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Outline

� Common Imaging modalities
� CT, MRI, CT-PET/ CT-SPECT scans

� Neuroendocrine tumors
� Common Imaging features
� Diagnosis
� Follow-up



CT scan: what is it

� Computed 
Tomography

� Invented in 1971 
by Hounsfield & 
Cormack
� Nobel prize 1979

� Uses X-rays to 
penetrate body



CT : how does it work
� Rotating gantry

� X-ray tube
� Detectors

� Mathematical 
transformation 
of image into 
digital image



CT Contrast Agents
� Many tissues inside body 

have similar density 

� We improve differentiations 
of organs & tissues by 
introducing agents of high or 
low density
� Oral contrast 

(water/barium/iodine)
� Intravenous contrast

○ Liquid with compound 
containing iodine

○ Requires mechanical injector 
� Speed!



CT images



MRI scan: what is it
� Magnetic Resonance 

Imaging
� Invented by Lauterbur,  

Mansfield & Damadian
� 2003 Nobel prize to 2/3

� Uses intrinsic magnetic 
properties of body’s 
protons by use of 
external magnets and 
radiowaves



MRI: how does it work
� Placed in Giant 

magnet.
� Protons become 

magnetized.
� Excite them by 

radiowaves
� Measure their signal as 

they relax
� Mathematical 

transformation of 
image into digital 
image





MRI
with
Intravenous 
contrast



PET Scan, SPECT scan
Nuclear medicine, Molecular 
Imaging
� Positron Emission 

Tomography.
� Single photon emission 

computed tomography
� No Nobel prizes (yet!)

� Uses atoms/molecules 
used metabolically by 
body 



CT-PET/ CT-SPECT
how does it work
� Inject radioactive element metabolized by body

� Iodine 123, Iodine 131

� Inject molecules that bind specific receptors and 
attach radioactive element to them
� Somatostatin analogs

○ Octreotide
� Adrenaline analogs

○ MIBG, metaiodobenzylguanidine

� The patient becomes source of radiation
� Gamma rays (x-rays emitted by radioactive elements)



CT-PET/ CT-SPECT
how does it work 
� Imaging specific 

organ/tissues
� Show metabolic activity

� Physiologic information!

� But Images are fuzzy
� Radiation distributed 

throughout body, but can only 
image one part.

� Images much lower resolution 
because radiation is not 
focused and not directed.

� Used in combination with CT 
scan for tissue localization.



Imaging of Neuroendocrine 
tumors
� CT / MRI mainstay of imaging

� Anatomic localization
○ Where it is, how many?
○ What does it touch?
○ Where has it spread?

� Molecular imaging
� Diagnosis…..Is it NET?
� Localization: Where is it? Where has it spread?
� Post treatment

○ Is it still active?
○ Has it relapsed?



Neuroendocrine tumors: Imaging
� NETs are very vascular
� Bright with IV contrast injection
� Imaged in multiple runs to see better 
� Each run is called a “phase”…
� Multiphasic scans are commonly used to image NETs



Common NETs of Abdomen
Catecholamine secreting tumors
� Pheochromocytomas, paragangliomas, 

neuroblastomas

� CT/MRI for localization
� Is there a tumor? Where?

� MIBG scan for function/follow-up
� Is it a NET?
� Are there others elsewhere?
� Has it recurred?



Case Presentation: 
Pheochromocytoma
� Young woman undergoing routine surgery
� Develops severe high blood pressure  >>>>  Heart 

Failure
� Ultrasound scan shows large right adrenal mass



Case Presentation: Pheochromocytoma

CT SCAN
MIBG SCAN



123 I-MIBG scintigraphy performed in a hypertensive patient with bilateral adrenal pheochromocytomas. Anterior (A) and posterior (B) 
whole-body scintigraphy and fused SPECT/CT image (D) obtained with a hybrid machine clearly depict and correctly depict and correctly 
localize both pheochromocytomas. An unsuspected additional focus of uptake is seen in the thorax (arrow) and it is localized in the 
aortopulmonary window, as demonstrated by SPECT/CT image (C).

Imaging of Neuroendocrine Tumors

Seminars in Nuclear Medicine, Volume 36, Issue 3, 2006, 228 - 247

MIBG Scan: Pheochromocytoma



Pancreatic Neuroendocrine Tumors: 
Imaging

Pancreas has 2 
functions
� Digestion
� Hormone production

� Insulin:  sugar balance
� Glucagon: sugar 

balance
� Gastrin: Stomach Acid 

production 
� Others

� common site of NET
� Lots of endocrine 

tissues,



NET tumors are very vascular so generally they 
become bright with intravenous contrast





Pancreatic Neuroendocrine 
tumors: Functioning

� Insulinomas

� Most common functioning tumor
� Hypoglycemia
� 10% malignant
� Usually single



Occult Functioning
Islet cell tumor

� Can be v. difficult to 
find

� CT
� US + MR
� Octreotide scan
� Endoscopic US
� Selective Arterial 

Stimulation testing
� Intraoperative palpation
� Intraoperative US

MR images Courtesy M. Haider MD



Pancreatic Neuroendocrine 
tumors: Functioning

� Gastrinomas:

� Often Multiple
� Zollinger-Ellison syndrome

○ Hypersecretion of stomach acid
○ Multiple ulcers

� Watery diarrhea
� Majority Malignant
� 30%  with mets at presentation

� Ring enhancement 
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Pancreatic Neuroendocrine tumors: 
Gastrinomas



NET of the lungs



CT scan
� Lung mass

� Biopsy
� NET

� PET scan
� FDG
� Liver Metastases



Common NETs of Abdomen

Carcinoid tumors

• In abdomen, NET of the bowel

• Common sites:
• Small bowel
• Appendix
• Stomach



NETs:  Bone involvement
Bone metastases are common, generally cause dense bone formation
Termed “osteoblastic” or “sclerotic metastases”
Because of this they are well seen by imaging studies,  esp. “bone scans”



Future directions

� Use of new receptor analogs will lead to 
specific tissue imaging

� Tagging of analogs with high-energy 
radionucleotides can lead to focal 
therapies without need of surgery

� Continuing improvement in CT and MRI 
technologies




