. Fritscher-Favens et al [19]
found that sensitvity of EUS FM& in
patients with a focal pancreatic lesion
withont chironds pancreatitis was 89%, while
it was ordy 34%% in patients with chronde
pancreatifis, Mevertheless diagnosis of EUTS
FHL influenced clirdcal managerment in
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tearly half’ of patients[1%]. CE-EUS could
alzn playran aportant part in the case of
lesions ocemring within chrorde pancreatitis,
Indeed, in our study[3], every
adenocarcinoma with chronic pancreatits
(303, 100%) was hypoechole after contrast
enhancement. Conversely, ewvery
peendoturaoralnode (henizh masses) exce pt
ohe (10011, 91%) in chrorae panereatifis was
byperechoic. These results are different and
hetter than CE-EUUS. For Takeda et al [20],
100%: peendoturmoral pancreatitis had an
isoenbanced patiern, and for Takeda et
al [200, it was difficult o differentiate
adenocarcinomas from  inflammatory
pancreatic mass (308 were not well
classified) CE-EUUS could be useful in the
case of negative results after EUS FH&. In
eatly studies, WPV of EUSFIA was around
T5%[13,14], but most recent studies found
HMPY hetween 26 and
4404 [9,10,11,12,13,14,15] . In the work from
Oshakawa et al [21], the rate of pabents with
negatrve results of the first biopssy but with
tnalighant troor diaghosed a second time
with a new puncture or with swgersy was
479 To conclude, negatiee predictive walue
of pancreatic EUS-FNA iz 30-330
The oretically; a new puancture is mandatoryto
be sure that it is normwal tissue. We can also
inaging that CE-ETS could avoid this second
procedure. With regard to false-negative
results of Sonovue®, we found three
ade nocarcinormas that pressnted hepe rechole
aspect (enbhancerment contrast patter). Tao
were poorly differentiated adenocarcinoma
and the third was associate d with INPT. This
suggests that poorly differentiated
adenocarcinoma could have different
vascularity of well-differentiated
adenocarcinora . These results were sirnlar
to studies with CE-EUS[22,23]. Differe nees
in histologw, such as histological
differentiation grade, araount of fibrosis, and
ohliteration ofbloodwessels m the turaor, may
be associated with differences in
enbancerentbehawvior

Concermng CE-EUS and endocrme torors,
there iz only one case report using Levonist
that=ze emed tobe a nseful diagnostic rae thod
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20%%) showe dan echo e rhance tnent pattern,
probably prowving their
bperasulanization. The only pancreatic
e tastasis none nhanced was from colomne

for precise localization of small
insulinornal24]. In ourstuds{3], 87.5%: (78] of
endocrine tumors had a strong contrast-
enhancernent pattern, indicating hoype reascular
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lesions, Thes: results were siwdlar to CE-
EUS[19,2223,25] These wascular images
differed fromw those of almost all pancreatic
ductal carcinomas. Thus, differentiation of
enhancemnent pattern on CE-EUS betaeen
pancreatic adenocarcinommas and endocrine
turnors is usefil in the dagnosis of thess
lesons. In addition, “standard™ EUS 1z alreadsy
known fo hease a great value for localizing
endocrine pancrestic tunors becanse of its
excellent capacity to visnalize small lesions
and turmor wascularization at the same
thme[26,27]. Therefore, we are authorized to
think CE-EUS could increase sensitivity of
diazhosiz of pancreatic twaors Regarding
IPIIT, in ourstudy{3],

the only benigh tomor was heyperechoiz,
whereas in malignantIPWT, one was
hypoechods and another was hyperechoic. In
CE-EUS studies, maligrancy could he
asgoclated with contrast enhancement For
Sofuni et al [22], all (fonr patients) with TPIWVT
showed hypervasculanty of the nodules inside
the tornors. For Magase et al.[23], two of the
frve IPWT had solid corponents within the
turnors and the wwere positive for e nhance ment
effects. &1 five patients with IPWT underarent
smzical resection and pathologic examination
revealed malignancy in the two lesions with
aolid corponents and positiee e nhance ment.
For Ttoh et al[28], when the patent with
carinoma were compared with those with
adenoma, the postnhancernent intensity was
significartlyhigher inthe cave ihorn
a group. CE-EUS conld be useful for the
differential diagnosiz of berdgn and maliznart
IPIIT . The small ronmber of patients with INET
in each studydid not allowconclusions.
Iletastatic lesions of the parcreas are rare,
between 510%[29], but an i portant canse of
focalpancreatic lesions. There is only one
description of one case of kidney metastasis
analyzed in CE-EUS[E0]. Cur work[d] is the
first m the Lterature that descrbes the
erhancerent pattern of pancreatic metastasis
in CE-EUT5 . &1 metastasis except one (475, es
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cancer. CE-EUS could prowvide a
contribution to the differential diagnosis
betueen a prirmary pancreatc caminoma
and a pancreatic metastasis, and therefore
can have a decistve influence om the
selection of appropriate therapeutic
strategies (chemotherapy rather than
smgery, for example). However, histology
rernaing the standard in the differential di
agnosts of pancreatic tormors.
EUSSONOELASTOGRAPHY

The intoduction of EUS repeesented a
rnajor advance in the diagnosis and staging
of gastromtestinal  malignancies. In
addition to provdding imaging of turaors
and erhancing TN (WEhgnancy (lamge
node on Ct)) staging, EUS also provides
guidance for FIA and hiopsies of
undiagrose d wasses and Iyraph nodes (LH)
suspicions for malignant invasion,
providing further diagnostic and staging
nformaton. However, FH& 15 techrcally
derranding and ranltiple pavctures of LI or
masses ate sometimes required to obiain
sufficient tissue for histologic assessrent.
In additom, when several LM appear
suspicions, the cholce of which fo puncture
iz not always clear Cuarrent sonographic
criteria for malignant LM (round,
bypoechogenicity, diaraeter =1 cr, and
distinet marging are helpfiul in targeting
lesions, bt proble s exist with specificity
and cverlap of these featmres with henign
LE[31,38. For frther consideration is the
fact that pancreatic masses hawve a wide
differential diagnosis that ineludes berden
and maliznant efiologies, and FHA of the
pancreas 15 associated with a small, but not
insigrificant, risk of pancreatitis[33].
Hence, the ability to evaluate masses and
LH miore accurately prior fo their pancture
inan effort fo aid in targeting lesions for
FHA and possibly reduce cormplications
wonld be welcoraed by echoe ndose opists.
Lutleast tao shategies have been developed
with these goalsinrund: contrast-enbhanced



endosonographyand sonoelastog raphy:

Theory and Technical Aspects of
Somoelastograp hy

Sonoelastography is based on the
knowledge that some diseases, such as
cancet, lead to a change of tissue hardness
i1e., the so-called elasticity rmodulus) and is
ar outzrowth of the well-known breast
ultrasound  fremitos technigue[34,35.36],
during which the patient iz asked to hum
while eolor or power Doppler iz used to
exarine the breast Softer portions of the
breast wibrate rore m response to the
breaning, while cancers and other fir
masses vibrate less and thus are seen asareas
of decre ased color, eve nif theware soecholc
oh the ordinay B oscan. Elastography
exarine s the elastc properhes of tisses by
applying a slight compression to the tssne
and cormparing an nage obtained before
and after thiscompression. The befo

te and after data ave then compared, using a
cross-conelation tee hrigue to detennine the
arnonnt ofdisplacernent each srall portion
of tissue undergoes n mesponse to the
compression applied by the TS
transducer[37,38,39]. The elasticity
modulus, le., the tissue elasticity
disttibution, can be calculated from the
strain and the stess of the examined
stuctures. While the strain fleld can he
estimated from the radio frequency sighals
returred frorn tissue stuctires before and
after compression, it s lmpossible to
rngasure the stress field directly within the
tigsue. Another problem 1= that the
corpression of harder fissue stuctures 1z
offen followed by a Jateral displacement of
these structures[40]. It s nearly iupossible
to repre sent the volure of this sideslip with
conventional 2-D0 methods, but its
caloulation 15 indispensable for an accurate
deterrnination of the tissue elasticity of the
examined structures. To owercome
theseproblerns, the Extended Corabined
Sutocorrelation DIdethod has been
devveloped, which allows thereconstuction
of the tisse elasticity of the exarained
structiures on the basis of the 3-I finite

Iagiouna of

elernent modsl. The new technigue erables
lughly accurate estnation of the tissue
elagticity distribution and adeguate
compensation of sideslipe. The elasticity
irnaging can be perforoned in real fite with
the SonoElastography moduls

that can be mtegrated mio the platform of the
HITACHI EUB-E300 system (Hitachi
Iledical 5 yeterns Europe, Zug, Switzerland).
Proced ure Technigue and Criteria

Lg with traditional color Doppler imaging,
EUS tissue elasticity imaging iz performed
with corsentional ETTS probes and does not
require additional mstranents (eg, for
Ine asuring pressure of producing wibrations).
The wirations and compressions are
provided physiclogically by wascular
pulsation and respiratory motion. The
calenlation of tesue elasticity distribmtion is
performed i real tirme and the exarination
results are represented m color superapossd
et the corsee ritional B-miode irnage To date,
the majority of cliracal research rvoling
sonoelastographyhas been focused on the
ervaluation of breast masses. Three different
patterns have been identified in elastograms
of breasteancers: a well-defined, sery hard
{dark) mass or nodule, a moderately hard
mass or noduole containdng rauch harder
(darker) focl within it and a werydark or hard
central core swroundedby a some whatsofter
ot less dark peripheral corponent[36]
Llthough with comventional U5 or EUS
fibrosis generally appears as hyperec hogenic
tegions with posterior acoustic shadowing
fan appearance also seer In cancers), 1n
elastozraphy, it generally appears as a
uniforn, modetately hard region with no
distinct foel of increased hardmness.
Preliminary work in breast tissue
elastography has shown that it can conrectly
classify most benign and malignant
miaszes[36].

EU 5 Semoelstograp hy

We have published recently our prelireinary
experience on 49 patients[41]. Between
Dlarch 2004 and Lpeil 2005, 49 patients
underwent EUS examination with
sonoelastography Indications for
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elastography exarination ihcluded esaluation
of'a pancreatic mass (n =24} and asse ssmmentof’
suspicions LH (1 ="25). The real-tire elasticity
irnaging described in this studywas performed
with the SonoElastographs module that was

in 4 cazes and malignant in 20, Two masses
were misclassified as malignant by
elastozraphyy, the firstwas a newroe ndocrine
turaoy, and in the second case, the patiant
undersent suwrgical resection and final
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integrated into the platform of the HITACHI
EUB-2500 systern (Hitackhi Ivledical Systemns
Europe, Zng, Switzerland). Like color Doppler
examinations, tisme elasticity imaging was
perforrned with EUS -scope EG 38-UT (Pentax
Enrope Grobh, Haraburg, Gerraany) and does
not reuire additional instroments. The
exarmination results are represented m color
over the corsentional B-mode irmage with
malignant tissue appearing inblue, fibrosis in
green, noroal issue in e llow, and fat in red &
ETTS FIA weas performed in all cases using a
22-gange needle (Wilson-Cook Nedical,
Winston-Salern, MC). As per umal n owr
center, all specimens are exarmined using the
monolayer technigue and although no
cytopathologist i peesent when biopsies are
performed, the endoscopist assesses the
sarple to enswre adequate tissue core, with
repe at punctares i nece ssary.

Dlasses or LM that appeared mostly blue
(hearde ) we e conside red maliznant, with other
realtar onsidered benign. Final diaghosis was
based on listology fror FHA and swrgical
specirnens whe navailable.

Besults are presented as mean with standard
desiation or redian with range, depending on
data distribution.

Pancreatic Masses
Tarenty-four patients (rmedian age 60 mars

[tange 39EE]) underwent EUS exammination
withsonoelastography for evaluation of a
pancreatic rass (mean diaraeter 247 wom £
11.1). Masses were located in the pancreatic
head (n= 12}, body (n = @), and tail {n= 6).
Firial histologwwas based on FH & results in 21
cases and surgical pathologyin3 cases. Final
diagnosis of talighant massesinclnded
adenocarcinoma of the pancreas (n = 14),
e tastatic renal cancer (n=2),sarc oma (n=1J,
and orearian cancer (no= 1), Bendgn masses
consiste d of chronic pane reatiisre lated nodule
m=d), nenroendocrne tumor (n= 1), and an
[FIT (n = 1) 5oncelastography images of
pancreatic masses were nterpreted as bergn

pathologr revealed the mass tobe a benizn
fibromyoblastic toraor of the pancreas.
Sensitivity and specificity of
sonoelastogtaphy i the diagnosie of
taligrant lesions was 100 and &79%,
respectielyl subsequent review of our
experiehce with elastographyrand pancreatic
tnasses was performed and a more refined
classification of pancreatic mass
sonoelastography images has heen
developed i which EUS  elastographoy
itnages are differentiated into five scores.
Score 1 iz for a homogenous, low
elastograph area (soft, green) and
corte sponds to the nommal pancreas tissue |
For images classified as Score 2, there is
heterogenicity of the elastograph, bat in the
soft fissue range (green, wellow; and red),
and coresponds to flbrosis. Score 3 15 foran
elastozraph image that iz lagelyhlue (hard)
with minimal heterogenicity and
cortesponds to a saall, eady (less than 25
rern ) pane reatic adenocarcitoma (Fig. 4). In
turmors assigned Score 4, there exists a
bpoec hiode vegiom in the center of the turnor,
with green appearance for this snall area
smrounded by blue or harder tissue, and
corte sponds toa hypervaseular lesion (Fig.
148y, such as a nenroendoc rine turnor or srall
pancreatic raetastasis. Finally, Score 5 is
asgigned to leslons that are lareelyblue on
elastograph, but wath heterogemicity of
softer tissue colors (green, red), re presenting
necrogls, and 1s seeninadvanced pancreatic
adenocarc inorna .

LymphNodes

Tarenty-fTve patients (median age 57 years
[tange 1678]) underwent EUS exatination
withsonoelastography of 31 L. The mean
diameter of the LN was 197 mm £ 56 and
were found in the cerdcal area (n = 3),
mediastinurm {n = 17), cellac arterial trunk
reglon (n= 5}, andacrtocaval region(n = ).
Firial histology was based on FII& and
concluded the LH tobe berugnin 14 cases n




and malignant i 17, Sonoelastography
images of the LN were mterpreted as
rnalighant in 22 cases (Fig. 5), bendgn in 7
(Fig.é), and indeterrainate in2. While there
were no false-negattres, there were five
false-pogittves. The indetermivate cases
were due to heterogemicity of the
sonoelastograph images and wers hoth
berndgn on final histologw The sersitrity
and specificity of sonoelastography in the
evaluation of malignantitrvasion of TH was
100 and 50%, respectivelyw Six pabents had
sonoelastography of more than one L. In
two of these cases, ove LM was benign and
the other malignant, and elastography
correctly differentiated hetween the
o The elasticityof soft isenes depends to
a lage extent on thelr molecular banilding
blocks (fateollagen, ete), and on the
microscopic and macroscopic struchiral
organization of these blocks. In the normal
pancreas, for example, the glandular
structure may be firmer than the
swrounding conne clive issue, which in tom
iz finmer than the subcutansoms fat
Sonoelastography allows the hardness or
stiffhess ofhiological tissues tobe estitnated
and imaged using conventional U3
msturents with modified sofbware. It 1=
known that certain pathologic conditions,
auch ag mwalighant tanors, often manifest
thersebves as changes in the mecharcal
properties of tissue. We beliewe that the
elastc properies ofberagn lesions are fairly
uniforrn, such as theoughout abe rdzn fornor.
Cancerons hunors, on the other hand, grow
mn a very disorgarazed way Therefore,
within a given rmalizrant tinor, the elastic
properties of one area of & hunor may be
significantly different frorm thoss in another
atea. The concept relating to the
measurerent of these tissue changes 1s an
extension of the basic principles associated
with tradiional medical U5 imaging. The
principle 1s based on the fact that issues are
deformed slightly when a small
displacement is externally
applied[38,39,42] This work represents an
extension of owr previous results of EUG-
guided sonoelastography[43]. The
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sensitivity in assessment of both pancreatic
wasses and LM was 100%. &lthough there
were falsepositives in both patient grouge,
and concerns ay exist regarding the
specificity of sonoelastography in hoth
geftings (209, in pancreas group, 50% in LW
group), one must recall that the momber of
benign lesions in this study was relatmeely
small. It is likelw that with more experience
and refined criterda, the specificity will
irpronee. In fact, we have reviewed owr
experience with elastography and pancreatic
masses, and have developed a new, more-
refined classification of sohoelastography
irnages Further assessment of this system 1s
orgoing, The results in the sx patients with
multiple suspicions LI highlight the
potential ntihityof elastographs; which is the
selection of which LH(s) o punetore, thos
potentally reducing puncture-related nsk
and reducing procedure tirie. &1though EUS-
guided FM& has the potental to mdss
rucroitvasion of malignancy mto LM, and
thus represents a sorewhat iraperfect gold
standard, in the ahsence of surgical
specirnens, we feel1tis representative of daly
practice, particularlvwhencorabined withan
ade quate follow-up period.

EResults of a Prosp ective Mublicenter Stud y
onPane reatic Masses

Between Cctober 2005 and February 2006,
121 patients (77 male and 44 fernale), mean
age 63 years, unde rae it ETTS fora pancreatic
mass. The final diagnosis was obtained by
EUS FHA& in 82 cases and by srgeryin 39
cages. Final listology was pancreatic
adenocarcinomas (72 cases), endocrine
turnors (16 cases), benigh nodule of chronde
pancreatis (30 cases), and pancreatic
metastasis (3 cases). Elastography showed
malighant aspects (intense blue coloration)
for all pancreatic adenocarcinomas,
endocrine turmor, panereatic metastasis, and
pancreatic sarcorma. &1 nodules of chromc
pancreatitis presented benign aspects (ixed
greet and low inteheity of blue). The LN
sonoelastography classification was done in
5 scores (15). If we considered the scores 1
and 2 aghenign, and scores 35 as maligrant,
the sensibility; specificits; PPV and NPV of

rol
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EUS sonoelastography to differentiate beragn malignantlesions. While our re sults are very
fror maligrant pancreatic masses were, ennorazing, frther research will be needed
respec e ly 2006, 92 3,93 3, and 78.1%, witha to further define the place of this new
global accuracy of this new techmology of techmice and should be arned at fither
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B8 2% The NPV formalighancyof scores 12
was 11.4% and the PPV for malignancy of
seores 35 wasld B A ntercheerver studvon
30 patients showed a good concordanee (kapps
seore = 0.7 for the diagnosis of malignant
pancreatic masses wsing sohoe lastogra phy

Resulis of a Prospec tire Multicenter Stud v
onLymph Nodes Staging

Between October 2005 and February2006, 101
patients (56 male and 45 feraale), mean age
611 wears, nuderwent EUS FHA of LH for
staging of lung cancer (26 cases), esophageal
carcinoral 25 cases), astic cancer (13 cases),
pancreatic cancer (12 cases), fora suspicionof
LM relapee of'a kidneweancer (2 cases), and of
a breast cancer (2 cases). & EUTS FHA was also
petfonnedin 1 Scazesforisolated LM, LM were
located in the mediastivum (51 cases), the
cervizalarea (dcases), the celiac or raesenteric
area (ddcases), and pernrectal space (2 cases).
The mean size of the lesion was 2011 mm
(range: 750 mm) Final histology was
malignant LM (55 cazes including 35
metastasis by an adenocarcinoma, 13 by a
syuarnons cell cammoma, 3 by an endocnne
furor, 1 melanorma, and 5 lypnphomwas) and
inflarernatory LI (44 cases inelnding 3 cages
of sarcoldosis). The LM soncelastography
classification was done in 5 scores (15, If we
consider scores 13 asbenignand scores dand 5
as maliznant, the senabihty specificity PPV
and WPV of EUS sonoelastography to
differe ntiate benign from malignant LI were,
respectvely 100, 833, 100, and 75%. But, if
wre coheide racores 1 and Jaghe vizn and seores
35 as maligrant, the sensbility specificity
FEV and NPV of EUS sonoelastozraphy to
differe ntiate herignfrom malighant LI were,
respecimvelyp 52,10, 88,13, 91.22, and 24.10%,
with an acomracy of thiz new techrdcue
between 28 and 89.10%,.

CONCLUSIONS

EUS elastographor is a new application in the
field of endosonography and seems to be ahle
fodiffe rentiate florous andbe nigh Sesue fomm

defining criteria for accurate elastographyas
well as subse quentl yassessing the technique
nsing rmultiple operators ina blinded setting.
EUS-zuided sonoelastography has the
potentbal for further guding the diagnosis
and therapy of gastointestinal-related
fumore.
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Figure 4 : elastography aspects of adenocarcinoma ofthe pancreas
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FIGURE 284 ENDOCRINE PANCEE ATIC TURCOE BEFORE 50HOV UE
IMIECTION
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FIGURE ZB : ENDOCEINE PANCREATIC TULOE EMHAMCENENT OF
WASCULARIZATION AFTER SONCY UE INJECTION
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FIGURE 4 : ELASTOGRAPHY &5FPECTS OF PANCRE ATIC
LDENOCARCINCS ¢ BLUE COLOUR VERY HARD TISSUE)

FIGURE 5 : EIUS ASPECTS OF WMALIGHNANT LY WMPH HODE (BLUE COLOUE. =
H&RD TISSUE)
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FIGURE & : ehstograp hy asper ts of inflammatory hendgn med fagtinal LN




FIGURE 3 : ADENOCARCTHONS OF THE PANCREAS WO EMHANCEMENT
LFTER SONOVUE INTECTION






