
ABSTRACT

Objective: almost 30% of gastroenteropancreatic neuroen-
docrine tumors (GEPET) escape preoperative identification using
standard imaging techniques. The goal of this retrospective study
is to present our cumulative experience in the assessment of
GEPET by preoperative endoscopic ultrasonography (EUS), and
to compare it with a literature review.

Patients and methods: thirty-seven patients with suspected
specific hormonal syndromes were sequentially examined with
US, CT, MRI, angiography, OctreoScan, and radial and sectorial
EUS. Sixteen were males (43%) and 21 were females (57%), with
a mean age of 61 years (interval: 40-84 a). Of all 37 patients, 27
had 19 endocrine tumors in the pancreas and 14 tumors in their
gastrointestinal tract. No tumors were demonstrated in 10 pa-
tients, hence they were used as a control group. Of all 37 pa-
tients, 24 were operated on or had histological samples collected,
with the presence of 26 GEPET (10 carcinoids) being confirmed
in 22 patients.

Results: EUS sensitivity and diagnostic accuracy were 81%
and 78%. Specificity was 80%. All these values were similar to the
mean values obtained from the literature review.

Three pancreatic rumors smaller than or equal to 1 cm (insuli-
nomas) were detected, which had escaped diagnosis with previous
US, CT, and MRI studies. 

An echoendoscopic examination of the pancreas could not be
completed in two cases (5%), a pancreas carcinoid and an already
gastrectomized double pancreatic gastrinoma.

Conclusion: EUS is a good preoperative technique for
GEPET detection, and may likely be superior to other imaging
techniques in the assessment of small tumors. The usefulness of
EUS as a primary exploration after US or HCT has been posited
for tumor diagnosis and localization before surgery.
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atic endocrine tumors. Endoscopic ultrasonography. Endosonog-
raphy. Echoendoscopy.
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INTRODUCTION

Pancreatic endocrine tumors (PET) are benign in 40%
of cases, and their size ranges from less than 1 to 5 cm;
hence, their successful diagnosis and localization before
surgery are very important for a complete cure (1).

Tumors greater than 1-2 cm are easily detectable with
modern imaging techniques (US, helical CT, MRI,
OctreoScan), while those smaller than 1 cm (insulino-
mas, some gastrinomas, and patients with multiple en-
docrine neoplasm) should be localized with selective or
provocative angiography (A), trans-hepatic percutaneous
catheterization of the portal vein (TPCPV) with vein
sample collection from the splenoportal axis, and intraop-
erative ultrasonography (IUS); even like this nearly 30%
of cases cannot be identified preoperatively. Endoscopic
ultrasonography (EUS) is a most recently introduced di-
agnostic technique (2), that could theoretically diagnose
PETs smaller than 1 cm in diameter (minimum size de-
tected: 3 mm) localted in the head and body of the pan-
creas with a sensitivity of 85%, as those located in the
pancreatic tail would be more difficult to recognize.

Of all gastroenteropancreatic endocrine tumors
(GEPETs), around 40% are PETs and the remaining 55%
are carcinoid tumors, which are mainly identified using
endoscopy. EUS may study the depth and extension of
this type of neuroendocrine lesions, thus facilitating en-
doscopic tumorectomy or polypectomy.

The goal of this study was to present our cumulative
experience in the assessment of GEPET by EUS, and to
perform a review of the literature until 2005.
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PATIENTS AND METHODS

Patients

Thirty-seven patients with suspected specific hormonal
syndromes (carcinoid syndrome, Zollinger-Ellison syn-
drome (ZES), glucagonoma, insulinoma, somatostatino-
ma, VIPoma, and non functional carcinoid tumor; one of
them, specifically a patient with ZES, had a type I multiple
endocrine neoplasia) were sequentially studied with US
with or without color Doppler, CT, MRI, OctreoScan, an-
giography, and EUS. 

Sixteen were males (43%) and 21 were females (57%)
with a mean age of 61 years (range: 40-84 years).

Of all 37 patients, 27 had 19 tumors in the pancreas,
and 14 in their gastrointestinal tract (33 tumors).

Of all 37 patients 24 were operated on or had histolog-
ical material collected, with the presence of 26 GEPETs
(12 pancreatic, 14 gastrointestinal –10 carcinoids) being
confirmed in 22 patients.

In 10 patients (only 2 operated on, all with long-term
follow-up) no tumors were demonstrated, and these were
used as a control group.

Method

EUS was initially performed using an Olympus GF-
UM3/ Aloka EUM3 unit with a 7.5-MHz transducer and a
30-35-mm focal length, which allows the exploration of
structures within 10 cm with a resolution of 3 mm. EUS
was then carried out with an Olympus GF-UM20/EU-
M20-30 unit with a 7.5- and 12-MHz transducer including
a 2-mm biopsy-aspiration channel. Focal length is 25-30
mm, and depth is 8 cm. More recently a radial Olympus
GF-UM Q130 unit with a 7.5- and 20-MHz transducer and
a 2.2-mm channel was used, as was a sectorial Olympus
GF UCT160-OL5 unit with a 7.5-MHz transducer, 3.7-mm
channel, and Olympus 22 G puncture needles.

Four EUS-FNAPs were performed as per the usual
technique.

Exploration methodology included all VI standard po-
sitions accepted at the EUS meeting held in Stockholm in
1982 (2,3), with the stomach, duodenum, pancreas, and
liver being examined.

Pancreatic neuroendocrine lesions are seen as hypo- or
isoechogenic, homogeneous, well-delimited areas (Figs. 1
and 2). 

Lesions in the gut are hypoechogenic, and are included
in the first layers. Echoendoscopic suspicion led to exci-
sion (tumorectomy or polypectomy) in most cases (carci-
noid tumors) (Figs. 3 and 4).

Statistical method

Precision (P), sensitivity (S), specificity (Sp), PPV,
and NPV were all analyzed using standard formulas

for all operated on and/or histologically confirmed tu-
mors.

RESULTS

The ultrasonographic pattern obtained by EUS was
similar to that of US: rounded, homogeneous, hypo- or
isoechogenic, well-encapsulated masses or nodules with
hypo- or isoechogenic borders and a maximum diameter
of 0.4 to 5.0 cm. Three pancreatic tumors equal to or
smaller than 1 cm were identified, which had escaped de-
tection previously with US, CT, and MRI. The smallest
tumor detected was 4-mm in size. 

Sensitivity and diagnostic precision were 81 and 78%,
respectively. PPV was 95%. Sensitivity was higher for
digestive tract neuroendocrine tumors (85%) versus pan-
creatic neuroendocrine tumors (75%).

The tumor but not its precise location were detected in
two cases: in one it was presumably detected in the head-
body, and was in fact in the tail of the pancreas; the sec-
ond tumor was thought to be in the head of the pancreas,
and was in fact in the duodenum.

Two false positive cases were seen among the 10 con-
trols, and thus specificity was 80%. 

No echoendoscopic study of the pancreas could be
successfully performed for 2 patients (5%), both with
pancreatic lesions –in a carcinoid case because of explo-
ration intolerance, and in a ZES because of a gastrec-
tomized dual pancreas gastrinoma. All gastrointestinal
neuroendocrine tumors could be appropriately identified
despite their small size, and endoscopic biopsy and/or
polypectomy procedures ensued. 

DISCUSSION

Almost 30% of GEPETs escape preoperative localiza-
tion with the usually employed modern imaging tech-
niques (US, CT, MRI, OctreoScan, etc.) (1). Endoscopic
ultrasonography (EUS) or echoendoscoy is one of the
more recently introduced diagnostic techniques to study
the pancreatic ultrasonographic pattern with frequencies of
7.5 and 12 MHz. Intrapancreatic neuroendocrine tumors
are usually small (insulinomas are smaller than 1 cm in
size), and only non-secreting or non-functional growths
are usually big (greater than 4 cm). Lesions are hypo- or
isoechogenic, well delimited, and resemble adenopathies;
a differential diagnosis with mucinous tumors such as ade-
nocarcinoma is required for cystic or irregular lesions. 

The duodenum will be explored from the genu su-
perius. These tumors usually exhibit an ultrasonographic
pattern similar to that of leiomyoma involving the 2nd and
3rd layers, while leiomyoma usually affects the 4th layer.
Exclusion of metastatic adenopathies is important.

Heyder (4) and Bolondi (5) were first to localize and
diagnose insulinomas using EUS.
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Lightdale et al. (7) detected endocrine tumors with
EUS in 77% of cases, one in the duodenal wall and the
rest in the pancreas. In five patients with CT and a nega-
tive A they detected small pancreatic tumors 0.5-2 cm in
size.

Rösch et al. (9,12) studied 37 cases with 39 endocrine
tumors that remained undetected with US or CT, and
which had a mean size of 1.4 cm. EUS showed a preci-
sion and sensitivity of 82%, and a specificity of 95%.

We (23) have studied 20 cases, 6 without tumors and
14 patients with 22 endocrine tumors (16 operated). Sen-

sitivity was 75%, and specificity was 83%. These values
were superior to those obtained with other imaging tech-
niques in the multicenter study by Rösch et al. (12), and
in our literature review (7-23). Mean sensitivity was 81%
(higher for insulinomas versus gastrinomas), and mean
specificity was 85%. Also, results currently obtained
with 37 cases were superior to those from our historic se-
ries. We believe that EUS is nowadays superior to the re-
maining imaging techniques particularly in the diagnosis
of small tumors.
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Fig. 1.- A transversal ultrasonographic section of the pancreatic area
that detected a hypoechogenic nodule 8.4 mm in size, which stands
out within the homogeneous, echogenic pancreas.
Corte transversal ecográfico sobre el área pancreática, detectando nó-
dulo hipoecogénico de 8,4 mm, que resalta dentro del páncreas homo-
géneo y ecogénico.

Fig. 2.- A hypoechogenic bilobulated nodule with a hyperechogenic cen-
ter, and two small, lateral, satellite hypoechogenic nodules suggestive of
gastrinomas. On the right, endoscopic images of gastric carcinoids (top)
and duodenal gastrinomas (bottom) in a patient with MEN-I.
Nódulo bilobulado hipoecogénico, con centro hiperecogénico, y dos
nodulillos hipoecogénicos satélites, laterales, sugestivos de gastrino-
mas. A la derecha imágenes endoscópicas de carcinoides gástricos
(arriba) y gastrinomas duodenales (abajo) en un enfermo con NEM-I.

Fig. 3.- Radial EUS of a water-filled stomach revealing on the right one
of the gastric carcinoids (submucosal hypoechogenic nodule) of the
previous patient.
USE radial con estómago relleno de agua que demuestra a la derecha
uno de los carcinoides gástricos (nódulo hiopoecogénico submucoso)
del enfermo anterior.

Fig. 4.- Histological image of a carcinoid after polypectomy.
Imagen histológica carcinoide tras polipectomía.
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We detected three pancreatic tumors (insulinomas)
smaller than or equal to 1 cm in size, which had not been
diagnosed with US, CT or MRI.

The smallest detected case was 4 mm in size.
We thought that the diagnostic strategy should be as

follows: US-CT-MRI-O as first-line tests, EUS or A as
second-line tests for non-located tumors, and finally
EUS-assisted laparotomy or laparoscopy.

Two tumors were also identified each in one patient,
but their precise location was missed.

EUS could not be fully carried out in 5% of cases: in
one case because of test intolerance; in the other because
the patient was gastrectomized.

In conclusion, we think that EUS is a good preopera-
tive technique for GEPET detection, and will possibly be
superior to other imaging techniques, including helical
CT, for small-size tumors; hence it must become a prima-
ry technique for the diagnosis location, and staging of
these rare tumors, even for their histopathologic diagno-
sis (24-28).

Santo et al. (28) studied 76 cases, and performed an
FNAP in 96% of them, with a precision of 94%.

EUS sensitivity is higher in studies most recently re-
ported (29-34), approaching that of EUS-FNAP.

Carpenter et al. (29) studied 57 cases with both radial
and sectorial equipment, and obtained similar results: 44
operated, 22 gastrinomas, and 22 insulinomas. Total sen-
sitivity and precision were 83% and 89%, higher for gas-
trinomas versus insulinomas (S: 100 versus 76%). 

Anderson et al. (33), with the widest series ever pub-
lished (82 pancreatic cases with a mean 1.51 cm in size)
obtained a precision and sensitivity of 93%, and a speci-
ficity of 95%, much higher than those obtained in the
multicenter study by Rösch (12). Gastrinomas were iden-
tified in 100%, and insulinomas in 88% of cases. Most
benign tumors were hypoechogenic and homogeneous.

In the study by Ardengh (31) sensitivity for preopera-
tive insulinoma location (12 cases) was 83% for EUS
versus 17% for HCT.

Another distinct subject is the study of MEN (35-37),
where neuroendocrine tumors are usually very small
–their lower bound is currently 3 mm (34). In our case,
these measured 5 mm.

Anyway, novel technologies (intraductal EUS with
miniprobes, color EUS, PET, etc.) may eventually change
all these approaches; for example, a case has been report-
ed that was diagnosed by intraductal EUS, and conven-
tional EUS had previously provided a false negative re-
sult (38); of late (39) power Doppler and color Doppler
were compared to somatostatin scintigraphy (Octreo-
Scan) in 29 patients, finding a sensitivity of 94 versus
54%, and a specificity of 96 versus 81% in differentiating
between neuroendocrine tumors and other pancreatic le-
sions.

In a comparative study (40) in 18 patients, EUS had
the highest sensitivity (88%), OctreoScan had 52%, and
they both were more sensitive than CT, US, or MRI (24-
36%). For 17 pancreatic tumors EUS had a much higher
sensitivity versus OctreoScan (94 vs. 47%).

Upon analyzing cost-effectiveness (41) (2,620 ver-
sus 4,846 dollars per patient) in the preoperative loca-
tion of 36 pancreas endocrine tumors a diagnostic strat-
egy has ultimately been suggested where EUS would
be performed first-line, in contrast to previous strate-
gies (23) positing the US-HCT-MRI-OctreoScan string
for first-line diagnosis, and the reserving of EUS for
second-line diagnosis in cases with non-located tu-
mors; intraoperative ultrasounds (IUS) would then be
used during surgery, as EUS and IUS are the most sen-
sitive techniques according to most recent reviews
(32,42,43).

In a latest paper reporting on 30 patients with 32 pan-
creas insulinomas EUS sensitivity was 94% (30/32), but
sensitivity increased to 100% when EUS plus CT were
used as a diagnostic strategy (44) (Tables I and II). 
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