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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Insulinoma is a rare neuroendocrine functional tumor of the
pancreas of unknown etiology which manifests itself through
hypoglycemic symptoms which resolve by administering
glycose. Common autonomic symptoms of insulinoma
include diaphroresis, tremor, and palpitations, whereas
neuroglycopenenic symptoms include confusion, behavioural
changes, personality changes, visual disturbances, seizure,
and coma. In most cases, these are benign solitary tumors of
the pancreas, and in 5% of the cases they are associated with
MENI1 syndrome. A characteristic of the diagnosis is the
presence of hypoglycemia, and increased levels of C-peptide
and insulin. Further radiological verification (non-invasive
imaging procedures: computed tomography and magnetic
resonance imaging; and invasive modalities, such as endoscopic
ultrasonography and arterial stimulation venous sampling) of
the tumor are required as well as its surgical extraction. We
present a case of a middle-aged male with history of recurrent
hypoglycemic episodes with vertigo, sweating, tremors,
anxiety, fatigue, and loss of consciousness, all of which resolved
after eating food. The diagnoses were confirmed after we
performed non-invasive imaging procedure, such as Computed
Tomography and Magnetic Resonance Imaging. The patient
underwent successful resection of the tumor, and his symptoms
showed complete resolution. Despite the low incidence of
these tumors, they should be suspected, in cases where the
patient presents with repetitive hypoglycemic episodes, with
symptoms, which resolve after eating a meal. Timely diagnosis
and adequate treatment in most cases equals to complete
withdrawal of symptoms.

Key words. Insulinoma, pancreas, hypoglycemia, computed
tomography, magnetic resonance imaging.

Introduction.

Insulinoma is a rare neuroendocrine functional tumor of
unknown etiology, which is benign in its features but due to
endogenous hyperinsulinemia is manifested by hypoglycemic
episodes [1]. As many as 90% of insulinomas have been
reported to be benign (usually small, well-encapsulated, solitary
tumours), 90% are solitary, > 90% occur in intrapancreatic
sites, and 90% are < 2 cm in diameter [2-4]. They are rarely
associated with MEN1 syndrome (4-5%), and less than 10% are
malignant. Insulinomas may occur at any age, mainly during
the 5th decade of life, and show a slight female predominance
[5]. The incidence is 1-32/1,000,000 cases annually [6]. Extra
pancreatic insulinomas causing hypoglycemia are extremely
rare (< 2%) and are most found in the duodenal wall [7]. The
clinical presentation is with glycemic values <3.3 mmol/L
and acute hypoglycemic symptoms that resolve after glucose
administration [7].
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Following biological and biochemical confirmation of an
insulinoma, preoperative localization is sought using computed
tomography (CT) [8], magnetic resonance imaging (MRI)
[9], and endoscopic ultrasonography (EUS) [10,11]. Surgical
resection is the primary treatment modality for insulinomas, and
so accurate localization of the tumor before or during surgery
is important. Intraoperative manual palpation of the pancreas
by an experienced surgeon and intraoperative ultrasonography
are both sensitive methods with which to localize insulinomas
[12,13]. The presented case is a middle-aged male patient with
history of recurrent hypoglycemic episodes accompanied by
loss of consciousness, which had resolved after a successful
resection of the tumorous changes.

Case Report.

A 62-year-old Caucasian male, presented at Outpatient Clinic,
sought medical assistance due to vertigo, sweating, tremors,
anxiety, fatigue, and loss of consciousness, with insidious onset
over4 weeksago. The patienthad already noted that his symptoms
were ameliorated with eating. The patient did not have any
history of chronic illness and surgeries and he was not receiving
any drug therapy. The physical examination revealed afebrile
patient, with blood pressure levels of 130/85mmHg, heart rate
of 62 pulses/minute and SpO2 of 98%. The clinical examination
did not reveal any abnormal findings and cardiorespiratory
examinations were normal. Neurological examination did not
reveal any focal deficit. His routine laboratory parameters were
within the reference values. The patient underwent hormonal
evaluation to assess the function of the pituitary, thyroid, and
parathyroid glands. All findings were in reference values. Chest
X-rays showed no abnormal findings. We performed these
analyses for the differential diagnosis (among other things to
rule out the diagnosis of MEN-1). The patient was advised to
measure his glycemic levels during these episodes, and the
measured values ranged between 1.6-2.5mmol/L during the
given intervals. He was referred to an MRI of the abdomen,
which presented a solitary oval change with clear margins at
the tail of the pancreas with dimensions 21x16mm (Figures 1A,
1B, 1C). The same change was verified with ultrasound as oval
hypoechoic change at the tail of the pancreas in direction of
the pancreatic hilum, and even a more descriptive image was
obtained with a multiphase CT series which showed enhanced
contrast - hyperdensity at the arterial phase (Figure 1D). The
radiological evaluation of the change indicates insulinoma at the
pancreatic tail. Afterwards the patient was subjected to a fasting
test, during which we measured insulinemia, glycaemia and
c-peptide from peripheral venous blood at intervals of half an
hour due to initial glycemic value <3.3mmol/L. We interrupted
the test at the fourth hour because of deterioration of the patient’s
consciousness, presented with somnolence, decreased reflexes,
and impaired cognition. The patient received an IV solution
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of 5% dextrose and was given a meal. During the period from
09:20 h to 13:50 h, his insulinemia was ranging from 10.41 to
17.72 plU/ml, glycemia ranging from 2.1 to 2.4 mmol/L and
C-peptide levels ranging 2.47 — 3.75 ng/ml (Table 1).

Table 1. Values of insulinemia, glycemia and c-peptide during the
fasting test.

Hour Insulinemia Glycaemia C-peptide
09:20 h 17,72 plU/ml 2.4 mmol/L 2.91 ng/ml
09:50 h 13.38 ulU/ml 2.1 mmol/L 2.86 ng/ml
10:20 h 13.73 plU/ml 2.4 mmol/L 3.01 ng/ml
10:50 h 15.74 pIU/ml 2.4 mmol/L 3.17 ng/ml
11:20 h 14.83 pIU/ml 2.4 mmol/L 2.84 ng/ml
11:50 h 12.41 plU/ml 2.4 mmol/L 2.78 ng/ml
12:20 h 10.41 pIU/ml 2.4 mmol/L 2.47 ng/ml
13:20 h 16.61 plU/ml 2.4 mmol/L 3.23 ng/ml
13:50 h 16.61 uIU/ml 2.3 mmol/L 3.75 ng/ml

Figure 1. Different imaging modalities that point the lesion. (4)
MRI-TI reveals oval lesion in pancreatic tail, shows predominantly
low signal intensity (white arrow). (B) High signal on fat-suppressed
T2-weighted image (white arrow). (C) MRI TIlwith contrast: Same
lesion with typical enhancement on post-contrast Tl (white arrow).
(D) CT contrast enhanced: Well defined pancreatic tail focal lesion,
presents homogenous arterial enhancement (white arrow).

The patient was advised to have an endoscopic ultrasound, but
the patient refused to do it. We consulted digestive surgeon for
possible resection of the tumor and the patient was advised to
undergo urgent surgical treatment due to the increased frequency
of the hypoglycemic episodes. After being discharged from our
institution, the patient was referred to a digestive surgery clinic,
where he underwent laparoscopic distal pancreatectomy with
splenectomy, due to difficulties in perceiving spleen veins. The
surgery was concluded without complications.

The retrieved operative material was forwarded for
pathohistological examination, with reported macro- and
microscopic findings, presented in figure 2. The operative
material was provided in a vial containing a spleen segment
and a pancreatic tail weighing 118.5 grams. Seven distinct
spleen fragments were submitted in the same vial, the smallest
measuring 2.5x2.1 cm, and the largest measuring 4x2.5x1.5
cm. The spleen was 8x6x2.5 cm large, and cross sections
showed congestive changes. The tail of the pancreas was
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5x2.5x2 cm in size. Serial sections of the pancreas revealed a
1.2x1 cm solid whitish nodule. Representative samples were
taken and embedded in 11 paraffin blocks for pathohistological
analysis. Microscopic analysis of the samples taken from the
pancreatic nodule demonstrated benign neoplasm arranged in
trabecular, tubulo-acinar, and solid growth pattern. The cells
displayed a monotonous appearance, with eosinophilic granular
cytoplasm, round to slightly oval nuclei, and salt and pepper-
like chromatin. Additionally, neoplastic cells were separated by
bands of collagenous, focally hyalinized tissue. The spleen was
histologically unremarkable.

AN TS e . :
Figure 2. Histopathological appearance of Insulinoma. A)
Photomicrograph of the tumor demonstrating trabecular, tubulo-
acinar, and solid growth pattern. (Haematoxylin-eosin, original
magnification x 40) B) Photomicrograph of the cellular features of
insulinoma. Neoplastic cells have eosinophilic granular cytoplasm,
monotonous round to slightly oval nuclei and salt and pepper-like
chromatin. (Haematoxylin-eosin, original magnification x 100).

Clinically, the patient follow-up exam three months after
surgery showed complete resolution of the symptoms and
fasting glycaemia values range between 5,5 — 6,8 mmol/L.
Postoperative insulin and C-peptide levels were not measured
because of symptomatic improvement.

Discussion.

The presented case depicts the diagnostic process and the
intervention behind this rare tumor. Initially, more common
causes of persistent hypoglycemia were excluded. The
patient findings revealed the widely known Whipple’s triad:
symptoms of hypoglycemia (in 85% of the cases), recorded
low values of glycaemia during the symptoms and resolution
of the symptoms after administering glycose. In our case, the
symptoms of hypoglycemia were diplopia, tremor of the hands,
palpitations. With lower values or persistence of hypoglycemia,
confusion, amnesia, and loss of consciousness may ensue [14].
The persistence of hypoglycemia after initial treatment and the
presence of the Whipple’s triad lead to suspicion of insulin-
secreting tumor. Insulinomas are diagnosed within less than 1.5
years from initial occurrence of symptoms [15]. Differential
diagnosis covers psychiatric disorders, hepatic illnesses,
autoimmune hypoglycemia, nesidioblastosis, or another insulin
producing extra pancreatic tumors [15,16].

The golden standard for diagnosis of insulinoma is the 72-hour
fasting test, with sensitivity of 90-95%, which is conducted in
hospital conditions under strict medical supervision. Depending
on the patient’s symptoms, the levels of glycaemia, c-peptide
and proinsulin are measured at different time intervals. The
test is interpreted as positive if the values of glycaemia are



<2.2mmol/L, insulinemia > 10uIU/ml, c-peptide >2.5ng/ml and
proinsulin >22 pmol/L [16].

Insulinomas are mostly benign solitary tumors of the pancreas.
5% of the cases are associated with MEN1 syndrome, which
includes hyperplasia of the parathyroid gland, adenoma of
the hypophysis and neuroendocrine tumor of the pancreas or
duodenum. MEN1 syndrome is an autosomal dominant disease
caused by mutation of the MEN1 gene of the 11th chromosome.
Insulinomas associated with MEN1 are multicentric and
develop earlier compared to sporadic insulinomas. If we suspect
insulinoma associated with MEN1, additional investigations
and genetic analyses should be made [7,17].

Further diagnostics of insulinoma would involve investigations
to confirm the lesion by imaging techniques. Computer
tomography and magnetic resonance imaging are the methods
of choice with sensitivity exceeding 90%. If the insulinoma
is not visualized, the following are further visualization
techniques which may be indicated: Endoscopic ultrasound,
trans-abdominal ultrasound, PET/CT scan with gallium-68-
DoTa octreotate (Ga-DOTATATE) and somatostatin-receptor
scintigraphy (Osteoscan SPECT). If these examinations are also
negative, a selective arterial stimulation with calcium could
be performed [18,19]. Imaging type may be limited to what is
available at each institution.

Treatment of choice is surgical excision of the tumor,
in most cases laparoscopically. In cases of difficult
enucleation or malignant form of insulinoma, the approach
is resection of the distal pancreas or the Whipple’s approach
(pancreatoduodenectomy) [17,19]. In cases of malignant
insulinomas, an aggressive medical approach is used for
enhancing the quality of life by preventing hypoglycemic
episodes and improving survival [18,19].

In patients in whom a pancreatic lesion has not been
confirmed with certainty and/or who due to comorbidities
cannot undergo surgical treatment, pharmacological therapy
may be administered for a period of time, including Diazoxide,
Hydrochlorothiazide, Everolimus in patients with metastatic
insulogram as well as chemotherapy in malignant forms. In
half of the cases, depending on the presence of somatostatin
receptors subtype 2 of tumor cells, a somatostatin analogue is
included in the treatment (octreotide, pasireotide, lanreotide)
[20]. After the surgical removal of the tumor, in most of the
patients the symptoms completely resolve [17,18].

In the geriatric population, particularly in those above the
age of 75, the treatment plan can be medical or surgical. Due
to the higher risks of surgical and postsurgical complications
in this population, patients and physicians should engage in
shared medical decision-making [17-19]. Operative mortality
is described in 3.7% and major postoperative morbidity in
33% of cases. The most common postoperative complications
are pancreatitis, pancreatic pseudocysts, pancreatic leaks, and
fistula [21-27].

Conclusion.

Insulinomas are a rare pancreatic endocrine tumor and
disease but can threaten with severe neurologic damage and
complications resulting from repeated hypoglycemia in patients.
Insulinomas are a difficult diagnosis to make and require a high
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index of clinical suspicion focusing on the significant recurrent
hypoglycemic episodes.

Despite the low incidence of these tumors, we should suspect
them in cases where the patient presents with repetitive
hypoglycemic episodes with symptoms, which resolve after
eating a meal. Timely diagnosis and adequate treatment in most
cases equals complete withdrawal of symptoms.
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