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The role of endoscopy and endoscopic ultrasonography
in the diagnosis of gastrointestinal neuroendocrine tumors

J.K. Triantafillidis

1. INTRODUCTION

Gastrointestinal neuroendocrine tumors are rare
malignancies that have been classified by the peptides
they secrete and the resulting clinical symptoms1. They
constitute less than 2% of all gastrointestinal cancers2.
The gastrointestinal endocrine cells are characterized by
similar cytochemical and ultrastructural characteristics3.
More than 30 gut hormone genes and other bioactive
peptides have been identified, which makes the gut truly
the largest endocrine organ in the body4.

Fifty percent of neuroendocrine tumors in clinical
practice are the so-called carcinoid variety and are found
incidentally at operation. The remaining fraction com-
prises approximately 50% gastrinomas, 30% insulinomas,
13% VIPomas, 5%-10% glucagonomas and less than 5%
neurotensinomas, somatistatinomas and ectopic hor-
mone-secreting tumors.

Nonsecretory tumors were thought to make up the
bulk of pancreatic tumors, but with better immunohisto-
logical staining for endocrine cells, there is increasing
recognition that tumors masquerading as carcinomas of
the liver, small cell carcinoma of the lung and the like
are, in fact, endocrine tumors5. Most of these non-
secretory tumors actually store and secrete pancreatic
polypeptide.

Approximately 60% of pancreatic gastrinomas are
concentrated in an area subtented by the head of the
pancreas, gastric antrum, and first portion of the duo-
denum. Other neuroendocrine tumors may be distributed
more evenly across the pancreas or in ectopic sites such
as adrenal medulla, whereas carcinoid tumors most
frequently occur in the appendix and small intestine.

In this review we attempt to clarify the role of endo-
scopy in facilitating the diagnosis of these tumours, which,
although quite significant from the clinical point of view,
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are relatively rare.

2. THE ROLE OF ENDOSCOPY IN THE
DIAGNOSIS OF GASTROINTESTINAL
NEUROENDOCRINE TUMORS

The role of endoscopic techniques (upper GI
endoscopy, push enteroscopy, and colonoscopy) in the
diagnosis of endocrine gastrointestinal tumors could be
considered as quite important. Although there are no
specific endoscopic features allowing the accurate and
safe endoscopic diagnosis of an endocrine tumor,
endoscopy can aid in the final diagnosis reached by
removing the lesion and/or taking biopsies for histology.
Endoscopic ultrasonography, a sophisticated endoscopic
technique requiring special training and talent of the
endoscopist, not only visualizes the tumor itself, but offers
the ability to obtain smears for cytologic examination via
fine needle aspiration. The invention of the wireless
capsule, which transfers high quality endoscopic pictures
of the whole small bowel, will probably replace the
classical small bowel barium follow-through in patients
with suspected small bowel endocrine tumor.

2.1 Upper GI endoscopy

Gastric carcinoids

There represent the most frequent GI endocrine
tumors. The incidence of this tumor is estimated to be
15 cases per 1 million people. They account for 13% to
34% of all tumors of the small bowel and 17% to 46% of
all malignant tumors of the small bowel6. The incidence
of gastric carcinoids has increased considerably during
the last few decades7. The recognized propensity of
powerful antisecretory drugs (such as proton pump
inhibitors) to increase plasma gastrin levels has been
proposed as a possible etiologic factor for the increasing
incidence of these tumors. However, increased endo-
scopic surveillance and proper pathological evaluation
have both undoubtedly been responsible for the increased
incidence of these tumors observed recently world-wide.
Generally, carcinoids are found in the gut wall, although
they can occur in the pancreas, rectum, and other organs
as well. The appendix is the most common location for
carcinoid tumors within the gastrointestinal tract.
Duodenal carcinoid tumors are uncommon. Biliary
carcinoids are also quite rare, with fewer than 30 cases
reported in the literature8. Cecal carcinoid represents
only 2%-3% of all gastrointestinal carcinoid. It is not
known whether the latter behave more like carcinoid
tumors in the appendix (indolent course) or those in the
ileum (often virulent)9. A carcinoid tumor located in the

ampulla of Vater is an extremely rare entity10.

Carcinoids usually grow slowly and are often clinically
silent for many years before becoming manifest after
metastases have occurred, related mainly to tumor size.
The incidence of metastases is less than 15% with a
carcinoid tumor smaller than one cm, but rises to 95%
with tumors larger than 2 cm. Tumors may be sympto-
matic only episodically, and their existence may go
unrecognized for many years. The average time from
onset of symptoms attributable to the tumor and diag-
nosis is 9 years. Diagnosis is often made only after
symptoms of carcinoid syndrome occur. It must be stres-
sed however, that carcinoid syndrome occurs in less than
10% of all patients with carcinoid tumors11. Their peak
incidence occurs in the sixth and seventh decade of life
although they can occur at any age.

It is well established that carcinoid tumors are
associated with pernicious anemia, severe atrophic
gastritis, and chronic thyreoiditis12. Body-predominant
atrophic gastritis is considered as a risk factor for
carcinoid and gastric cancer. Gastric carcinoid and gastric
adenocarcinoma can occur concurrently in patients with
atrophic gastritis, reinforcing the concept that the
epithelial and neuroendocrine cells of the gastrointestinal
tract both result from multidirectional differentiation of
a primitive cell13.

Gastric carcinoids are uncommon, accounting for less
than 5% of all gastric polyps and less than 10% of all
submucosal polyps. Gastric carcinoids are typically
located on either end of the stomach, with the cardio-
fundic and prepyloric area being the major sites of origin.
A smooth submucosal lesion would be a typical appea-
rance. Other less common appearances include multiple
tiny polyps or focal ulcerated areas resembling the type
IIa appearance of early gastric cancer.

In cases where a carcinoid tumor has been endosco-
pically removed, close endoscopic follow-up at regular
intervals (every 1 to 2 years), plus multiple biopsies is
indicated in order to look for the appearance of other
lesions. Timing of follow-up of patients with atrophic
gastritis (a well-known premalignant upper GI condition
predisposing to the development of carcinoid tumors) is
largely unknown. However, recent reports have claimed
that performing the first follow-up every 4 years is
probably satisfactory for detection of potential neoplastic
lesions14.

The correct diagnosis of liver metastases of gastric
carcinoid is usually made with the help of liver biopsy
and then only if the bioptic material is stained for
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2.2 Lower GI endoscopy

Large bowel carcinoids

Carcinoids of the cecum, right colon and hindgut
carcinoids are usually diagnosed by colonoscopy. Apart
from the rectum, the colon is a rare site for carcinoid
tumors. Carcinoids appear at colonoscopy as smooth,
glistering, sessile lesions, without ulcerations, ranging in
size between 1 and 2 cm with a pale yellow cast to the
mucosa. Carcinoids of the colon can be removed
endoscopically quite safely. A carcinoid in the rectum
has the appearance of a small submucosa tumor without
specific diagnostic characteristics. Recent publications
also describe rectal carcinoids as pedunculated polyp that
can manifest by rectal bleeding22. Colonoscopy may not
only be used to diagnose a large bowel carcinoid tumor
but to totally resect the tumor mass successfully23.

Gastrinoma syndrome

The gastrinoma syndrome is characterized by severe
ulcer diathesis and persistent basal gastric acid hyper-
secretion because of hypergastrinemia. This syndrome
exists in multiple forms: benign sporadic, malignant
metastatic, and as part of the MEN-1 syndrome. It needs
to be distinguished from the G-cell hyperplasia syndrome
and from those rare cases in which acid hypersecretion
cannot be ascribed to gastrin. 66% of gastrinomas are
sporadic. Most tumors in the pancreas are solitary and
have malignant potential in 60%-85% of cases. Sporadic
tumors generally occur in the pancreas, although primary
tumors also may occur in the body of the stomach, duode-
num, and jejunum, accounting for up to 23% of tumors
found at operation. Less than 40% of these are malignant.
Ectopic tumors have been identified in peripancreatic
lymph nodes, spleen, root of mesentery, omentum, liver,
gallbladder, and the ovary. Solitary tumors in these sites
are less likely to be malignant. In several studies, gastri-
nomas were located in extrapancreatic sites, including
the duodenal wall in 43%-77% of patients24.

3. ENDOSCOPIC ULTRASONOGRAPHY

Endoscopic ultrasonography is generally accepted as a
fairly sensitive method for the detection of small pancreatic
tumors25. It allows the detection of both pancreatic
endocrine tumors and tumors of the papilla of Vater as well.
The sensitivity of the method in various studies fluctuates
between 87% to 96%) (Table 1). It allows the correct
determination of the tumor size and tumor spread into the
peripancreatic structures, especially the large vessels26.
However, endoscopic ultrasonography fails to detect
extrapancreatic gastrinomas in almost 50% of cases27.

chromogranin, synaptophysin or NSE. Otherwise, tumors
are erroneously considered to be adenocarcinoma, with
obvious consequences for the patient.

Carcinoids located in the appendix comprise no more
than 10% of the total number of 11,842 cases coming
from 64 different countries15 Carcinoids located in the
ileocecal valve give the appearance of hyperemia on the
colic side of the ileocecal valve. The ileocecal valve usual-
ly appears to be substenotic. Biopsy usually reveals
micronodules formed by chromogranin-A-positive
neuroendocrine cells16. Staining with Chromogranin-A
can aid the correct diagnosis in combination with other
recently described neuropeptides, such as Catestatin17.
Staining for six specific regions of the Chromogranin-A
molecule can be used as a diagnostic tool for the
characterization of neuroendocrine tumors18.

Duodenal carcinoids

Duodenal carcinoid tumors can be successfully dia-
gnosed by upper GI endoscopy. Because the duodenum
is the least common site for carcinoid tumors in the small
intestine, the likelihood of an asymptomatic submucosal
polyp being a carcinoid is low, even for polyps greater
than one centimeter in maximum dimension. A duodenal
carcinoid can present endoscopically as a smooth sessile
lesion with or without mucosal ulceration, or as a submu-
cosa mass. Endoscopic biopsy provides the accurate diag-
nosis in the majority of cases (78%). Upper GI endoscopy
also has the ability to act therapeutically as endoscopic
excision of the tumor located in the duodenum can be
achieved in most cases. It must be stressed, however, that
in these cases endoscopic follow-up is indicated19.

Jejunal carcinoids

The greatest problems encountered are in localizing
small bowel carcinoids, which may be quite small. In such
cases push enteroscopy can be of value as it can demon-
strate a mass with mucosal ulceration located in the
jejunum. Push enteroscopy can also offer the ability to
obtain biopsies from the lesion to confirm the diagnosis20.

Imaging capsule

The development of wireless capsule endoscopy offers
the possibility of examining the whole gastrointestinal tract,
having the advantage being completely painless. Although,
so far, there are no data referring exclusively to endocrine
gastrointestinal tumors, it seems that this method could
be of significant value in detecting endocrine tumors
located in the duodenum, jejunum and ileum21.
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Table 1. Sensitivity of endoscopic ultrasonography in the detection of endocrine tumors of the pancreas.

Pancreatic tumors Extrapancreatic tumors
Author No of patients Sensitivity No of patients Sensitivity

Zimmer 1994 18 94% 8 6

De Angelis 1999 23 87% 8 3 (37.5%)

Zimmer 2000 40 96% 50%

Nesje 2002 09 72% - -

Gouya 2003 32 94%

In experienced hands, endoscopic ultrasonography
increases the ability to detect pancreatic gastrinomas, and
localization rates of 80-100% have been described.
However the ability of this technique to detect tumors
less than 5mm in size or occult duodenal lesions is less
certain28. Endoscopic ultrasonography is the most
accurate method for detecting insulinomas of the
pancreas. The sensitivity can reach the level of 94%29.
We can certainly support the assumption that after
endoscopic ultrasonography, (irrespectively of the result
of the procedure) further diagnostic procedures are
unnecessary in most cases. Some descriptions have
claimed that endoscopic ultrasonography is more
accurate in diagnosing gastrinomas than insulinomas of
the pancreas30.

Endoscopic ultrasonography has successfully been
used to establish the diagnosis of duodenal somatosta-
tinoma and gastrinoma of the prepyloric area by means
of fine needle aspiration31,32.

Pancreatic endocrine tumors can be detected at an
early stage on asymptomatic patients with multiple
endocrine neoplasia type 1, by using endoscopic ultra-
sonography, and thus improving prognosis and faci-
litating prompt surgical intervention33.

Insulinomas

Approximately 30% of insulinomas are less than 1
cm in diameter, 10% are multiple, 10-15% are malignant,
and 10% will have either islet cell hyperplasia or nesi-
dioblastosis and no tumor at all. A firmly established
diagnosis of an insulin-secreting lesion of the pancreas
is essential to successful management. Endoscopic
ultrasonography can detect the tumor, allowing the
correct diagnosis to be made through a biopsy specimen
obtained by fine needle aspiration.

Vasoactive Intestinal Peptide Tumor (Vipoma)

The acronym WDHHA for watery diarrhea, hypoka-
lemia, hypochlorydria and acidosis because of bicar-

bonate wasting, must be the most accurate term for this
disorder. The absence of gastric hypersecretion and even
achlorydria were documented in this kind of tumor.
Again this tumor might be detected endoscopically and
confirmed histologically.

Somatostatinoma

Somatostatinomas involving the gastrointestinal tract
are extremely rare neoplasms that typically present with
indolent, non-specific symptoms. Of the reported primary
tumors, 60% were found in the pancreas and 40% in the
duodenum or jejunum. Regarding extrapancreatic
locations, approximately 50% originate in the duodenum,
approximately 50% in the ampulla and rarely in the
jejunum. Somatostatinomas are often associated with
multiple endocrine neoplasia-1 Syndrome and von
Recklinghausen�s disease. Somatostatinoma has been
described on a patient with celiac sprue34. 80% of patients
with pancreatic somatostatinomas are metastatic at
diagnosis, while the corresponding feature in intestinal
tumors is nearly 50%. Thus, in 70% of cases, metastatic
disease is present at diagnosis35. Diagnosis could be
facilitated by endoscopy, although there are no data in
the literature.

Pancreatic Polypeptide Ppoma

In mammals, 93% of cells producing Pancreatic
Polypeptide are located in the pancreas. Circulating PP
is regulated by meal ingestion, cerebral stimulation and
hormone administration36. Endoscopic ultrasonography
can detect the tumor mass in certain.

Neurotensinomas

Neurotensin, a 13 amino acid polypeptide isolated
from the human GI tract, has important pharmacologic
effects, including hypotention, tachycardia, cyanosis and
stimulation of secretion from small intestine. The majo-
rity of tumors are located in the pancreas. Endoscopic
ultrasonography can be of value in the diagnosis of this
rare endocrine tumor.



172 J.K. TRIANTAFILLIDIS

REFERENCES

1. Rindi G, Villanacci V, Ubiali A. Biological and molecu-
lar aspects of gastro-enteropancreatic neuroendocrine
tumors. Digestion 2000; 62(Suppl 1):19-26.

2. Zacharof AK. Gastrointestinal neuroendocrine tumors.
Ann Gastroenterology 2003; 16:34-39.

3. Tamburrano G, Paoloni A, Pietrobono D, D�Amico E,
Durante C, Baldelli R. Pancreatic endocrine tumors. Ital
J Gastroenterol Hepatol 1999; 31(Suppl 2):S104-107.

4. Ahlman H, Nilsson. The gut as the largest endocrine or-
gan in the body. Ann Oncol 2001; 12(Suppl 2):S63-68.

5. Reubi JC. Use of receptor autoradiography for the visu-
alization of somatostatin receptors in human pituitary ad-
enomas and other neuroendocrine tumors. J Endocrinol
Invest 1989; 12:18.

6. Buchanan KD, Johnston CF, O�Hare MMT, et al. Neu-
roendocrine tumors. A European view. Am J Med 1986;
81(Suppl 6b):14.

7. Modlin IM, Lye KD, Kidd M. A 50-year analysis of 562
gastric carcinoids: small tumor or larger problem? Am J
Gastroenterol 2004; 99:23-32.

8. Pawlik TM, Shah S, Eckhauser FE. Carcinoid tumor of
the biliary tract: treating a rare cause of bile duct obstruc-
tion. Am Surg 2003; 69:98-101.

9. Gallinaro LS, Forte A, Montesano G, et al. Carcinoid to
cecal localization: a case report and literature review. Eur
Rev Med Pharmacol Sci 1997; 1:139-142.

10. Papalambros E, Archimandritis A, Pikoulis E, et al. Car-
cinoid of the ampulla of Vater: presentation of a new case.
Int Surg 2000; 85:64-66.

11. Davis Z, Moertel CG, Mcllarth DC. The malignant carci-
noid syndrome. Surg Gynecol Obstet 1973; 137:637.

12. Carney JA, Go VLW, Fairbanks VF, et al. The syndrome
of gastric argyrophil carcinoid tumors and nonantral gas-
tric atrophy. Ann Intern Med 1983; 99:761.

13. Adhikari D, Conte C, Eskreis D, Urmacher C, Ellen K.
Combined adenocarcinoma and carcinoid tumor in atro-
phic gastritis. Ann Clin Lab Sci 2002; 32:422-427.

14. Eckhauser FE, Lloyd RV, Thompson NW, Raper SE,
Vinik AI. Antrectomy for multicentric, argyrophilic gas-
tric carcinoids: a preliminary report. Surgery 1988;
104:1046.

15. Soga J. Carcinoids and their variant endocrinomas. An
analysis of 11842 reported cases. J Exp Clin Cancer Res
2003; 22:517-530.

16. Di Cataldo A, Greco S, Caldarella P, et al. Carcinoid of the
ileocecal valve: a case report. Chir Ital 2001; 53:879-882.

17. Prommegger R, Ensinger C, Adlassnig C, et al. Catesta-
tin: a novel neuropeptide in carcinoid tumors of the ap-
pendix. Anticancer Res 2004; 24:311-316.

18. Portel-Gomes GM, Grimelius L, Johansson H, Wilander
E, Stridsberg M. Chromogranin A in human neuroendo-
crine tumors: an immunohistochemical study with region-
specific antibodies. Am J Surg Pathol 2001; 25:1261-1267.

19. Zyromski NJ, Kendrick ML, Nagorney DM, et al. Duode-
nal carcinoid tumors: how aggressive should we be? J Gas-
trointest Surg 2001; 5:588-593.

20. Yoshida Y, Endo T, Sasaki Y, et al. Jejunal carcinoid tu-
mor mimicking leiomyosarcoma: preoperative diagnosis
by endoscopic biopsy. J Gastroenterol 2001; 36:39-43.

21. Fritscher-Ravens A, Swain CP. The wireless capsule: new
light in the darkness. Dig Dis 2002; 20:127-133.

22. Hamada H, Shikuwa S, Wen CY, et al. Pedunculated rec-
tal carcinoid removed by endoscopic mucosal resection:
a case report. World J Gastroenterol 2003; 9:2870-2872.

23. Ito K, Shiraki K, Sugimoto K, Ito N, takase K, Nakano T.
Rectal carcinoid tumor successfully treated by endoscop-
ic resection. Hepatogastroenterology 2002; 49:1255-1256.

24. Fajans SS, Vinic AI. Diagnosis and treatment of insuli-
noma. In: Diagnosis and management of endocrine-re-
lated tumors. Edited by RJ Santen, A. Manni. Boston:
Martinus Nijhoff, 1984, p 235.

25. Nesje LB, Varhaug JE, Husebye ES, Odegaard S. Endo-
scopic ultrasonography for preoperative diagnosis and lo-
calization of insulinomas. Scand J Gastroenterol 2002;
37:732-737.

26. Zimmer T, Scherubl H, Faiss S, Stolzel U, Riecken EO,
Wiedenmann B. Endoscopic ultrasonography of neuroen-
docrine tumors. Digestion 2000; 62(Suppl 1):45-50.

27. Zimmer T, Ziegler K, Bader M, et al. Localization of neu-
roendocrine tumors of the upper gastrointestinal tract.
Gut 1994; 35:471-475.

28. De Angelis C, Carucci P, Pepici A, Rizzetto M. En-
dosonography in decision making and management of gas-
trointestinal endocrine tumors. Eur J Ultrasound 1999;
10:139-150.

29. Gouya H, Vignaux O, Augui J, et al. CT, endoscopic ul-
trasonography, and a combined protocol for preopera-
tive evaluation of pancreatic insulinomas. Am J Roent-
genol 2003; 181:987-992.

30. Zimmer T, Stolzel U, Bader M, et al. Endoscopic ultra-
sonography and somatostatin receptor scintigraphy in the
preoperative localization of insulinomas and gastrinomas.
Gut 1996; 39:562-568.

31. Guo M, Lemos LB, Bigler S, Baliga M. Duodenal soma-
tostatinoma of the ampulla of Vater diagnosed by endo-
scopic fine needle aspiration biopsy: a case report. Acta
Cytol 2001; 45:622-626.

32. Acs G, McGrath CM, Gupta PK. Duodenal carcinoid tu-
mor: report of case diagnosed by endoscopic ultrasound-
guided fine-needle aspiration biopsy with immuno-
cytochemical correlation. Dis Cytopathol 2000; 23:183-186.

33. Gauger PG, Scheiman JM, Wamsteker EJ, et al. Role of
endoscopic ultrasonography in screening and treatment
of pancreatic endocrine tumors in asymptomatic patients
with multiple endocrine neoplasia type 1. Br J Surg 2003;
90:748-754.

34. Frick EJ Jr, Kralstein JR, Scarlato M, Hoover HC Jr. So-
matostatinoma of the ampulla of Vater in celiac sprue. J
Gastrointest Surg 2000; 4:388-391.

35. House MG, Yeo CJ, Schulick RD. Periampullary pancre-
atic somatostatinoma. Ann Surg Oncol 2002; 9:869-874.

36. Fberg K. Neuroendocrine gastrointestinal tumors � a con-
densed overview of diagnosis and treatment. Annals of
Oncology 1999; 10(Suppl 2):S31-S38.


