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INTRAOPERATIVE ULTRASONOGRAPHY
IN ENDOCRINE PANCREATIC SURGERY::
PRELIMINARY RESULTS IN 6 CASES OF INSULINOMA

J.F. GIGOT1, P. GIANELLO*, A.N. DARDENNE 2, J. PRINGOT 2, R. DETRY 1,
J.B. OTTE* and P.J. KESTENS !

Abstract

Intraoperative ultrasonography permitted the accurate localization of endocrine tumor in 5 patients
with single pancreatic insulinoma; all were palpable during surgery. Preoperative localization was
negative in one case. Intraoperative ultrasonography also permitted te determine the localization of
these tumors in relation with intrapancreatic vascular and ductal structures. It excluded multiple
localization, eventually confirmed by histopathologic examination. In a patient with a Werner syn-
drome and multiple pancreatic insulinomas, intraoperative ultrasound showed more endocrine tumors
than careful palpation of the pancreas; the mean diameter of the tumors was 10.6+4.3 mm, as com-
pared with the smallest tumor (4 mm in diameter) detected by intraoperative ultrasound examina-
tion.
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studies.

Surgery of endocrine pancreatic tumors is ren-
dered difficult by the considerable problem of tumor
localization: 7 to 25 % of the insulinomas {1} and up
to 50% of the gastrinomas {1} are missed at palpa-
tion during surgery.

The choice for the best-suited surgical strategy is
particularly difficult in the patients with multiple insu-
linomas, which appear as macroscopic and micro-
scopic lesions.

Lane et al (2) and Sigel et al {3} reviewed the relia-
bility of intraoperative ultrasound examination (IOUS)
in the detection of endocrine pancreatic tumors and
American (4-8), French {7, 8}, and ltalian {9} publica-
tions recently confirmed their conclusions.

This paper is a report of the preliminary results de-
rived from our I0US examination of 6 cases of insu-
linoma among which one polyendocrine syndrome
with multiple pancreatic tumors.

Material and methods
Pancreatic imaging was obtained on 2 real-time
units: ALOKA SSD-256 {in one case} and TOSHIBA
Received December 5, 1985,
1. Service de chirurgie digestive (Prof. P.J. Kestens), Cliniques Uni-
versitaires St-Luc, Bruxeiles,

2. Service de radiologie {Prof. P. Bodary), Cliniques Universitaires
St-Lug, Bruxelles.

SAL 35 {in 5 cases}, with respectively a b and a
7.5 MHz transducer. The T-shaped, |-shaped, and
rake-shaped probes are specifically designed for in-
traoperative examination. They are waterproof, easy
to sterilize, and have a variable contact surface
{56 x 16 mm for ALOKA praobes and 28 x 6 mm for
TOSHIBA).

Following extensive colo-epiploic and duodeno-
pancreatic dissection, the pancreas is carefully ex-
amined and palpated. Transverse and sagittal scan-
ning is performed with a water-filled balloon {acting
as coupling medium) placed between the probe and
the surface of the pancreas.

We referred to the examination procedure describ-
ed by Lane (2}. Following identification of the vascu-
lar {superior mesenteric artery, splenic vein, porto-
mesenteric vein) and ductal structures {(Wirsung duct
and hile duct), the whole pancreatic parenchyma is
systematically scanned.

The echograms obtained can be examined on the
ultrasonic scanner screen, displayed on films, or re-
corded on a video.

Following pancreas examination, we perform in-
traoperative ultrasonic examination of the hver for
evidence of liver metastases. This technique has
previously been described {10).
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Table |. — Pre-, intra- and postoperative findings in 6 cases of insulinoma
Pre- Intraoperative diagnosis
Precperative diagnosis Histo-
opera- ) . Follow-up
tive Arti- Surgery pathologic {months}
Us CT Angic PVS s Palpation Intraoperative US ficial findings
localization
pancreas
Cbs. 1 - - + + heac head head single sono- N.D. pancreato- single dead {29)
single single fucent duodenectomy 10 mm  (malignant}
Obs. 2 -~ - — — unknown neck neck single  sono- + distal single cured (24}
singte single lucent pancreatectomy 14 mm
Obs. 3 O + + body body body single sono- + distal single cured (24)
single single lucent pancreatectomy 9 mm
Obs. 4 — — - + 1ail tail tail single 5000~ -+ distal single cured (12)
single single lucent pancreatectomy 10 mm
Obs. 5 - = + N.D. head head head single SON0- + pancreato- single cured {18)
single single lucent duodenectomy 15 mm
Obs. 6 -+ + “+ head head (1) head (3) wmultiple sono- + enucleations multiple cured (3)
single neck {1} neck (2) (6} lucent 17, 16, 9,
body {1} body{1) 7.6 and
multiple (3} 4 mm

US: ultrasound; CT: CT-scan; Angic: angiogram; PVS: transhepatic portal vein sampling; N.D.: not done,

Patients

A total of 6 patients (among which 4 females) with
pancreatic insulinoma were enrolled in this study,
Five had single insulinoma {head of the pancreas: 2;
neck: 1; body: 1; tail: 1} (table I).

In one case (observation 2), the preoperative ex-
amination procedures aiming at localizing the tumor
{ultrasound, CT, arteriography, and transhepatic por-
tal vein sampling) failed to locate the lesion. All were
palpated during surgery.

Among the six patients, one female, aged 33 (ob-
servation 6) presented with Werner polyendocrine
syndrome with multiple pancreatic insulinomas. All
preoperative investigations for tumor localization
(CT, arteriography, transhepatic portal vein sam-
pling} revealed one single 17 mm in diameter tumor
of the head of the pancreas {tumor 1). Intraoperative
palpation identified the lesion, which was actually
localized in the neck of the pancreas, and two addi-
tional tumors, respectively 7 and 6 mm in diameter,
superficially located in the head {tumor 2} and the
body {tumor 3) of the pancreas {fig. 1).

Each time we made use of artificial pancreas (11)
during surgery {n=5}, in our six patients with single
insulinoma, we recorded a significant increase in gly-
cemia levels, confirming the complete excision of an
hypoglycemic tumor in 2 cases of duodenopancrea-
tectomy, 3 cases of distal splencpancreatectomy
and multiple enucleations in the patient with polyen-
docrine syndrome.

ULTRA SOUND

Fig. 1. — Anatomic lecalization of multiple insulinomas {case
6] in a Werner syndrome patient. At palpation: tumor 1 {neck,
17 x 15 mmy); tumor 2 {head, genu superius, 7 x 6 mm) and tu-
mor 3 (body, 6x 4 mm). At uftrasound, three additional tumors:
tumor 4 [uncinate process, 16 x 11 mm}; tumor 5 {(head, genu
inferius, 4 x3 mm) and tumor 6 (neck, deep, 9x 7 mm].
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In our series, the mean diameter of the insulinomas
was 10.6+4.3 mm. For the patients with benign
insufinoma {n=5), the follow-up period was
16.2-+8.9 months; during this course, all showed
normal glycemia values. The patient with malignant
insulinoma died 29 months later of a generalized
lymphoma without pancreatic recurrence.

Results

In the five patients with single insulinoma, intrao-
perative ultrasound examination each time visualized
the tumor as a sonclucent mass with clearcut {imit,
and ruled out other parenchymal localization. This
was confirmed by histologic examination of the pa-
thology specimen and long-term clinical course,
IOUS also enabled the accurate localization of these
lesions within the pancreatic parenchyma in relation
with the portal vein {fig. 2}, the superior mesenteric
artery, the common bile duct, and the Wirsung duct

Fig. 2. — Patient with single cephalic insulinoma (case B).
Transverse scan {TOSHIBA) of the pancreas: sonolucent tumor
{15 mm diameter}. on the right side of the portal vein (TP). at
3 mm of the intrapancreatic common bile duct {CC) and at
3 mm of the Wirsung duct (V).

(fig. 2). The distance between the tumor and both
the vascular and ductal structures {fig. 2}, and the
pancreatic surface was measured.

In the patient with multiple insulinomas, all palpa-
ble lesions {tumors 1, 2, 3} were visualized on the
intraoperative echograms as a well-circumscribed
sonolucent area in comparison with the adjacent
pancreatic parenchyma {fig. 3A). Besides, IOUS ena-
bled us to detect 3 additional lesions that could not
be palpated (fig. 1): one was 16 mm in diameter and
located in the uncinate process (tumor 4), to the
right of the superior mesenteric vein, and the other
was 4 mm in diameter {tumor 5} and located in the
genu inferius (fig. 4). Finally, the last lesion (9 mm in
diameter) (tumor 8) was embedded in the pancreatic
parenchyma, at the level of the neck of the pancreas,
beneath an adjacent superficial lesion (tumor 1) {fig.
38, 3C}. In this patient, the localization of the lesion
deep within the parenchyma and near the Wirsung
duct did not allow enucleation, and accordingly we
did not decide to perform a total pancreatectomy on
the patient.

Discussion

A recent survey carried out by the " Association
Francaise de Chirurgie”” team (1) reports that all in-
traoperative procedures for tumor localization alto-
gether detected 62 % of the insulinomas and 31 % of
the gastrinomas. This leaves 389% of the insulino-
mas undetected preoperatively and 1/3 of these tu-
mors are not palpated during surgery {1).

The occurrence rate of these tumors, called occult
tumors, varies from 7 to 25% {1, 12-18}. In 10% of
the cases, these insulinomas correspond to multiple
adenomas (1, 12, 13, 19-22} and in 5% to hyperpla-
sia (1, 12, 23).

Finally, these tumors are characterized by their
small size: under 1.5 cm in 68 % of the patients {13,
19-21} and under 1cm in 399% (12).

in opposition to what was commonly and firmly
believed earlier, these hypogiycemic endocrine tu-
mors are not localized preferentially in one pancrea-
tic area (1, 12, 13, 18-21). Therefore, blind left pan-
creatic excision for oceult lesions undetected preo-
peratively is no longer justified, the more so as such
practice scored rather bad results (12, 13, 19}.

The use of intraoperative morphologic imaging
modalities such as sonegraphy is therefore manda-
tory in endocrine pancreatic surgery. IOUS is an
easy, noninvasive and harmless procedure which
enables the accurate identification and localization of
a tumor which, in almost all the cases {25 insulino-
mas are reported in the literature) is visualized as a
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Fig. 3. — Patient with multiple insulinomas {case 6}.

A.

B.

Sagittal scan of the pancreas (ALOKA): superficial sonolucent tumor {tumor 1) of 17 mm diameter, localized in the neck of the
pancreas, above the portal vein (TP). The inferior vena cava (VCI) is behind.

The same tumor (tumor 1) on & transverse scan: presence of a second cephalic tumor {tumor B), of 9 mm diameter, adjacent to
tumor 1. Porto-mesenteric vein (TP} collabed by the probe. Splenic vein {VS). Superior mesenteric artery (AMS) on this trans-

verse scan.
Tumor 6 on a transverse scan after enucleation of tumeor 1, at 6 mm of the pancreatic surface, in the head of the pancreas {P).

Duodenum (D).

Fig. 4. — Patient with mukiple in-

sulinoma {case 6): tumor 5.

A. Sagital oblique scan of the pan-
creas: sonolucent tumor {(arrows)
of 4 mm diameter, supertficially in

; the pancreatic head (P). Duode-

@ ' i num (D). Water-filled balloon {B).

B. Histopathologic specimen: benign
insulinoma. Diameter: 4 mm.

LT
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sonolucent area easy to delineate within the adjacent
pancreatic parenchyma (2-4, 86, 8, 9, 24, 25}. How-
ever, it must be noted that Angelini reported one
case of insulinoma producing hyperechogenic
images (9). 10U is particularly reliable for the focaliza-
tion of occult tumers that remained undetected preo-
peratively and not palpated during surgery {3, 4, 6,
9).

It enahles the accurate localization of a tumor in
relation with the surrounding vascular structures
(splenic vein, porto-mesenteric vein, superior me-
senteric artery}. Real-time scanning plays a twofold
role by identifying and visualizing dynamically the
vessels and enabling the localization of the tumors in
relation with ductal structures such as the main bile
duct in its intrapancreatic course and the Wirsung
duct (6, 9). These highly relevant data enable the
practician to make the right choice between resec-
tion or enucleation. Besides, when enucleation is de-
cided, real-time scanning highly contributes to the
determination of the best site for pancreatic explora-
tory capsulotomy (6, 9). For some practicians, inser-
tion of needles around the tumor under ultrasound
control may be of great help for guidance when per-
forming enucleation (2, 6). In this way, 10US permits
to reduce the number of useless and harmful re-
peated capsuletomies (3).

Nevertheless, it seems that intraoperative ultra-
sound scores the best results in the exciusion of
multiple adenomatous lesions (25). In one of our pa-
tients, for instance, [OUS disclosed 3 additional tu-
mors ignored by intraoperative palpation, whereas
preoperative examinations only identified one single
tumor, in the head of the pancreas.

Superficial and small-size lesions may escape
I0US {4) but are easily diagnosed by careful intrao-
perative examination and palpation. Literature re-
ports a 11.3+5.4 mm mean diameter for the lesions
detected by operating room sonography, whereas
we observed a 10.6+4.3 mm value in our series.
Smaller size tumors may also be detected: Sigel (3)
identified lesions of 4 mm, and we made the same
observation.

Such results could be achieved thanks to the spe-
cific technical characteristics of 10US examination:
the probe is directly applied on the surface of the
pancreas, excluding intestinal structures interfer-
ence. lsotonic solution in the operative field—as in
Sigel and Lane reports {2, 3, 26)—or a water-filled
balloon (10} are used as coupling media. We use
higher frequency (5 to 10 MHz} transducers. They
have a lower penetration ratio, but this represents
little inconvenience since the probe is directly apptlied
on the pancreas; — furthermore, the organ is thin. The

resolution power of the probe is definitely higher,
reaching 1 mm, even for deeply situated lesions.

Finally, IOUS enables the differential diagnosis be-
tween endocrine tumors and chronic pancreatitis,
which can be recognized by their specific sonograp-
hic characteristics (24).

Since 10 to 15% of the insulinomas are malignant
twmors (1, 12, 13, 18-20}, 10US examination of the
pancreas must be complemented by thorough 1QUS
examination of the liver for metastases {10).

Conclusion

Review of approximately 25 cases of insulinoma
described in the literature and analysis of our own
observations—though on a still limited series—ena-
ble us to conclude that IQUS is able to detect even
small or multiple endocrine tumors.

On the sonograms, the lesions are visualized as
relatively constant sonolucent masses. The role of
IQUS in the pre- and intraoperative localization of
pancreatic endocrine tumors and its diagnostic value
remain to be determined on large scale studies, in
particular in the smalf-size multiple tumors and the
lesions not localized before surgery and not palpated
during surgical intervention. Progress in technical
knowledge, and in particular in the design of trans-
ducers better adapted to intracperative ultrasonic
examination will probably contribute in improving its
diagnostic value.

IOUS therefore appears to be a prioritary tool for
localizing and assessing the lesions during endocrine
pancreatic surgery.

Résumé

L."échographie peropératoire {EPO} a permis la localisation précise
de la tumeur chez b patients porteurs d'une insulinome pancréatiqus
unique, par ailleurs tous palpables & {'intervention. Dans un cas, la
localisation préopératoire était restée négative. L'EPO a également
permis de situer ces tumeurs par rapport aux structures vasculaires
et canalaires du pancréas. Elle a exclu d'autres localisations intrapa-
renchymateuses pancréatiques, ce qui a été confirmé par I'histolo-
gie définitive. Enfin, chez une autre patiente porteuse d'un syndro-
me de Werner avec insulinomes pancréatiques multiples, I'EPO a
découvert pius de tumeurs endocrines que ia palpation peropératoi-
re du pancréas. Le diamétre moyen de ces tumeurs était de
10,6+ 4,3 mm. La plus petite des wmeurs trouvées avait 4 mm de
diamatre.

Samenvatting

De peroperatieve echografie (EPO) heeft een juiste localisatie van
hat gezwel maogelijk gemaakt bij 5 patiénten die een solitaire pan-
creas insulinoma hadden, die allen tijdens de interventie tastbaar
waren, In één geval is de preoperatieve localisatie negatief geble-
ven. De peroperatieve echografie hesft ook toegelaten de gezwellen
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te localizeren ten opzichte van de vasculaire en canalaire structuren
van de pancreas. Ze heeft ook andere localisaties uitgesloten, het-
geen door de histelogie bevestigd werd. Bij een andere patient met
een Werner syndroom en meervoudige pancreatische insulinoma's
toonde de peroperatieve echografie méér gezwellen dan de perope-
ratieve palpatie van de pancreas. De gemiddelde diameter van deze
gezwellen bedroeg 10,644,3 mm. Het kleinste gezwel dat door
peroperatieve echografie gevonden werd had een diameter van
4 mm.

Bibliography

1.

10.

BOISSEL P., PROYE E.C.: Les tumeurs endocrines du pan-
créas. Rapport présenté au 87° Congrés de I'Association Fran-
caise de Chirurgie. Masson, Paris, 1985.

. LANE R.J., COUPLAND G. A.: Operative ultrasonic features of

insulinomas. Am J Surg, 1982, 144; 585-587.

- SIGEL B., DUARTE B., COELHO J.C., NYHUS L.M., BAKER

R.J., MACHI .J.: Localisation of insulinema of the pancreas at
operation by real-time ultrasound scanning. Surg Gynecol Ob-
stet, 1983, 156: 145-147.

CHARBONEAU J.W, JAMES E.M., VAN HEERDEN J.A.,
GRANT C.8., SHEEDY P.F.: Intraoperative real-time ultrasono-
graphic localisation of pancreatic insulinoma: initial experience.
J Ultrasound Med, 1983, 2: 251-254.

SIGEL B., MACH! J., RAMOS J.R., DUARTE B., DONAHUE
P.LC.: The role of imaging ultrasound during pancreatic surgery.
Ann Surg, 1984, 200: 486-493.

. NORTON J.A., SIGEL B., BAKER A.R., ETTINGHAUSEN S.E.,

SHAWKER T.H., KRUDY A.G., DOPPMAN J.L., TAYLOR S.1.,
GORDON P.: Localisation of an occult insulinoma by intraope-
rative ultrasonography. Surgery, 1985, 97 381-384.

. CHAPUIS Y., HERNIGOU A., POIRIER A., LUTON J.P., BENALI

H.: Détection échographique en temps réel peropératoire d'un
insulineme pancréatique. La Presse Méd, 1983, 12: 2535-
2536.

. CHAPUIS Y., HERNIGOU A., PLAINFOSSE M.C., BONNETTE

P.: Exemples d’application de ultrasonographie — temps résl
— peropérateire en chirurgie endocrinienne. Chirurgie, 1984,
110: 97-104.,

ANGELINI L., MACERATINI R., BEZZI M., TUCCI G., BONIFACI-
NO A., BEZZI M., CIULI A., FEGIZ G.: intraoperative high reso-
lution uitrasonography in the localisation of occult endocrine
pancreatic tumor. ftal J Surg Sci, 1983, 13; 209-215.

GIGOT J.F., PUTTEMANS T., GIANELLC P., DARDENNE A.N.,
DETRY R., OTTE J.B., KESTENS P.J.: Echographie peropéra-
toire en chirurgie hépato-biliaire: résultats préliminaires. Acta
Gastro-Entero! Belg, 1985 {in press).

. GIANELLO P., GIGOT J.F., LAMBOTTE L., OTTE J.B., KES-

TENS P.J.: La localisation pré- et peropératoire des insuli-
nomes pancréatiques. Acta Chir Belg, 1985 (in press).

. STEFANING P., CARBONI M., PATRASSI N., BASOLI A.: Béta

islet cell tumers of the pancreas: results of a study on 1067
cases. Surgery, 1974, 75: 597-609.

1986,

14.

15,

18.

19.

20.

21.

22.

23.

24.

25.

26.

69 {1)

. EDIS A.J., McILRATH D.C., VAN HEERDEN J.A., FULTON

R.E., SHEEDY P.F., SERVICE F.J., DALE A.J.: Insulinoma: cur-
rent diagnosis and surgical management. Current problerns in
surgery. Year Book Medical Publisher, 1976, vol. Xill, no.
10,

PEDRAZZOLES., FELTRIN G., DODI G., MIOTTO D., PASQUALI
C., CEVESE P.G.: Usefulness of transhepatic portal catheteri-
sation in the treatment of insulinoma. Br J Surg, 1980, 67:
557-661.

ROCHE A., RAISONNIER A., GILLON-SAVCGURET M.C.: Pan-
creatic veinous sampling and arteriography in localizing insuli-

noma and gastrinoma: procedure and results in 55 cases.
Radiology, 1982, 145: 621-627.

. LEQUESNE L.P., NABARRO J.D., KURTZ A., ZWEIG S.: The

management of insulin tumors of the pancreas. Br J Surg,
1979, 66: 373-378.

. TSENG H.-C., WU W.-J., SHU Y., LIU T.-L.: Insulinoma: expe-

rience in surgical treatment. Arch. Surg., 1980, 115: 647~
649.

BAULIEUX ., GIANELLO P., CAZAGOU J.F., MAILLET P.:
Tumeurs langerhansiennes hypoglycémiantes. Lyen Chir,
1985, 81: 187-180.

GALBUT D.L., MARKOWITZ A.M.: Insufinoma: diagnosis,
surgical management and long-term follow-up: review of 41
cases. Am J Surg, 1980, 139: 682-689.

VAN HEERDEN J.A., EDIS A.J., SERVICE F.J.: The surgical
aspect of insulinomas. Ann Surg, 1979, 189: 677-682.

VAN HEERDEN J.A,, EDIS A.J.: Insulinomas: diagnosis and
management. Surg Rounds, 1980, 3: 42-47.

FILIPI C.J., HIGGINS G. A, : Diagnosis and management of insu-
linoma. Am J Surg, 1973, 125: 231-238.

HARRISON P.S., FAGANS L.S., FLOYD J.C., THOMPSON
N.W., RASBACH D.A., SANTEN R.J., COHEN C.: Prevalence
of diffuse pancreatic béta-islet ceil disease with hyperinsulin-
tsm: problems in recogrition and management. World J Surg,
1984, 8: 583-589.

GUNTHER R.W., KLOSE K.J., RUCKERT K., KUHN S.P.,
BEYER J., KLOTTER H.J., CORDES U.: Istet cells tumors:
detection of small lesion with computed-tomography and ultra-
sound. Radiclogy, 1983, 148: 485-488.

RUECKERT K., KLOTTER H.J., KUMMERLE F.: Intraoperative
ultrasenic localisation of endocrine tumor of the pancreas. Sur-
gery, 1984, 6: 1045-1047.

SIGEL B., COELHO J4.C., NYHUS L.M., VELASCO J.M., DONA-
HUE P.E., WOOD D.K., SPIGOS D.G.: Detection of pancreatic
tumors by ultrasound during surgery. Archr Surg, 1982, 117:
1058-1061.

Address reprint requests to; Prof P.J. Kestens
Clinigues Universitairas St-Luc
Service de Chirurgie Digestive
Avenue Hippocrate 10
B-1200 Bruxeiles, Belgique.




