
Contemporary	Endocrine	
Imaging	

Dr.	Dilip	Patel	
Consultant	Radiologist	

Royal	Infirmary	of	Edinburgh	



Contemporary	Endocrine	Imaging	

•  Ultrasound:	B	Mode/	Doppler/Elastography	
•  MDCT	
•  MRI	
•  Radionuclide	Imaging-	SPECT/CT	
•  PET/CT	

	18F	FDG	
	C11	Methionine	
	18F	Choline	
	68Ga	DOTA	



SPECT/CT	

•  Combines	the	specificity	of	funcLonal	imaging	
with	the	accuracy	of	anatomical	localisaLon	
provided	by	CT.	



Post	Radioiodine	Treatment	Imaging	

•  ConvenLonally	whole	body	planar	imaging	10	
days	post	treatment.	

•  Can	be	difficult	to	interpret:	
– Low	resoluLon	
– Noisy	
– Poor	anatomical	definiLon	
– Physiological	uptake	





Thyroid:	Post	131I	Radioiodine	Treatment	Scans	

•  Uptake	of	radioiodine	in	LN	and	distant	
metastases	is	associated	with	a	favorable	
prognosis.	

•  DemonstraLon	of	disease	is	essenLal	to	
ensure	opLmum	follow	up	and	management		







The	Organs	

•  Thyroid	
•  Parathyroid	
•  Adrenal	
•  NETs	
	



Thyroid:	Nodule	Assessment	

•  Ultrasound	remains	the	iniLal	and	usually	the	
definiLve	imaging	modality	for	nodule	
assessment		



ThyroidiLs	



Thyroid:	Nodule	Assessment	

•  Ultrasound	remains	the	iniLal	and	usually	the	
definiLve	imaging	modality	for	nodule	
assessment		
– B	Mode	
– Colour	Doppler	

•  Key	imaging	challenge:		
	Can	US	accurately	characterise	the	clinically	
palpable	nodule?	





Ultrasound:	U	ClassificaLon	



U2:Colloid	cyst	



U2:	HyperplasLc	nodule	



U4:	Suspected	Malignant	Nodule	



U5:	Papillary	Carcinoma	



U3:?HyperplasLc	?Follicular	tumour	



IMPLICATION: CLINICIANS WILL REFER PATIENTS WITH A THYROID NODULE 
FOR ULTRASOUND BEFORE PERFORMING FNA 



Impact	of	U	ReporLng	

•  ReporLng	Radiologist/Sonographer	required	
to	give	an	opinion	rather	than	a	descripLve	
report.	

•  Increased	clinician	confidence.	
•  Facilitates	different	operators	following	up	
individual	paLents.	

•  Risk	of	increased	number	of	U3	
categorisaLon.		



Elastography	

•  Ultrasonic	assessment	of	Lssue	sLffness	
•  Malignant	nodules	tend	to	be	hard.	



Elastography	

•  Encompasses	a	number	of	different	
techniques	

§  Strain	elastography	
§  Shear	wave	elastography	
§  AcousLc	RadiaLon	Force	Impulse	Imaging	



Strain	Elastography	
•  External	palpaLon	with	probe	–	results	in	axial	
displacement	of	Lssue	by	mechanical	stress	

•  Tissue	deformaLon	from	the	stress	is	measured.	
•  ElasLc	image	is	superimposed	on	the	B	mode	
image	

•  Tissue	sLffness	displayed	as	a	conLnuum	of	
colours	(Red	to	Blue)	

•  ElasLcity	assessed	by:	
Ø Visual	colour	scoring	
Ø Strain	RaLo	





Elastography:	Benign	



Papillary	Carcinoma	



Elastography:	PotenLal	Advantages	

•  AddiLonal	criterion	to	aid	nodule	
categorisaLon.	

•  Reduce	the	number	of	FNAs.	
•  Target	specific	areas	within	a	nodule	to	
biopsy.	



Elastography:	Is	it	useful?	

•  Elastography	as	a	stand	alone	tool	is	inferior	
to	convenLonal	ultrasound.	

•  SensiLvity/Specificity	for	detecLng	malignancy	
based	on	elastography	score	2-3:	86%/66.7%		

•  High	negaLve	predicLve	value-	sensiLvity	98%	
for	benign	nodules	based	on	elastography	
score	1-2		

	
Ghajarzadeh	et	al.	AJR	(2014)	DiagnosLc	accuracy	of	sonoelastography	in	detecLng	
malignant	thyroid	nodules:	a	systemaLc	review	and	meta-analysis. 		







Parathyroid	Adenoma	LocalisaLon	

•  “The	only	localisaLon	required	for	a	paLent	
with	primary	hyperparathyroidism	is	the	
localisaLon	of	an	experienced	endocrine	
surgeon”	

Doppman J. Reoperative parathyroid surgery; localisation procedures.  
Prog Surg. 1986;18:117-132 



PreoperaLve	localisaLon:	Disadvantages	

•  High	non	localisaLon	failure	rates.	
•  Expense.	
•  RadiaLon	exposure.	
•  Increased	Lme	taken	to	surgery.	



PreoperaLve	LocalisaLon:	Advantages	

•  Minimally	invasive	parathyroidectomy.	
•  Local	anaesthesia	vs	GA	
•  Shorter	operaLve	Lmes.	
•  Reduced	complicaLon	rates.	
•  Shorter	hospital	stays.	
•  Higher	localisaLon	rates	



•  RetrospecLve	study	(2002-2014)	
•  2185	paLents	
•  Non	localisaLon	in	836	pts	(38.3%)	
•  IntraoperaLve	success	rate	(93.9%	vs	95.6%)	
•  Cure	rate	(96.2%	vs	97.7%)	
•  Increased	incidence	of	parathyroid	hyperplasia	and	
reduced	incidence	of	single	adenoma.	



Parathyroid	Adenoma	LocalisaLon	

•  Ultrasound	
•  99mTc	Sestamibi	
•  MulLphasic	contrast	enhanced	CT	(4D	CT)	
•  (PET	imaging)	



Parathyroid	LocalisaLon	

•  Primary	hyperparathyroidism	(De	novo)	
•  Recurrent	Primary	hyperparathyroidism	
•  PHT	(As	part	of	MEN	syndrome)	



Parathyroid	LocalisaLon:	Ultrasound	

•  IniLal	imaging	invesLgaLon	of	choice.	
•  SensiLvity	for	single	adenoma:	Upto	80%	



Ultrasound:	Parathyroid	Adenoma	



99mTc	Sestamibi	

•  PHT:	PaLents	with	negaLve	or	equivocal	U/S	
•  All	paLents	with	recurrent	PHT	even	if	U/S	
idenLfies	an	adenoma	

•  All	paLents	with	PHT	as	part	of	MEN	
syndrome	



99mTc	Sestamibi	

•  Planar	
•  SPECT/CT	

•  SensiLvity	88%	(Upto	95%	when	combined	
with	preoperaLve	ultrasound)	



Sestamibi:	Planar	



Sestamibi:	Planar	and	SPECT	



Ectopic	Parathyroid	Adenoma	



Parathyroid:	SPECT/CT	



4D	CT	

•  IndicaLon:	All	paLents	with	negaLve	US	&	
negaLve/equivocal	SPECT.	

•  Contrast	enhanced	CT	(Arterial,	Venous)	

•  Parathyroid	adenoma	idenLfied	as	an	
arterially	enhancing	nodule	with	venous	
washout.		



4D	Parathyroid	CT	



4D	CT:	How	does	it	shape	up?	

•  Limited	data	
•  Difficult	to	interpret	
•  SensiLvity	80-90%	

•  How	useful	is	it	when	ultrasound	and	
sestamibi	are	negaLve?	

SensiLvity	89%	in	26	paLents	with	PHT	who	were	operated	on	who	had	negaLve	
ultrasound	and	sestamibi	scans.	Day	et	al.	Surgery	2015.	



Parathyroid	localisaLon:	NegaLve	U/S,	Sestamibi	and	4D	CT	

•  Interval	follow	up	imaging.	
•  Venous	sampling	
•  IntraoperaLve	gamma	probe	following	
sestamibi	injecLon	

•  Bilateral	neck	exploraLon	

•  PET	imaging	



Adrenal	Incidentaloma	

•  Adrenal	mass	>	1cm	discovered	incidentally	
on	a	cross	secLonal	examinaLon	performed	
for	another	reason.	



Adrenal	Incidentaloma	

•  Radiological	“pain	in	the	neck”	
– 5%	of	CT	scans	in	paLents	with	no	known	history	
of	malignancy.	

	



Adrenal	Incidentaloma	

•  Part	of	the	incidentaloma	epidemic.	
•  Driven	by	the	relentless	increase	in	the	use	of	
cross	secLonal	imaging.	

•  InvesLgaLon	and	follow	up	is	driven	by	the	
fear	of	missing	a	serious	diagnosis.	

•  Clinician/Radiology	led.	



Adrenal	Incidentaloma	

•  How	to	characterise?	
•  Who	to	image?	
•  Who	to	follow	up?	

•  Are	these	funcLonal?	



Adrenal	Cyst	



Adrenal	myelolipoma	



Adrenal	carcinoma	



How	to	image?	

•  Easiest	quesLon	of	the	3	to	answer	
•  Aim:	To	differenLate	the	benign	adenoma	
from	other	lesions	requiring	further	
management.	

•  MRI	vs	CT	
– DemonstraLon	of	intracytoplasmic	lipid	
– Malignant	adrenal	lesions	contain	fat	extremely	
rarely	



How	to	image?	

•  MRI	
– Chemical	shin	imaging	

•  CT	
– Precontrast	
– Contrast	washout:	RelaLve/Absolute	
	



Chemical	Shin	Imaging	

•  T1	dual	gradient	echo	sequence	
•  In	and	out	of	phase	images	
•  Perfect	registraLon	



Adrenal	Adenoma:	CSI	MRI	

•  SensiLvity	(81-100%).	Specificity	(94-100%)	
	



CSI:	Pioalls	

•  India	ink	artefact	can	mimic	signal	loss	in	small	
adenomas	

•  Other	fat	containing	adrenal	lesions	
– RCC	and	HCC	metastases	
– Phaeochromocytoma	
– Adrenal	carcinoma	
– Myelolipoma	
– Collision	metastasis	within	a	preexisLng	adenoma	



CSI:	Pioalls	

•  The	lipid	poor	adenoma	

Adenoma	NECT	 %	SIGNAL	DROP	OUT	CSI	

10-30	HU	 89%	

>30	HU	 13%	

Haider	et	al.	Chemical	shi9	MR	imaging	of	hypera>enua?ng	(>10	HU)	
adrenal	masses:	does	it	s?ll	have	a	role?	
Radiology	2004;231:711-16	
	



Adrenal	CT	
•  Pre	contrast	

–  <10	HU:	STOP	

– HU	>43	:	Increased	risk	of	malignancy	irrespecLve	of	
washout	characterisLcs.	Blake	et	al.	Radiology	2005.	

	



Adrenal	CT	
•  Pre	contrast	

– <10	HU:	STOP	
•  Post	contrast	(60s	and	15m)	

•  Absolute	washout	(>60%)	
•  RelaLve	washout	(40%)	
	

•  Nodules	>10	HU:	SensiLvity/Specificity	100/80%	cf	
76/60%	for	CSI.	

Seo	et	al.	Characterisa?on	of	lipid	poor	adrenal	adenoma:	chemical	shi9	MRI		
and	washout	CT.	AJR	2014;202:1043-50	



Adrenal	washout	equaLons	





Adrenal	adenoma:	RelaLve	contrast	
washout	55%		

80HU                              44HU                                                   



Adrenal	Incidentaloma:	Which	nodules	
to	invesLgate/follow	up?	

•  Guidelines	
– Numerous		
– Not	consistent	







BAETS	Guidelines	2003	

•  Non	funcLoning	nodules	<3cm:	Can	be	safely	
observed	with	repeat	CT	scanning	

•  >3cm	or	rapidly	growing:	Surgical	resecLon	
•  Needle	biopsy:	Only	indicated	to	confirm	
metastaLc	disease	in	a	paLent	with	primary	
malignancy	elsewhere		but	no	evidence	of	
metastases	elsewhere.	



•  Interval	imaging	@6,	12	&	24	months.	
•  Yearly	biochemical	tesLng	for	4	years**	

•  **Based	on	2	reports	of	development	of	Cushing’s	syndrome	
in	previously	non	func?oning	nodule!		







Adrenal	nodule	FU-	ACR	

•  <1cm	benign	appearances	(IGNORE)	
– Smooth	
– Homogenous		
– Low	atenuaLon	
	
		



FuncLonal	adrenocorLcal	tumours	can	
be	very	small!	

Conn’s tumour 



Adrenal	nodule	FU-	ACR	

•  <1cm	benign	appearances	(IGNORE)	
– Smooth	
– Homogenous		
– Low	atenuaLon	

•  1-4cm		
	-	Benign	appearances	(12m	FU	scan)	
		



Adrenal	nodule	FU-	ACR	

•  <1cm	benign	appearances	(IGNORE)	
– Smooth	
– Homogenous		
– Low	atenuaLon	

•  1-4cm		
	-	Benign	appearances(12m	FU	scan)	
	-	Suspicious	appearances	(characterise)	

•  >4cm	
	-	Characterise/PET/Biopsy/Resect	



Song et al. AJR 2007; 189:1119–1123  

•  No	malignant	nodules	
•  Vast	majority	non	funcLoning	adenomata	
•  3	pts.	–	funcLoning	lesions	



Song et al. AJR 2008;190:1163–1168  

•  No	cases	of	malignancy	
•  75%	adenomata	
•  6%	myelolipomata	



Incidental	benign	adenoma	

APR 2013                                                     NOV 2015 



Adrenal	haemorrhage	

•  Spontaneous	vs	traumaLc.	
•  Beware	the	underlying	mass	lesion.	
•  Imaging	follow	up	mandatory	



Adrenal	haemorrhage:	
Phaeochromocytoma	

6 weeks later 



Adrenal	haemorrhage:	
Phaeochromocytoma	



Adrenal	haemorrhage:	Metastasis	

April 2014                                                      May 2014 



Adrenal	haemorrhage:	Adenoma	

2012                                                                 2014 



Solitary/bilateral	adrenal	nodule(s)	in	the	
paLent	with	malignancy	at	iniLal	staging	

•  InvesLgaLon	of	choice	is	18F	FDG	PET/CT	
•  Solitary	vs	mulLple	metastases.	



Adrenal adenoma(ta) 



Adrenal metastasis 



Adrenal	adenoma	and	metastasis	



Adrenal	adenoma	and	metastasis	



Reported Results of PET or PET-CT in Differentiating Metastatic Adrenal Lesions 
from Benign Adrenal Lesions in Oncologic Patients 

False +ve rate: Up to 12% 
High negative predictive value (>90%) 
False –ve: Lesions < 10mm/tumour type 



PET/CT	

• 	 18F	FDG	
• 	 C11	Methionine	
• 	 18F	Choline	
• 	 68Ga	DOTA	



18F	FDG	

Thyroid	carcinoma	
•  Assessment	of	paLents	with	elevated	thyroglobulin	levels	and	

negaLve	iodine	scinLgraphy	with	suspected	recurrent	
disease.	

•  To	evaluate	disease	in	treated	medullary	thyroid	carcinoma	
associated	with	elevated	calcitonin	levels	with	equivocal	or	
normal	cross-secLonal	imaging,	bone	and	octreoLde	
scinLgraphy.	

Evidence-based indications for the use of PET-CT in the UK 2013 



18F	FDG	

Neuroendocrine	tumours.	
•  Staging	or	restaging	of	selected	paLents	with	poorly	

differenLated	neuroendocrine	tumours	prior	to	treatment	
with	negaLve	or	normal	metaiodobenzylguanidine	(MIBG)	
and	octreoLde	scans.	

•  Assessment	of	possible	mulLfocal	disease	in	paLents	with	
paraganglioma	considered	for	surgery.	

Evidence-based indications for the use of PET-CT in the UK 2013 



Incidental	FDG	Thyroid	Uptake	

•  Focal	uptake:		
	Toxic	adenoma	
	HyperplasLc	nodule	
	Malignancy	

•  Up	to	60%	are	malignant	

Thyroid	Incidentalomas	Iden?fied	by	18F-FDG	PET:		
Sonographic	Correla?on.	Kwak	et	al.	AJR	2008;	191:598–603	



Focal	thyroid	uptake:	
	HyperplasLc	nodule	



Focal	thyroid	uptake:		
Follicular	carcinoma	



Focal	thyroid	uptake:		
Follicular	carcinoma	



Parathyroid	localisaLon:	PET	imaging	

•  C11	Methionine	PET/CT	
•  18F	Fluorocholine	



Parathyroid	localisaLon:	C11	Methionine	

§  SensiLvity	85%	for	detecLon	of	single	gland	disease	
§  Limited	data	that	it	may	be	useful	in	detecLng	
adenomata	in	sestamibi	negaLve	paLents.	

	
	
	
§  Limited	data-	may	be	useful	in	detecLng	hyperplasLc	
glands	in	pts.	with	CRF	related	hyperparathyroidism.	

. 

C11	Methionine	PET	detected	a	single	adenoma	in	5/6pa?ents	with	PHT	in	
whom	US/Sestamibi	were	nega?ve.	
Lenschow	et	al.	World	J	Surg.	2015;	39:	1750-7	



C11	Methionine	PET/CT	

Chun et al.Nucl Med Mol Imaging 2013. 



Parathyroid	localisaLon:	18F	Choline	

J Clin Endocrinol Metab, August 2013, 98(8):3111–3112 



Parathyroid	localisaLon:	18F	Choline	

•  Emerging	data	from	small	studies	that	18F	
Choline	may	be	comparable	to	99mTc	
Sestamibi	and	may	be	of	value	in	localising	
parathyroid	adenomata	when	US	and	
sestamibi	are	discordant.		



Primary	Hyperaldosteronism	(PHA)	

Challenge:	

•  To	disLnguish	bilateral	adrenal	hyperplasia	
from	unilateral	adenoma/hyperplasia	



Primary	Hyperaldosteronism	(PHA)	
	CT	
•  Variable	performance	(based	on	older	scanner	technology)	
•  Conn’s	adenomata	can	be	very	small	
•  Unilateral	nodules	noted	at	CT	may	not	be	funcLonal	



Primary	Hyperaldosteronism	(PHA)	
	AVS	
•  Considered	the	localisaLon	gold	standard	
•  Technically	demanding	
•  Operator	dependent	
•  Cost	
•  RadiaLon	
•  Morbidity	



PHA	

•  Is	a	posiLve	CT	sufficient	for	localisaLon?	
•  Should	all	paLents	undergo	AVS	irrespecLve	
of	the	CT	findings?	

•  What	is	the	role	of	funcLonal	imaging?	



PHA:	11C	Metomidate	PET/CT		

•  Promising	non	invasive	localisaLon	technique		
•  May	obviate	the	need	for	AVS	

•  Metomidate-	11β	hydroxylase	and	
aldosteronase	inhibitor.	

•  Taken	up	selecLvely	by	Conn’s	adenomata.	
•  11C	cyclotron	produced	isotope	
•  Half	life	20mins	



C11	Metomidate	

•  C11	Metomidate	vs.	AVS	
•  39pts	with	PHA	
•  SensiLvity	76%	Specificity	87%	(SUV	
raLo>1.25)	

•  Specificity	100%	if	combined	with	SUV	max	
>17)	

Burton et al. J Clint Endocrinol Metab 2012 



C11	Metomidate	



	NET	imaging	

•  PancreaLc	
•  GI	
•  (Pulmonary)	



NET	imaging	

•  CT/MRI-	iniLal	imaging	modaliLes	for	
characterisaLon	and	staging.	

•  EUS-	important	modality	for	further	
characterisaLon	and	obtaining	histology	for	
pancreaLc	NETs	in	parLcular.	

•  FuncLonal	imaging	
– 111In	OctreoLde	
– 123I	MIBG	



111In	OctreoLde	

•  111In	OctreoLde	is	currently	the	radionuclide	
imaging	invesLgaLon	of	choice	to	detect	
metastaLc	disease.		

•  111In	OctreoLde	binds	to	type	II	and	V	SST	
receptors.	

•  Can	also	be	used	to	predict	response	to	
somatostaLn	analogue	therapy.	

•  SensiLvity	increased	with	SPECT/CT.	



MetastaLc	PancreaLc	NET:	OctreoLde	
Scan	



123I	MIBG	

•  123I	MIBG	imaging	typically	reserved	for	
those	paLents	being	considered	for	131I	MIBG	
therapy.	

•  Also	used	for	the	diagnosis	and	staging	of	
phaeochromocytoma	

•  Increased	sensiLvity	with	SPECT/CT		



MIBG	avid	metastaLc	disease.	



NET:	PET	imaging	

•  18F	FDG	
•  18F	DOPA	
•  68Ga	DOTA	imaging	



18F	DOPA	

•  F18	DOPA/DOPAMINE		concentrated	by	NETs	by	an	
amino	acid	transport	mechanism	which	is	
upregulated	in	tumour	cells.	

•  Both	agents	have	been	shown	to	have	increased	
sensiLvity	and	specificity	for	carcinoid	tumours	and	
phaeochromocytoma	in	parLcular	compared	to	
other	imaging	techniques.		

•  The	accuracy	for	pancreaLc	NETS	is	not	as	great.	



68Ga	DOTA	

•  68Ga	produced	by	a	generator	rather	than	by	
a	cyclotron	potenLally	making	this	isotope	
more	widely	available.		

•  The	different	ligands	have	differing	SST	
receptor	avidity	with	
DOTATATE>DOTATOC>DOTANOC.		

•  Increased	sensiLvity	and	specificity	compared	
to	111In	octreoLde	SPECT	and	SPECT/CT	(90%	
vs	55%)	



DOTA	posiLve	disease	



Conclusion	

•  Endocrine	imaging	has	the	potenLal	to	exploit	
the	potenLal	of	high	resoluLon	anatomical	
imaging	combined	with	funcLonal/molecular	
imaging.	

•  Image	WISELY…....	


