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 Insulinoma  *+,�  pancreatic functioning  islet 
cell tumor  456�*+,�*�789�9���6���:9	 ���;:+�<��= 
1:250,000 +�<������9+D(1) ��< +�<��= 1-2:1,000,000 
+�<������9+D(2) ��H�IJ:
K���������IJ:��	 (3:2) 
�79
�:9	�< 60 ��H�IJ:
K��(3)  ��H����9�	������6��;
H����� 9�	� 40-60 +D(2) �:9	�< 99 ���;:��8�H����      
���9�9�(2) �:9	�< 85 Q9� Pancreas Islet cell tumor 
*+,����; Functioning tumor ��<�:9	�< 15 *+,� Non 
Functioning tumor  Pancreatic functioning islet tumor 
��8���;:
��	���;(2, 4) �9���� Insulinoma  456�
��6� 
Insulin �U�H
:*��;9���� hypoglycemia ��:� 	���� 
Gastrinoma 456�
��6� Gastrin �U�H
:*��;9���� Zollinger- 
Ellison syndrome,  Glucagonoma  456�
��6� Glucagon
�U�H
:*��;9���� nonketogenic DM,  Somatostatinona 
456�
��6� Sonatostatin �U�H
:*��;9���� triad `79 gall  stone, 
DM, steatorrhea ��< VIPomas 456�
��6� Vasoactive 
Intestine peptide (VIP) �U�H
:*��;9����diarrhoea, 
hypokalaemia and achlorhydria  ;	������:9	�< 60 

functioning islet tumor *+,� Insulinoma, �:9	�< 18 *+,� 
Gastrinoma �U�
��� Glucagonoma, Somatostatinona ��<  
VIPomas ��+�<��= ���;�< �:9	�< 1  Insulinoma   
*��;��� B-cell ��<
��6� insulin   �:9	�< 80 d 90 *+,� 
single benign tumor (adenoma), �:9	�< 5  - 10 *+,�  
multiple adenoma/microadenomatosis ( ;	*g��<
9	���	�6�H�  MEN Type1), �:9	�< 5 - 10 *+,�  malignancy 
�:9������Q��;*�i����� 2.5 *4���*���(5) ������:9	�<  63 
*�i����� 1.5 *4���*����:9	�< 50 Q9�IJ:+j�	��6�� 
Multiple insulinoma  ��`���I�;+���Q9�k9�� ��976�l 
;:�	 H�IJ:+j�	 insulinoma �<���:9	�< 1- 5 *+,� MEN 
type1 (Multiple Endocrine Neoplasm) ��<�:9	�< 21 
Q9�IJ:+j�	 MEN Type1 �<�� Insulinoma(6) �U��
���Q9�
�:9�Q9� Insulinoma  ���;: ;	��9;Q9����9�9� 
(�:9	�< 95)(7) Mortality  ��<  Morbidity ���;:�:9	�< 
14 ����H
K�*+,�m��<����4:9�������I����;  ��<
�� Post-Operative mortality Rate *�������:9	�< 7.7 
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IJ:+j�	��6*+,� Insulinoma �����9������6*��	���� 
Whippleqs Triad (���:9	�< 75)(6) 456�+�<�9�;:�	(3, 4) 
 1.  Spontaneous hypoglycemia `79 9����
Q9��8U����H�*�79;�6U� 456��<��;:�	9�����5��� *
�769��� 
���*	i� *+,��� 
 2.  �8U����H�*�79;����:9	���� 50 mg/dL 
 3.  9����*
�����8
�	�+*�769�;:�������<��	
�8U����g�;*Q:�*�:�*�79;  
 9�����U�`�KlQ9� Hypoglycemia ��9������6
*��6	�Q:9���������6�����
��6� Catecholamine ����;:��� 
*
�76999� �79��6� `�76���: ��9����
�� ��<�����<���	 
H���6� 9����*
�����8���*��;Q58���9�9�
��*�:�
�79

���������+�<���9�
���;:���H
K� (
��	��6� ��) 

�79
������99��U������	 ���`��8�IJ:+j�	�<�J:�;:*9�
��<�	�	��+u9������:�Q ;	������+�<�����9	l 
456��U�H
:9:���;: H����`� 9����9���<`�9	*+,�`�9	�+
 ;	H�:*������ 9��v5�+�<��= 2 +D �����<�����v
�����g�	�;:������<;���8U����H�*�79;�6U�  ��<9����
+�<��= 1 H� 3 Q9�IJ:+j�	��6�;:�����������H��I��
IJ:+j�	���*������9�������6�<�����g�	m��< hypoglycemia 
�;: �����+�<��=�:9	�< 12 ��;:�	9�������(8) 
 9���� Hypoglycemia H�m��<976�l9��*��;���
IJ:��6�;:	�*��
������*����+��8����;g�;��<���;
���+�<��� ��<H�IJ:+j�	���*��  
 

  �����$%&'   

1. Biochemical Study   
 H�IJ:+j�	 Insulinoma (���; Functioning) ��8�  

*�789*	769Q9�*�789�9� �<	��`�
��6� Insulin H�Q=<��6
������	��m��<  Hypoglycemia �U�H
:�<;�� insulin ��<
�������l��6 *��6	�Q:9�������I��� insulin (C-peptide, 
proinsulin) H�*�79;���<;���J�*���<g<��8���������g�	
�����v�U��;: ;	�������
��<;��Q9� Plasma 
Insulin Level, Glucose Level, C-peptide, Proinsulin 
Level  ;	H�: 72 d Hour fasting -test (investigation of 
choice 14)  ;	IJ:+j�	9;9�
��H��������w5������*��� 
72 ��6� �� �<
������8*��<*�79;��6+��	��8���� 4 ��6� ��
*�769
��<;��Q9��8U����H�*�79; v:��;:�6U����� 60 mg./dl 
(3.3 mmol/dl H
:*+��6	�*+,�*��<*�79;��6+��	��8����     
1 ��6� ��*�769
��<;��Q9��8U����H�*�79; v:��;:�6U����� 
49 mg./dl (2.7 mmol/dl) *�769H;�iH
:�+*��<*�79;
����
��<;��Q9� Plasma Insulin Level, Glucose Level, 
C-peptide, Proinsulin Level ���w5�����8�i��8���;�� 
��<��������9���� Hypoglycemia ;:�	H
:����8U����
*Q:�*�:�*�79; 
�79H
:���+�<���9�
��   ;	��6��+
���w5�����8����<��8���;m�	H� 12 ��6� �� (�:9	�< 30)  

�79m�	H� 24 ��6� �� (�:9	�< 80) 
�79m�	H� 72 ��6� �� 
(*�79� 100%) H�IJ:+j�	 Insulinoma �������(2)  

Insulin Level  > 6 µU/mL (�<;��+���
`79 �:9	���� 6µU/mL) 

Glucose Level <  2.5 mmol/L (45 mg/dl) 
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C-peptide Level > 300 pmol/L (+���
�:9	���� 300 pmol/L) 

Proinsulin Level   >  0.2 ng/mL 
� 9 � � � � ��8 	� � � � � � 
 � � < ;� � Q 9 �  

Sulphonyluria H�*�79;��<H�+}����<;:�	 
 H�IJ:+j�	 Factitious hypoglycemia  
�79
H�IJ:��6�;:���	�*��
���*����<����� Proinsulin level 
+�����< C-peptide Level �<�6U�H�IJ:��6�;:������g�; 
Insulin ��<�� Sulphonyluria H�*�79;��<H�+}����<
�J�H���=���6IJ:+j�	�;:���	�*��
������;���+�<���   
(Sulphonyluria )   

2.   Imaging Investigation 
 
�����������g�	 �`�;: ;	 Biochemical 
Study  ��:��5�H�: Imaging Investigation  *�769��6�<��;�
�U��
��� (Localization) ��<����;J�U����Q9��:9�*�789
*�769�����=����I����; Imaging modality ����l �;:��� 

 2.1 Transabdominal ultrasonography 
(TAUS) *+,� Non d invasive imaging ��<*+,� first 
line investigation  �:9�*�789�9� Insulinoma �<*
i�*+,� 
well d circumscribed mass of lower echogenicity ��<
�� texture �<*9�	;���� pancreatic parenchyma 9���<�� 
hyperechoic rim ��<v:�Q��;H
K�9��������=<Q9� 

necrosis ��< calcification �;: (m����6 1) �� overall 
detection rate +�<��=�:9	�< 25 d 63 d 70 �����
����� �U� contrast-enhanced ultrasonography *�769
�
�:9�*�789�9� insulinoma *�i�l456�������� enhancement
Q9��:9�*�789�9� ��<�;:I�;�̀ �:�	����������;:�	 digital  
substractionangiography(9)  (m����6 2) 
 
 
 
 
 
 
 
 
 

m����6 1 Insulinoma.  Transverse US through 
the upper abdomen shows a small hypoechoic insulinoma 
(arrow) in the neck of the pancreas. (Grainger & 
Allison�diagnostic radiology : A Textbook of Medical 
Imaging,4th ed.) 
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m����6 2  Small pancreatic insulinoma. A and B, Conventional ultrasonography (A) and spiral CT (B) show 

no expansive formation in the pancreatic area. C, On contrast-enhanced ultrasonography, a hypervascular nodule 
(circled) of 1 cm is shown at the anterior surface of the pancreatic body. The result was similar to that obtained on 
digital subtraction angiography. 

 
2.2  computed tomography *+,� Non d invasive imaging H��������l��8� CT 9���<��`��������*��	��9 

���H��<	<
����;:��*`�769� Spiral CT ��<*`�769� CT ��6��
���������; Multidetector CT �U�H
:���������Q58���� 
 ;	*g��< MDCT H�+}�����������v�U� dual phase  ;	;J�;:��8� arterial phase ��< parenchyma phase Q9����9�9�

���g�;	��5���� 456������v*��6� sensitivity �;:v5��:9	�< 71-82(10)  �:9�*�789�9� Insulinoma �<*
i�*+,� low 
attenuation area H� Non-contrast enhanced CT ��< ��*+,� hyperattenuation, isodensity 
�79 hypoattenuation area 
H� contrast enhanced CT(11) ( *�769g�;����5����) (m����6 3A, 4A, 5B) ��<9���� calcification H��:9�*�789 insulinoma 
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456����;:�:9	�< 20(5) (m����6 6) *�769���� insulinoma *+,� function tumor ��<  hypervascularity g<��8�H��������;:�	 
MDCT ��8� `��H�: thin-slice collimation ��< scan m��H� arterial phase ����������H� portovenous phase �i��
`����U�`�K *���<���`��8��:9�*�789�9���89���< delayed enhancement �;:(10) 9	������i����i��IJ:�� Low-density 
Insulinoma on dynamic CT(12)  (m����6 7A, 7B) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
m����6 3 Insulinoma in a 20-year-old man presenting with recurrent hypoglycemic attacks. (A) Contrast-

enhanced axial CT and (B) contrast-enhanced axial MRI of the pancreatic head in the arterial phase demonstrate an 
enhancing lesion (arrow)in the head of the pancreas. (C) Selective celiac artery angiogram demonstrates a well-
defined, focal, arterial blush (arrows), which corresponds to the enhancing lesion in the head of the pancreas. 
(D)Intraoperative ultrasonography demonstrates a well-defined hypoechoic mass (cursors) in the head of pancreas 
(Multidetector CT of the Pancreas. Radiologic Clinics of North America - Volume 43, Issue 6, November 2005)   
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m����6 4 Insulinoma. (A) Contrast-enhanced spiral CT demonstrates small brightly enhancing insulinoma 
(curved arrow) in the head of the pancreas. (B) Axial T1-weighted spin-echo MRI and (C) T2-and high signal 
intensity on the T2-weighted image. A coelic arteriogram in the same patient shoes the vascular blush of the 
insulinoma (arrow). (Grainger & Allisonqs Diagnostic Radiology: A Textbook of Medical Imaging, 4th ed.) 
 
 

 

 

 

 

 

  
m����6 5 Insulinoma on EUS. (A) EUS shows a hypoechoic tumor (arrow) in the tail of the pancreas which is 

seen on the (B) contrast-enhanced CT. The insulinoma (arrowheads) appears as a bulge in the tail of the pancreas. 
(Grainger & Allisonqs Diagnostic Radiology: A textbook of Medical Imaging,4th ed.) 
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       C                               D 
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       A      B 

m����6 6 (A) Insulinoma in 24-year-old-woman who presented with hypoglycemia. Because of clinical 
likelihood of insulinoma,noncontrast CT scan was initially obtained. Subtle 2.0 x 3.0 cm area of high attenuation in 
pancreas (arrow) is found to represent calcified insulinoma at surgical pathology  (B) Insulinoma in 24-year-old-
woman who presented with hypoglycemia. Tumoral hypervascularity is seen as blush with contrast 
enhancement.(Robert J. spectrum of Causes of Pancreatic Calcifications.) 

 

 
 

 
 
 
 

         A         B          C 
m����6 7 (A) Dynamic IV CT shows well-demarcated low-density insulinoma (arrowhead) in pancreatic 

head. Note extrinsic pressure effect on inferior vena cava and duodenum. (B) 5 sec later, slight central increasing 
vascularity (arrow) is visible in relatively lucent tumor. (C) Transverse sonogram; c = confluence of superior mesenteric 
vein and splenic vein; m = mass; ao = aorta; ivc = inferior vena cava. 996 Smith and Koenigsberg AJR:155, November 
1990 reported 

 

 2.3  Magnetic reasonance imaging (MRI)  *+,� Non d invasive imaging *�789�9�Insulinoma �<*
i�*+,� 
Low-signal intensity on fat-suppression T1WI ��< Hyperintensity on T2WI and on Dynamic contrast enhancement 
images (m����6 8, 3B, 4B, 4C)(11, 13) MRI �� sensitivity H����localization insulinoma H��:*`�	���� MDCT. (10) 
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m����6 8 A 51-year-old man with an insulinoma in the tail of the 
pancreas, showing the commonest signal intensity changes for islet sell 
tumors on the various MR sequences. (A) The T1 weighted spin echo 
image (TR/TE 500/14 ms) shows the typical low signal intensity 
pattern (curved black arrow). (B) On the T2 weighted fast spin echo 
image (TR/TE 6315/105 ms) the insulinoma (curved black arrow) 
shows typical high signal intensity for this sequence. (C) The fat 
saturated axial T1 weighted spin echo image (TR/TE 500/14 ms) shows   

the characteristic high signal ofthe pancreatic parenchyma using this sequence, resulting in increased conspicuity of the 
insulinoma  (arrow). (D) Following iv gadolinium, the insulinoma (curved white arrow) shows enhancement greater than 
the pancreatic parenchyma on the fat saturated axial T1 weighted spin echo image (TR/TE 500/14 ms). Note adjacent splenic 
enhancement. (E) CT shows a  vascular lesion (open arrow) with rim calcification, a  feature not appreciated on MRI. 
(Owen, NJ, MRI of pancreatic neuroendocrine tumours. Bristish Journal of Radiology, October 2001) 

�104                                                                                                               ������ ���	���������� 

    A      B 

    C      D 

    E 



 

 

 

 �������	
��������� 

 2.4  Endoscopic Ultrasonography (EUS) 
*+,� Invasive imaging ���� ;	(6) w��	���	� 
�79
9�	�����	� ���H�:*�769��;+�<��`�H���� Localization 
Q9��:9���6 Ultrasound ��< CT H��<	<����������
�;:I�*+,���6�9H� H�:
��������6��`���v�6+�<��=  7.5 d 
12 MHz �9;*Q:��+H���<*��< ��<�U���:���� 
duodenum  ;	H
:H��:������9�9������6��; *�789�9� 
insulinoma �<*
i�*+,� hypoechoic mass  ��<������� 
Localization Rate +�<��=�:9	�< 70 d 90 �����
Q:9�U���;H����
��:9���69	J���6�����:�	Q9����9�9� 456�
�������6�����:�	�� Insulinoma �;:v5��:9	�< 37 H�Q=<
��6��6����
�����:9	�< 83(14) ��<*+,� Study ��6*+,� 
Highly operator d dependent *���<g<��8���������v
�<*+,�������� ;	��6��+ (m����6 5, 9)  

 
 
 
 
 

 
 
 
 

m����6 9 EUS image showing hypoechoic regular 
15.1 x 11.7 mm nodule in tail of pancreas (EUS-guided 
FNA in the diagnosis of pancreatic neuroendocrine 
tumors before surgery, Gastrointestinal Endoscopy- 
vol 60, issue 3 (September 2004) 

 2.5 Intraoperative sonography (IOUS) 
*+,� Invasive imaging 9������ ;	w��	���	�
�79
��������	�Q58�9	J�������������Q9�����<�v���� 
H�Q=<I����;��6*Q:��+H��:������9�9� ��:�H�:
������ 
ultrasound ��6��`���v�6 +�<��=10 d 15 Mhz. ������6
���9�9�H�Q=<��6�U�����U�I����;�<*
i�*+,�*�789�9� 
insulinoma *+,� hypoechoic mass (figure 2D) ���
������8*+,� highly operator d dependent v:����� ;	IJ:
��+�<�����=� �����*+,� extremely effective Imaging 
modality 456�������;:I�;� �:9	�<  75 d 90  ;	*g��<
9	���	�6�*�769��������������`�U��:9���6���9�9�Q=<
I����;;:�	�<�;:I�v5�100% (15) �9������8	�������v��6
�<;J`�����������Q9��:9�*�789���*�:�*�79;H��:*`�	�
���v5�  Pancreatic duct  ;:�	456��<*+,�+�< 	���9	������
H����  Enucleation  

 2.6 angiography �U� *+,� selective 
arterography *
i�*+,� well d circumscribed blush H� 
capillary phase ��< early venous phase �� sensitivity 
�:9	�< 54 d 89 v:���
��	�:9� sensitivity �<�6U�����<
9���<����� lesion �;:  H���=���6�:9�Q��;*�i���<�� 
vascularity ������ vJ���� ;	 blush Q9�*�79;��6�+*��8	�
�U���:��69	J�H��:l ��<����:���;: 

 2.7  Transhepatic portal vein sampling 
���� ;	�U� Catheterization *Q:� PV ��< vein *�i�l��6 
drain ��������9�9��U�*�79;������
� Plasma Insulin 
Level  ���w5�����8*+,�*��	� Regional Localization  
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 *�769���� Insulinoma ����H
K�*+,��:9�*;�6	� 
��<*�769�����v*9��:9�99� 9�����<
�	����� �� 
Cure Rate �:9	�< 90 *���<g<��8����I����;�5�*+,� 
Treatment of choice ��<����U� Simple enucleation  
*+,� Procedure of choice  ;	*g��<�:9���69	J�H�  
pancreatic head   

H���=���6��
��	�:9� �����v�U� subtotal 
pancreatectomy with IOUS d guide enucleation Q9�
�:9�H� Pancreatic head ���v:���������v enucleation 
� ;: ;: � 	 � � * 
 �� H ; l �i � � � 9 � � �U � * +, � �: 9 � �U � 
whippleqprocedure w��	���	�����<�	�	��
���*��6	�
����U� Total Pancreatectomy *���<�����  High Morbidity 
��< Mortality rate 
 H �+} � �� �� ��v ��� � �� � � l  � ;: �� � � � �U � 
Laparoscopic enucleation  456�*+,� recent advanced 
surgery procedure  ;	9��H�:������� Laparoscopic 
ultrasonography *�769����
��:9���6�9����*
i�;:�	��
I���  Scope  ;	*g��<9	���	�6�H�����
��Q9����9�9� 
����� I�Q9���������������8	�������;*��*�769�������

��:9��U��;:	��  *���<�����������v��6�<`�U�`���
	7;
	���Q9��:9���<��������v�9�`����������Q9�
��Q9��:9�*�789������9�9�+����;:  *�����6H�:H����
I����;�i������������� (1.7 d 5 ��6� ��)  ��<��
m��<����4:9�`79 Pancarcatic fistula  �;:v5��:9	�< 
43 456������������U� Laparoscopic surgery  ��6�l�+ 
456��� Fistular rate 9	J��<
�����:9	�< 0 -40 

  6�� �����7��8�#���9:�;&"  

 1.  m��<����4:9�Q9����I����;���9�9�
 ;	��6�l�+, Panceatic fistula H���=�  Laparoscopic 
enucleation 
 2.  m��<�8U����H�*�79;�J���������6I����;
*9�*�789*	769Q9����9�9�99����*����+ 
 

  !�<= 

 Insulinnoma *+,�  Insulin-secreting functioning 
Islet cell tumor *+,�*�789�9���6���;:�:9	���*+,� 
Functioning Islet cell tumor  ��6����9	��6��;Q9����
9�9� ��9����  Hypoglycemia *+,�`��8�`�����<��9	l 
 ;	������=<*g��<*+,���� Whippleqs triad  ��<
�����g�	�;: ;	���� 72-hours-fat-test 456�*+,� investigation 
of choice ����
�`���I�;+���Q9��<;�� glucose, 
�<;�� insulin ��< �<;�� C-peptide H�*�79; H�������6
������	��m��<  hypoglycemia ���l  ;	���<;�� 
plasma glucose < 45 mg/dl 456��<�;:I�*+,�`������
��������Q9��<;�� Plasma insulin  C-peptide (�J�����
+��� 456���;�����������:�� insulin H�������	*9�) ��<
*�769����*�789�9���8����H
K�*+,�*�789�9�����;�Q��;
*�i� ���*9��:9�*�78999��5�*+,� Treatment of choice 
g<��8����
��U��
���Q9��:9�*�789��9�I����;�5���
`����U�`�K  456������v
��U��
���;:�	 imaging study 
����l ��8� U/S, CT, MRI, (angiography)  ;	����� 
MDCT ��< MRI  �� sensitivity H���� localization  
�;:H��:*`�	���� �U�
��� Intraoperative U/S ��< 
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