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Abstract
In this study, we report our experience regarding the occurrence of false radionuclide findings in adrenal iodine-131 MIBG 
scintigraphy. We present a total of five patients in which nuclear images were false negative or positive in three and two 
cases, respectively, according to the standard radionuclide established criteria. In particular, the three cases of false-negative 
MIBG images consisted of two patients with necrotic or cystic pheochromocytomas (Cases 1 and 3) and a patient with a 
small pheochromocytoma (Case 2); the two cases of false-positive MIBG imaging consisted of a patient with an adenoma 
showing intense tracer uptake and of a large primary necrotic carcinoma with heterogeneous tracer concentration.
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Introduction

The imaging evaluation of tumors in adrenals is one of the 
main clinical topic using diagnostic techniques, particularly 
for the increased detection of adrenal lesions using tomo-
graphic modalities as ultrasound, computed tomography 
(CT) and magnetic resonance (MR); in particular, these 
tomographic scans offer anatomic assessment of adrenal 
masses as well as its characterization [1]. On the other hand, 
nuclear medicine adrenal procedures with radiopharmaceuti-
cals are able to provide functional evaluation of such tumors 
[2]. For this purpose, several radiopharmaceuticals have 
been proposed to characterize adrenal lesions such as nor-
cholesterol and metaiodobenzylguanidine (MIBG), which 
represent the most common radioagents used in clinical 
practice to, respectively, identify adenoma and pheochro-
mocytoma [2], as well as fluoro-deoxy-glucose (FDG) to 
detect malignant, primary and/or metastatic, adrenal masses 
[2]; however, false radionuclide imaging findings may occur, 
being misleading for tumor diagnosis [3].

The aim of the present study was to describe our experi-
ence regarding the occurrence of false scintigraphic results 

in adrenal iodine-131 MIBG imaging; in particular, we pre-
sent a total of five patients in which radionuclide images 
were false negative or positive in three and two cases, 
respectively, according to the standard radionuclide estab-
lished criteria.

Iodine‑131 MIBG scintigraphy protocol

Before iodine-131 MIBG injection, thyroid iodine uptake 
was blocked with a saturated solution of potassium iodide 
(200 mg/day orally, starting 1 day before tracer adminis-
tration and continuing for at least 5 days). Medical treat-
ment with drugs potentially interfering with MIBG uptake 
such as opioids, tricyclic or other anti-depressants, sym-
pathomimetics, and anti-hypertensive agents, particularly 
combined alpha and beta adrenoreceptor antagonists and 
calcium antagonists was suspended 1–3 days before tracer 
administration, as recommended; in case of labetalol, the 
drug withdrawal was performed 10 days before the proce-
dure [3]. Iodine-131 MIBG (37 MBq; GE Healthcare) was 
intravenously administered. Anterior and posterior whole-
body (WB) as well as anterior and posterior abdominal spot 
views were obtained 24, 48 and 72 h after tracer injection 
using a large-field-of-view gamma camera (Skylight; Philips 
Healthcare, Best, The Netherlands) with a high-energy col-
limator and a 20% window centered at 364 keV. In particu-
lar, anterior and posterior WB images were acquired with 
a table advancement speed of 4 cm/min, while anterior and 
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posterior abdominal spot views were acquired in pre-set 
count modality for at least 150,000 counts for each view. 
For radionuclide imaging analysis, the presence of abnor-
mally increased MIBG uptake was qualitatively evaluated 
in adrenal regions where tumor lesions were detected by 
MR according to the standard radionuclide established cri-
teria [3]; in particular, the intensity of adrenal tumor tracer 
uptake was visually evaluated on high-resolution display 
and adrenal activity was considered abnormal when lesion 
tracer uptake was greater than blood pool and/or surrounding 
background activity as well as when no similar uptake was 
observed on the contralateral adrenal region.

Results

False‑negative MIBG cases

Case 1. A male, 45 years old, was evaluated for arterial 
hypertension not pharmacologically controlled. The patient 
underwent abdominal Color-doppler ultrasound; no signifi-
cant renal arteries blood flow abnormalities were detected; 
however, a round right adrenal mass, measuring 32 × 26 mm, 
was identified. To better characterize the adrenal lesion MR 
imaging was performed confirming the detection of the right 
adrenal tumor with inhomogeneous high signal intensity on 
T2 and T1 post-contrast sequences for the presence of cen-
tral necrosis (Fig. 1a, b); slight drop-off signal intensity was 
observed on T1-weighted chemical-shift sequence. Labo-
ratory evaluation of adrenal function showed an increased 
level of urinary catecholamines (448 mcg/24 h; n.v. 10–100 
mcg/24 h). On the basis of abnormal catecholamines val-
ues, iodine-131 MIBG scintigraphy was performed, but 
no abnormal uptake was detected in the right adrenal mass 
(Fig. 1c). The patient had surgical resection of the lesion; 
histology demonstrated the presence of a cystic pheochro-
mocytoma; hence, the result of MIBG adrenal scintigraphy 
was considered false negative.

Case 2. A female, 72 years old, was evaluated during the 
follow-up after right adrenalectomy for pheochromocytoma. 
Laboratory evaluation of adrenal function showed mild 
increase of urinary cathecholamine levels (136 mcg/24 h; 
n.v.10–100 mcg/24 h); thus, MR imaging was performed 
to evaluate the left adrenal gland and it showed the pres-
ence of a left adrenal nodule measuring 16 mm with mild 
hyperintensity on T2-weighted sequence, without drop-off 
signal intensity on T1-weighted chemical-shift sequence 
and with progressive contrast enhancement (Fig. 2a, b). 
For lesion characterization, medullary adrenal iodine-131 
MIBG scintigraphy was performed, but no significant uptake 
was detected in the left adrenal bed (Fig. 2c). The patient 
had surgical resection of the left adrenal nodule; histology 
demonstrated the presence of pheochromocytoma; hence, 
the result of adrenal scintigraphy was considered as false-
negative finding.

Case 3. A 29-year-old man was evaluated for clinical 
suspicion of multiple sclerosis; the patient had recurrent 
headache, decreased vision, night sweats and weight loss; 
arterial blood pressure was slightly increased and urinary 
vanillylmandelic acid (12 mg/24 h, n.v. 1.8–6.7) as well as 
catecholamine levels (250 pg/mL, n.v. 0–180 pg/mL) were 
also abnormal. The patient had a total body CT scan which 
showed as incidental finding a large (7 cm) left inhomogene-
ous bi-lobated adrenal mass characterized by a fluid anterior 
portion and a solid posterior region. To further characterize 
the adrenal mass, MRI was performed using a dedicated 
protocol for adrenals; an inhomogeneous, hyperintese on T2 
images, large adrenal tumor was detected confirming the 
mixed structure of CT scan with inhomogeneous contrast 
enhancement on T1 scan (Fig. 3a, b). Therefore, for the 
suspicion of a cystic pheochromocytoma medullary adrenal 
scintigraphy with iodine-131 MIBG was performed, but no 
tracer uptake by the left adrenal mass was observed (Fig. 3c). 
The patient had surgical resection of the left adrenal mass; 
histology demonstrated a pheochromocytoma; hence, the 
result of MIBG scintigraphy was considered false negative.

Fig. 1  Right necrotic adrenal pheochromocytoma. MR coronal scans, 
T2 with fat suppression (FS) and T1-enhanced FS, showed an inho-
mogeneous right adrenal mass with central cystic component (a and 

b). Planar adrenal scintigraphy with  I131 MIBG in posterior view at 
48  h after tracer injection shows no abnormal tracer uptake in the 
right adrenal bed (c)
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False‑positive MIBG cases

Case 4. A 52-year-old-man with arterial hypertension was 
evaluated with CT to evaluate the morphology of renal 
arteries; however, these were normal but a solid hypodense 
nodule (18 mm) was detected in the left adrenal gland; the 
lesion was hypervascular with no significant wash-out; to 
characterize the lesion, MR was performed suggesting a 
non-adenoma, solid, T2 hyperintense as well as hyperin-
tense tumor on T1-weighted sequence (Fig. 4a, b). Labora-
tory evaluation of cortical and medullary adrenal function 
showed only increased levels of urinary normetanephrines 
(675mcg/24 h; n.v. 162–527 mcg/24 h). Thus, a pheochro-
mocytoma was suspected and medullary adrenal scintigra-
phy with iodine-131 MIBG was performed; increased focal 
tracer uptake in the left adrenal nodule was found (Fig. 4c). 
Therefore, on the basis of laboratory and MIBG results, a 
pheochromocytoma was diagnosed. Left adrenalectomy was 
performed, but pathology showed an adenoma; thus, MIBG 
finding was false positive.

Case 5. A female, 51-year-old, was evaluated to char-
acterize a huge (12 cm) right adrenal tumor depicted by 
ultrasound and MR scans. The patient had clinically sig-
nificant abdominal pain and increasing of arterial blood 
pressure (220/100 mmHg). Laboratory analysis of adrenal 
function was regular, but the value of urinary vanillylman-
delic acid (VMA) was observed as borderline: 11.6 mg/24 h 
(n.v. 0–10). The tumor was situated in the right upper abdo-
men, probably in the retroperitoneum originating from the 
homolateral adrenal; in particular, the mass was inhomo-
geneous with a large central portion of necrosis and dislo-
cating downward the kidney (Fig. 5a). The arterial hyper-
tension, the large adrenal tumor and the borderline level of 
urinary VMA were suggestive for pheochromocytoma. For 
this clinical suspicion, iodine-131 MIBG scintigraphy was 
performed showing a large area of inhomogeneous diffuse 
increased activity in the right abdomen where MR located 
the tumor lesion (Fig. 5b). Hence, the result of MIBG scin-
tigraphy was indicative of pheochromocytoma. The patient 
had surgical treatment removing a huge (18 × 16 × 11 cm), 

Fig. 2  Left adrenal pheochromocytoma. MR axial scans, T2 FS and 
T1-enhanced FS, showed a homogeneous small left adrenal nodule (a 
and b). Planar adrenal scintigraphy with  I131 MIBG in posterior view 

at 48 h after tracer injection shows no abnormal tracer uptake in the 
left adrenal nodule (c)

Fig. 3  Left adrenal cystic pheochromocytoma. MR axial scans, T2 
FS and T1-enhanced FS, showed an inhomogeneous large left adrenal 
mass with bi-lobated morphology such as cystic anterior component 

and solid posterior tissue (a and b). Planar adrenal scintigraphy with 
 I131 MIBG in posterior view at 48 h after tracer injection shows no 
abnormal tracer uptake in the left adrenal bed (c)
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but well-capsulated, adrenal tumor with wide central necro-
sis associated with hemorrhagic degeneration. Histology 
proved a cortical adrenal carcinoma. The result of MIBG 
scintigraphy was considered false positive.

Discussion

The imaging characterization of adrenal tumors is clinically 
relevant in the diagnostic evaluation of patients with adre-
nal masses [1, 2]. Appropriate characterization of adrenal 
lesions is requested for correct patient care; in this setting, 
although the majority of incidental adrenal masses consist 
of benign adenomas, it is fundamental the lesion charac-
terization for ruling out potential malignancy to ensure 

appropriate patient management. The diagnostic capabil-
ity of CT to identify adrenal adenomas has shown useful-
ness because of its ability to measure attenuation, either on 
unenhanced or delayed enhanced images measuring contrast 
lesion wash-out. MRI is often used to evaluate indeterminate 
adrenal lesions not completely characterized by CT using 
chemical-shift sequence. Radionuclide adrenal imaging 
with specific radiotracers such as labeled nor-cholesterol, 
metaiodobenzylguanidine (MIBG) and fluoro-deoxyglu-
cose (FDG) may offer significant functional information 
for tumor characterization enabling to, respectively, iden-
tify adrenal adenomas, pheochromocytomas and malignant 
adrenal tumors, both primary and metastatic [4, 5]. Positron 
emission tomography (PET) combined with CT has been 
shown to be helpful to characterize incidentally discovered 

Fig. 4  Left adrenal adenoma. T1-weighted FS MR coronal scans pre- 
(a) and post- (b) contrast administration showed a solid homogene-
ous small left adrenal nodule with blurred margins located anteriorly 
to the upper pole of the kidney. Planar adrenal scintigraphy with  I131 

MIBG in posterior view at 48 h after tracer injection shows a focal 
intense tracer uptake in the left adrenal bed corresponding to the nod-
ule detected on MR images (c)

Fig. 5  Right large adrenal carcinoma. Coronal MR scan showed an 
inhomogeneous large right adrenal tumor (white arrows) with irregu-
lar margins and wide central intra-lesion necrosis on T1 sequence (a). 
Planar adrenal scintigraphy with  I131 MIBG in posterior view at 48 h 
after tracer injection shows heterogeneous diffuse tracer uptake in 
the right adrenal bed (black arrows) corresponding to the large mass 

detected on MR image, mainly in the periphery (b); S spleen and U 
urinary bladder. Post-surgical specimen confirmed a large carcinoma 
with wide central intra-lesion necrosis and solid periphery (c); (with 
permission by Wolters Kluwer Health, Inc. and Copyright Clearance 
Center)
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adrenal masses [6]. Although MIBG scintigraphy has been 
reported to be useful to characterize pheochromocytoma, the 
diagnostic accuracy of this radionuclide technique suffers for 
the occurrence of false imaging results [3].

In this study, we report our experience regarding five 
patients in whom the results of MIBG scan were false 
negative (n = 3) or positive (n = 2) according to the stand-
ard radionuclide established criteria [3]. The three cases 
of false-negative MIBG images consisted of two patients 
with necrotic or cystic pheochromocytomas (Cases 1 and 
3) and a patient with a small pheochromocytoma (Case 
2). These lesion features could explain the lack of MIBG 
uptake in these cases. In this regard, small tumor size, cystic 
lesion degeneration or necrosis and hemorrhage as well as 
some poorly differentiated pheochromocytomas have been 
reported as potential reasons of false-negative MIBG find-
ings [3, 7]; of note, these tumor characteristics earn the 
epithet of “an imaging chameleon” for this lesion [8]. In 
details, tumor cystic degeneration may be so marked that 
only few identifiable cells or residual nodules may reflect 
the true nature of the neoplasm; moreover, wide hemorrhage 
followed by necrosis with cyst formation and subsequent 
resorption of the blood may be the likely explanation for 
these cystic changes [8]. In this scenario, the imaging dif-
ferentiation between a simple adrenal cyst and a cystic adre-
nal pheochromocytoma is fundamental for correct patient 
management since biopsy should be avoided and surgeons 
should be alerted to perform adrenalectomy; for this pur-
pose, hybrid FDG PET combined with CT or MRI might be 
useful for lesion characterization [9]. The small tumor size 
of Case 2 could justify the absence of MIBG uptake in such 
patient. Therefore, in false-negative MIBG cases, labora-
tory abnormalities and MRI features should be considered 
of main clinical importance for tumor diagnosis.

To date, false-negative MIBG results may also be a con-
sequence of interfering drugs that are often necessary to 
control hypertension and tachyarrhythmia in patients with 
pheochromocytomas [10, 11]; in particular, labetalol has 
been reported to cause false-negative results and it should 
be discontinued more than 10 days before MIBG adminis-
tration for study acquisition, if the patient’s clinical condi-
tion allows [12]. In addition, it is needed to underline that 
iodine-131 is not ideal as radiolabel for MIBG scintigra-
phy for its unfavorable physical features such as long time 
of decay and high emission energy; for these reasons, its 
conventional radioactive dose is restrained as well as it is 
not preferred for tomography (SPECT) acquisition. Since 
iodine-131 MIBG scintigraphy has been shown to have a 
false-negative rate of 13% for lesion detection in pheochro-
mocytomas, iodine-123 has been proposed as an alterna-
tive radioactive label for MIBG to improve image quality 
and reduce the false-negative rate [13]; in this compara-
tive study, iodine-123 MIBG scan showed a significantly 

better diagnostic accuracy for pheochromocytoma lesion 
detection compared with iodine-131 MIBG. Thus, physi-
cal disadvantages of iodine-131 compared to the technical 
advantages of iodine-123, such as superior dosimetry for 
the shorter half-life, better detection efficacy for freedom 
from beta-emission, but increased gamma-emission as well 
as SPECT acquisition might also explain the occurrence of 
false-negative results of iodine-131 MIBG scintigraphy. In 
our experience, we selected iodine-131 MIBG as radiotracer 
for adrenal nuclear scanning since this radiocompound is 
less expensive and easily available for delivery, while 
iodine-123 is more expensive and produced by cyclotron 
[13]. SPECT acquisition may be integrated with CT using 
iodine-123 for an optimized scintigraphic strategy to better 
localized tracer uptake in adrenal regions [3], but we did not 
use this technical protocol because we do not have available 
in our department a SPECT/CT scanner. SPECT/CT with 
iodine-123 MIBG could be comparable to MR scanning in 
terms of tomographic anatomic imaging, but the functional 
diagnostic information of MIBG in hybrid SPECT/CT is 
peculiar for pheochromocytoma; conversely, although MR 
imaging uses multiple sequences to characterize such adre-
nal lesion its diagnostic performance is more limited for this 
purpose [14–16].

In the present experience, the two cases of false-positive 
MIBG imaging consisted of a patient with an adenoma 
showing intense tracer uptake and of a large primary carci-
noma with heterogeneous tracer concentration. The possible 
occurrence of false-positive MIBG findings was originally 
described by Shapiro et al. [17] and defined as the presence 
of abnormal tracer uptake into tumor lesions of adrenals 
other than pheochromocytoma; of note, in this previous 
study, a case of adrenal metastasis of choriocarcinoma was 
reported. Successively, many cases of false-positive findings 
of MIBG scan have been reported in the literature [18–28]; 
other cases of adrenal adenomas with MIBG accumulation 
have been previously described by others and also by our 
group [18–22]; in these cases, different explanations have 
been provided to justify MIBG uptake by the lesions such 
as the coexistence within the tumor of medullary hyperpla-
sia or the presence of dense medullary granules as well as 
the occurrence of collision tumors [29]. In our first false-
positive MIBG Case with histologically proven adrenal 
adenoma, the presence within the nodule of medullary 
hyperplasia associated with dense medullary granules could 
justify the occurrence of tracer uptake. The second false-
positive MIBG Case consisted of a huge adrenal carcinoma 
with necrotic degeneration reflected by diffuse heterogene-
ous tracer uptake; in this regard, similar MIBG findings 
are reported in the literature in several malignant adrenal 
lesions such as a huge carcinoma, an oncocytic carcinoma, 
an undifferentiated malignant tumor with rhabdoid features 
and a diffuse large B-cell-type lymphoma [23–26]. In these 



114 Clinical and Translational Imaging (2021) 9:109–115

1 3

lesions, why MIBG uptake occurred is unclear. Of note, high 
tumor-dependent blood flow as well as non-specific diffu-
sional tracer uptake has been thought to be involved and 
these physiopathological mechanisms might justify MIBG 
concentration in our large tumor lesion. The potential neu-
roendocrine origin of specific type of adrenal carcinomas 
might determinate MIBG accumulation in these tumors. In 
detail, Miettinen et al. reported neuroendocrine differentia-
tion, as reflected by the positivity of immunoreactivity for 
neurofilament proteins, S-100 protein as well as neuron-spe-
cific enolase, in adrenal carcinomas [30], even though these 
features were not observed in our patient. To date, MIBG 
uptake has been observed as false-positive results also in 
other benign adrenal lesions such as angiomyolipoma prob-
ably for the rich abnormal vascularization [27] as well as in 
a mast cell-infiltrated infantile hemangioma, in which tracer 
uptake was believed to be caused by increased expression of 
vesicular monoamine transporters by mast cells [28].

In conclusion, different tumors may occur in the adrenal 
glands; the knowledge of imaging features of such lesions on 
radiologic and radionuclide imaging will enhance the ability 
to make tumor characterization. In this scenario, although 
iodine-131 MIBG scintigraphy has been shown to be useful 
to characterize pheochromocytoma, the diagnostic accuracy 
of this nuclear technique suffers for the occurrence of false 
imaging results as reported in the literature and confirmed by 
our present experience. Future investigations might be valu-
able to collect potential similar radionuclide findings. Thus, 
MIBG scintigraphy pitfalls may occur, so that careful imag-
ing evaluation is required for correct scan interpretation.

Author contributions SDA: writing, content planning, editing. VR: lit-
erature search, content planning, editing. RA: literature search, content 
planning. MK: literature search, content planning, editing. SM: writing, 
content planning, editing, literature review.

Funding Open access funding provided by Università degli Studi di 
Napoli Federico II within the CRUI-CARE Agreement. This study 
received no funding.

Data availability Data are transparency.

Code availability Not applicable.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 
This research study was conducted retrospectively from data obtained 
for clinical purposes. We consulted extensively with the IRB of Uni-

versity of Naples “Federico II” who determined that our study did not 
need ethical approval.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publish The participant has consented to the submission of 
the case report to the journal.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Korivi BR, Elsayes KM (2013) Cross-sectional imaging work-up 
of adrenal masses. World J Radiol 5(3):88–97

 2. Ilias I, Sahdev A, Reznek RH, Grossman AB, Pacak K (2007) The 
optimal imaging of adrenal tumours: a comparison of different 
methods. Endocr Relat Cancer 14:587–599

 3. Taïeb D, Hicks RJ, Hindié E et al (2019) European Association of 
Nuclear Medicine Practice Guideline/Society of Nuclear Medicine 
and Molecular Imaging Procedure Standard 2019 for radionuclide 
imaging of phaeochromocytoma and paraganglioma. Eur J Nucl 
Med Mol Imaging 46(10):2112–2137. https ://doi.org/10.1007/
s0025 9-019-04398 -1 (Epub 2019 Jun 29 PubMed PMID: 
31254038)

 4. Maurea S, Cuocolo A, Imbriaco M, Pellegrino T, Fusari M, Cuo-
colo R, Liuzzi R, Salvatore M (2012) Imaging characterization 
of benign and malignant pheochromocytoma or paraganglioma: 
comparison between MIBG uptake and MR signal intensity ratio. 
Ann Nucl Med 26(8):670–675. https ://doi.org/10.1007/s1214 
9-012-0624-1

 5. Maurea S, Mainenti PP, Romeo V, Mollica C, Salvatore M (2014) 
Nuclear imaging to characterize adrenal tumors: comparison with 
MRI. World J Radiol 6(7):493–501. https ://doi.org/10.4329/wjr.
v6.i7.493

 6. Kandathil A, Wong KK, Wale DJ, Zatelli MC, Maffione AM, 
Gross MD, Rubello D (2015) Metabolic and anatomic character-
istics of benign and malignant adrenal masses on positron emis-
sion tomography/computed tomography: a review of literature. 
Endocrine 49(1):6–26

 7. Fonte JS, Robles JF, Chen CC, Reynolds J, Whatley M, Ling A 
et al (2012) False-negative (1)(2)(3)I-MIBG SPECT is most com-
monly found in SDHB-related pheochromocytoma or paragan-
glioma with high frequency to develop metastatic disease. Endocr 
Relat Cancer 19:83–93

 8. Blake MA, Kalra MK, Maher MM, Sahani VD, Sweeney AT, 
Mueller PR, Hahn PF, Giles W, Boland GW (2004) Pheochro-
mocytoma: an imaging chameleon. Radio Graphics 24:S87–S99. 
https ://doi.org/10.1148/rg.24si0 45506 

 9. Galatola R, Romeo V, Simeoli C, Guadagno E, De Rosa I, Basso 
L, Mainolfi C, Klain M, Nicolai E, Maurea S, Salvatore M (2020) 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00259-019-04398-1
https://doi.org/10.1007/s00259-019-04398-1
https://doi.org/10.1007/s12149-012-0624-1
https://doi.org/10.1007/s12149-012-0624-1
https://doi.org/10.4329/wjr.v6.i7.493
https://doi.org/10.4329/wjr.v6.i7.493
https://doi.org/10.1148/rg.24si045506


115Clinical and Translational Imaging (2021) 9:109–115 

1 3

Characterization with hybrid imaging of cystic pheochromocy-
tomas: correlation with pathology. Quant Imaging Med Surg (in 
press)

 10. Solanki KK, Bomanji J, Moyes J, Mather SJ, Trainer PJ, Britton 
KE (1992) A pharmacological guide to medicines which interfere 
with the biodistribution of radiolabelled meta-iodobenzylguani-
dine (MIBG). Nucl Med Commun 13:513–521

 11. Jacobson AF, Travin MI (2015) Impact of medications on MIBG 
uptake with specific attention to the heart: comprehensive review 
of the literature. J Nucl Cardiol 22:980–993

 12. Khafagi FA, Shapiro B, Fig LM, Mallette S, Sisson JC (1989) 
Labetalol reduces iodine-131 MIBG uptake by pheochromocy-
toma and normal tissues. J Nucl Med 30:481–489

 13. Lynn MD, Shapiro B, Sisson JC, Beierwaltes WH, Meyers LJ, 
Ackerman R, Mangner TJ (1985) Pheochromocytoma and the nor-
mal adrenal medulla: improved visualization with I-123 MIBG 
scintigraphy. Radiology 155:571–573

 14. Jacques AE, Sahdev A, Sandrasagara M, Goldstein R, Berney 
D, Rockall AG, Chew S, Reznek RH (2008) Adrenal phaeochro-
mocytoma: correlation of MRI appearances with histology and 
function. Eur Radiol 18(12):2885–2892. https ://doi.org/10.1007/
s0033 0-008-1073-z (Epub 2008 Jul 19 PMID: 18641999)

 15. Leung K, Stamm M, Raja A, Low G (2013) Pheochromocytoma: 
the range of appearances on ultrasound, CT, MRI, and functional 
imaging. AJR Am J Roentgenol 200(2):370–378. https ://doi.
org/10.2214/AJR.12.9126 (Erratum in: AJR Am J Roentgenol. 
2013 Mar;200(3):705. PMID: 23345359)

 16. Raja A, Leung K, Stamm M, Girgis S, Low G (2013) Multimo-
dality imaging findings of pheochromocytoma with associated 
clinical and biochemical features in 53 patients with histologically 
confirmed tumors. AJR Am J Roentgenol 201(4):825–833. https 
://doi.org/10.2214/AJR.12.9576 (PMID: 24059371)

 17. Shapiro B, Copp JE, Sisson JC, Eyre PL, Wallis J, Beierwaltes 
WH (1985) Iodine-131 metaiodobenzylguanidine for the locating 
of suspected pheochromocytoma: experience in 400 cases. J Nucl 
Med 26:576–585

 18. Krubsack AJ, Arnaout MA, Hagen TC et al (1988) Zona fas-
ciculata cortical adenoma and adrenal medullary hyperplasia in 
MEN II patient: unique concurrent presentation. Clin Nucl Med 
10:730–733

 19. Horne T, Glaser B, Krausz Y, Rubinger D, Britton KE (1991) 
Unusual causes of I-131 metaiodobenzylguanidine uptake in non-
neural crest tissue. Clin Nucl Med 16:239–242

 20. Sone H, Okuda Y, Nakamura Y et al (1996) Radioiodinated meta-
iodobenzylguanidine scintigraphy for pheochromocytoma: a false-
positive case of adrenocortical adenoma and literature review. 
Horm Res 46:138

 21. Letizia CJ, De Toma G, Massa R et al (1998) False-positive diag-
nosis of adrenal pheochromocytoma on iodine-123-MIBG scan. 
Endocrinol Invest 21(11):779–783

 22. Dell’Aversana S, Coppola M, Balestrieri U et al (2017) Integrated 
imaging characterization of adrenal adenoma: false-positive Meta-
iodobenzylguanidine (MIBG) findings of adrenal scintigraphy. Pol 
J Radiol 4(82):422–425

 23. Rainis, Ben-Haim S, Dickstein G (2000) False positive metaio-
dobenzylguanidine scan in a patient with a huge adrenocortical 
carcinoma. J Clin Endocrinol Metab 85(1):5–7

 24. Padberg BC, Rordorf T, Suter SL, Pfeiffer D, Wild D, Schröder 
S (2007) 123-I Metaiodobenzylguanidine (MIBG) scintigraphy: 
paradoxical positivity in an oncocytic adrenocortical carcinoma. 
Pathologe 28:281–284

 25. Jung HS, Moon SJ, Kim YM et al (2015) False positive radi-
oiodinated Metaiodobenzylguanidine ((123)I-MIBG) uptake in 
undifferentiated adrenal malignant tumor. Case Rep Oncol Med 
2015:164280. https ://doi.org/10.1155/2015/16428 0 (Epub 2015 
Mar 30 PMID: 25918656)

 26. Kume H, Nishimura S, Teramoto S, Niimi A, Tomita K, Kitamura 
T (2008) An 123-I MIBG positive malignant lymphoma involv-
ing the adrenal gland with hypercatecholaminaemia. Clin Radiol 
63:475–477

 27. Takasu N, Hayashi M, Takara M, Iha T, Kouki T, Ohshiro Y, 
Ogawa Y (2007) False-positive 123I-metaiodobenzylguanidine 
(MIBG) scan in a patient with angiomyolipoma; positive MIBG 
scan does not necessarily indicate the presence of pheochromo-
cytoma. Intern Med 46(20):1717–1721 (Epub 2007 Oct 15)

 28. Rottenburger C, Juettner E, Harttrampf AC, Hentschel M, Kontny 
U, Roessler J (2010) False-positive radio-iodinated metaiodoben-
zylguanidine (123I-MIBG) accumulation in a mast cell infiltrated 
infantile haemangioma. Br J Radiol 83(992):e168–e171

 29. Abdullazade S, Sahin I, Guler TG (2012) A rare case of collision 
tumor: coexistence of adrenocortical adenoma and pheochromo-
cytoma in the same adrenal gland. J Med Cases 3(1):63–67

 30. Miettinen M (1992) Neuroendocrine differentiation in adrenal cor-
tical carcinoma. New immuno-histochemical findings supported 
by electron microscopy. Lab Invest 66:169–174

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00330-008-1073-z
https://doi.org/10.1007/s00330-008-1073-z
https://doi.org/10.2214/AJR.12.9126
https://doi.org/10.2214/AJR.12.9126
https://doi.org/10.2214/AJR.12.9576
https://doi.org/10.2214/AJR.12.9576
https://doi.org/10.1155/2015/164280

	False iodine-131 MIBG scintigraphy findings in adrenal tumors: correlation with MR imaging
	Abstract
	Introduction
	Iodine-131 MIBG scintigraphy protocol

	Results
	False-negative MIBG cases
	False-positive MIBG cases

	Discussion
	References




