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Abstract

The authors review the literature about intraoperative ultrasonography for evaluation of pancreatic insulinomas.

Results of intraoperative ultrasound, preoperative ultrasound and computed tomography are discussed, as
well as results of inspection and palpation of the pancreas during surgery, reported in the literature.
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Resumo

Avaliacdo dos insulinomas pela ultra-sonografia intra-operatéria: estado atual do tema.

Os autores fazem uma revisao da literatura sobre a utilizacédo da ultra-sonografia intra-operatéria para a avaliacéo
dos insulinomas pancreaticos. Sao referidos os resultados da ultra-sonografia intra-operatéria, ultra-sono-
grafia e tomografia computadorizada realizadas no pré-operatério, e os resultados da inspecdo e palpacao
do pancreas realizadas durante procedimentos cirurgicos referidos na literatura.

Unitermos: Insulinoma; Ultra-sonografia; Ultra-sonografia intra-operatoéria.

INTRODUCTION

The pancreasisasolid organ and should
be easily demonstrated by ultrasonogra-
phy®. However, because of its retroperi-
neal localization with anteposition of hol-
low viscera, the gas present in the viscera
may complicate its study by means of ul-
trasound @.

During abdominal surgeries, the bowel
loops can be manually moved apart, and the
transducer can be placed directly on the
pancreas surface, resulting in anincrement
of the image quality®.
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In this article, the authors review the
role of the intraoperative ultrasonography
(IOUS) in the evaluation of pancreatic
insulinomas, comparing its applicability
with that of other methods like ultrasound
(US) and computed tomography (CT), as
well as establishing a correlation with sur-
gical staging data.

DISCUSSION

Hormone-secreting pancreatic tumors
with clinical repercussions are rarely seen.
The occurrence of these tumors is esti-
mated in about four to five cases per mil-
lion inhabitants®. However, they awake a
great clinical interest because of the differ-
ent syndromesthey may produce asaresult
of their excessive hormone production®.
The treatment of these lesions has caught
both clinicians and surgeons™ attention,
and, currently, the most appropriate ap-
proach isthe multidisciplinary one, involv-
ing endocrinologists, gastroenterol ogists,
surgeons and oncologists®. Usually the
therapy is aimed at controlling the in-
creased hormone secretion, and the tumor
resection afterwards. In case of metastasis,
chemotherapy represents an alternative at-
tempt to control the disease®.

In the literature, one may find that en-
docrinecellsof thedigestive system arede-
rived from neural crest cells and present

common features in relation to biochemi-
cal and ultrastructural aspectsrelated tothe
synthesis of aminesand peptides®?" These
cells are considered as pertaining to the
APUD (amine precursor uptake and decar-
boxilation)®.

It should be reported that there are ex-
perimental evidences discussing the origin
of the gastroenteropancreatic APUD cells
in the neural crest®. Notwithstanding, in
spite of this controversy, the application of
the APUD system concept explainsthe di-
versity of syndromes associated with endo-
crine pancreatic tumors®.

The term APUD originates from the
threeinitial |etters of the words in English
designating three important characteristics
of these cells: 1) high amines concentra-
tion; 2) amine precursor uptake capacity; 3)
presence of an amino acid descarboxy-
lase®. They are widely distributed in dif-
ferent locations of the organism such us
central nervous system, thyroid (parafolli-
cular cells), pancreas, bowel, supra-renal
medulla and urogenital tract®.

Tumors originating from APUD cells
may be called “ apudomas’ . Endocrine pan-
creatic tumors contain APUD system cells
and, therefore, may be considered as apud-
omas®.

At least five types of pancreatic islet
cells are found in the normal pancreas.
Each type produces a different peptide or
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amine. Beta cells produce insulin, apha
cells produce glucagon; gamma cells,
somatostatine; F cells, pancreatic polypep-
tide; and enterochromafin cells produce
serotonine®.

Insulinomas are the most frequent neu-
roendocrine pancreatic tumors and usually
are of benign nature”. Gastrinoma is the
second more frequent neuroendocrine pan-
creatic tumor, and 60% of them, or more,
may be of malignant nature®.

Hormone secreting tumors, like
insulinomas, gastrinomas and glucagon-
omas, may produce identifiable clinical
syndromes as a consequence of the exces-
sive hormones production®. The presence
of these symptoms determines an earlier
presentation than the usual presentation of
other pancreatic neoplasms. So, usualy,
these tumors are small, frequently measur-
ing less than 1.5 cm.®19,

On the other hand, somatostatinomas
and neuroendocrine tumors producing pan-
creatic polypeptide define the presentation
of no or few symptoms, although, at the
moment of diagnosis, they may present
large dimensions®.

The insulinomas were the first pancre-
atic neuroendocrine tumors to be identi-
fied, as reported by Whipple & Frantz™.
The most important finding in cases of
insulinomas is the prevalence of high lev-
els of autonomous insulin secretion in the
presence of concurrent hypoglycemia. This
behavior leads to a diagnosis based on the
finding of high fasting (72 hours) levels of
plasmatic insulin®®. Consequently, they
cause hypoglycemiaand symptoms charac-
teristic of the hypoglycemic syndrome®. A
wide variety of symptoms may occur, in-
cluding tremor, flutter, irritability, weak-
ness, hunger, sweating, tachycardia and,
occasionally, nauseas and emesis. Addi-
tionally, behavioral and consciousnessdis-
turbances may occur®. More severe cases
may progressto unconsciousnessand coma
as aresult of hypoglycemia®. As a result
of these behavioral disturbances, about
20% of patients areinitially misdiagnosed
with psychiatric or neurological disor-
ders™,

Insulinomas may occur at any age
range, but the greatest majority occurs be-
tween 30 and 60 years of age™. Similarly,
Machado et al.* report a casuistic with
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54.2% of patients in this age range, with
94.8% with less than 60 years1>19),

Asregardssex, insulinomaswould have
adight incidence in females'’**9. Other
authors, like Norton et al.*9, have ob-
served an even higher (about 83%) inci-
dence in females.

Most of insulinomas are benign and
small, and in 80%-90% of cases are soli-
tary lesions®. Comi et al.® also report that
insulinomas usually are intrapancreatic
(about 100%) and small (less than 2 cm).
Othersreport benign insulinomaswith less
than 1.5 cm in 70% of cases'?. Approxi-
meately 10% of insulinomas are malignant
and present with metastasis at the moment
of diagnosis®?V,

Multiple and benign lesions may occur
in about 10% of cases, and are more fre-
quent in patients with MEN type | syn-
drome (multiple endocrine neoplasm)®.
Some authors, like Welbourn et al.®, re-
port that the number of patients with MEN
type 1 would correspond to 5% of all the
patients with insulinomas.

Benign insulinomas have no predilec-
tion to aspecific sitewithin the pancreas™,
and have been usually identified with the
same frequency in different portions of the
pancreas. head (30%), body (35%) and tail
(35%)©.

Thetumorsmay be on the surface of the
gland or within the pancreatic paren-
chyma®. Themgjority of lesionsiscovered
by alayer of pancreatic parenchymaandis
typically firmer than the normal pancreas®.

As regards patients with MEN-1, De-
meure et al.® report the significance of a
careful evaluation of these patients, consid-
ering the higher possibility of malignancy
(about 20%) when compared with non-
MEN-1-related sporadic insulinomas (ma-
lignancy in about 10% of cases). They have
observed that in patients with MEN-1
insulinomasweremultiplein 76% of cases.

Machado et al.® have described cases
where multiple insulinomas in patients
with MEN-1 were localized in the pancre-
atic body and tail in 87%. In this study, the
patients underwent left pancreatectomy
(caudal body) associated with enucleation
in cases of concurrent cephalic lesions.
This surgical aternative had already been
previously proposed with excellent re-
sults®+29),

AtUS, insulinomas, in 90% of casesare
small, well-defined, round, homogeneous
and hypoechogenic lesions®? (Figures 1,
2, 3,4 and 5). The pancredtic tail presents
a special difficulty for insulinomas local-
ization®. Calcifications, configured as ar-
eas of higher echogenicity may, occasion-
aly, be identified ©.

Norton et al."¥ and Lo et al.\” have ob-
served that insulinomas may be of difficult
localization due their small dimensions,
and their correct identification, both preop-
eratively and during the surgical procedure
isof paramount importance for their thera-
peutic management(*9,

Machado et al.*® have described the
IOUS as an extremely useful method for
insulinomas management, routinely uti-
lized by the authors for alowing an ad-
equate localization of lesions, with a cor-
rect definition of the pancreatic anatomy
and for avoiding extensive pancreatic re-
sections, besides identifying small-sized
lesions usually missed by preoperative ex-
aminations.

Machado et al.*® have also observed
that, notwithstanding the progress of diag-
nostic methods during the latest years, the
identification of insulinomas remains a
difficult clinical problem both for clini-
cians and surgeons.

According to Norton et al.*% the main
advantages of the IOUS for the treatment
of benign insulinomas include: precise
operative localization; enucleation of
nonpal pable, nonvisibletumors; and avoid-
ance of ductal and vascular injuriesaswell
asinjuriesto other vital structures by pre-
cise localization of adjacent vital struc-
tures. These authors have observed that the
IOUS is capable of accurately identifying
insulinomasin ahigher number than those
identified by palpation.

Norton et al.* have described abenign
insulinomapresenting at IOUS astypically
hypoechoic and well-defined lesions in
relation to the adjacent pancreatic paren-
chyma. Notwithstanding, these authors
have described a case of an insulinoma
appearing to have an echogenicity pattern
similar to the surrounding pancreas, thus
meaking it difficult to visualize. On the other
hand, even this isoechogenic tumor pre-
sented a sonolucent peripheral rim that al-
lowed it to be successfully visualized.

Radiol Bras 2006;39(5):361-365



Intraoperative ultrasonographic evaluation of insulinomas

Figure 1. Hypoechogenic nodules (insulinomas)
with 1.5 cm (black arrow) and 0.3 cm (white ar-
row).

Figure 4. Hypoechogenic nodule (insulinoma) with
0.4 cm (arrow) localized in the pancreatic tail.

These authors have reaffirmed that the pan-
creas evaluation should be precisely per-
formed, with perpendicular and oblique
insonation of pancreatic regionsin order to
maximizing the US scanning results, iden-
tifying pancreatic insulinomas. This care-
ful and systematic evaluation allows the
visualization of lesions with high diagnos-
tic difficulty, asit can be observed in this
case of an isoechogenic insulinoma re-
ported by the authors*®,

Norton et al.* have also demonstrated
that I0US has affected the surgical proce-
dure, facilitating the excision of occult
insulinomas, and in about 41% of casesthe
I0OUS has allowed enucleation of cephalic
insulinomas which could not be removed
except by means of higher morbidity meth-
ods like duodenopancreatectomy. In these
41% of casesreported by theauthors, IOUS
has defined the incision, determining the
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Figure 2. Hypoechogenic nodule (insulinoma) with
1.5 cm (arrow).

Figure 5. Hypoechogenic nodule (insulinoma) with
0.5 cm (N, insulinoma; DUOD, duodenum).

most direct and shorter route to the tumor,
without traversing the pancreatic duct or
other vascular structures. Also, according
theseauthors, after thesurgical incision, the
shortest route was continually reconfirmed
by IOUS up to the complete enucleation of
the lesion.

Doherty et al.??, in astudy with 25 pa-
tients, have concluded that IOUS was par-
ticularly useful for identifying cephalic
pancreatic tumors detected in all the cases,
and for definition of the relationship be-
tween the tumor and the pancreatic duct in
the 25 patients evaluated. Additionally,
I0OUS was utilized to guide the dissection
during enucleation both in cases of pal-
pable and nonpalpable lesions. Also, they
have affirmed that the higher significance
of the IOUS is not in the fact of identify-
ing lesions, but rather in the utility of this
information for the success of the surgical

Figure 3. Hypoechogenic nodule (insulinoma) with
0.6 cm. (N, insulinoma; DUOD, duodenum; VP,
portal vein).

procedure. Grant et al.*9 have corrobo-
rated such |OUS relevance, demonstrating
itsinfluence onthe surgical conduct in 62%
of the patientswith insulinoma, also for the
finding of nonpalpable lesions in the head
of the pancreas in four of 29 patients.

Inany of thesurgical aternativesavail-
able for approaching insulinomas, it is de-
fined that IOUS is of paramount signifi-
cance for the evaluation of the pancreatic
parenchyma, since it may guide the char-
acterization of the pancreatic ducts and
vascular structures®, resulting in reliable
anatomical information for definition of
the surgical strategy.

Itisvery important to highlight that the
major breakthrough in the localization of
occult insulinomas is the use of IOUS.
Some authors have reported their concern
related to the results of the blind resection,
amethod until recently utilized. According
to Norton et al.9, in cases where insulin-
omas could not beidentified, blind (distal,
subtotal or even total) pancreatectomy
would be performed with high morbidity,
possibly resulting in pancredtitis, pancre-
atic fistulas, pancreatic abscesses and even
progress to exacrine pancreatic failure and
diabetes mellitus. On the other hand, Ka-
plan et al.® aso have observed that blind
distal pancreatic resections (caudal bodies)
would have a33% chance of not removing
the insulinoma because some occult insu-
linomas will be in the pancreatic head.
Norton et al.*%, reported a casuistic with
45% of cephalic insulinomas which would
have not been successfully removed by
blind distal pancreatectomy.
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All of these difficulties were resolved
with the utilization of 10US to identify
occult insulinomas, probably in association
with a careful palpation of the pancress.

Demeure et al.® reported the possibil-
ity of demonstrating malignant and ectopic
extrapancreatic insulinomas. Extrapancre-
atic insulinomas would occur in less than
1% cases.

Brazilian and foreign authorsconcernin
searching for a more accurate method for
identifying pancreatic insulinomasis are-
sult of the poor diagnostic capacity of pre-
operative examinations (USand CT) when
compared with |QUS(101627:3084) N gny
series report varied frequencies of preop-
erative US detection rates for insulinomas
of 0%, 26%2), 28.1%19, 29.5%¢),
59%119 and 62%Y. Preoperative CT de-
tection rates aso vary, with some authors
identifying low rateslike those reported by
Doherty et al.?”, of 17%. Machado et al.*®
have reported rates of about 25% and Grant
et al."9, of 36%. However, other studies
report higher values, like those of Stark et
al.®9, ranging between 50% and 60%.

As regards palpation, Kuzin et al.®3
have reported a90% detection ratewith this
procedure. The preciselocalization of insu-
linomas by inspection/palpation depends
on the surgeon experience. Doherty et al.?”
have identified 64% of insulinomas by
meansof pal pation. Machado et al.“® have
reported the detection of 98.2% of casesby
means of inspection/palpation, a result
similar to those of other authors®=7,

The literature review demonstrates that
smaller the lesions to be evaluated, the
greater will be the limitations of preopera-
tive examinations. For insulinomas < 1.00
cm , authors® have demonstrated IOUS
detection rate of about 10%, and 20% for
preoperative CT. Kuzin et al.®®, consider-
ing only < 1.00 cm insulinomas, have re-
ported a82% detection rate with pal pation.

In a recent study, Machado et al.(9,
showed that IOUS, in association with pal -
pation, allows a precise localization of in
100% of cases, as previously reported in
the literature by authors like Van Heerden
et al.® and Kisker et al.®",

Thecliniciansand surgeons’ confidence
inthe |OUS capacity of identifying pancre-
atic insulinomas has been publicized in
several recent publications®34,
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As amatter of fact, Machado et al.*®
have affirmed that patients with a con-
firmed diagnosisfor hyperinsulinism could
be evaluated exclusively with conventional
abdomina US associated with inspection/
palpation during the surgery for insulin-
omas resection in association with IOUS,
virtually succeeding in all the cases. Later
complications, like diabetes, could be
avoided by preserving alarger amount of
pancreatic tissue.

Zeiger et al.® have confirmed that
IOUS is an unique and safe method for
assisting in the localization of insulinomas
and is supplementary and additional to the
other diagnostic methods. Asaresult of the
practice, the IOUS may reduce the use of
other imaging methods, influence the de-
cision making and the surgical conduct, al-
lowing acomplete resection of the primary
pancreatic lesion and even the resection of
possible associated metastases.

It isimportant to mention that some of
our studies have been developed with the
first publications in 1997, evidencing the
applicability of the videolaparoscopic in-
traoperative ultrasound or conventional
(non-videolaparoscopic) 1OUS (with an
open abdominal cavity —laparotomy) inthe
hepatobiliarypancreatic surgical proce-
dures“49),

CONCLUSIONS

The authors conclude that 10US pre-
sents higher accuracy for identification of
insulinomas when compared with other
methods of preoperative staging, proving
to be of high value during surgeries, effec-
tively supplementing the surgical staging
(palpation) itself.
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