
ORIGINAL ARTICLE ISSN (print) 1869-3482
ISSN (online) 1869-3474

Value of SPECT/CT in Diagnostic I-131 MIBG Scintigraphy
in Patients with Neuroblastoma

Daris Theerakulpisut1 & Yutapong Raruenrom1
& Nantaporn Wongsurawat1 & Charoonsak Somboonporn1

Received: 8 May 2018 /Revised: 12 June 2018 /Accepted: 28 June 2018 /Published online: 16 July 2018
# Korean Society of Nuclear Medicine 2018

Abstract
Purpose Diagnostic I-131 MIBG scintigraphy is an important imaging modality for evaluation of patients with neuroblastoma
(NB) especially in centers where I-123 MIBG is not available. Single photon emission computed tomography/computed tomog-
raphy (SPECT/CT) could potentially improve lesion detection over planar scintigraphy, but studies regarding its usefulness as an
add-on to diagnostic I-131 MIBG scintigraphy are limited. This study aimed to determine the usefulness and factors related to
usefulness of SPECT/CT in diagnostic I-131 MIBG scintigraphy in NB patients.
Methods Usefulness of SPECT/CT for lesion detection, lesion localization, resolving suspicious findings, and clarifying the
nature of lesions on anatomical imaging were retrospectively reviewed in 86 diagnostic planar I-131MIBG scintigrams with add-
on SPECT/CT.
Results SPECT/CT detected additional lesions in 23.2%(20/86), helped localize lesions in 21.1%(8/38), resolved suspicious
findings in 85.7%(6/7), determined functional status of lesions on anatomical imaging in 94.4%(17/18), and changed diagnosis
from a negative to a positive study in 19.5%(8/41). Independent predictors of SPECT/CT being useful included presence of
suspicious findings on planar imaging (OR 99.08; 95% C.I. 6.99–1404.41; p = 0.001), positive findings on planar imaging (OR
4.61; 95% C.I. 1.05, 20.28; p < 0.001), and presence of structural lesions on anatomical imaging (OR 32.54; 95% C.I. 5.37–
196.96; p < 0.001).
Conclusion SPECT/CT is a useful add-on to diagnostic planar I-131 MIBG scintigraphy. Predictors of usefulness of SPECT/CT
include suspicious or positive findings on planar scintigraphy and the presence of structural lesions on anatomical imaging.

Keywords Diagnostic I-131MIBG scintigraphy .MIBG . Neuroblastoma . Radionuclide imaging . SPECT/CT

Background

Neuroblastoma (NB) is one of the most common early child-
hood malignancies with an incidence ranging from 2.7 to 12

per million [1]. Originating from neural crest cells, NB arises
from the adrenal glands in approximately half of cases but can
occur at any site along the sympathetic nervous system includ-
ing the abdomen, chest, neck, and pelvis [2]. Patients are
treated with multimodality therapy. Diagnostic imaging plays
a crucial role throughout the course of treatment. Anatomical
imaging including computed tomography (CT), magnetic res-
onance imaging (MRI), and ultrasonography (US) are used for
evaluation of local disease staging and monitoring [3]. Whole
body radionuclide imaging with metaiodobenzylguanidine
(MIBG) labeled with either iodine-123 (I-123) or iodine-131
(I-131) is important for detection and staging of distant me-
tastasis, as well as provides insight into tumor function [4].
MIBG is an analogue of norepinephrine and can be taken up
into cells of neural crest tumors including neuroblastoma. Due
to a more favorable gamma radiation energy, I-123 MIBG
results in higher quality images than I-131 MIBG and is the
preferred imaging agent [5], although I-123 requires cyclotron
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for production and is considerably more expensive. I-131
MIBG plays a key role as a systemic radionuclide therapeutic
agent but diagnostic imaging using I-131MIBG is still used in
centers where I-123 MIBG is not available. Both I-123 and I-
131 MIBG scintigraphy has been found to have high sensitiv-
ity for detection of NB lesions with specificity approaching
100% [6–8], although it has been reported that I-123 MIBG is
able to detect more lesions than I-131 MIBG [9].

In recent years, hybrid imaging has played an increasing
role in radionuclide imaging. Single photon emission
tomography/computed tomography (SPECT/CT) provides
both functional anatomical information. In I-123 MIBG
scintigraphy, SPECT/CT has been reported to detect more
functioning lesions than planar imaging [10, 11] as well as
allowed better correlation with anatomical imaging [12]. A
study done in I-123 MIBG scintigraphy in pheochromocy-
toma found that adding SPECT/CT lead to revision of orig-
inal CT, MRI, or planar scintigraphy diagnosis in 6 out of
22 cases [13]. Similar benefits of SPECT/CT have also
been reported in post-therapeutic I-131 MIBG scintigraphy
[11]. Although newer SPECT/CT systems allow faster im-
age acquisition, SPECT/CT in addition to planar scintigra-
phy still increases imaging time which may lead to in-
creased need for patient sedation. The CT portion of
SPECT/CT also imparts considerable additional radiation
to patients which is a concern especially in NB patients
which are mostly young children. For these reasons,
adding SPECT/CT cannot be implemented routinely and
must be tailored on an individual basis [14]. Diagnostic I-
131 MIBG is still used for evaluation of patients with NB
in centers where I-123 is not available, but the role of
adding SPECT/CT to diagnostic planar I-131 MIBG scin-
tigraphy has not been clearly defined. Findings in studies
done in I-123 MIBG scintigraphy may not be applicable to
I-131 MIBG scintigraphy since the image quality of the
SPECT portion obtained from I-131 is inferior to that obtained
from I-123. The objectives of this study were to determine the
benefit of SPECT/CT in diagnostic I-131 MIBG scintigraphy
and to determine factors related to its usefulness.

Methods

Patients

This cross-sectional retrospective medical record review was
approved by the authors’ institutional Ethics Committee for
Human Research (Ref. HE611069). Patients who underwent
diagnostic planar I-131 MIBG scintigraphy with additional
SPECT/CT at the author’s institution from 1 June 2013 to 31
December 2017 were included. Clinical data including age,
sex, disease staging, and treatment received were obtained
from the patient database of our center.

I-131 MIBG Scintigraphy

Patients were instructed to take 1 drop of 5% Lugol’s solution
per 5 kg of body weight per day with a maximum dose of 3
drops per day, starting 3 days prior to I-131 MIBG adminis-
tration and continued for 7 days after. Medications that could
interfere with MIBG uptake were discontinued. I-131 MIBG
at doses ranging from 20 to 40 MBq was intravenously
injected slowly over 5 min. Anterior and posterior whole body
planar scintigraphic images were acquired using Discovery
NM/CT 670 dual-headed gamma camera system with
SPECT/CT capability (GE Healthcare, IL, USA) equipped
with high energy parallel hole collimator, with an energy peak
set at 364 keV ± 10%, 256 × 256 imaging matrix, using con-
tinuous acquisition mode with detector speed of 4 cm per
minute. Images were acquired at 24, 48, and optionally, 72 h
after radiotracer administration. SPECT/CT was obtained at
48 or 72 h. The SPECT portion was acquired by step and
shoot mode with 60 steps for each detector, at 3 degrees and
30 s/step with an imaging matrix of 64 × 64. Iterative recon-
struction of SPECT images was done using OSEM (3 itera-
tions × 6 subsets). Butterworth filter was used (cutoff frequen-
cy, 0.35; power, 10.00). Attenuation correction using CT data,
scatter correction, as well as resolution recovery were also
employed. Reconstruction was done using the Xeleris 3.0 soft-
ware suite provided by the manufacturer. The CT portion was
acquired using tube voltage of 100 kV with automatic expo-
sure control and slice thickness of 2.5 mm for the chest and
3.75 mm for the abdomen. In the authors’ center, SPECT/CT is
not routinely done in every patient. Whether or not to perform
add-on SPECT/CTafter planar imaging depended on the judg-
ment of the nuclear medicine physician on duty on the day of
examination, based on the findings of the planar images.

Image Interpretation

Planar scintigraphy was categorized in to three categories. A
Bpositive^ planar study contained at least one lesion with I-
131 MIBG uptake more intense than the liver. A Bnegative^
planar study contained no abnormal I-131 MIBG accumula-
tion apart from physiological uptake. A Bsuspicious^ planar
study had possible abnormal I-131 MIBG uptake but the up-
take is faint or indistinct. The sites and number of abnormal
uptake was also noted. Usefulness of SPECT/CT was evalu-
ated in different scenarios including detection of additional
lesions over planar imaging, aiding anatomical localization,
confirmation or exclusion of suspicious lesions detected in
planar imaging, determination of functional status of lesions
detected by CT, MRI, or US, and overall usefulness in terms
of diagnostic interpretation. All planar and SPECT/CT images
were read by an experienced nuclear medicine physician with
7 years of experience in reading diagnostic I-131 MIBG scin-
tigraphic studies.
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Statistical Analysis

Patient characteristics, treatment, results of planar I-131MIBG
scintigraphy and SPECT/CT were summarized using mean,
standard deviation, and percentage. Univariable and multivar-
iable logistic regression were used to explore factors that are
related to usefulness of SPECT/CT. Only variables with P
values > 0.25 in the univariable analysis were included in the
multivariable analysis. Statistical analysis was carried out
using Stata version 10 (StataCorp LLC, TX, USA). A P value
of < 0.05 indicated statistical significance. Accompanying
95% confidence intervals (95% C.I.) were reported where
appropriate.

Results

Patients

From 1 June 2013 to 31 December 2017, I-131 MIBG scin-
tigraphy studies were done in 62 patients. Seven patients were
excluded due to unavailable or incomplete histopathological
diagnosis, leaving 55 patients who underwent 161 studies. A
total of 86 SPECT/CT studies were done in 36 patients.
Table 1 describes the characteristics of 36 patients. The group
of patients had an average age of 4.8 ± 3.8 years and had a

slight male predilection. Almost all patients had neuroblasto-
ma with only two having ganglioneuroma. The most common
primary site was the adrenal glands. Almost all patients had
stage 4 disease. Table 2 summarizes treatment in relation to
MIBG scintigraphy studies. The majority of MIBG scintigra-
phy studies were done after partial or complete tumor remov-
al. Almost all MIBG scintigraphy studies were done after
chemotherapy with only 4 done before start of chemotherapy.
The average number of chemotherapeutic sessions was 9 ±
7.8. The average time window between MIBG scintigraphy
and the most recent preceding chemotherapy session was 341
± 485.9 days. Approximately 30% of MIBG scintigraphy
studies was preceded by radiation therapy.

Results of Planar Imaging and Added Value
of SPECT/CT

Of the 86 planar studies with add-on SPECT/CT, 41 (47.7%),
38 (44.2%), and 7 (8.1%) were negative, positive, and suspi-
cious, respectively. On the other hand, among the 75 planar
studies where add-on SPECT/CT was not deemed necessary,
57 (76%) were negative and 18 (24%) were positive, and none
had suspicious findings. Only the 86 studies with both planar
imaging and SPECT/CTwere analyzed further. Description of
planar scintigraphy and SPECT/CT are summarized in
Table 3. Among the 38 positive planar studies, a total of 190
positive sites were found (mean ± SD, 5 ± 5.3). Soft tissue
lesions accounted for 23.2% and bone metastases accounted
for 76.8% of positive lesions. Of the 86 additional SPECT/CT

Table 1 Patient characteristics

Characteristics Value SD/percent

Age (years)

Mean 4.8 3.8

Median 3.7

Range 0.5–18.4

Sex

Male 21 58.3%

Female 15 41.7%

Histology

Neuroblastoma 34 94.4%

Ganglioneuroma 2 5.6%

Primary site

Adrenal 27 75.0%

Mediastinum 5 13.9%

Extra-adrenal, intra-abdominal 2 5.6%

Neck 1 2.8%

Other 1 2.8%

Stage

Stage 2 1 2.8%

Stage 3 1 2.8%

Stage 4 32 88.8%

Stage 4s 2 5.6%

Table 2 Treatment in relation to diagnostic I-131 MIBG scintigraphy

Treatment Value SD/percent

Surgery prior to MIBG scintigraphy

No surgery 10 11.6%

Partial tumor removal 33 38.4%

Complete tumor removal 43 50.0%

Chemotherapy sessions preceding MIBG scintigraphy

No preceding chemotherapy 4 4.6%

Preceding chemotherapy 82 95.4%

Number of chemotherapy sessions

Mean 9 ± 7.8

Median 7

Range 1–29

Time from closest chemotherapy to MIBG scintigraphy (days)

Mean 341 ± 485.9

Median 108.5

Range 0–2361

Radiation therapy preceding MIBG scintigraphy

No 60 69.8%

Yes 26 30.2%
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studies, 71 included the whole abdomen, 7 included the upper
abdomen, 2 included the lower abdomen, 29 included
the chest, 6 included the neck, and 1 was done to examine
the upper extremities. From 86 SPECT/CT studies, 20 detect-
ed a total of 25 additional functioning lesions (mean ± SD,
1.25 ± 0.64). The most common site of additional functioning
lesions found by SPECT/CT were functioning intra-
abdominal lymph node metastases followed by additional
sites of bone metastases. When examining the usefulness of

SPECT/CT in addition to planar scintigraphy, Table 4 de-
scribes the usefulness in different scenarios. As mentioned,
SPECT/CT detected additional functioning lesions in only
about a quarter of cases. In one case, SPECT/CT detected a
small non-MIBG avid lung nodule which subsequently disap-
peared on follow-up diagnostic chest CT. When planar imag-
ing was already unequivocally positive for functioning le-
sions, SPECT/CT detected additional sites of functioning le-
sions in 34.2% (13/38) and helped with localization in 21.1%
(8/38) while providing no additional benefit in 44.7% (17/38).
When planar imaging was unequivocally negative for func-
tioning lesions, SPECT/CT changed the diagnosis to a posi-
tive study by demonstrating functioning lesions in only 19.5%
(8/41) of cases and did not alter the diagnostic interpretation in
the remaining 80.5% (33/41).

Figure 1 is an example of SPECT/CT that demonstrated a
functioning tumor in a negative planar study. SPECT/CTwas
particularly useful in 7 cases where planar imaging yielded
suspicious findings. Five cases were subtle uptake at the su-
prarenal regions. SPECT/CT resolved these findings by dem-
onstrating that the uptake was in normal adrenal glands in 3
cases and confirmed that the uptake was in a residual tumor in
2 cases. Figure 2 is an example of SPECT/CT that clarified
uptake in planar imaging as physiological uptake in the left
adrenal gland. In one case, SPECT/CT clarified that focal
uptake at the right side of the abdomen was physiological
bowel activity. In another case where planar imaging revealed
faint uptake at the right side of the neck, SPECT/CT still
demonstrated faint equivocal uptake and could not resolve
the suspicious finding. Further diagnostic CT found no abnor-
mality and the uptake resolved in follow-up I-131MIBG scin-
tigraphy without further treatment. SPECT/CT was very use-
ful in 18 cases where recent anatomical imaging including US,
CT, or MRI detected structural lesions. SPECT/CT demon-
strated that 15 cases (83.3%) was functioning due to definite
I-131 MIBG uptake and excluded functioning lesions in 2
(11.1%) cases. There was only one case (5.6%) where
SPECT/CT could not resolve suspicious findings on anatom-
ical imaging. Figure 3 is an example of SPECT/CT that helped
determine positive function in a mediastinal tumor detected on
MRI, but planar imaging revealed no definite abnormal up-
take. The overall usefulness and impact of SPECT/CT on the
final diagnostic interpretation was divided into three catego-
ries. SPECT/CT added crucial diagnostic information and
could not be omitted in only 16.3% (14/86) of cases.
Another 24.4% (21/86) of SPECT/CT studies added non-
crucial information over planar imaging e.g. detected addi-
tional lesions in an already unequivocally positive planar scan.
The majority of SPECT/CT studies, 59.3% (51/86), added no
diagnostic information and was deemed unnecessary and
could be omitted entirely without changing diagnostic inter-
pretation over planar imaging alone such as cases where pla-
nar imaging was already negative and SPECT/CT did not

Table 3 Findings of diagnostic planar I-131 MIBG scintigraphy and
SPECT/CT

Findings Value SD/percent

Results of planar scintigraphy

Positive 38 44.2%

Negative 41 47. 7%

Suspicious 7 8.1%

Positive lesions in planar imaging

Total lesions (from 38 positive planar
scintigrams)

190

Mean 5 ± 5.3

Median 2

Range 1–19

Site of positive lesions

Soft tissue lesions 44 23.2%

Adrenal 18 9.5%

Extra-adrenal intra-abdominal 15 7.9%

Head and neck 6 3.2%

Thorax and mediastinum 5 2.6%

Bone metastasis 146 76.8%

Spine 30 15.8%

Humerus 26 13.7%

Femur 24 12.6%

Leg 21 11.1%

Pelvic bones 14 7.4%

Forearm 13 6.8%

Skull 11 5.8%

Thoracic cage 4 2.1%

Foot 3 1.6%

Additional functioning lesions detected by SPECT/CT

Total additional lesions (from 20 SPECT/CT
studies)

25

Mean 1.25 ± 0.64

Median 1

Range 1–3

Site of additional lesions

Intra-abdominal lymph node metastasis 12 48.0%

Bone metastasis 7 28.0%

Adrenal mass 4 16.0%

Liver metastasis 1 4.0%

Mediastinal mass 1 4.0%
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detect any additional positive lesions. There was one instance
where addition of SPECT/CT led to false positive findings. In
this particular case, illustrated in Fig. 4, the planar imaging
was negative, but SPECT/CT found apparent hotspots in seg-
ment 4 and caudate of the liver which resulted in the study
being read as positive for functioning liver metastasis. Further
US and MRI did not find any anatomical lesions in these
segments and follow-up I-131 MIBG imaging did not demon-
strate progression of these lesions. Upon closer examination
of the SPECT/CT images, it was likely that the focal uptake at
the caudate was likely physiological uptake in the nearby right
adrenal gland and the focal hotspot in segment 4 was due to
irregularity of appearance of radiotracer distribution brought
on by the poor quality of I-131 SPECT imaging.

Predictors of Usefulness of SPECT/CT

To better understand the circumstances in which SPECT/CT
would be useful, the overall usefulness of SPECT/CT was

regrouped into two groups. The Buseful^ group (35/86)
consisting of cases where SPECT/CT provided either crucial,
or non-crucial information. The Bnot useful^ group (51/86) are
studies where SPECT/CT added no diagnostic information
over planar imaging and could be omitted. Simple logistic
regression was used to test possible predictors that would pre-
dict a useful SPECT/CT. Predictors tested included complete-
ness of surgical removal of the primary tumor, number of
chemotherapy sessions received before imaging, time window
between imaging and the most recent preceding chemothera-
py, receiving radiation therapy at any timepoint before imag-
ing, results of planar imaging, and presence of structural le-
sions on recent anatomical imaging. Only three predictors
seemed to be related with SPECT/CT usefulness including
results of planar imaging, time window between imaging
and the most recent preceding chemotherapy, and presence
of structural lesions on recent anatomical imaging. Table 5
demonstrates results of logistic regression. Result of planar
imaging was an independent predictor of the usefulness of

Table 4 Usefulness of SPECT/CT in relation to planar scintigraphy

Application of SPECT/CT Usefulness of SPECT/CT Number Percent

Detection of additional lesions over planar MIBG Number of cases that underwent SPECT/CT 86 100.0%

Detected no additional lesions 65 75.6%

Detected additional non-functioning lesions 1 1.2%

Detected additional functioning lesions 20 23.2%

Studies with positive planar MIBG Number of cases with positive lesions seen on planar imaging 38 100.0%

SPECT/CT detected additional site of functioning lesions 13 34.2%

SPECT/CT helped with localization 8 21.1%

SPECT/CT provided no additional benefit 17 44.7%

Studies with negative planar MIBG Number of negative planar studies 41 100.0%

SPECT/CT changed diagnosis to a positive study 8 19.5%

SPECT/CT did not change diagnosis 33 80.5%

Studies with suspicious planar MIBG Number of cases with suspicious findings on planar imaging 7 100.0%

SPECT/CT helped confirm functioning lesion 2 28.6%

SPECT/CT helped exclude functioning lesion 4 57.1%

SPECT/CT could not resolve suspicious finding 1 14.3%

Studies with suspicious lesions in anatomical
imaging and negative or suspicious planar MIBG

Number with suspicious lesions seen in anatomical imaging 18 100.0%

SPECT/CT confirms functioning lesion 15 83.3%

SPECT/CT excludes functioning lesion 2 11.1%

SPECT/CT could not resolve suspicious finding 1 5.6%

Overall usefulness of SPECT/CT Number of cases that underwent SPECT/CT 86 100.0%

SPECT/CT added crucial diagnostic information and could not be omitted* 14 16.3%

SPECT/CT added non-crucial diagnostic information** 21 24.4%

SPECT/CT added no diagnostic information† 51 59.3%

*Examples of this category include SPECT/CT detected functional lesion(s) when planar scintigraphy was negative, thus changing the diagnosis from a
negative study to a positive study; SPECT/CT confirmed or excluded suspicious findings on planar scintigraphy

**Examples of this category include SPECT/CT helped correctly localize lesions detected on planar scintigraphy; SPECT/CT detected additional lesions
when planar scintigraphy was already positive
†Examples of this category include SPECT/CT detected no lesions in an already negative planar scintigraphy; SPECT/CT detected no additional lesions
in an already positive planar scintigraphy

354 Nucl Med Mol Imaging (2018) 52:350–358



SPECT/CT. Compared with cases with negative planar imag-
ing, SPECT/CT was significantly more likely to be useful in
cases with positive and suspicious findings. In the univariable
analysis, the time window between chemotherapy and imag-
ing seemed to be related to SPECT/CT usefulness with cases
with the most recent chemotherapy of more than 6 months
being less likely to benefit from SPECT/CT; however, this
relationship was lost in the multivariable analysis. Another
independent predictor of SPECT/CT usefulness was the pres-
ence of structural lesions on recent anatomical imaging which
significantly increased the odds of SPECT/CT being useful in
both the univariable and multivariable analysis.

Discussion

In this study, the authors aimed to determine the usefulness of
SPECT/CT in addition to diagnostic I-131 MIBG planar scin-
tigraphy. Although I-123 MIBG is preferred over I-131 MIBG
for diagnostic imaging, the cost of production of I-123 is high
andmay not be available in some centers; thus, diagnostic I-131
MIBG scintigraphy is still a relevant imaging modality. To the
authors’ best knowledge, this is one of the first studies in pub-
lished literature to investigate the role of SPECT/CT in diag-
nostic I-131 MIBG scintigraphy. Although SPECT/CT is a
very useful modality that can provide a more detailed depiction

Fig. 1 Planar and SPECT/CT I-
131 MIBG imaging for treatment
response evaluation in a 2-year-
old boy with neuroblastoma
treated with partial tumor removal
and chemotherapy. a Planar
imaging reveals no definite
abnormal uptake. b SPECT
portion reveals intense uptake at
the mid-upper abdominal region.
c Non-contrast CT portion. d
Fused SPECT/CT images
correlated the focal uptake with
soft tissue thickening. Findings
are consistent with residual
functioning intra-abdominal
lymph node metastasis

Fig. 2 Planar and SPECT/CT I-
131 MIBG imaging for post-
treatment surveillance in an 8-
year-old boy with neuroblastoma
who was treated with complete
tumor removal, completion of
chemotherapy, and autologous
stem cell transplantation resulting
in disease remission. a Planar
imaging revealed a distinct focal
uptake at the left supra renal
region seen in the posterior
projection. b SPECT portion. c
Non-contrast CT portion. d Fused
SPECT/CT revealed that the
uptake is located at the left
suprarenal region with no
evidence of a mass lesion on the
CT portion of the image. Overall
findings suggest physiological
uptake in the left adrenal gland
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of radiotracer uptake in relation to anatomical details,
implementing SPECT/CT routinely in pediatric patients cannot
be done due to increased radiation burden and increased imag-
ing time which could lead to the increased need for sedation
[14]. This study aimed to determine the usefulness of SPECT/
CT and the circumstances that the modality would be most
useful. In diagnostic I-123 MIBG scintigraphy, tomographic
imaging using SPECT alone without hybrid CT increased the
number of detectable lesions compared with planar imaging
[15] and increased certainty of lesion localization [16]. Our
study similarly found that SPECT/CT resulted in detection of
more lesions than planar imaging and increased confidence of
lesion localization which is expected of SPECT/CT with the
increased contrast resolution of SPECT and anatomical infor-
mation from CT. However, compared with a study done in I-
123MIBG scintigraphy, SPECT/CT detected additional lesions
in 54% of the patients not visible in the planar scan [17] which
was higher than our study which SPECT/CT detected addition-
al functioning lesions in only 23.2% of cases. This could be due
to the poorer imaging characteristics of I-131 compared with I-
123. The most common site of added detection by SPECT/CT
is the intra-abdominal lymph nodes. This is in line with a pre-
vious study that found that I-131 MIBG had limitations in de-
tection of nodal disease [18]. To better understand the

usefulness of SPECT/CT in relation to planar imaging, we rated
the usefulness of SPECT/CT in cases where planar imaging
was positive, negative, and suspicious. We also took into ac-
count results of anatomical imaging and how it may be related
to SPECT/CT usefulness. Effect of clinical factors including
type of surgery, number and timing of chemotherapy, and re-
ceiving radiation therapy was also analyzed. Multivariable lo-
gistic regression determined two independent factors that pre-
dict that added SPECT/CT would be useful i.e. findings on
planar imaging and the structural lesions on anatomical imaging
such as US, CT, or MRI. SPECT/CT was most useful when
there was suspicious finding on planar imaging or when struc-
tural lesions were present on another anatomical imaging. This
corresponds to a previous study which determined that the val-
ue of SPECT/CT lies within its ability to bridge the gap be-
tween planar MIBG scintigraphy and diagnostic anatomical
imaging [12]. In 8 negative planar studies where SPECT/CT
detected functioning lesions which changed the diagnosis to a
positive study, closer examination revealed that, 7 out of 8 cases
had structural lesions on a recent anatomical imaging.
Conversely, of the 33 cases where SPECT/CT did not add
benefit to an already negative planar study, none of them had
lesions on anatomical imaging. This further strengthens the
notion that presence of a structural lesion is an important

Fig. 3 Interim response
evaluation SPECT/CT I-131
MIBG imaging in a 1-year-old
boy with neuroblastoma being
treated with chemotherapy. a
Planar scintigraphy showing no
discernible abnormal uptake. b
Fused SPECT/CT. c Non-contrast
CT reveal definite I-131 MIBG
uptake in a posterior mediastinal
mass already demonstrated in a
recent MRI, a finding which
indicated that the tumor was
likely still viable and functioning

Fig. 4 Surveillance I-131 MIBG imaging in a 9-year-old girl with
neuroblastoma. The planar imaging was negative, but SPECT/CT
resulted in apparent hotspots in segment 4 and caudate of the liver
which resulted in the study being read as positive for functioning liver

metastasis. Further US and MRI did not find any anatomical lesions in
these segments and follow-up I-131 MIBG imaging revealed no change
of these lesions
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predictor of SPECT/CT usefulness. Although a positive planar
studywas an independent predictor of SPECT/CT being useful,
closer examination revealed that in 20 of 21 positive planar
scans, the usefulness was only adding non-crucial information
e.g. detection of additional functioning lesions, with only one
case that SPECT/CT added crucial information by increasing
confidence that intense suprarenal uptake seen in the planar
scan was indeed a functioning residual tumor. Due to the phys-
iological uptake of MIBG in the liver, limitations of MIBG
scintigraphy in evaluation for liver lesions have been reported
[19]. In this group of patients, we found one instance that
SPECT/CT introduced a false positive reading in the liver.
This pitfall has been previously described and attributed to in-
homogeneities in the SPECT image resulting in apparent
hotspots [20]. The CT portion of the SPECT/CT was low-
dose and non-contrast-enhanced; thus, it was not adequate for
assessment of structural liver lesions. Our study has several
limitations. Due to its retrospective nature, selection bias cannot
be avoided as performance of SPECT/CT was up to the deci-
sion of the nuclear medicine physician on duty. The decision of
whether or not to perform add-on SPECT/CT was mainly de-
pendent on results of planar imaging. Cases which received
additional SPECT/CT had more positive and suspicious find-
ings on planar imaging whereas cases that did not receive ad-
ditional SPECT/CT were mostly cases with negative planar
imaging. At our center, diagnostic I-131 MIBG scintigraphy
has a waiting time of up to 1 month; therefore, performance
of the study may not be within the standard timing. For exam-
ple, some studies for initial disease staging were done after
chemotherapy was already started which can cause reduction
of tumor uptake of MIBG [21, 22]. Another limitation is that

the correctness of planar and SPECT/CT readings could not be
determined. As confirmation of imaging findings with further
histopathological tissue diagnosis is rarely done, indices of di-
agnostic accuracy including sensitivity and specificity could not
be calculated.

Conclusion

SPECT/CT in addition to diagnostic I-131 MIBG planar scin-
tigraphy is a useful diagnostic modality but its use needs to be
tailored in order to gain the most benefit while avoiding un-
necessary radiation and increased imaging time. SPECT/CT
would likely be useful in patients with suspicious findings on
planar scintigraphy or when there is evidence of structural
lesions on anatomical imaging.
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Table 5 Results of multiple logistic regression analysis to determine predictors of a useful SPECT/CT in addition to planar MIBG scintigraphy

Predictor Not useful Useful Percent useful Univariable analysis Multivariable analysis

Crude OR 95% C.I. P value Adjusted OR 95% C.I. P value

Results of planar imaging

Negative 33 8 19.5% 1.00 1.00

Positive 17 21 55.3% 5.10 1.87, 13.89 0.001 4.61 1.05, 20.28 0.043

Suspicious 1 6 85.7% 24.75 2.60, 235.64 0.005 99.08 6.99, 1404.41 0.001

Time from last chemotherapy

< 1 month 13 17 56.7% 1.00 1.00

1–6 months 13 8 38.1% 0.47 0.15, 1.47 0.195 0.58 0.14, 2.47 0.462

> 6 months 24 7 22.6% 0.22 0.07, 0.68 0.008 0.27 0.04, 1.65 0.155

Before start of chemotherapy 1 3 75.0% 2.29 0.21, 24.68 0.493 3.80 0.31, 46.20 0.294

Lesion on anatomical imaging

No 49 19 27.9% 1.00 1.00

Yes 2 16 88.9% 20.63 4.32, 98.42 < 0.001 32.54 5.37, 196.96 < 0.001

For this binary logistic regression analysis, usefulness of SPECT/CTwas divided into two groups. BNot useful^ are studies where SPECT/CT added no
diagnostic information. BUseful^ include studies where SPECT/CT added crucial diagnostic information and could not be omitted and studies where
SPECT/CT added non-crucial diagnostic information
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