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Introduction

Barrett’s esophagus (BE) is a well-established risk factor 
for developing esophageal adenocarcinoma. Endoscopic 
surveillance programs have been established in order to 
detect the presence of neoplasia and lesions at potentially 
curative stages including high grade dysplasia (HGD) 
and intramucosal carcinoma (IMC) (1). The development 
of new endoscopic therapies, in particular endoscopic 
mucosal resection (EMR) and several ablative therapies, 
offers curative and minimally invasive treatment for HGD 
and IMC. Thus, accurate diagnosis of the depth of tumor 
invasion and presence of lymph node metastasis is essential in 
order to identify patients who are candidates for endoscopic 
treatments. Endoscopic ultrasound (EUS) is the most 
accurate tool for the TNM staging of esophageal neoplasms 
(2,3). Despite this, its utility in staging prior to endoscopic 
or surgical treatment in early Barrett’s neoplasia is still 
debatable. Some studies have demonstrated that EUS may 
overstage early lesions and is limited by operator experience, 
location and morphology of the lesions. Even with high 
frequency probes, it is difficult to distinguish HGD from 
IMC or cancer invading the submucosa (4-8). Our hypothesis 
is that EUS provides limited information in Barrett’s 
associated neoplasia and often overstages disease in tumor 
depth assessment. The aim of this study was to evaluate 

the utility of EUS in the pre-therapeutic phase of Barrett’s 
patients referred to a tertiary-care academic referral center 
being considered for treatment and the impact of information 
provided by EUS exams in making decisions for therapy. 

Patients and methods

Data collection

All patients enrolled in a treatment protocol for Barrett’s 
esophagus neoplasia in our institution are included in an 
institutional review board approved prospective database. A 
systematic chart review was performed of all patients evaluated 
from January 1, 2001 to July 31, 2010. The patients eligible 
for inclusion were all those who had a EUS performed prior 
to treatment and a final histopathologic staging obtained by 
endoscopic mucosal resection or esophagectomy. After review, 
a total of 109 patients met the inclusion criteria and were 
included in the final analysis. Treatment indication, endoscopic 
findings, endosonographic findings, type of treatment and any 
subsequent pathology staging by endoscopic mucosal resection 
or surgical specimens were evaluated. 

Endoscopy reports

Upper endoscopy was performed in every patient previous 
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to or on the same day as the EUS, using either a standard 
or high-def init ion upper endoscope when available 
(GIF-Q160, GI-H180; Olympus America, Center Valley, 
PA) as well as narrow-band imaging (when available). All 
endoscopy reports were reviewed and the length of the 
Barrett’s segment, any visible lesions, and the location and 
estimated size of every lesion were noted. Visible lesions 
were categorized and recorded according to the Paris 
Classification for superficial neoplastic lesions (9). When 
EMR was performed, either curative intent or definitive 
histopathologic staging, a cap and snare technique, freehand, 
lift and cut or multi-band assisted method were used. 

EUS reports 

All endosonographic evaluations in cases with Barrett’s 
e sophag us  were ca r r ied out  by t wo ex per ienced 
interventional gastroenterologists who perform EUS on 
a routine basis. All exams were performed using a radial-
scanning echo-endoscope (GF-UE160; Olympus America, 
Center Valley, PA).  

The EUS reports were reviewed by two physicians 
who achieved consensus regarding the findings; in event 
of inconsistency, a third physician reviewed the case 
who served as the tie breaker. The endosonographic 
appearance of the esophageal wall (normal, dif fuse 
thickening, focal thickening or invasive disease) and 
depth of the esophageal f indings were recorded. Any 
peritumoral and celiac lymph nodes were considered 
suspicious for malignancy if two or more of the following 
criteria were met: size ≥10 mm, round shape, distinct 
borders, hypoechoic appearance, and heterogeneous 
aspect (3). Fine needle aspiration (FNA), if performed, 
and TNM staging by EUS were recorded.

EUS exams were categorized as having esophageal 
findings suspicious for invasion if they fulfilled one or 
more of the following criteria: EUS stage ≥T1bNxMx, 
thickening of the esophageal wall involving the submucosal 
layer, and presence of suspicious lymph nodes according 
to the endosonographic characteristics mentioned above. 
All EUS exams that did not fulfill at least one of the above 
criteria were considered as having negative esophageal 
findings.

Histopathologic staging

All pathology reports were reviewed by the same two 
physicians and the final staging according to the Vienna 
Classification of gastrointestinal epithelial neoplasia (10) 
was recorded. The results of cytological exam of FNA from 
lymph nodes when performed were also noted.

Statistical analyses

All continuous variables were summarized by their mean, 
median and range. Frequencies and percentages were 
reported for categorical variables. 

Frequency dist r ibut ion between two categorical 
variables was compared using a Chi square test for 
independence with Yate’s correction or a Fisher’s exact test.

Results

Characteristics of patients, procedures and pathology

Demographics and characteristics of the Barrett’s segment 
of all 109 eligible patients are summarized in Table 1. A 
male to female ratio of 4:1 was observed and long segment 
Barrett’s esophagus (LSBE), defined as being ≥3 cm, was 
seen in most of patients (median length 5 cm, mean 6.75 cm, 
range, 3-17 cm). 

A total of 104 patients underwent EMR. Ninety-five 
patients underwent endoscopic resection with a curative 
intent: focal EMR =13, complete BE endoscopic mucosal 
resect ion (CBE-EMR) =56 and EMR of any v isible 
lesion followed by ablat ion of the residual Barrett’s 
epithelium =26. Fourteen patients were referred to surgery 
for the following reasons: the diagnostic EMR samples had 
revealed at least submucosal invasion, risk factors for lymph 
node metastasis, or positive deep resection margins in 9 
patients; EUS had suggested invasion in 4 patients, and the 
endoscopic biopsy demonstrated IMC in one patient who 
opted for surgical treatment.

In 49% of the 104 patients in whom an EMR was 
performed, the final pathologic assessment was discordant 
when compared with pretreatment biopsies. Upstaging was 
observed in 21.1% of patients (N=22) and down-staging 
occurred in 27.9% of patients (N=29). Final histopathology 
staging of all patients after EMR or esophagectomy is shown 
in Table 2 according to the Vienna Classification (10).  

A total of 99 macroscopically visible lesions (VL) were 
recognized in 81 patients (74.3%), nine patients had two 
concurrent lesions and five patients had three concurrent VL. 

EUS Findings

Table 3 shows the information from reviewed EUS reports. 
TNM staging was reported in 14 of 109 EUS procedures: 
4 patients were staged as T1aN0Mx and 10 as T1bNxMx. 
In the remaining 95 patients, the EUS report documented 
that there was no evidence of invasive or distant disease.

Lymph nodes (LN) were identif ied in 16 patients. 
According to the previously mentioned endosonographic 
criteria (size >10 mm, round shape, sharp borders and 
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hypoechoic/heterogeneous aspect), a suspicion of 
malignancy was present in seven patients. FNA was 
performed in each of these 7 cases and none of the 
cytological exams revealed presence of tumor cells. 

EUS exams reported diffuse or focal thickening of the 
esophageal wall in 68 patients. Depth of these esophageal 
f indings was not recorded in 4 patients, involved the 
submucosa or beyond in 14 patients (20.6%), and were 

Table 1 Demographics and Barrett’s segment characteristics 

N 109

Mean age (years) 66.7 (range, 41-92)

Gender (M/F) 88/21

Barrett’s type

Short segment 32 (29.3%)

Long segment 77 (70.7%)

Mean Barrett’s length (cm) 5.3 (range, 17-1)

Visible lesions

Yes 81 (74.3%)

No 28 (25.7%)

Lesion location

Upper esophagus 1

Middle esophagus 23

Lower esophagus 53

More than one portion 4

Initial pathological diagnosis

Non dysplastic BE 1

LGD 2

HGD 69

IMC 32

Submucosal invasion 5

Treatment

EMR* 95

Surgery 14

* EMR/CBE-EMR/EMR+Ablation 

Table 2 Final histopathological staging 

Vienna classification

1. Negative for dysplasia 5 (4.6%)

2. Indefinite for dysplasia 0 

3. Low grade dysplasia 12 (11%)

4.1. High grade dysplasia 47 (43.2%)

4.2. Carcinoma in situ 0 

4.3. Suspicion of invasion 0 

5.1. Intramucosal carcinoma 39 (35.7%)

5.2. Submucosal invasion 6 (5.5%)

limited to the mucosal layer (superficial mucosa, deep 
mucosa and muscularis mucosae) in 50 cases (73.5%). Of 
those with thickening limited to the mucosal layer, 3 
cases had no dysplasia, 44 had neoplasia confined to the 
mucosa (5 LGD, 23 HGD and 16 IMC), and 3 cases had 
submucosal involvement (6%). EMR or surgery confirmed 
invasive neoplasia only in 3 (21.4%) among the 14 patients 
with diffuse or focal esophageal wall thickening involving 
the submucosa noted on EUS; the remaining 11 patients 
(78.6%) had neoplasia limited to the mucosa (9 IMC, 2 
HGD) (Table 4).

EUS reports were classified as having no findings suspicious 
for invasion in 90 of 109 patients (82.6%), final staging in this 
group was: ≤ T1a =87 and ≥ T1b =3 (3.4%). Only 19 patients 
(17.4%) were categorized as having EUS findings suspicious 
for invasion, final staging was: ≤ T1a =16 (HGD =4 and 
IMC =12) and ≥ T1b =3. The global sensitivity, specificity, 
accuracy, positive predictive value (PPV) and negative 
predictive value (NPV) of the EUS in detection of invasion 
are shown in Table 5. 

The presence of V L between pat ients with EUS 
findings suspicious for invasion and those with negative 
esophageal EUS findings were not statistically different 
[16/19 (84%) vs. 65/90 (72%) P=0.42]. Three (16%) of the 
19 patients with EUS findings suspicious for invasion had 
flat BE, and none of these three had evidence of invasion 
on pathology. EUS findings were considered suspicious in 
3 out of 9 patients with a predominant protruding lesion 
(types 0-Is and 0-Ip); 6 out of 38 patients with a slightly 
elevated lesion (only 0-IIa); 2 out of 8 with a f lat lesion 
(only 0-IIb); none of 4 with concurrent elevated and flat 
lesions (concurrent 0-IIa and 0-IIb) and 5 out of 22 with 
any evidence of depressed lesions (0-IIc or 0-III or any 
depressed component in any lesion). However, there were 
no cases of SMI in any patients with only 0-IIa or 0-IIb 
lesions. Moreover, the accuracy of EUS for SMI of patients 
with a predominant protruding lesion was not better than 
the global accuracy of 87%. 

Of the 86 patients with HGD or IMC as diagnosed 
by histologic specimens provided by EMR or surgery, 
sixteen (18.6%) had the pre-therapeutic EUS findings 
suspicious for invasion. Of the 6 patients with submucosal 
involvement in pathology analysis (≥T1sm1), only 3 (50%) 
had EUS findings suspicious for invasion before treatment. 
Patients with EUS findings suspicious for invasion more 
commonly had submucosal involvement in the EMR/
surgery samples compared to those with other EUS 
findings [3/19 (15.8%) vs. 3/90 (3.33%) P=0.06], but the 
observed difference was not statistically significant. Forty-
one patients had unremarkable EUS findings in the entire 
esophagus; in all of them the EMR confirmed absence of 
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invasive disease and highest staging was IMC in 14 (34%).
Incidental findings unrelated to the main indication 

for the EUS were diagnosed in 11 of the total 109 patients 
(10%). EUS examinations revealed gallbladder stones in 5 
cases, pancreatic lesions in 4 (one tumor consistent with 
adenocarcinoma after FNA and three cystic lesions), and 
one liver cyst and one mediastinal mass consistent with a 
carcinoid tumor.

Discussion

The newly developed endoscopic treatments for early 
Barrett’s neoplasia offer curative therapy with minimal 
invasiveness to patients with cancer limited to the mucosal 
layer. The risk of nodal involvement in early esophageal 
cancer confined to the mucosa (T1a) ranges between 0% 
and 3%, and when the lesion extends into the submucosal 
layer (T1b) this risk approaches up to as high as 30% (9). 

Because of the radical differences in the therapeutic 
approach to cancer confined to the mucosa vs. invasive 
cancer it is essential to provide accurate tumor (T) and 
node (N) staging in the selection of patients with early 
Barrett’s neoplasia for curative endoscopic therapy. The 
critical depth assessment of early Barrett’s neoplasia is 
to distinguish T1b from T1a lesions; the latter can be 
successfully treated with endoscopic therapy, while the 
former requires surgical resection (6). While EUS is 
considered the best tool for T and N staging of esophageal 
cancer (11-15), its performance in early Barrett’s neoplasia 
is suboptimal for tumor depth assessment.  

Conventional EUS, with frequencies between 7 MHz and 
12 MHz, displays the esophageal wall in five different layers 
and the muscularis mucosae is not visualized as a separate layer 
(3,16-19). With high frequency echo-endoscopes and high 
frequency mini-probes (HFP) (20-30 MHz) the mucosa 
is seen in four different layers and the muscularis mucosae 

Table 3 Endoscopic ultrasound reported findings 

EUS T staging

No evidence of invasive disease 95 (87%)

T1a 4

T1b 10

≥T2 0

Presence of lymph nodes

Yes 16

Suspicious LN 7

FNA performed 7

No 93

Endosonographic appearance of the esophageal wall

Normal 41 (37.6%)

Diffuse thickening 37 (34%)

Focal thickening 30 (27.5%)

Invasive disease 1 (0.9%)

Depth of esophageal involvement

Not Reported 4

Mucosa 50 (73.5%)

Superficial mucosa 4

Deep mucosa 44

Muscularis mucosae 2

≥Submucosa 14 (20.6%)

EUS suspicious for invasion

Yes 19 (17.5%)

No 90 (82.5%)

Some patients had more than one characteristic described 

in the report that suggested suspicion for invasion

Table 4 EUS findings and final staging 

EUS suspicious for invasion 19/109

≤T1a 16

≥T1b 3

Overstaging 84%

EUS not suspicious for invasion 90/109

≤T1a 87

≥T1b 3

Understaging 3.4%
Diffuse/focal thickening invading the 
submucosa

14/64

≤T1a 11

≥T1b 3

Overstaging 78.6%
Diffuse/focal thickening limited to the 
mucosa

50/64

≤T1a 47

≥T1b 3

Understaging 6%

Table 5 EUS results for detection of submucosal invasion 
All patients 

(N=109)
Patients with visible 
lesions (N=81)

Sensitivity 50% 50%

Specificity 89% 86%

Accuracy 87% 83%

PPV 21% 23%

NPV 96% 95%
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can be assessed separately (3,17-20). The only prospective 
comparative study published to date (21) showed that the 
use of HFP is significantly better than conventional radial 
EUS in the T staging [P<0.0001]; however, the accuracy is 
low with both techniques (64% and 49% respectively).

The repor ted acc u rac y r ate  i n  t he  s t ag i ng of 
early esophageal cancer are st i l l disappoint ing and 
heterogeneous (4,21-28), and widely ranges from the 85% 
reported by Larghi et al. (21) to 79.6% from May et al. (22) 
and to the 69% reported by Pech et al. (24).

In the present study, the accuracy of identif y ing 
submucosal invasion was consistent with previously 
published data and emphasizes that the role of EUS in the 
pretreatment management of patients with early Barrett’s 
neoplasia is still controversial. EUS led to an overstaging 
in most of patients, in 14 with endosonographic diffuse 
or focal thickening of the esophageal wall involving the 
submucosa, EMR revealed neoplasia confined to the 
mucosal layer in up to 78.6%. All of these cases could have 
been potentially treated by endoscopic therapy, avoiding 
other more invasive treatments with associated higher 
mortality and morbidity rates. These results also highlight 
the role of EMR as a diagnostic and staging tool, providing 
an accurate evaluation of the resection margins, submucosal 
involvement, and risk factors for presence of lymph node 
metastasis. In our cohort, analysis of EMR specimens 
changed the final staging in 49% of 104 patients, which 
is consistent with published data (28-30) and dramatically 
changes the clinical management of these pat ients. 
Upstaging was observed in 21.1% (N=22) and downstaging 
in 27.9% (N=29). 

The pattern of invasion and the risk of lymph node 
metastasis in early Barrett’s adenocarcinoma are clearly 
related to the depth of tumor infiltration in the esophageal 
wall (31,32). A recent published review of 805 endoscopic 
resections from 472 patients shows that the depth of 
invasion correlates with differentiation grade, lymphatic 
vessels involvement and venous involvement, all of them 
well established risk factors for developing lymph node 
metastasis (33). Several studies assess the correlation 
between tumor infiltration and prevalence of lymph node 
metastasis (34-47). In case of high grade intraepithelial 
neoplasia (high grade dysplasia not beyond the basal 
membrane) the risk of lymph node metastasis is absent. For 
T1a tumors (not beyond muscularis mucosae) the reported 
rates of lymphatic involvement are <1%. Tumors invading 
the submucosal layer (T1b) had a prevalence of lymph node 
metastasis between 20% and 30%. Our study shows that 
patients with neoplasia invading the submucosal layer in 
final staging are not more likely to have findings suspicious 
for invasion in the EUS exam; only 50% of patients with ≥ 

Tb tumors had a previous suspicion for invasion on EUS. 
The presence of mal ignant lymph nodes and/or 

submucosal invasion radically changes the therapeutic 
approach of early Barrett’s neoplasia. Therefore, in this 
study, all EUS exams were considered to have findings 
suspicious for invasion based on the presence of these two 
conditions (EUS stage ≥T1bNxMx and/or thickening of 
the esophageal wall involving the submucosal layer and/or 
presence of suspicious lymph nodes). 

Up to 82.5% of the EUS exams were considered as 
f indings not suspicious for invasion according to the 
aforementioned criteria. Of all 19 (17.5%) patients with 
EUS findings suspicious for invasion, only 3 (15.8%) had 
submucosal involvement on the f inal pathology. The 
remaining 84.2% had neoplasia limited to the mucosal 
layer (≤T1a) that could be successfully treated with 
endoscopic approaches. 

Despite 17% of pat ients with f indings suspicious 
for invasion in the EUS exam, its clinical impact in 
the treatment algorithm of early Barrett’s neoplasia is 
negligible. 84% of them had no evidence of invasion and 
should be considered as false positives; the true positive 
rate of findings suspicious for invasion on EUS was as 
low as 16%. Thus, even in patients with early Barrett’s 
neoplasia and findings suspicious for invasion, EUS did not 
provide any additional information for making decision of 
treatment for patients at this center.

Surveillance endoscopy with high-resolution endoscopy 
(HRE) is the most effective tool to detect premalignant 
and malignant lesions of the GI tract in an early stage. 
In Barrett’s patients, the endoscopic appearance of any 
superficial lesion according to the Paris Classification 
(9,48), helps to predict the presence of submucosal invasion, 
that is clearly related with the risk of nodal metastasis (49). 
Two prospective studies did not demonstrate statistically 
significant differences between EUS and HRE for staging 
of early gastric (50) and early esophageal cancer (22), but in 
Tsm1 tumors the reported accuracy of both techniques 
is yet far to be sat isfactory and up to 40% of cases 
with submucosal infiltration were not identified with 
combination of HRE and EUS (22).

The limitations of EUS for an accurate diagnosis 
of early Barrett’s cancer seem to be higher in f lat and 
depressed lesions according to the published data (21). 
In our study, no statistically significant difference in 
proportion of patients with EUS findings suspicious 
for invasion regarding the presence of any visible lesion 
was noted. When the type of lesion was analyzed, no 
statistically significant association between significant EUS 
findings and flat lesions (type 0-IIb) was found. 

Our results are consistent with the most recently 
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published studies about this topic. Pech et al. (51) reported 
an unsatisfactory accuracy rate of 74% for T stage and 73% 
for N stage when comparing EUS staging before surgery 
with esophagectomy staging (n=179). T2 cancers are the 
most frequently overstaged by EUS, leading in a significant 
impact on making treatment decisions.

Similarly to our data, Thomas et al. (52) reported that 
the role of EUS in the pretherapeutic algorithm for early 
Barrett’s neoplasia should be reconsidered with submucosal 
invasion detected only in 26% of patients (n=50). The value 
of EUS is even more limited in patients with flat VL (0-IIb), 
where all of lesions are confined to the mucosa.  

In the same direction, a recent retrospective analysis 
of 131 patients with early esophageal cancer performed by 
the Amsterdam group (53) concluded that EUS exam has 
no clinical impact on the decision making for treatment. 
24% of the 105 patients with unremarkable EUS findings 
underwent surger y af ter EMR due to submucosal 
involvement, positive resection margins, lymphovascular 
invasion or poor differentiation grade. In the other hand, 
38% of the 26 patients with suspected submucosal invasion 
or LNM according to the EUS exams were successfully 
treated by endoscopic approach. 

A recent review established a global incidence of 
incidental findings (in radiological tests of 23.6%, which 
were detected in higher frequencies when CT scan was 
performed. However, none of the included studies in this 
review had reported data from EUS exams (54). In this 
series, 10% (n=11) of patients had an additional diagnosis 
due to the EUS exam; in 6 of the 11 patients, these 
incidental findings were considered as significant according 
to the need for further investigations, treatment or follow 
up (4 pancreatic lesions and 1 mediastinal mass). The only 
study published to date, which reports incidental finding 
rates on EUS (55), found an overall 38.5% incidence of 
additional ancillary diagnoses in 239 consecutive EUS 
exams performed for a variety of indications. Of these 
incidentally found conditions, 11.3% were considered 
clinically significant. These findings raise the question 
if a complete endosonographic exploration should be 
performed in every patient.

There are several limitations to our study, including a 
retrospective design based on the information provided by 
clinical reports from a single center. This study presents a 
markedly low rate of patients with TNM staging reported 
on the final EUS diagnosis. All the information related to 
the depth of tumor was collected from the descriptions. The 
sample size of some subgroups was small, mainly patients 
with ≥ T1b tumors and lymph node involvement. One 
explanation of the low prevalence of these two conditions in 
our cohort is that we only enrolled patients with superficial 

neoplasia; the patients who are more likely to have advanced 
disease with obvious masses were excluded.

Conclusions

Most patients referred for consideration of endoscopic or 
surgical treatment of early BE neoplasia have unremarkable 
findings on EUS exam. The assessment of the invasion 
depth of early Barrett’s neoplasia based only in the EUS 
findings, leads to an overstaging in most of patients with a 
false positive rate for diagnosis of submucosal invasion up 
to 84%. Given the high false positives rate for submucosal 
invasion and most of patients with suspicion of invasive 
disease according to the EUS findings had lesions limited 
to the mucosa, EUS has limited value in the pre-therapeutic 
algorithm of patients with early Barrett’s neoplasia and has 
negligible impact in making decisions for therapy. EUS in 
the pre-therapeutic evaluation of early Barrett’s neoplasia 
does continue to have a role to rule out the presence of 
lymph node metastasis in cases with known cancer or 
suspected advanced pathology in settings of visible lesions.
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