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AbSTRAcT

Radioiodinated metaiodobenzylguanidine (MIbG) was developed in the late 1970’s, at the 
Michigan University Medical center, for imaging of the adrenal medulla and its diseases. 
Soon after, MIbG was shown to depict a wide range of tumors of neural crest origin other than 
pheochromocytomas/paragangliomas (Pheo/PGl) with the result that its use rapidly spread 
to many countries. After more than 30 years of clinical application, MIbG continues to be the 
most widespread radiopharmaceutical for the functional imaging of Pheo/PGl in spite of the 
emergent role of PET agents for detection of these tumors. In this paper we review the evolu-
tion in the use of MIbG over more than 30 years of experimental and clinical applications, 
with particular focus on the uptake mechanisms, pharmacokinetics, biodistribution and drug 
interaction as well as on clinical studies in Pheo/PGl also in comparison to other gamma-
emitters tracers and PET radiopharmaceuticals.
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1. intRoDuction

Radioiodinated metaiodobenzylguanidine (MIBG) 
was developed in the late 1970’s at the Michigan 
University Medical Center after years of attempts to 
develop a radiolabeled precursor of epinephrine as an 
imaging agent and was the first radiopharmaceutical 
to be used for imaging the adrenal medulla and its 
diseases.1 After its introduction into clinical practice 
for the identification and localization of pheochro-

mocytoma in 1981, MIBG rapidly demonstrated its 
ability to depict a wide range of tumors of neural 
crest origin other than pheochromocytoma, such as 
neuroblastoma, carcinoid tumor and medullary thyroid 
carcinoma.2-4 Because of its good selective uptake and 
retention by these tumors, the therapeutic potential 
of MIBG was early on explored and targeted therapy 
with 131I-MIBG was applied in the same tumors of 
neural crest origin.5,6 In addition, investigation into 
the use of MIBG to assess the functional status of the 
adrenergic autonomic innervation was soon under-
taken, with lasting interest for the field of cardiology.7,8

Both 131I- and 123I-MIBG were developed in the 
USA and rapidly spread to many countries where 
they are today commercially available for routine 
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use. 131I-MIBG gained FDA approval and became 
commercially available in 1994 for imaging pheo-
chromocytoma and neuroblastoma. 123I-MIBG has 
been commercially available in Europe since the 
mid-nineties, while in the US it was used under an 
IND (Investigation New Drug) of the practice of 
pharmacy until September 2008 (when it gained 
FDA approval), this limiting its widespread use in the 
USA.9,10 Since the introduction of MIBG about 30 
years ago, numerous experimental and clinical studies 
have been carried out and there have also been great 
developments in radiochemistry and instrumentation. 
At the present time, 131/123I-MIBG scintigraphy is still 
the most widespread functional imaging modality for 
the identification and localization of catecholamine 
secreting tumors. This review will focus on the evolu-
tion of the use of radioiodinated MIBG scintigraphy 
in Pheo/PGL.

2. mecHanisms of uptake  
anD pHaRmacokinetics

Radioiodinated MIBG is a guanethidine analog 
structurally resembling norepinephrine (NE). Besides 
passive diffusion, MIBG is actively transported into 
tissues with sympathetic innervation by the norepi-
nephrine transporter (NET).11 This active uptake 
mechanism, also known as uptake-1 system, is a 
sodium dependent process characterized by high 
affinity, low capacity, saturability and temperature 
and ouabain sensitivity, and occurs only in cells that 
express NET.12 By contrast, passive diffusion is non-
specific, energy independent and unsaturable and 
takes place in all cells.12 Once in the cytoplasm, MIBG 
is stored into neurosecretory granules via vesicular 
monoamine transporters 1 and 2 (VMAT 1 and 2). 
After intravenous administration, radioiodinated 
MIBG is rapidly cleared from the vascular compart-
ment (a small amount remains in the blood, mainly 
in platelets through the serotonin transporter) and 
accumulated in adrenergic tissues without binding 
to postsynaptic adrenergic receptors.13 The high-
est uptake in the heart is reached after 2-3 hours, 
whereas in tumors it is reached after 24-96 hours.12 
The majority of the tracer is excreted unaltered via 
the kidneys (~50% within 24 hours; ~90% after 4 
days); a minimal amount is excreted in the faeces, 
saliva, sweat and exhaled breath.13

3. Developments in RaDiocHemistRy  
anD instRumentation

Radiochemistry

Initially, MIBG was labeled with 131I. However, 
this tracer has suboptimal dosimetry and imaging 
characteristics; this led to a preferential use of 123I-
MIBG. Both 131I-MIBG and 123I-MIBG are commer-
cially available as a “ready-to use formulation” in a 
sterile solution for i.v. injection. The effective dose 
in adults is 0.013 mSv/MBq for 123I-MIBG and 0.14 
mSv/MBq for 131I-MIBG.14,15 The first experiences 
with 123I-MIBG go back to 1986 when Shulkin and 
colleagues reported the superiority of 123I-MIBG ver-
sus the 131I labeled radiopharmaceutical in a primary 
extra-adrenal pheochromocytoma.16 Today, 123I-MIBG 
is the tracer of choice both for tumor and non-tumor 
(cardiac) imaging. It allows better quality images, 
better photon detection and greater sensitivity. The 
higher photon flow allows high quality SPECT to be 
carried out. However, the main drawbacks of 123I-
MIBG as far as the USA is concerned are the high 
cost and limited availability in this country for many 
years (until FDA approval in 2008), resulting in the 
routine use of 131I-MIBG in centers that did not have 
access to 123I-MIBG.

Regarding the evolution in MIBG radiochemistry, 
the main progress was the development of no-carrier-
added MIBG, a radiolabeled agent with very high 
specific activity (>1200 mCi/µmol vs. approximately 1 
mCi/mol for commercially available 123I-MIBG and 
1600 mCi/µmol vs. 1-10 mCi/µmol for commercially 
available 131I-MIBG for therapy) and negligible “cold” 
MIBG content.12,17 No-carrier-added (n.c.a.) MIBG 
is today available for experimental and clinical pur-
poses, this having significant effects on both efficacy 
and safety of the preparation. Meanwhile, the main 
advantage of n.c.a. MIBG is evident in its therapeutic 
application due to the reduced molar amount of drug 
injected and consequently its reduced pharmacological 
side effects.18 In addition, MIBG analogs labeled with 
the alpha-emitter 211At for therapy and MIBG analogs 
labeled with positron emitting radionuclides such as 
124I, 18F and 76Br for positron emission tomography 
(PET) have been developed.11,19

Instrumentation

From the first experiences with MIBG scintigra-
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phy, technology was also evolved from classic planar 
scintigraphy with gamma cameras to single photon 
emission computed tomography (SPECT) imaging 
up to hybrid machines, which combine a dual head 
gamma camera with CT, allowing fusion of SPECT 
images with CT. In particular, SPECT increases reader 
confidence and improves visualization of lesions 
that may be missed on planar images due to their 
small size and/or superimposition of physiological 
(mainly liver and bladder) or pathological uptake or 
excretion.14 Moreover, the integration of anatomical 
and functional imaging by hybrid machines provides 
precise anatomical localization and metabolic charac-
terization of pathological processes, while it improves 
SPECT interpretation with a significant impact on 
diagnostic accuracy;20 for example, SPECT-CT helps 
to distinguish between soft tissue and bone lesions, 
this information being important for tumor staging 
and therapeutic management.14,21 However, attention 
must be paid to CT-based attenuation correction that 
may cause enhanced physiological visualization of 
adrenal medulla, thus leading to misinterpretation 
(false positive results).22 Diagnostic accuracy can 
be further improved by using the recently available 
scanners incorporating spiral CT (diagnostic) tech-
nology compared to low-dose CT (non-diagnostic) 
hybrid machines.

4. inteRfeRing DRugs

A wide range of drugs may interfere with MIBG 
uptake and/or retention via various mechanisms 
of interaction, as demonstrated by pharmacologic 
‘in vitro’ and ‘in vivo’ studies and clinical observa-
tions.13,14,23,24 Table 1 includes drugs known to interfere 
or suspected of interfering with MIBG uptake and/
or retention divided into drug categories and the 
time of their withdrawal prior to imaging.14 With 
the exception of labetalol (suggested time of with-
drawal 10 days), depot form of antipsychotics (sug-
gested time of withdrawal 1 month) and a few other 
drugs, all medications have to be discontinued for 
1-3 days.14,22,23 Most of the interfering drugs reduce 
MIBG uptake through various mechanisms and must 
be discontinued to avoid false negative results. On 
the other hand, calcium blockers such as nifedipine 
can cause prolonged retention of the tracer.24,25 A 
complete list of interfering medications is available 

in review articles and procedure guidelines in the 
literature.14,24 In hypertensive patients with metaboli-
cally active tumors, the decision to withdraw alfa- and 
beta-blockers should be taken in agreement with the 
referring physician.14 In our personal experience, the 
combination of doxazosin (alfa-receptor blockade) 
and atenolol (beta-receptor blockade) per os does 
not significantly reduce MIBG uptake. Recently, 
drugs that increase MIBG uptake by increasing the 
amount of NET expressed in tumors (such as histone 
deacetylase inhibitors) are under investigation in 
animal models in an attempt to enhance the thera-
peutic efficacy of 131I-MIBG therapy in patients with 
advanced malignant Pheo/PGL.26

5. scintigRapHic tecHnique

Procedure guidelines on the use of MIBG scintig-
raphy in neuroendocrine tumors have been published 
in Europe.14 These guidelines summarize the views of 
European Committees and provide generic “recom-
mendations that should be taken in the context of good 
practice of nuclear medicine and local regulation”; 
in any case, they form a helpful basis for nuclear 
medicine physicians in daily practice. Essentially, the 
following procedure is followed for both 131I-labeled 
and 123I-labeled MIBG. 40-80 MBq of 131I-MIBG and 
200-400 MBq of 123I-MIBG are administered by slow 
intravenous injection (over 1-5 min to avoid potential 
side effects such as tachycardia or hypertensive crisis). 
Due to the small percentage of free radioiodine both 
present in the preparation (approximately 5%) and 
released “in vivo” after injection (approximately 3%), 
there is the need of thyroid blockade with potassium 
iodide administered orally (130 mg/day beginning 
1 day before tracer injection and continued for 2 
days for 123I-MIBG and 5 days for 131I-MIBG); in 
emergencies or in iodine-allergic patients, potassium 
perchlorate is used (400 mg/day started 1-4 hrs before 
tracer injection and continued for 2 days).14 Imaging is 
performed using a large field of view (LFOV) gamma 
camera equipped with a high-energy (131I-MIBG) or 
low-energy high-resolution (123I-MIBG) parallel-hole 
collimator. The standard time of imaging with 123I-
MIBG is at 20-24 hours after injection (with optional 
images at 4-6 hours and/or 48 hours), compared to 24 
and 48 hours when 131I-MIBG is used (with optional 
images at 72 hours); delayed images are useful if 
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Table 1. Drugs known to interfere or suspected of interfering with MIBG (modified from EANM procedure guidelines 2010)14

Mechanism of interactions Drug category Active substance
Time of 

withdrawal

Uptake-one inhibition Alkaloid cocaine 24 hrs

Tricyclic antidepressants amitriptyline, amoxapine, clomipramine dosulepin, 
doxepin, imipramine, lofepramine, nortriptyline, 
trimipramine

24-48 hrs

Tricyclic-related 
antidepressants

maprotiline, mianserin, trazodone, venlaflaxine, 
mirtazepine, reboxetine

Antipsychotics chlorpromazine, benperidol, flupentixol, 
fluphenazine, haloperidol, levomepromazine, 
pericyazine, perphenazine, pimozide, pipotiazine, 
prochlorperazine, promazine, sulpiride, thioridazine, 
trifluoperazine, zuclopenthixol, amisulpride, 
clozapine, olanzapine, quetiapine, risperidone, 
sertindole, zotepine, promethazine

48 hrs or 1 
month for 

depot

CNS stimulants atomoxetine 5 days

Vasoconstrictor 
sympathomimetics

ephedrine 24 hrs

Opiod analgesic tramadol 24 hrs

Depletion of content from 
neurosecretory vesicles

Inotropic sympathomimetics dobutamine, dopamine, dopexamine 24 hrs

Vasoconstrictor 
sympathomimetics 

metaraminol, norepinephrine, phenylephrine 24 hrs

b2 stimulants 
(sympathomimetics)

salbutamol, terbutaline, eformoterol, bambuterol, 
fenoterol, salmeterol

24 hrs

Other adrenoreceptor 
stimulants

orciprenaline 24 hrs

Systemic and local nasal 
decongestants, compound 
cough and cold preparation

pseudoephedrine, phenylephrine, xylometazoline, 
oxymetazoline

24-48 hrs

CNS stimulants amphetamines, e.g. dexamfetamine 48 hrs

Sympathomimetics for 
glaucoma

brimonidine, dipivefrine 48 hrs

Mixed (uptake-one 
inhibition; depletion of 
content from neurosecretory 
vesicles)

α-β blockers

antiarrhythmics for 
ventricular arrhythmias

labetalol

amiodarone

10 days

not practical 
to withdraw

Mixed (inhibition of 
active vesicular transport; 
depletion of content from 
neurosecretory vesicles)

Adrenergic neuron blockers bretylium, guanethidine, reserpine 48 hrs

Mixed (calcium-mediated; 
other, possible, unknown 
mechanisms)

Calcium channel blockers amlodipine, diltiazem, felodipine, isradipine, 
lacidipine, lercanidipine, nicardipine, nifedipine, 
nimodipine, nisoldipine, verapamil

24-48 hrs

Other, possible, unknown 
mechanisms

a-blocker phenoxybenzamine (I.V. doses only) 15 days

CNS stimulants methylphenidate, modafinil, caffeine 24-72 hrs
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non-specific tracer accumulation is suspected in the 
kidneys and/or in the bowel. Anterior and posterior 
spot views of the head and neck, thorax, abdomen 
and pelvis (>150 kcounts for 131I-MIBG; about 500 
kcounts for 123I-MIBG) are obtained; alternatively, 
anterior and posterior whole-body imaging may be 
performed (4-5 cm/min) with additional spot views 
in selected regions. Whenever possible, SPECT or 
SPECT-CT should be performed at 24h after 123I-
MIBG administration, with acquisition parameters 
depending on the equipment available. In general, 
SPECT images are obtained over a 360° orbit, 128 × 
128 or 64 × 64 word matrix, 120 projections in steps 
of 3°, 25-35 sec per step.14

6. BioDistRiBution anD noRmal 
scintigRapHic patteRn

Knowledge of the biodistribution of radioiodin-
ated MIBG is essential in order to avoid misinter-
pretation in scintigraphic images and false-positive 
results. In normal subjects, MIBG is accumulated in 
the myocardium, lungs, salivary glands, liver, spleen, 
large intestine and urinary bladder. Focal uptake of 
MIBG can be observed in cerebral tissues (cerebellum, 
basal nuclei and thalamic regions) after diagnostic or, 
more frequently, post-therapeutic images. Bilateral 
symmetrical activity is sometimes evident in the neck 
and supraclavicular region mainly of children and it 
is related to uptake in the brown adipose tissue that 
has an abundant supply of sympathetic nerves.27-29 
No bone activity is ever evident. The normal adrenal 
medulla may show physiological uptake of both 131I- 
and 123I-MIBG and this finding is more frequently 
seen when 123I-MIBG is used (up to 75% of patients 
with 123I-MIBG versus approximately 10% with 131I-
MIBG);30 it may thus be difficult with this tracer to 
assess whether adrenal uptake reflects physiological 
uptake, adrenal hyperplasia or a small pheochromocy-
toma.31 Attention must also be paid to MIBG uptake 
in the contralateral adrenal gland after resection of 
a pheochromocytoma.32 According to Cecchin and 
co-workers, the use of a scoring system based on 
liver uptake as a reference value (scores: 1, uptake 
absent or less than the liver; 2, equal to the liver; 3, 
moderately more intense than the liver; 4, markedly 
more intense than the liver, at images obtained at 
24 hrs after 123I-MIBG injection) may help in cor-

rectly discriminating physiological adrenal uptake; 
classifying as positive the score 3-4 and as negative 
the score 1-2, these authors obtained a sensitivity of 
91.5% and a specificity of 100% in the localization 
of adrenal and extra-adrenal tumors.33

7. clinical stuDies

Imaging of pheochromocytoma/paraganglioma 
(Pheo/PGL) by means of radioiodinated MIBG is 
based on the expression of plasma membrane and 
vesicular transporter systems in these tumors. By 
MIBG scintigraphy, benign tumors are depicted as 
foci of increased MIBG uptake in adrenal or extra-
adrenal sites, whereas multiple areas of uptake outside 
the adrenal and sympathetic ganglia characterize 
malignant lesions. One of the main advantages of 
MIBG scintigraphy is its ability to explore the whole 
body. Worldwide experience has demonstrated that 
MIBG scintigraphy can locate Pheo/PGL of all types, 
including adrenal and extra-adrenal tumors, and meta-
static disease as well as Pheo associated with various 
familial syndromes and simple familial Pheo (Figure 
1).30,34,35 Positive results have also been observed in 
adrenal tumors with low levels of secretion.36,37 When 
mild adrenal uptake is considered normal, specificity 

Figure 1. 123I-MIBG scintigraphy in various types of Pheo/PGL. 
A) Planar scintigraphy (posterior view) in a patient with right 
adrenal pheochromocytoma. B) Planar scintigraphy (anterior 
view) in a patient with familial bilateral pheochromocytoma. 
C) Planar scintigraphy (anterior view) in a patient with right 
head and neck PGL. D) Planar scintigraphy (anterior view) in 
a patient with abdominal PGL. E) Planar scintigraphy (spot an-
terior views) in a patient with metastatic PGL.
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2 syndrome specificity was as low as 17%.38

Recently, several gene mutations have been discov-
ered in Pheo/PGL with different clinical phenotypes. 
In this setting, MIBG scintigraphy was found to show 
different behaviors in the various clinical syndromes, 
with reduced sensitivity in some familial PGL syn-
dromes, malignant disease and extra-adrenal PGL. 
In particular, lower sensitivity of MIBG was found in 
von Hippel-Lindau syndrome (VHL), probably due 
to the low expression of NET in VHL-related pheo-
chromocytoma cells.46 Similarly, a sensitivity of only 
65% for 123I-MIBG was reported by Timmers et al in 
patients with mutations in SDHB genes.47 According 
to Fonte et al, all patients with false negative MIBG 
SPECT should be tested for SDHB mutations.48

8. compaRison witH otHeR 
gamma-emitteR tRaceRs anD pet 
RaDiopHaRmaceuticals

Somatostatin receptor scintigraphy (SRS) is a 
sensitive whole body imaging in neuroendocrine 
tumors, but unlike MIBG it is not specific, providing 
information only on somatostatin receptor status. 
The sensitivity of 111In-DTPA-octreotide is inferior 
to radioiodinated MIBG in Pheo and functioning 
(sympathetic) PGL, whereas it has been shown to be 
superior to MIBG in head and neck (parasympathetic) 
PGL.49 In metastatic Pheo/PGL, a complementary role 
of SRS and MIBG scintigraphy has been suggested, 
as in a minority of these patients SRS can uncover 
more lesions.50-52

A wide range of PET tracers, both specific and 
non-specific for chromaffin tumors, have been applied 
for imaging Pheo/PGL.35,53,54 Generally considered, 
PET agents provide excellent tumor imaging and 
show a tumor-to-background ratio greater than 123I-
MIBG; moreover, with PET technology a higher 
spatial resolution is obtained. Accordingly, with 
PET more lesions are detected with higher contrast. 
Other advantages versus MIBG scintigraphy are: less 
radiation exposure, no need of thyroid blockade or 
of withdrawing medication for many of them and 
immediate imaging after injection. However, except 
for 18F-FDG, PET agents do not yet have widespread 
clinical use due to their high cost and limited availabil-
ity. Specific agents (124I-MIBG, 11C-hydroxyephedrine, 

is high (>90%), with the exception of patients with 
MEN 2 syndrome.38

The overall sensitivity of 131I-MIBG scintigraphy 
in Pheo/PGL is high (77-90%), demonstrating better 
results with the use of 123I-MIBG and SPECT (88-
96%).22,30,31 In malignant disease, lesion detection rate 
further improves at post-therapy high-dose 131I-MIBG 
scintigraphy, also with respect to 123I-MIBG.39,40 The 
main limitation of most of the initial studies was 
the small sample size as well as the paucity of data 
comparing MIBG and other anatomical or func-
tional imaging techniques. A recent large prospective 
multicenter trial on the use of 123I-MIBG reported 
an overall sensitivity of 84% and specificity of 73%; 
specifically, for Pheos sensitivity and specificity were 
84% and 73%, respectively, for PGL 75% and 100%, 
whereas for metastatic disease sensitivity was 83%.41 
The positive results of 123I-MIBG scintigraphy are sup-
ported by a recent meta-analysis of 15 well-controlled 
clinical studies with a calculated sensitivity of 94% 
and specificity of 92%.42

Besides incorrect withdrawal of drugs that can alter 
MIBG uptake, false negative results may be caused by 
technical factors such as limitation in spatial resolu-
tion, or by intrinsic tumor characteristics such as low 
affinity to NET, the lack of storage granules or the loss 
of NET or VMAT by tumor cell dedifferentiation.31 In 
particular, the expression of VMAT-1 has been found 
to be essential for functional imaging of Pheo/PG with 
MIBG scintigraphy.43 Recent studies indicate that 
MIBG sensitivity is lower than previously reported, 
especially for the familial Pheo/PGL syndromes, the 
malignant lesions (57-79% sensitivity) and the extra-
adrenal PGL tumors, particularly the non-secreting 
in the head and neck region.22,36,41,44,45 According to 
Fottner et al, clinical predictors for MIBG negativity 
are a predominant norepinephrine/normetanephrine 
secretion, age <45 years and a hereditary cause.43 In 
familial Pheos MIBG scintigraphy contributes little to 
patient management; in this group of patients, Taieb 
et al reported a sensitivity of 61%.36 Another limita-
tion of MIBG scintigraphy when studying familial 
Pheos is the lack of specificity, namely the inability 
to distinguish between medullary hyperplasia and a 
tumor, since the mean diameter of familial tumors 
is usually smaller than that of sporadic Pheos. In the 
experience of De Graaf et al, in patients with MEN 
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mainly for dosimetric estimates before 131I-MIBG 
therapy.55 Non-specific PET agents that can be used 

18F-DOPA, 18F-dopamine) show diagnostic specificity 
similar to MIBG. Among these, 124I-MIBG is used 

Table 2. Diagnostic profiles from studies comparing PET tracers and MIBG in Pheos/PGL

Published studies 
on PET agents vs. 
MIbG Year

No. of 
patients Disease type

PET sensitivity 
on patient - 

based analysis

PET sensitivity  
on lesion -  

based analysis

MIbG sensitivity 
on patient - based 

analysis

MIbG sensitivity  
on lesion - based 

analysis
11c-HED

Shulkin et al57 1992 10 Pheo 90% NR NR NR
Franzius et al58 2006 7 Pheo/PGL NR 100% NR 90%
Mann et al59 2006 14 Pheo 100% NR 50% NR
18F-DA

Ilias et al44 2003 16 Metastatic Pheo 100% NR 56% NR
Mamede et al60 2006 5 Metastatic Pheo NR NR NR NR
Kaji et al46 2007 7 VHL-related Pheo 100% NR 57% NR
Timmers et al47 2007 30 SDHB-related PGL 88% NR 80% NR
Ilias et al52 2008 53 Pheo 90% NR 71% NR
Zelinka et al61 2008 71 Metastatic Pheo/PGL 90% NR 71% NR
Timmers et al62 2009 52 Metastatic/non-metastatic PGL NR 76%/78% NR 57%/78% 
Timmers et al63 2009 99 Known or suspected PGL 92% 78% (non metastatic) 83% 78% (non metastatic)
King et al45 2011 10 SDHx-related H&N PGL NR 46% NR 31%
18F-DOPA

Hoegerle et al64 2002 14 Pheo NR 100% NR 71%
Taieb et al65 2008 9 Malignant/multi-focal Pheo/PGL 100% NR 75% NR
Friebrich et al66 2009 48 Mainly Pheo 90% 73% 65% 48%
Timmers et al62 2009 52 Metastatic/non-metastatic PGL NR 45%/81% NR 57%/78% 
Fottner et al43 2010 30 Pheo/PGL 96% 98% 80% 53%
Rufini et al67 2011 12 Recurrent malignant Pheo/PGL 100% 98% 75% 38%
King et al45 2011 10 SDHx-related H&N PGL NR 100% NR 31%
18F-FDG

Shulkin et al68 1999 29 Pheo 76% NR 86% NR
Mann et al59 2006 14 Pheo 100% NR 50% NR
Mamede et al60 2006 5 Malignant/multi-focal Pheo/PGL NR NR NR NR
Timmers et al47 2007 30 SDHB-related PGL 100% NR 80% NR
Taieb et al65 2008 9 Malignant/multi-focal Pheo/PGL 89% NR 75% NR
Takano et al69 2008 11 Metastatic Pheo/PGL 100% NR 82% NR
Zelinka et al61 2008 71 Metastatic Pheo/PGL 76% NR 71% NR
Timmers et al62 2009 52 Metastatic/non-metastatic PGL NR 74%/88% NR 57%/78% 
King et al45 2011 10 SDHx-related H&N PGL NR 77% NR 31%
Timmers et al70 2012 216 Metastatic/non-metastatic PGL NR 82%/77% NR 50%/75%
Nakano et al71 2012 8 Metastatic Pheo/PGL NR 68% 87% NR
68Ga-peptides

Win et al72 2007 5 Malignant Pheo 100% NR 60% NR
Kroiss et al73 2011 6 Metastatic Pheo 100% 92% 100% 63%
Naji et al74 2011 12 Pheo/PGL 83% 97% 42% 23%
Naswa et al75 2012 25 Pheo/PGL 100% 100% NR 64%
Maurice et al76 2012 15 Pheo/PGL 87% NR 67% NR
11C-HED: 11C-hydroxyephedrine; 18F-DA: 18F-fluorodopamine; 18F-DOPA: 18F-dihydroxyphenylalanine; 18F-FDG: 18F-fluorodeoxyglucose; NR: not reported
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for imaging Pheo/PGL include 68Ga-somatostatin 
analogs (somatostatin receptor status) and 18F-FDG 
(glucose metabolism).54,56 Table 2 depicts diagnostic 
profiles from studies comparing PET tracers and 
MIBG in Pheos/PGL on a per-patient and on per-
lesion basis.43-47,52,57-76 According to recently published 
EANM guidelines for radionuclide imaging of Pheo/
PGL, MIBG is as sensitive as PET agents (mainly the 
specific ones) in patients with non-metastatic spo-
radic Pheo even in rare non-hypersecreting tumors.22 
Therefore, in this group of patients PET agents should 
be used only for MIBG negative cases and/or in the 
presence of interfering medications (Figure 2).22 A 
real advantage of PET agents over MIBG seems to 
be with regard to malignant disease, partly due to 
the ability of PET-CT scanners to detect and localize 
very small lesions throughout the body. Literature 
data support the superiority of various PET tracers 
(in particular, 18F-Dopamine, 18F-DOPA and 18F-
FDG) over 123I-MIBG to assess disease extension in 
patients with malignant Pheo/PGL, even though with 
different behavior in the different clinical syndromes 
on the basis of specific gene mutations.45,47,67,70,77 In 
any case, in these patients MIBG imaging provides 

unique information, allowing the selection of patients 
suitable for 131I-MIBG therapy. For head and neck 
paragangliomas, where MIBG scintigraphy usually 
fails, 18F-DOPA yields excellent results being most 
sensitive for small tumors.45 Preliminary data seem to 
indicate a primary role of 68Ga-labeled somatostatin 
analogs not only in patients with head and neck PGL 
(as expected) but also in those at high risk of PGL 
and metastatic disease.75,76

9. conclusion

After more than 30 years of clinical application, 
MIBG continues to be the most widespread radiop-
harmaceutical for the functional imaging of Pheo/
PGL in spite of the emergent role of PET agents in 
these tumors; 123I-MIBG is the recommended agent 
for diagnostic purposes. At the moment, MIBG is 
still a valid option in patients with non-metastatic 
sporadic Pheo due to its high sensitivity and wide 
availability; however, MIBG shows limited utility in 
patients with familial PGL as well as extra-adrenal 
and/or metastatic PGL. Thus, the real advantage of 
PET agents over MIBG seems to be for extra-adrenal 
PGL and malignant disease, with different behavior 
of the various PET agents in the different clinical 
syndromes on the basis of specific gene mutations. 
In any case, in malignant disease MIBG imaging 
provides unique information, enabling the selection 
of patients suitable for 131I-MIBG therapy.
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