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Vessel probe CT protocol in the study of esophageal carcinoma: can it improve preoperative

T staging?

Abstract

Aims. This study aims to compare transverse images asdel/grobe (VP) in MPR mode
reconstructions obtained by 16-row MDCT with thatbiogical findings in the preoperative T
staging of esophageal cancer.

Materials and methods. Thirty-one patients (23 M, 8 F, mean age 63.2hvéhdoscopic and
histological diagnosis of esophageal carcinoma wnelg CT examination. Esophageal lumen was
distended by C®and a biphasic technique with 35s and 70s delay wsd after intravenous
injection of contrast material. Transverse and YAMiPR mode images were evaluated and the
following parameters were considered: presence landtion of the tumor; esophageal wall
thickness and enhancement; depth of visceral watsion; periesophageal fat morphology and
infiltration of adjacent organs. Preoperative stggivas performed and then it was compared with
the histological findings considered as referenaadard.

Results: Sensibility, negative predictive and accuracy galwere 67%, 64% and 79% by using
axial images for preoperative T staging, while tise of VP increased the previous values up to
83%, 78% and 89%, respectively.

Conclusions: In the preoperative staging of esophageal canderinMPR mode reconstructions
obtained by 16-row MDCT increase the sensibilityd asiagnostic accuracy values in the T

parameter evaluation compared with axial images.
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Introduction

Esophageal carcinoma is relatively rare and reptes¢he ninth most common cancer in
industrialized countries, with an incidence of 3€0 000 persons. In Europe and United States it
represents approximatively 1% of all malignancied the sixth leading cause of death related to
cancer [1, 2]. About 90% of esophageal tumors sbrgicarcinomas, with a 40-60% incidence for
squamous cell forms (SCC) and 30-50% for adenauamtas of the esophago-gastric junction
(AEG), with the latest representing 80% of tumarnisiag from Barrett’'s esophagus [3, 4]. The
prognosis of patients with esophageal cancer dependthe stage of disease at the time of
diagnosis. An accurate evaluation of both deptksufphageal wall invasion and lymph node and
distant organ involvement is crucial for choosimgogtimal therapeutic strategy, also considering
the possibility of preoperative chemo-radiotherapy individualized treatments. Surgery remains
the main therapeutic option and accurate preoperataging is important to increase the survival
of these patients [5]. For the staging of esopHagpecer, endoscopy is used to detect visceral wall
abnormalities. At the moment, endoscopic ultrasomglgy (EUS) is the most common way of
evaluating the T parameter; however, this techniguavasive [6]. Computed tomography (CT)
yields useful information on tumor location, siextension and surgical resectability. The depth
evaluation of mural invasion is also improved withnical application of multidetector CT
(MDCT) and multiplanar reconstructions (MPR) [6]s Aar as we know, no study has evaluated
vessel probe (VP) reconstructions in the T stagihgsophageal carcinoma, although it has been
recently performed in the gastric cancer staging espid and automatic software which generates
accurate imaging of the gastric wall layers in thsion site with high spatial and contrast
resolution and simultaneously in multiple planeg [Ffhe aim of this study is to evaluate the
diagnostic accuracy of 16-row MDCT in the preopgeafl staging of esophageal cancer and to
compare T staging findings obtained by transvems&ages and VP in MPR mode reconstructions

with histology.



Materials and methods

Patients

Between April 2007 and August 2009, 31 patientsr@&h and 8 women, aged 42-75 years, mean
age 63.2 years) with endoscopic diagnosis andlbogtally proven esophageal cancer underwent
16-row MDCT examination 7 days after conventionadl@scopy for preoperative staging. This
study was approved by the institutional review doand written informed consent was obtained
from all patients according to the Declaration adl$thki principles. Tumor was located on the
upper third (n= 3), middle third (n=15) or lowdrird (n=13). No cases of distant metastases
occurred. Within two weeks of MDCT examination, pftients underwent surgical resection
(esophagectomy). The resected organ was histolbgmeaaluated to determine tumor penetration
and depth and pathological findings served as éference standard. Twelve patients affected by
advanced cancer were treated with chemo-radiothierapd subsequently with palliative
esophageal stenting because of local extensiomeofdisease. In these last patients, definitive
diagnosis was based on histological examinatiomeedle biopsies during endoscopy, CT and
EUS findings and broncoscopy. In all cases histplognfirmed the malignant nature of the
lesions: 18 cases proved to be SCCs and the rerg&ll were AEGs. Histological T staging was
based on the international TNM classification aéngel by the American Joint Committee on
Cancer, shown in Table 1 [8].

CT protocol

All studies were performed using 16-slice CT (TSXtA-Aquilion, Toshiba Medical System,
Tochigi, Japan). Unenhanced MDCT was not perform&thortly before CT scanning
(approximatively 20 s) patients ingested 7 g oéeféscent granules (Duogas, Bracco, Milan, Italy)
that generate CO2 with a small amount of water.didenot administer any antiperistaltic drug and
an optimal esophageal distension was reached ahdohleated in all cases. Contrast-enhanced
MDCT images were obtained after intravenous inggctdf iodinated contrast material (lomeron

400; Bracco, Milan, ltaly) into a cubital vein ugim 16-18 G needle and an automatic injector



(MK-1V, Medrad, Pittsburgh, PA) at a dose of 1.5/kgl'body weight and injection rate of 3.5
ml/s. A biphasic technique was used, with CT aatjars performed in the arterial and portal
venous phases (mean start delay of 35 s for tleiarand 70 s for the portal phase) with the
following parameters: slice thickness 1 mm; inceem0.8 mm; pitch 1.75; rotation time 0.5 s;
120/250 KVp/mAs. CT images were obtained with pdasan the supine position during a single
breath hold in full inspiration. CT data were acqdifrom neck to lower pole of the kidneys in the
arterial phase and from neck to the pubic symphisithe portal phase, for complete tumor
staging. The entire procedure was performed witlhinminutes. All MDCT data were transferred
to a workstation (HP XW 6400) equipped with dedecasoftware (Vitrea 4.1, Vital Images,
Minneapolis, MN) for image reconstructions. The tgm®cessing programme used was VP in
MPR mode. Arterial phase was used to evaluate ts&ading in order to take advantage of the
maximum enhancement of the esophageal wall, wiscbrucial to use VP software. VP is a
programme that allows vessels to be simultaneogsiynined in 3D, curved reformat and cross-
sectional reformat views. It can study and measuteries from between 0.5 and 18 mm in
diameter and calculate the degree of stenosisarit display images in a variety of formats,
including automatic and simultaneous orthogonaksigections, orthogonal MPR, oblique and
curved MPR, 3D and curved reformat views [7]. Tiaist and simple to use software can also be
useful for examining the esophageal wall on coteakanced MDCT, clicking on the lesion site.
Starting from simple transverse images, VP in MP&lenautomatically generates a reference line
along the major axis of structures with the maximenthancement values and displays the best
views in multiple curved planes. It also explorbse whole thickness of the visceral wall and
adjacent structures, which can be useful for pregjwe T staging.

Image Analysis

Each examination was evaluated independently byaldaominal radiologists (GA, AASI) with
more than 10 years experience in abdominal CT aradjé reconstruction. They were aware that

all patients had proven esophageal cancer, butwleeg blinded to the endoscopic results, tumor



location, size and morphological features. A fide&lgnosis was reached by consensus. The two
radiologists evaluated transverse CT images anth\"FPR mode reconstructions in two different
sessions, at an interval of 10 days, in a randoteroiThe entire image analysis was performed
within 15 minutes per patient. Images were assefgeitie presence and site of lesion, thickness,
appearance and density of the esophageal walkdesion site, depth of visceral wall invasion,
morphology of periesophageal fat and infiltratioh mediastinal organs. In accordance with
literature on CT criteria for T staging, focal tkéming greater than 3 mm was considered to
indicate a neoplastic lesion [9]. Good, intermezli@nd poor tumor enhancement indicated
respectively higher attenuation, isoattenuation neer attenuation compared with the adjacent
normal esophageal wall. T staging obtained by MD@3s based on the international TNM
classification, as shown in Table 1 [9]. MDCT stagiwas then compared with histological
evaluation.

Statistical Analysis

Sensitivity and diagnostic accuracy values wereutated for axial images alone or in combination
with VP in MPR mode reconstructions. The chi-squeast was used to compare categorical
variables and proportions. A two-tailed probabil{§) value of less than 0.05 was considered to
indicate a statistically significant difference. brder to evaluate the interobserver agreement
between the two readers and the diagnostic ralyaloil the technique, Cohen’s kappa (k) test was
used. A k value of more than 0.81 was consideredpeesent almost perfect agreement and values
of 0.61-0.80 and 0.41-0.60 to represent substaamal moderate agreement, respectively. All

calculations were performed using NCSS2007® siedissoftware.



Results

Detection of primary tumor

All esophageal lesions were detected both in trwmsgv images and VP in MPR mode
reconstructions. Neoplasia were identified as dathcal wall thickening, measuring between 5.5
and 30 mm (mean 12 mm), with a 10-80 mm longitudexdension. In 29 out of 31 cases high
enhancement was demonstrated at the arterial phasatrast-enhanced CT examination, while in
two patients poor enhancement was found at therleste. Eight presented polypoid morphology,
15 infiltrating and 8 presented ulcerative patt&ta.case of “early cancer” was detected.

Depth of tumor penetration

The comparison between T radiological and histagatiical staging is summarised in Table 2.

In 19 patients who underwent surgical treatmentjstbpathological examination 7 were staged as
pT2 (fig. 1) and 12 as pT3 (fig. 2). Twelve patentho underwent palliative treatment were staged
as T4 because of the invasion of the tracheobrahtigie in 4 cases, aortic invasion in two (fig. 3)
and tumor extension to the proximal portion of 8temach in the last six cases. Sensibility,
negative predictive value (NPV) and overall diagimoaccuracy values of T staging with axial
images were 67%, 64% and 79%, respectively, whighroved to 83%, 78% and 89% with VP in
MPR mode reconstructions (P < 0.05). Specificitg gositive predictive value (PPV) of 100%
was found for both axial images and VP in MPR moel®nstructions. With transverse images
understaging occurred in four patients, whereaf WiP images in two cases. Particularly, on
transverse images 4 T3 forms were understagedcases, irregular outer border of the esophageal
wall was not detected; in the remaining 2 patiesitsall linear strands of soft tissue extending into
the periesophageal fat were not recognized. Theotus# in MPR mode reconstructions allowed
only 2 T3 carcinomas to be understaged, becaus@ aihomogeneous and poor enhancement at
the lesion sites which did not allow lightly irrdgu outer border of the esophageal wall to be
demonstrated. They were two patients affected I8/ AEG arising from Barrett’'s metaplasia with

a high mucin content.



Almost perfect agreement between the two readessfovand (k=0.83).

Discussion

Diagnostic imaging of esophageal carcinoma

Esophageal carcinoma has a survival rate of 5% weass and poor prognosis is due to high
infiltrative tendency towards mediastinal organsl &mgh incidence rate of haematic and lymph
node metastases [10, 11]. Accurate preoperatiygnstaf esophageal cancer is essential for the
planning of optimal therapy and could influence swevival rate. Therefore, EUS, CT, magnetic
resonance imaging (MRI), positron emission tomolgya(PET) and PET-CT can be performed.
EUS allows to depict the internal structure of #smphageal wall, the tumor penetration can be
demonstrated with excellent detail and it can gdide needle aspiration cytology confirmation
[12]. In the evaluation of T parameter, EUS hasagmbstic accuracy rate of 52%-92%, but this
technique is operator-dependent, with a restrifiedd of view and it cannot evaluate haematic and
lymph node metastases. In addition, often theuns&nt cannot go beyond lumen strictures caused
by tumor growth [13, 14, 15]. MRI presents the sati@agnostic capability as CT, although some
experiences have reported sensibility and spetgificlues of 100% and 84% respectively for MRI
and 100% and 80% respectively for CT in the evaunadf the mediastinal invasion [12, 16]. PET
and PET-CT has demonstrated diagnostic accuracesaf 48-90% in the staging of esophageal
cancer. However, these techniques are mostly usethse of advanced forms, especially for
evaluating the response to combined chemo- andtrestapic treatments [14, 17, 18].

CT staging of esophageal carcinoma

Despite the advantages of the different technigh3CT currently remains the most commonly
used examination in preoperative esophageal cataging because it allows to rapidly and non
invasively evaluate the local extension of the tumed to detect lymph adenopathies and distant
metastases, with overall diagnostic accuracy valok$59-82% [6, 12, 14, 19-21]. In the

preoperative staging of T parameter, CT reliabiigpends on the depth of tumor invasion. In fact,



CT reliability is lower in detecting stages from il T3 because CT examination does not allow to
define intramural invasion, while sensibility vatuef 83-100% and 92-100% have been reported
respectively for the definition of tracheo-brondhi@e and aortic-pericardial infiltration [10, 22]
Vesseal probe CT protocol

In our experience, the role of MDCT in the stagnfigesophageal carcinoma is globally confirmed,
but new data emerge from the use of VP in MPR medenstructions in the T staging. This
programme allows good detail of the esophageal arahitecture to be obtained after intravenous
injection of contrast material and it can improkie tliagnostic accuracy in the evaluation of tumor
invasion depth by analysing wall enhancement atesien site [7]. VP has significantly increased
diagnostic accuracy (89%), sensibility (83%) andUNE8%) in the definition of T parameter
compared with CT transverse images (79%, 67% arfh, 6espectively) and interobserver
variation was low between the two observers, indigathat the reader experience was not a
significant parameter and that this technique haddgdiagnostic reproducibility. In fact, the
number of understaging errors has been reduced ¥min MPR mode reconstructions and this
software could increase the reliability of MDCT differentiating T2 from T3 forms [12, 19].
However, the difficulty in distinguishing tumorahvasion of perilesional fat from desmoplastic
reaction persists [23]. Besides, obliteration ofrastinal fat layers is reported to be an important
CT finding of neoplastic spread beyond the esopdlagall, consequently distinguishing between
T3 and T4 forms [5]. In our series, T4 carcinomawvehbeen correctly staged by using both
transverse images and VP in MPR mode reconstrig;tadthough it can be supposed that VP could
facilitate the detection of advanced forms, thartks the possibility of immediately and
simultaneously examining the contact area betwkertumor and mediastinal organs in different
axial and longitudinal planes, one perpendiculagdoh other. Particularly, longitudinal extension
of the contact surface between the tumor and amtitd represent a further useful criterion for
predicting aortic invasion, in addition to the d&sstandard reference of measuring contact area in

degrees on axial images, especially in case ob4#® contact surfaces [20, 22, 24]. In fact, the



greater the craniocaudal extension of the tumerntiore likely it is to be a case of T4, as already
reported for EUS, which predicts advanced carcireothanks to longitudinal extensions of more
than 5 cm [25]. Therefore, it can be supposed\irain MPR mode reconstructions could facilitate
the detection of tracheo-bronchial tree invasian,forther research is needed in this field. The us
of VP in MPR mode reconstructions only needs tlopleageal walls to be adequately distended by
air and, as suggested by Umeoka et al [20], anarfghase at 35 s to be performed because of the
tumor’s hypervascularity and neovascularity. In study protocol, esophagus has been distended
by effervescent powder 20 s before CT scanningrierial phase and a marked difference in
attenuation has been obtained between the lumenhandalls which is essential for the correct
application of VP software. In fact, in 94% of matis high enhancement values have been detected
at the lesion sites and it could be supposed Hetwo understaging errors by VP in MPR mode
reconstructions can be due to the low enhancentehtedesion sites which negatively influences
image post-processing and probably can vary bammnthe different histological patterns. These
two cases were demonstrated to be pT3 AEGs arising distal Barrett's esophagus, which have
been already decribed as the most difficult formbe detected because of a high mucin content
and a consequent different enhancing pattern omarexdd MDCT examination compared with
SCCs [7, 20]. In conclusion, 16 row MDCT represeah accurate tool in the preoperative T
staging of esophageal carcinoma. In case of TZT@nesophageal carcinoma, the use of fast, easy
and automatic VP in MPR mode reconstructions irsgdlie diagnostic accuracy compared with
transverse images for the evaluation of local esitenof the disease which is crucial for the choice
of surgical or alternative treatments.

Limitations

However, our study has some limitations represebgedhe short number of studied patients;
absence of T1 forms and impossibility of havingpenparison between CT and EUS in T2 and T3
staging. Therefore, further studies with larger bemof patients and CT systems with more than

16 or 64 detectors are needed in this field, atscesearch if VP algorithm could be useful in

10



detecting early cancer and to evaluate the resptmsehemo-radiotherapy in patients with

advanced forms.
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Tablel.

Pathologic TNM staging system developed by the AcaarJoint Committee on Cancer (2002) and
MDCT Criteria for T staging of gastric cancer (2009

Table2.

MDCT findings compared with histopathological resdbr each T stage.

Figure 1.

Intramural carcinoma of the esophageal lower tmrd 46-year-old woman (pT2). a) Transverse
CT scan demonstrates eccentric thickening of tlopresgeal wall (arrowhead) and cleavage from
the surrounding structures. VPs in MPR mode recoasbns allow better evaluation of triangular
fat space between esophageal lesion site, aortapne, suggesting no periesophageal fat invasion
(arrows). b) The histopathological specimen showscarcely differentiated squamous cell
carcinoma which reaches the muscolaris propriariaye tumor; M: muscolaris propria layer
(hematoxylin-eosin stain, x 100 magnification).

Figure 2.

Extramural carcinoma of the esophageal upper thial62 year-old-woman (pT3). Transverse CT
scan shows concentric esophageal wall thickeningydead) involving perilesional fat. VPs in
MPR mode reconstructions can better evaluate geal fat tissue hyperdensity and linear strands
(arrows). b) The histopathological specimen shawscarcely differentiated squamous cell
carcinoma which invades adventitia: T, tumor; Avedtitia (hematoxylin-eosin stain, x 100
magnification).

Figure 3.

Esophageal carcinoma located at the middle third &5 year-old-man (T4). Transverse CT scan
demonstrates irregular concentric thickening of ésephageal walls (arrowhead). Tumor invades
the aorta with a circumferential adhesion area ofenthan 90°. VPs in MPR mode reconstructions
confirm this finding in multiple obligue and longdinal planes with a better evaluation of the

contact area’s extension between tumor and tha éamtows).
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HISTOLOGICAL TNM and MDCT Criteria

pT1 | Tumour invadeslamina propriaor submucosal layer
T1 Non transmural marked enhancement with focal wall thickening or marked
enhancement only without wall thickening, or thickening and marked enhancement

<5 mmin diameter

pT2 | Tumour invades muscolarispropria

T2 Transmural enhancement with focal wall thickening between 5 and 15 mmin
diameter; smooth outer border of the thickened esophageal wall, or afew small linear
strands of soft tissue extending into the fat plane, but less than one-third of the tumor

extension associated with no or dight stenosis

pT3 | Tumour invades adventitia

T3 Usually large tumor more than 10 mm in depth, with reticular or irregular outer
border of the thickened esophageal wall, or stranding and densities more than one-
third of the tumor extension or a blurred fat plane around the lesion associated with

moderate to severe stenosi's

pT4 | Tumour invades adjacent structures

T4 Grossinfiltration of adjacent organs

Table 1.
Pathologic TNM staging system developed by the American Joint Committee on Cancer (2002) and MDCT
Criteriafor T staging of gastric cancer (2009).



Table?2

| pT2n=7 | pT3n=12 | pT4=12

Axial

T2 7 4

T3 8

T4 12
VP in MPR modereconstructions

T2 7 2

T3 10

T4 12

MDCT findings compared with histopathological results for each T stage.




P.""I"
b - ‘ ‘\., | g
e e A TN










