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Aim Primary brain tumors, in particular gliomas, are rare tumors that 
are difficult to diagnose and to treat. Current imaging modalities, such 
as FDG PET/CT, MRI and MR spectroscopy (MRS) have some limita-
tions, particularly with regard to differentiate tumor from radiation-
induced necrosis (RIN) and from normal cerebral metabolic uptake. 
18F-DOPA/18F-choline PET/CT (FDOPA/FCH) seem to be useful di-
agnostic tools.
Materials and methods 12 patients (6 females and 6 males; mean 
age 53 years, range 23-76) were prospectively studied with FDOPA/
FCH, performed between March 2011 and May 2012: 9 patients with 
gliomas (3 undergoing staging and 6 undergoing restaging) and 3 with 
brain metastasis (2 lung carcinomas and one breast cancer). In 6 pa-
tients undergoing restaging MRI failed to differentiate tumor relapse 
from RIN, therefore these patients were studied with FDOPA/FCH. 
Brain FDOPA/FCH was performed 10 minutes after iv injection of 
3.5 MBq/kg of 18F-FCH or 4 MBq/kg of 18F-DOPA. FDOPA/FCH was 
compared with 99mTc-sestaMIBI SPECT/CT (SPECT/CT), MRI, CT 
and subsequent pathological analysis.
Results FDOPA/FCH was considered pathological in 12/12 (100%) 
patients. In one case, FDOPA disclosed three lesions (right frontal 
lobe, left parasagittal frontal and corpus callosum lesion), MRI showed 
only two (right frontal lobe and corpus callosum lesion) and SPECT/
CT only one (right frontal lobe lesion). This case was re-studied with a 
radiology specialist. In the other cases, FDOPA/FCH and MRI had the 
same sensitivity. FDOPA/FCH had an overall sensitivity of 100% while 
MRI sensitivity was 91%. The diagnostic accuracy of FDOPA/FCH 
was 100% vs 91% for MRI [95% confidence interval (CI) 74-99%].
Conclusions This study showed that FCH PET/CT may offer an ad-
vantage in imaging of brain tumors, similar to MIBI SPECT/CT, but 
with higher spatial resolution. FDOPA PET/CT in primary brain tu-
mors, especially in patients with recurrent gliomas treated with radia-
tion therapy, seems to be a good tool, especially when MRI fails to 
differentiate tumor from RIN. In our initial experience, FDOPA PET 
scan seems to have higher sensitivity than MRI. FDOPA/FCH PET/CT 
are optimal for imaging of high grade tumors, but also of low grade 
tumors. Our early experience with FCH tracer in PET imaging has 
been encouraging.
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Background Conventional magnetic resonance (MR) criteria often 
fail to distinguish between radionecrosis and progression of brain me-
tastases. Additional MR parameters, such as regional perfusion, have 
several drawbacks as well. In this setting, few data exist on PET with 
amino acid tracers. We set out to explore the potential additive role of 
L-3,4-dihydroxy-6-[18F]fluorophenylalanine (FDOPA) PET/CT in the 
differential diagnosis between radionecrosis and progression of brain 
metastases. 
Materials and methods Between July 2010 and August 2012, 21 pa-
tients with a total of 34 brain metastases from various primaries un-
derwent FDOPA brain PET/CT at the Sant’Andrea Hospital in Rome, 
in addition to MR surveillance. Static images of the brain were ac-
quired with a Philips Gemini camera over a 20-minute time, starting 
15 minutes after the i.v. injection of 185 MBq of FDOPA. A low-dose 
CT scan was used for attenuation correction. PET was not taken into 
account in the patients’ clinical management and subsequent, lesion-
specific therapeutic decisions were based on the following criteria: 
(1) standard MR evaluation, based on contrast-enhanced T1-weighted 
and T2/FLAIR sequences, (2) increased regional perfusion, and (3) 
clinical symptoms. Patients (i.e. lesions) were referred for surgery or 
radiotherapy if all three criteria were positive for progression [+++, 
Group A]. If any of the three criteria was discordant or non-evaluable 
[+/-, Group B], MR was repeated three months later and the lesion 
was then reclassified as progressed [Group BA] or stable [Group BC]. 
If all three criteria were negative, patients were assigned to long-term 
follow-up [---, Group C]. PET studies were qualitatively classified as 
positive or negative, and additional semi-quantitative parameters, such 
as SUVmax, tumor-to-contralateral background ratio and tumor-to-
contralateral basal ganglia uptake, were also considered. Two-tailed 
Student’s t-test was applied to analyze differences in PET semi-quan-
titative parameters between the groups. 
Results Of the 21 patients enrolled, one patient with a single cerebellar 
lesion from breast carcinoma was lost to follow-up. Therefore, a final 
subset of 20 patients and 33 lesions was analyzed. Primary tumors in-
cluded: non-small cell lung cancer (n=6), breast cancer (n=3), urothe-
lial cancer (n=4), melanoma (n=2), colon cancer (n=2), small cell lung 
cancer (n=1), gastric cancer (n=1) and salivary gland cancer (n=1). All 
the patients had been previously treated with systemic chemotherapy 
associated with stereotactic radiosurgery on brain metastases. On the 
basis of the above criteria, 10 lesions were referred for subsequent 
treatment without additional imaging [Group A], 14 lesions had in-
conclusive MR [Group B], and 9 lesions without signs of progression 
were assigned to long term follow-up [Group C]. Within the Group 
B, 8/14 metastases progressed and were subsequently reclassified as 
Group BA, while 6/14 remained stable and were reclassified as Group 
BC. Both Group A and Group B metastases were PET-positive, while 
all Group C metastases had unremarkable PET. On average, SUVmax 
was 3.71 (± 0.8) and 2.29 (± 0.6) in Group A and Group B, respec-
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Monitoring biological treatment of metastatic salivary gland 
cancer using FDG-PET/CT and a RECIST-adapted protocol for 
analysis of FDG findings 
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P. Bossi, E. Bombardieri, L. Licitra
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The aim of this study was to investigate the contribution of FDG-PET/
CT in the evaluation of response to biological therapy with Cetuximab 
in metastatic carcinomas of the salivary glands. Twenty-five patients, 
mainly with adenoid cystic carcinomas (21), were studied with total-
body FDG-PET/CT, total-body contrast-enhanced CT, and/or head and 
neck MRI before therapy and during the treatment: every 6 weeks for 
four times and every 12 weeks thereafter. 
Treatment was stopped when RECIST criteria provided evidence of 
progressive disease (PD) (24 patients) or on voluntary discontinuation 
(1 patient). The FDG-PET/CT results were not used for therapy man-
agement. Other imaging modalities (bone scan, ultrasound and/or bone 
MRI) were used occasionally to supplement the standard imaging work 
up. The total number of FDG-PET/CT scans performed was 99 and 
each patient was submitted, on average, to 4 examinations (range 2-6). 
Baseline FDG-PET/CT was positive in 100% of patients with locore-
gional recurrences (16), in 90% of patients with lung metastases (21), 
and in all the patients with mediastinal lymph node (2), liver (6), soft-
tissue (2), kidney (1) and pleural (1) metastases. FDG-PET/CT detect-
ed previously unknown bone metastases in two patients. For therapy 
monitoring with FDG-PET/CT, a protocol based on the RECIST cri-
teria was designed, and the results were retrospectively compared to 
radiological imaging and clinical follow-up (mean 6 months, range 6 
weeks - 27 months). 
For evaluation of therapy response, we recorded and monitored only 
lesions ≥ 1 cm with SUVmax ≥ 2.0, classified as target lesions (TL), 
and we adopted the following criteria:
1) Metabolic complete response (mCR): decrease in SUVmax to a 
level lower than the background activity in all TLs;
2) Metabolic partial response (mPR): an at least 30% decrease in the 
sum of the SUVmax of all TLs, taking as reference the baseline sum 
SUVmax;
3) Metabolic progressive disease (mPD): appearance of one or more 
new pathological foci of FDG uptake with morphological confirma-
tion and/or an at least 20% increase in the sum of the SUVmax of TLs, 
taking as reference the smallest sum of the SUVmax recorded since 
treatment started;
4) Metabolic stable disease (mSD): persistence of one or more lesion(s) 
without sufficient change to qualify for mPR or for mPD. 
FDG-PET/CT detected disease progression in three patients with early 
RECIST PD as best response. The remaining 22 patients had RECIST 
stable disease (SD) as best response. One patient maintained SD dur-
ing the study, the other 21 patients had subsequent RECIST PD. In 
these patients, FDG-PET/CT diagnosed disease progression earlier 
than did RECIST (mean anticipation 15 weeks, range 6-30) in 62% 
(13/21) of cases, provided the same information in 28.5% of cases 
(6/21), and failed in 9.5% of cases (2/21). 
Although obtained in a small series of cases, our results show the po-
tential value of FDG imaging to predict patient outcome in salivary 
gland cancers. In particular, metabolic information detected PD ear-
lier than RECIST in 62% of patients with initial SD and, conversely, 
did not provide correct information on the disease status only in 8% 
of cases (2/25). Furthermore, our study shows that it is possible to 
adopt strategies taken and adopted from the RECIST criteria, in order 
to standardize the analysis of FDG findings. The protocol proposed in 
our study is obviously only a possible solution and, in any case, further 
studies are necessary in this field.

tively. SUVmax was 2.66 (± 0.6) and 2.02 (± 0.4) in Group BA and 
Group BC, respectively. All semi-quantitative parameters differed sig-
nificantly between Group A and Group B metastases (all p<0.001) as 
well as between Group BA and Group BC metastases (all p<0.05). 
Conclusions FDOPA PET can be successfully used for imaging brain 
metastases of any origin and can discriminate between radionecrosis 
and progression in cases of inconclusive MR. Moreover, semi-quan-
titative PET parameters are able to differentiate between progressive 
and stable lesions, earlier than MR. 
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Purpose In clinical practice, brain radionecrosis after stereotactic ra-
diosurgery (SRS) is one of the most dreaded complications after brain 
radiotherapy and its clinical presentation can mimic tumor recurrence. 
Radionecrosis and relapse have distinct treatment approaches and 
prognoses. Usually radionecrosis is diagnosed using magnetic reso-
nance imaging (MRI), magnetic resonance spectroscopy and finally 
histological examination. Single-photon emission computed tomog-
raphy (SPECT) is a functional imaging technique that can provide 
additional and useful information during the diagnostic work-up and 
follow-up of brain lesions. A dual-modality integrated imaging system 
has been developed. This system allows the acquisition of SPECT and 
CT images in the same scanning session, and then image fusion. 99mTc-
MIBI (2-methoxyisobutylisonitrile) is a lipophilic radioligand that 
enters the mitochondria and accumulates significantly more in tumor 
tissue, where mitochondrial activity is higher than in normal tissues, 
and shows no uptake in fibrotic or necrotic lesions. 
Materials and methods Forty-seven patients with 59 metastases were 
evaluated using MRI and 99mTc-MIBI-SPECT/CT before SRS, 3 months 
after SRS, and then at regular 6-month intervals. SPECT/CT images 
were obtained 15 minutes after the injection of 740 MBq of 99mTc-MIBI 
with a dual-headed gamma camera equipped with low-energy high-
resolution collimators. Transverse, sagittal and coronal images were 
reconstructed and then fused with CT data. Semi-quantitative analysis 
was performed to obtain the MIBI uptake index as a ratio of counts in 
the lesion compared to counts in the contralateral normal areas. 
Results In 44 lesions, concordance was found between the MRI and 
SPECT/CT findings and in 16 lesions MRI showed a contrast enhance-
ment judged non-specific. In 9 patients SPECT/CT was positive for 
relapse (MIBI uptake index > 2) and in 7 there was no uptake or an 
uptake index less than 2, judged as radionecrosis. Radionecrosis was 
confirmed by histological examination in 3 lesions and by close fol-
low-up, which showed no disease progression, in the other 4. Relapse 
was confirmed by histological examination in all 9 patients.
Conclusions 99mTc-MIBI-SPECT fused with CT images is helpful in 
providing a precise localization of brain metastases and makes it pos-
sible to study their metabolic activity. In semi-quantitative analysis, 
MIBI uptake index can be related to treatment outcome. MIBI index 
was < 2 or remarkably reduced in the lesions which responded to treat-
ment. Our experience has shown that MIBI-SPECT/CT is useful, in 
combination with MRI, in the follow-up of patients with brain tumors 
who have undergone SRS and can be used in clinical practice to dif-
ferentiate between radionecrosis and relapse.



Clin Transl Imaging (2013) 1 (Suppl 1):S39–S140 S41

5Department of Radiology, University of Brescia and Spedali Civili di 
Brescia, Brescia, Italy

Introduction Thyroid incidental uptake is defined as a thyroid uptake 
incidentally and newly detected by imaging techniques performed for 
an unrelated purpose and especially for non-thyroid diseases. Thyroid 
incidental uptake may be diffuse or focal, corresponding to Basedow 
disease or thyroiditis and nodular lesion respectively. 
Aim The aim of our study was to establish the prevalence, clinical 
significance and pathological nature of focal thyroid incidentalomas 
detected on 18F-FDG-PET/CT in patients studied for oncological pur-
poses and not for thyroid disease. The secondary end point was to es-
tablish a possible maximum standardized uptake value (SUV

max
) cut-

off over which a malignant lesion should be suspected. 
Materials and methods We retrospectively evaluated 49519 patients 
who underwent 18F-FDG-PET/CT for oncological purposes in three 
nuclear medicine centers (center n.1 = 11278, center n.2 = 31076, 
center n.3 = 7165). 
Results Focal incidental thyroid uptake was diagnosed in 729 (1.5%) 
patients (287 – 39.4% males and 442 – 60.6% females; average age 
65.26 years). Of these 729 thyroid incidentalomas, 211 (28.9%) were 
submitted to further investigation to determine the nature of the nodule; 
124/211 (58.8%) incidentalomas were benign, 72/211 (34.1%) were 
malignant, 4/211 (1.9%) were non-diagnostic on cytological examina-
tion in the absence of surgery and histological evaluation, and 11/211 
(5.2%) were indeterminate on cytological examination. A center-based 
receiver operating curve (ROC) analysis of the patients with a defini-
tive diagnosis was performed to identify a SUV

max
 cut-off useful in 

differentiating benign from malignant incidentalomas. In center n.1 it 
was 4.8 (sensitivity = 95.7%, specificity = 46.4%, area under the curve 
= 0.758); in center n.2 it was 5.3 (sensitivity = 76.3%, specificity = 
72.5%, area under the curve = 0.815); in center n.3 it was 7 (sensitivity 
= 57.1%, specificity = 79.3%, area under the curve = 0.627). 
Conclusions 18F-FDG-PET/CT thyroid incidentalomas are not infre-
quent and are therefore an important diagnostic entity that requires 
further investigations and clinical management, especially considering 
that approximately one third of focal thyroid uptakes are malignant.
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Detection of iodine-fixing metastasis in differentiated thyroid 
carcinoma: a SPECT/CT study
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Aim Conventional planar 131I whole-body scintigraphy associated with 
serum thyroglobulin (TG) measurement is still considered the routine 
diagnostic procedure of choice in thyroidectomized patients with well-
differentiated thyroid carcinoma (DTC). More recently, SPECT/CT 
was found to be a more effective diagnostic tool, capable of improving 
planar scintigraphy, increasing sensitivity and accuracy, and allowing 
precise anatomical localization and characterization of iodine-fixing 
foci. We further investigated whether SPECT/CT may contribute to the 
reassessment of the current diagnosis and therapeutic post-operative 
management protocol of DTC patients. 
Methods We studied 552 thyroidectomized DTC patients, 113 males 
and 439 females, aged 20 to 81 years, 134 classified as being at high 
risk (H) and 418 at low risk (L), including 204 at very low risk (VL). 
Fourteen cases were observed after thyroidectomy and before radioio-
dine therapy in hypothyroidism condition and 538 in long term follow-
up; 501/552 patients underwent diagnostic and 51/552 post-therapeutic 
¹³¹I scintigraphy, for a total of 638 examinations. Whole-body scanning 
was performed in both anterior and posterior projections using two 
variable-angle dual-head gamma cameras, Millennium VG Hawkeye 
in 55 cases and Infinia Hawkeye (GE Medical System) in 497 cases, 
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Aim Post-therapy 131I whole-body scan (WBS) is a sensitive procedure 
for diagnosing metastases in patients with differentiated thyroid carci-
nomas (DTC). Nevertheless, a wide spectrum of potentially mislead-
ing readings has been reported following its use. We describe, for the 
first time, a case of 131I accumulation in an abdominal dermoid cyst. 
Patient and methods A 63-year-old woman underwent near-total thy-
roidectomy for a large multi-nodular goiter. Histopathological reports 
revealed a follicular thyroid carcinoma. Some months later, after con-
ventional L-T4 withdrawal, the patient underwent: (a) measurement 
of radioiodine thyroid uptake (RTU) 24 hours after oral administra-
tion of 131I tracer activity (1.8 MBq); (b) radioiodine therapy (RIT) 
with ablative activity (3700 MBq); (c) post-dose WBS, performed five 
days after RIT using a dual-headed gamma-camera equipped with a 
high-energy parallel-hole collimator. RTU corresponded to 11% of 
the administered tracer activity of 131I. Post-dose WBS showed thyroid 
remnant, abnormal radioiodine uptake in the upper mediastinum, and 
a slight radioiodine uptake in an abdominal focal area. At the time 
WBS was performed, serum TSH and Tg were 39.5 UI/ml and 546 
ng/ml, respectively. In the absence of TgAb, Tg levels were consist-
ent with the presence of metastases. Magnetic resonance imaging re-
vealed a non-homogeneous mass at the level of the inferior abdomen. 
Our patient was unaware of this lesion and was asymptomatic. The 
patient underwent a surgical exploration with complete excision of 
the mass. Pathological examination was conclusive for dermoid cyst. 
Some months later, the patient underwent a second RIT (5550 MBq) 
after recombinant human TSH (rhTSH) stimulation (0.9 mg daily for 
two consecutive days administered by intramuscular injections). Post-
dose WBS, performed five days later, confirmed abnormal radioiodine 
uptake in the upper mediastinum, but did not confirm either thyroid 
remnant or abdominal radioiodine uptake. At the time of the second 
RIT, the serum peaks of TSH and Tg were 112 UI/ml and 242 ng/ml, 
respectively. TgAb levels were negative.
Conclusions This is the first report of 131I uptake in a dermoid cyst. 
Dermoids (often clinically silent) are not unique to a single anatomical 
location. They are often located in the skin and subcutaneous tissues, 
but may also occur intracranially or intra-abdominally. It is likely that 
radioiodine uptake in the dermoid cyst was NIS-dependent. Due to its 
non-negligible frequency, this malformation should be taken into ac-
count in DTC patients as a potential pitfall of 131I-WBS.
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basis of ETA risk stratification, into group A (very-low-risk and low-
risk DTC: 494/1082) and group B (high-risk DTC: 588/1082). All pa-
tients were treated with thyroidectomy + RAI. Follow-up was based 
on neck sonography and measurement of A-Tg, S-Tg and, 1 year after 
RAI, R-Tg. Subjects with anti-Tg autoantibodies were excluded.
Results Using the rh-TSH test as gold standard, the NPV for A-Tg 
<10 µg/l was 98.5% in group A and 95.5% in group B, rising to 99.2% 
and 99.3%, respectively, when it was associated with S-Tg <0.6 µg/l. 
Moreover, the NPV for A-Tg <15 µg/l was 98.6% in group A and 
95.1% in group B, rising to 99% and 99.5%, respectively, when we 
considered the association with S-Tg <0.6 µg/l. Considering the whole 
population, the NPV was 97% for A-Tg <10 µg/l alone and 99.3% 
when it was associated with S-Tg <0.6 µg/l. When we considered a 
cut-off of 15 µg/l for A-Tg the NPV was 96.8%, rising to 99.3% when 
it was associated with S-Tg <0.6 µg/l.
Conclusions Our data confirm the usefulness of associating A-Tg and 
S-Tg in the early risk stratification of DTC patients, as this may al-
low the rh-TSH test to be avoided in a large number of patients, and a 
much less expensive follow-up program. We suggest that the associa-
tion between A-Tg <15 µg/l and S-Tg <0.6 µg/l, together with negative 
neck ultrasonography, can be considered good parameters to identify 
disease-free DTC patients.
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We retrospectively evaluated all the patients (267) affected by differ-
entiated thyroid carcinoma who were submitted to radioiodine treat-
ment in the year 2011 for ablation or for persistent disease, under TSH 
stimulation (exogenous or endogenous). 
131I-WBS was performed 4-6 days after the administration of thera-
peutic personalized activity of 131I-Na (2.6 – 11.1 GBq); patients were 
considered negative when no focal uptake was found in the thyroid 
bed, or in disease foci. 
Tg, Tg autoantibodies (AbTg) and anti-thyroid peroxidase autoan-
tibodies (AbTPO) were measured by routine assay (Immulite 2000 
XPI- Siemens). Tg values were defined “negative” when undetectable 
(i.e. < 0.2 ng/ml, the functional sensitivity of the assay method) or 
reduced (i.e. between the functional sensitivity and 0.9 ng/ml). AbTg 
and AbTPO values were defined “negative” when they were less than 
the functional sensitivity of the assay method.
Forty-five of the 267 patients (16.9%) had negative Tg and positive 
131I-WBS. 
In these 45 patients, we found:
Focal uptake 
– 80% only in the thyroid bed (1st cycle).
– 20% in the thyroid bed and/or in lung or lymph node metastases. 
(2nd to 4th cycle; half of these patients had negative Tg at ablation).
Thyroid autoantibodies 
– 60% negative AbTg and AbTPO
– 25% positive AbTg and AbTPO
– 10% positive AbTg, negative AbTPO
– 5% negative AbTg, positive AbTPO
On the basis of these findings, we suggest that:
– negative Tg may be due to interference by AbTg or to a decrease in 
immunological reactivity, rather than to proper inhibition of Tg syn-
thesis and secretion. 

using high-energy parallel-hole collimators. In all cases, SPECT/CT 
was performed with the patients in the same supine position. SPECT 
images were acquired over 360°, 180° per head (128x128 matrix size, 
3° angular step, 40 sec acquisition time/frame). SPECT was followed 
by CT acquisition. SPECT images were reconstructed by the iterative 
method (OSEM) and fused with CT images using a dedicated package 
(Xeleris Workstation, GE Medical System). Before scintigraphy, in all 
patients in hypothyroidism condition or after rhTSH, urine iodine ex-
cretion, serum TSH, TG and anti-TG antibodies were measured. 
Results SPECT/CT identified 410 iodine-fixing foci in 184/552 pa-
tients, while it was negative in the remaining 368 cases; 293 foci were 
in the neck and 109 outside the neck. Planar scintigraphy identified 
299 iodine-fixing foci, in 138 patients, 230 in the neck and 67 outside 
the neck, all positive on SPECT/CT. Thus, SPECT/CT ascertained 105 
foci in 55 patients, occult on planar scintigraphy, which was complete-
ly negative in 31/55 cases. In particular, 82/105 foci were malignant 
in 41 patients with 59/82 foci in 26 H cases and 23/82 in 16 L cases, 
including 3 VL cases; 48/82 foci were lymph node (39 in the neck) and 
34/82 pulmonary and small-size bone metastases. Globally, SPECT/
CT revealed 137 neoplastic foci, while planar scintigraphy identified 
55, of which 25 were unclear, characterized only by SPECT/CT. Ac-
cording TG levels, SPECT/CT evidenced 7 lymph node metastases in 
the neck in 3 L and 3 VL patients and small-size bone metastases in 2 
H patients with undetectable TG serum levels, as well as 6 lymph node 
metastases in the neck in 6 patients (4H, 1L, 1VL) and pulmonary 
small-size metastases in 1L patient with TG levels <2.5 ng/ml. SPECT/
CT also characterized 35 physiological iodine foci unclear on planar 
scintigraphy SPECT/CT showed an incremental value compared with 
planar scintigraphy in 48.9% of cases and changed the therapeutic pa-
tient management in 34.2%. 
Conclusions ¹³¹I SPECT/CT is a reliable tool in DTC diagnosis, par-
ticularly when whole-body imaging is inconclusive and also in patients 
with undetectable or very low TG levels and in those classified as be-
ing at low or very low risk. The procedure can correctly modify pa-
tient classification and therapeutic management as well as establish 
the radioiodine dose and guide surgical planning; thus, SPECT/CT can 
contribute to reassessment of the current diagnostic protocol in DTC 
and its wider employment is advocated.
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Design The initial treatment for differentiated thyroid cancer (DTC) 
consists of total thyroidectomy followed by 131I remnant ablation (RAI). 
Serum thyroglobulin (Tg) measurement is a key element in the follow-
up and it is commonly used as a specific marker in order to differenti-
ate disease-free status from persistence or recurrence of disease. In this 
field, measurements of the Tg concentration on L-T4 suppressive treat-
ment (S-Tg) and after stimulation with exogenous TSH (R-Tg) are of 
particular importance. However, this test is quite expensive and, due to 
the large number of cured patients, recent studies suggested that it could 
be avoided in selected populations of low-risk DTC patients. The aim of 
our study was to verify whether the association of different ablation thy-
roglobulin (A-Tg) cut-off levels with undetectable S-Tg concentrations 
has sufficient negative predictive value (NPV) for recurrent/persistent 
disease, making it possible to avoid rh-TSH test in all DTC patients.
Methods We enrolled 1082 DTC patients, who were divided, on the 
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pT1a-pT1b lesions was relatively low (about 10%) but their prevalence 
was significantly higher in the patients with isthmus lesion respect to 
patients with right or left lobe lesions (33.3, 7.6 and 5.6 per cent, re-
spectively). Hence, our preliminary data suggest that the isthmic loca-
tion of DTC can be considered an additional risk factor in the patients 
with pT1a or pT1b lesions regardless of age and sex of the patients and 
of the histological variant. Therefore, in these patients we suggest TRA 
and pWBS that in our series has permitted to identify patients with 
metastases and their localizations.
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18F-FDG TOF-PET/CT in restaging patients with suspected 
recurrence of differentiated thyroid cancer (DTC)

V. Pirro1, R.E. Pellerito2, S. Cauda3, M. Racca1, G. Santopolo2,  
V. Pirro4, G. Bisi3, T. Varetto1

1Nuclear Medicine Unit, IRCC Candiolo, Italy
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Aim An increase in thyroglobulin (Tg) without detectable Tg anti-
bodies is generally the first indicator of relapse of DTC after surgery 
and radioiodine ablation. Neck ultrasonography and 131I-scintigraphy 
are first used in order to localize disease recurrence; however, these 
imaging tools have been found to have limited sensitivity, especially 
indetecting distant metastasis due to the frequent dedifferentiation of 
tumor tissue. The usefulness of 18F-FDG PET/CT in this setting has 
been already evaluated, the technique showing a satisfactory level of 
sensitivity and specificity. However, two main questions are still open: 
first, false negative PET results are frequently reported in miliary lung 
spread and in small lymph node metastases; second a Tg cut-off level 
for a better accuracy of PET/CT examination has not yet been estab-
lished. We report our experience in restaging patients treated for DTC, 
in order to evaluate the diagnostic performance of 18F-FDG PET/CT 
with TOF reconstruction and to correlate its results with Tg levels.
Materials and methods Eighty-three18F-FDG PET/CT scans were 
performed in 65 patients (42 women, 23 men, mean age 61 years) 
with a history of treated DTC. They showed increased Tg levels (mean 
213.86 ng/ml; range 0.26-4362) or detectable Tg antibodies –in 3 
cases–; in 9 subjects Tg was undetectable, but there was clinical or in-
strumental suspicion. PET/CT examinations were acquired with stand-
ard protocol using a Philips Gemini TOF scanner. Abnormal findings 
were confirmed by histopathology, by other imaging modalities and/or 
by follow-up (median 30 months; range 4-51). Negative PET results 
in patients with negative clinical and or instrumental follow-up were 
taken as true negative. Sensitivity, specificity, PPV, NPV and accuracy 
of 18F-FDG PET/CT were determined; a receiver operating character-
istic curve (ROC) was used to identify the diagnostic value of Tg in 
predicting PET/CT results. 
Results Twenty-five PET/CT scans were negative: 15 were true nega-
tive (no detected recurrence in a median follow-up of 32.5 months), 
while 10 were false negative since disease was detected by other imag-
ing modalities: 6 patients with lymph node and 4 with lung metastases. 
Fifty-eight PET/CT scans were positive: abnormal findings were all 
confirmed except for two: one lymph node uptake (reactive at biopsy) 
and one bone uptake (arthrosis). Distant metastases were found in 32 
patients, lymphnodal in 28 cases and local recurrence in 12; numerous 
patients had multiple localizations. In 2 patients PET/CT showed ad-
ditional findings unrelated to DTC: one Hodgkin lymphoma and one 
breast cancer. Overall sensitivity, specificity, PPV, NPV and accuracy 
were 86%, 88%, 97%, 63% and 87%, respectively. Tg level was sig-
nificantly higher (p<0.007) in patients with positive PET/CT than in 
patients with negative scans (256.51 ng/mL versus 8.9 ng/ml). PET/

– positive AbTPO indicates the presence of thyroid autoimmunity. 
– systematic preoperative Tg, AbTg and AbTPO measurement should 
be performed to identify patients in whom negative Tg cannot be re-
lated to the absence of normal or pathological thyroid cells. 
– the follow-up of DTC patients should be based on stimulated Tg and 
131I-WBS. 124I-WBS will provide better sensitivity. 
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Can the position of malignant thyroid nodule be considered as 
additional risk factor for recurrent and/or metastatic disease in 
patients affected by low-risk differentiated thyroid cancer?

A. Campennì1, R.M. Ruggeri2, N. Quartuccio1, M. Bertia1,  
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1Nuclear Medicine Unit, Department of Radiological Sciences, 
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Introduction Differentiated thyroid cancer (DTC) is the most com-
mon endocrine malignancy. In recent decades, the incidence of DTC, 
particularly of the low-risk forms, has been increasing. The utility of 
radioiodine thyroid remnant ablation in patients with low-risk DTC 
is still debated, even though it is not rare for low-risk patients to de-
velop recurrent disease or metastases (often locoregional) during 
follow-up. Risk re-stratification based on 131I-post-dose whole-body 
scan (pWBS), or performed at the first clinical check-up (after initial 
therapy), was recently proposed. The aim of our study was to evaluate 
whether the position of the malignant thyroid nodule can be considered 
as additional risk factor for recurrent or metastatic disease in patients 
with pT1a-pT1b lesions (TNM 7th edition).
Material and methods We retrospectively reviewed the records of 
133 patients (F=114, M=19; F/M ratio 6:1 age 47.4 ± 11.8 years, range 
22-75) with DTC [122/133 (92%) were papillary histotypes (PTC), 
11/133 (8%) were follicular histotypes (FTC)] admitted to our nuclear 
medicine unit for radioiodine treatment (RIT) after total thyroidecto-
my. The patients, all without known metastasis at the time of recruit-
ment, underwent: 
– Neck ultrasonography;
– Serum measurement of: TSH, thyroglobulin (Tg) and anti-thyroglob-
ulin antibodies (Tg-Ab);
– Radioiodine thyroid uptake (RTU) obtained 24 hours after Na 131I 
(1.8 MBq) administration;
– RIT in hypothyroidism (TSH ≥ 30 µUI/ml) or after recombinant 
human TSH (rhTSH) stimulation (conventional protocol) for thyroid 
remnant ablation (TRA). The administered radioiodine activity ranged 
from 555 to 4588 MBq (mean 2344 ± 1131);
– pWBS performed 5-7 days after RIT.
Results Metastases were discovered with pWBS in 13/133 (9.7%) pa-
tients (F=10, M=3, age 45.2 ± 14.6 years, range 22-70). In all meta-
static patients the histotype was papillary; 9/13 metastatic patients had 
pT1a lesions. In the metastatic patients, the malignant lesions were 
localized in: right lobe 5/65 (7.6%; F=4, M=1, mean age 45 years, 
range 23-65; histological variant: classic variant (CV)=3, follicular 
variant (FV)=2); left lobe 3/52 (5,6%; F=3; mean age 48 years, range 
42-55; histological variant: CV=1, FV=2 ); isthmus 5/15 (33.3%; F=3, 
M=2; mean age 43 years, range 22-70; histological variant: CV=4, 
FV=1); pyramidal lobe 0/1 (0%). All metastatic patients but one (with 
lung metastases) had lymph-nodes metastasis located in: upper medi-
astinum= 4, left lateral neck=2, right lateral neck=3; anterior central 
compartment= 3). Only one woman among the metastatic patients had 
associated Hashimoto Thyroiditis (HT). The incidence of metastases 
was significantly higher in patients with DTC located in the isthmus, 
compared with other sites (χ2 4.8, p<0.05). 
Conclusions In our series the frequency of metastases in patients with 
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disease-free at initial postoperative evaluation: 935/948 (98.6%) re-
mained disease-free throughout the follow-up, while the other 13/948 
(1.4%) developed recurrent disease, confined to the cervical lymph 
nodes or thyroid bed and diagnosed by both Tg assay and imaging 
(US, DxWBS). Over 75% of recurrences were identified within the 
first 5 years of follow-up and 50% within the first 3 years. Recurrences 
were treated by surgery and/or RAI and 10/13 (76.92%) were consid-
ered free from disease. 
Conclusions Unequivocal evidence of persistent disease developed in 
a small but not negligible subset of patients within the first year of 
initial treatment; in the vast majority of cases, recurrences were de-
tected within 3 – 5 years of initial treatment, thanks to the availability 
of better diagnostic and therapeutic tools. DxWBS and RAI still have 
a fundamental role in persisting/relapsing patients, but a more limited 
one in diagnosis. 
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Comparison of [18F]FDG PET/CT and CT in the evaluation of 
residual cervical lymph nodes in patients with head and neck 
squamous cell carcinoma treated with radiotherapy or radio-
chemotherapy: our experience
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Aim The aim of the present study was to study the role of [18F]FDG 
PET/CT in the status evaluation of residual cervical lymph nodes in 
patients undergoing radiotherapy as a single modality (RT) or in com-
bination with chemotherapy (RCT) for advanced head and neck squa-
mous cell carcinoma (HNSCC), stage N2-N3.
Methods Thirty-two consecutive patients (22 males and 10 females), 
aged between 49 and 74 years and affected by HNCC (primary sites: 
9 rhinopharynx, 3 oral cavity, 7 oropharynx/epiglottis and 13 larynx), 
were submitted to [18F]FDG PET/CT and CT with contrast agent 9-12 
weeks after the end of RT or RCT to minimize the number of false 
negatives (FNs) and false positives (FPs). 18 patients with suspected 
persistent lymphadenopathy underwent neck dissection (6 patients 
with both [18F]FDG PET/CT and CT positive, 3 patients with [18F]FDG 
PET/CT positive and CT negative, 9 patients with [18F]FDG PET/CT 
negative and CT positive) and imaging results were correlated with the 
pathological findings of the residual lymphadenopathy.
Results [18F]FDG PET/CT detected residual disease in cervical lymph 
nodes in 9 patients (28%) while no significant areas of uptake of [18F]
FDG were found in the remaining 23 patients (72%). Differently, CT 
detected lymph node residual disease in 15 patients (46.8%) and no 
lymph node morphological anomalies in 17 patients (53.2%). Both 
methods showed lymph node residual disease in six patients (18.7%) 
and no lymph node residual disease in 14 patients (43.7). Concordance 
was found only in 20 patients (62.5%). The six patients with positive 
[18F]FDG PET/CT and positive CT underwent cervical lymph node 
dissection with subsequent pathological examination: 5 true positive 
(TP) and 1 FN (diagnosed as lymph node inflammation). The remain-
ing 12 patients with discordance (37.5%) also underwent cervical 
lymph node dissection: 3 patients were [18F]FDG PET/CT positive (2 
TP, 1FP) and CT negative [2 FN, 1 true negative (TN)], 9 patients 
were [18F]FDG PET/CT negative [8 TN, 1 FN (lymph node with con-
comitant necrosis and low FDG uptake)] and CT positive (8 FN, 1TP). 
All patients found to be negative for both examinations were followed 
up for 4-14 months. They are still considered to be disease-free on 
the basis of clinical and diagnostic examinations. The sensitivity and 
specificity of each evaluation method were, respectively, 87.5% and 

CT scan was positive in the 3 patients with raised Tg antibodies and 
in 7/9 patients without Tg increase but clinical/instrumental suspicion. 
On ROC analysis we found a Tg cut-off of 9.4 ng/ml to provide better 
sensitivity and specificity with an AUC of 72% (p=0.006).
Conclusions We confirm the reported usefulness of 18F-FDG PET/CT 
in detecting recurrent DTC in patients with elevated Tg levels, with 
good sensitivity, specificity and very high PPV, especially for distant 
metastases. In our experience using TOF reconstruction, we obtained a 
slightly higher sensitivity than the majority of studies in the literature. 
To further increase accuracy, PET/CT could be preferred when Tg lev-
els exceed 9.4 ng/ml.
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Papillary thyroid cancer and relapse time: the right tools, the 
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Purpose The current use of life-long follow-up in patients with papil-
lary thyroid cancer (PTC) is based on study of individuals diagnosed 
and treated in the latter half of the 20th century, when relapses were 
detected up to 20-30 years after surgery. Since then, earlier diagnosis, 
surgical procedures, postoperative treatment and monitoring of PTC 
patients have evolved significantly. The aim of our study was to iden-
tify times to recurrence of PTC diagnosed more recently, and the best 
tools for the diagnosis of persistent/relapsing disease.
Materials and methods From 8 centers for thyroid disease since 
1990, follow-up data of 1020 patients with different risk stratification 
were retrospectively analyzed. All the patients underwent total/near-
total thyroidectomies. Radioiodine remnant ablation (RRA) was per-
formed on the basis of institutional guidelines at the time of surgery. 
Approximately 40 days after total thyroidectomy, patients underwent 
whole-body scan (DxWBS) to evaluate the entity of the remnant, and 
serum thyroglobulin (Tg) assay to allow more accurate staging of the 
disease. At 6-12 months, follow-up consisted of physical examination, 
measurement of Tg, neck ultrasonography (US) and DxWBS, if con-
sidered necessary. Patients were classified as having persistent disease 
if residual tumor tissue was demonstrated, by I-131 uptake, at the first 
remnant evaluation. The other patients were presumed to be free from 
disease and enrolled in the ongoing surveillance program. During the 
follow-up, patients were considered to have recurrent disease if either or 
both of the following were observed: significant increases in basal and/
or stimulated Tg and positive imaging findings (US, DxWBS, CT, MR).
Results Of the 1020 patients, 72 (7.1%) were found to be affected by 
persistent disease, diagnosed by Tg assay and I-131 uptake: 70 (97.2%) 
underwent RAI, and the other 2 (2.8%) surgery. Their median follow-
up time was 10.4 years (range 2.7-21.4 yrs): 58/72 (80.5%) of these 
cases became disease-free, 14/72 (19.5%) continued to be affected by 
persistent disease. The other 948 (92.9%) patients were considered 
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Conclusions The pathologist’s experience and expertise are fundamen-
tal for a correct characterization of thyroid cancers. 18F-FDG PET can 
play an important role in the follow-up of dedifferentiated DTCs. 18F-
FDG avidity and poor 131I uptake are associated with a poor prognosis.
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Usefulness of dual-phase 18F-DOPA-PET/CT in recurrent 
medullary thyroid carcinoma

F. Cocciolillo, G. Treglia, A. Stefanelli, P. Castaldi, A. Giordano,  
V. Rufini

Institute of Nuclear Medicine, Catholic University, Rome, Italy

Background and aim 18F-DOPA-PET/CT is a valuable method in the 
detection of recurrent medullary thyroid carcinoma (MTC). The aim 
of our study was to determine whether early acquisition of 18F-DOPA-
PET/CT (performed 15 minutes after radiopharmaceutical injection) 
could improve the detection of MTC lesions compared with standard 
acquisition (performed 60 minutes after radiopharmaceutical injection).
Methods Fifteen patients (6 men/9 women; mean age 58.7 years; 
range: 41-85) with suspicion of MTC recurrence after thyroidectomy 
based on increased calcitonin levels were prospectively enrolled. PET/
CT images were acquired 15 minutes (early phase) and 60 minutes 
(delayed phase) after intravenous injection of 4 MBq/kg of 18F-DOPA. 
No carbidopa pretreatment was performed, but fasting state before 
18F-DOPA injection was required. Early images included the neck 
and the thorax in all cases and, if clinically indicated, the abdomen 
as well (eight cases); whole-body PET/CT was performed in the de-
layed phase. Two experienced nuclear medicine physicians indepen-
dently evaluated early and delayed images and, blinded to clinical data, 
reached a consensus. Both visual and semiquantitative analyses (using 
the SUVmax) were performed. Washout rate (%) was calculated as 100 
x (delayed SUVmax – early SUVmax)/early SUVmax. As increased 
calcitonin levels are related to residual and/or recurrent disease, any 
18F-DOPA-PET/CT-negative result was interpreted as false negative. 
The results of 18F-DOPA-PET/CT on both phases were compared on 
a per-patient and per-lesion basis. Histology, other imaging studies, 
or follow-up served as the reference standard. A McNemar’s test was 
used to compare the results of early and delayed 18F-DOPA-PET/CT. 
A t-test was used to compare mean SUVmax values in MTC lesions 
between early and delayed PET/CT acquisition. A p-value < 0.05 was 
considered statistically significant.
Results Of 15 MTC patients evaluated, four were negative and 10 
were positive in both 18F-DOPA-PET/CT phases; one patient was 
positive only in the early phase. Nevertheless, the difference between 
early and delayed 18F-DOPA-PET/CT in the detection of MTC was 
not statistically significant on either per-patient or per-lesion-based 
visual analyses (p>0.05). Overall, early 18F-DOPA-PET/CT detected 
only two more lesions compared with delayed acquisition (28 vs 26, 
respectively). True-positive findings were confirmed by histology (24 
lesions) or clinical/imaging follow-up (four lesions). Furthermore, for 
every lesion detected by 18F-DOPA-PET/CT, the SUVmax was superi-
or in the early phase compared with the delayed acquisition. The mean 
SUVmax was 3.4±1.6 in the early phase versus 2.5±1.2 in the delayed 
phase (p<0.001). The mean washout rate was -28±13%.
Conclusions Our findings obtained with a standardized dual-phase 
18F-DOPA-PET/CT protocol confirmed that early 18F-DOPA-PET/
CT (at 15 minutes) seems to be more appropriate than delayed 18F-
DOPA-PET/CT (at 60 minutes) for detecting recurrent MTC, probably 
because of the rapid uptake and rapid washout of 18F-DOPA in MTC 
cells. Nevertheless, the difference between early and delayed 18F-
DOPA-PET/CT in MTC detection on per-patient and per-lesion-based 
analyses was not statistically significant. Further studies with a larger 
patient population are needed to confirm the added value of early 18F-
DOPA-PET/CT compared with delayed acquisition.

80% for [18F]FDG PET/CT; 37.5% and 50% for CT. Positive predictive 
value (PPV) and negative predictive value (NPV) were respectively 
88.8% and 77.7% for [18F]FDG PET/CT and 33.3% and 40% for CT.
Conclusions These data suggest that lymph node size and morphologi-
cal alterations due to RT are no longer reliable criteria for defining the 
biological status of lymph nodes and surrounding tissues in patients 
with advanced HNSCC (stage N2-N3), treated with RT and/or RCT. 
[18F]FDG PET/CT can define with high sensitivity and specificity the 
presence of disease in residual cervical lymph nodes, allowing selection 
of patients for eradication surgery. Moreover, our results suggest that 
cervical lymph node dissection might be omitted in patients with no sig-
nificant uptake of FDG, even in the presence of enlarged lymph nodes.
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Background: The role of positron emission tomography (PET) in the 
post-operative surveillance of differentiated thyroid cancer (DTC) is, 
to a large extent, related to the well-established inverse relationship be-
tween tumor fluorine-18 fluorodeoxyglucose (18F-FDG) avidity and ra-
dioactive iodine (131I) uptake. This “flip-flop” phenomenon is thought 
to reflect dedifferentiation of DTC.
Patient findings A 48-year-old woman underwent total thyroidectomy 
for toxic multinodular goiter in June 2006, at a provincial hospital. 
The pathologic examination incidentally revealed a 5.0-cm classic-
type papillary thyroid cancer (PTC) in the left lobe (pT3). The patient 
underwent 131I remnant ablation therapy (2800 MBq) after thyroid 
hormone withdrawal (thyroid-stimulating hormone 50 µIU/mL and 
thyroglobulin level 21 ng/mL, with negative thyroglobulin antibodies). 
Post-treatment whole-body scintigraphy (WBS) showed neck uptake 
consistent with remnant thyroid. Unfortunately, the patient was lost to 
follow-up for 6 years after the operation. From 2007 to 2012 she was 
only referred for a neck ultrasound evaluation (in 2010), which did not 
reveal anomalous findings, and for regular thyroid function analyses 
by her primary care physician. In June 2012, a routine chest X-ray 
(performed as a pre-operative evaluation for abdominal hernia) inci-
dentally revealed multiple pulmonary opacities with pleural effusion. 
A chest computed tomography scan confirmed the presence of multiple 
nodules, and the patient was submitted to a video-thoracoscopic atypi-
cal lung resection. The histopathology confirmed metastatic papillary 
carcinoma of thyroid origin. Subsequently, she received 0.9 mg of re-
combinant human TSH (rhTSH) for 2 consecutive days followed by 
the administration of 131I (185 MBq). Serum thyroglobulin level rose 
from 413 ng/ml to 972 ng/ml after rhTSH stimulation, with negative 
thyroglobulin antibodies. A diagnostic WBS after 131I administration 
failed to demonstrate any uptake in the whole lung fields, suggesting 
non-functioning lung metastases. A 18F-FDG PET/CT scan showed hy-
permetabolic masses (SUV

max
=28) in both lung fields, suggesting me-

tastases of thyroid cancer. Based on the atypical course of the disease, 
the original pathologic specimens were revised at a tertiary center. The 
primary tumor was predominantly composed of cells showing features 
of classical PTC (60%), with aspects of the tall cell variant (40%). The 
histological appearance of the lung metastases was entirely consistent 
with the tall cell variant of PTC.
Summary The unfavorable course of this case was due, above all, 
to the patient escaping follow-up, but also to underestimation of the 
pathological features of the primary tumor at the initial examination.
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Aim The aim of our study was to investigate the impact of gated 4D 
PET/CT on standardized uptake value (SUV) measurement in solitary 
pulmonary nodule evaluation.
Materials and methods Thirty patients (12 females and 18 males, 
mean age 60±13 years), each presenting a solitary pulmonary nodule, 
were injected with 3 MBq/Kg (250-375 MBq) of 18F FDG and submit-
ted to a positron emission tomography / computed tomography (PET/
CT) scan of the chest with a gated 4D imaging modality simultaneous-
ly with a whole-body PET/CT performed using 3D standard technique 
50±5 minutes after the injection. A Discovery ST (General Electric 
Medical Systems, Waukesha, Wi, USA) equipped with the “Polaris” 
system was used. This consists of a real-time position management 
system (Varian Medical Systems) equipped with an optic infrared sig-
nal that generates a trigger signal allowing the PET acquisition to be 
synchronised with the patient’s respiratory cycle. The maximum SUV 
(SUV max) in the pulmonary lesions resulting from both 3D mode and 
gated 4D mode were then compared using the Wilcoxon matched pairs 
test. Written informed consent was obtained from the patients them-
selves in accordance with the Declaration of Helsinki. 
Results The differences in SUV max measured with both modalities 
were statistically significant (p=0.0077). SUV max was lower in 3D 
standard mode (7±3 9) as compared to gated 4D-mode (8.3±4.6). 
Conclusions SUV max was higher in gated 4D mode than in 3D stand-
ard mode, suggesting that this technique could allow better quantifica-
tion and metabolic characterization solitary lung nodules.
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Indeterminate lung nodules in cancer patients: pre-test 
probability of malignancy and the role of FDG PET/CT
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Aim To determine the relationship between the likelihood of malig-
nancy of indeterminate lung nodules identified on computed tomog-
raphy (CT) images and fluorodeoxyglucose (FDG) positron emission 
tomography (PET)/CT in oncological patients.
Materials and methods We retrospectively selected 59 patients (pts) 
with indeterminate lung nodules (solid and diameter>5mm) on CT 
who underwent PET/CT for tumor staging. In pts with a single pul-
monary nodule we calculated the likelihood of malignancy according 
to Mayo Clinic and Veterans Affairs (VA) models. A separate analysis 
for representative pts with low (<5%), intermediate (5-60%), and high 
(>60%) pre-test probabilities of malignancy was performed. Thereaf-
ter, pts were reclassified according to PET/CT results. Final diagnosis 
was established by histopathology or 2-year imaging follow-up. The 
difference between the reclassifications according to patient outcome 
was defined as the net reclassification improvement (NRI). A simple 
asymptotic test for the null hypothesis of NRI=0 was used (z test).
Results 31/59 (52%) pts had a proven lung disease. PET/CT was truly-
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Background New PET/CT devices based on 3D acquisition protocols 
and TOF algorithms have improved lesion detection and localization, 
in spite of a lower acquisition time and less injected radioactivity. With 
our Philips Gemini TF PET/CT scanner, a whole-body (WB) PET 
scan generally takes 10-12 minutes, 1 minute/bed, for a 3.7 MBq/kg 
18F-FDG injected dose, obtaining a good compromise between image 
quality and number of examinations performed daily. However, in-
creasing PET acquisition time and changing reconstruction protocols 
in dedicated clinically relevant areas could improve the diagnostic ac-
curacy of imaging.    
Aim We performed a WB PET/CT and a head-neck (HN) PET/CT 
18FDG scan in the same patients with HN cancer in order to evaluate 
whether different lesion detection and assessment using these two mo-
dalities might change patient treatment and management. 
Patients and methods We enrolled 23 consecutive patients, aged 42-
77 years (mean 58), with HN cancer (8 rhino-pharynx, 8 oro-pharynx, 
2 thyroid, 2 larynx, 3 squamous cells neck carcinomas). The indication 
for the examination was staging in 8 cases, evaluation of response to 
chemotherapy in 9 and follow-up in 6. Patients were submitted to a 
WB PET/CT scan (10-12 beds) with emission scans of 1 min/bed re-
constructed in 144 by matrix, and to a HN PET/CT scan (2 beds) with 
emission scans of 2 min/bed reconstructed in 288 by matrix, 60 min 
after i.v. injection of 3.7 MBq/kg of 18F-FDG.
Results Both WB and HN PET/CT scans were negative in 8 patients 
and detected pathological FDG uptake of primary lesion or local re-
lapse in 13 patients with a mean SUVmax of 8.37 (range 2.53 – 20.58) 
in WB PET/CT scans and 10.78 (range 3.84 – 22.55) in HN scans 
(29% increase). In one patient both modalities detected a lymph node 
metastasis, whereas a single cervical node uptake was detected only 
by HN scan in another patient. Cervical lymph node FDG uptake was 
detected by both modalities in 6 patients [mean lymph node SUVmax 
4.62 in WB scans and 6.95 (+50%) in HN scans], while only HN scan 
proved able to detect a faint nodal uptake in two patients. Overall, WB 
PET/CT scan detected 14, whereas HN scan identified 25 18F-FDG-
positive cervical lymph nodes. No systemic metastases were detected 
in any of the patients.
Conclusions Our data point out the capability of a HN PET/CT scan 
reconstructed in 288 matrix for a better lesion detection than a WB 
PET/CT scan in patients with head & neck cancer, in term of lesion 
SUVmax increase and higher lymph node number detection. The 
slightly longer acquisition and reconstruction time is a worthwhile ef-
fort for improving diagnostic accuracy in head & neck cancer. Then, a 
WB PET/CT scan from thorax to proximal femurs followed by a HN 
dedicated PET/CT scan is suggested for these patients.

ONCOLOGY 2 – LUNG

17
Functional evaluation of solitary pulmonary nodule with PET/TC 
4D: gated versus non-gated standard uptake value comparison
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Conclusions In conclusion, our preliminary data show that a negative 
18F-FDG PET/CT (low to not significant uptake) is not sufficient to ex-
clude the presence of lung cancer (NPV = 73%). These nodules should 
be safely followed up with CT scans to determine changes in size. In 
the case of patients with high risk factors or with lesions with radio-
logical features of malignancy histological study of SPNs is advisable.
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Aim In accordance with the new classification of lung cancer, disease 
stages from IA to IIIA are consid ered surgically resectable with a pos-
sible role for neoadjuvant or adjuvant chemotherapy and radiotherapy. 
In patients (pts) at stage IIIB-IV, surgical resection is considered im-
practicable, and chemotherapy–ra diation therapy becomes the primary 
treatment. The aim of our study was to compare the role of FDG PET/
CT with that of diagnostic CT in order to evaluate the impact of meta-
bolic imaging on surgical management.
Materials and methods We retrospectively reviewed both PET/CT 
and CT scans of 67 pts (mean age: 69±9 years) with lung cancer. Based 
on PET/CT and CT findings, the sites of primary lung lesions, local 
and distant lymph nodes and distant metastases were tabulated and 
thus the final staging was computed according to the new classification 
of lung cancer. A comparison across diagnostic and metabolic imaging 
was performed.
Results Based on the CT findings, 19 pts were at stage I, 8 at stage 
II, 13 at stage IIIA, 7 at stage IIIB, and 20 at stage IV. Therefore, 
27 (40.2%) pts were not candidates for surgery according to their CT 
scan. According to the PET/CT scans, 30 pts (44.8%) were considered 
eligible for surgery. No concordance between imaging modalities was 
reported in 30 pts: on the basis of PET/CT findings, 15 (50%) pts were 
downstaged and 15 (50%) upstaged. Within three months of the imag-
ing, 29 out of 67 (43.3%) pts underwent surgical therapy. According to 
PET/CT findings, three patients underwent surgery following a change 
in staging from IIIB-IV to I and IIIA. On the contrary, no surgical 
management was adopted in 6 pts due to upstaging of their disease 
(from I-IIIA to IV). Therefore, PET/CT changed the surgical planning 
in 9/67 pts.
Conclusions Applying the new TNM classification, PET/CT helps to 
determine the surgical treatment in about 15% of lung cancer pts, thus 
improving preoperative staging and reducing the number of needless 
surgical procedures.
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positive in 24/31 pts (77%) and truly-negative in 25/28 (89%). The 
negative predictive value of PET/CT was 78% and the positive predic-
tive value was 89%. Based on the Mayo Clinic model, 18 (31%) pts 
were at low, 13 (22%) at intermediate, and 28 (47%) at high pre-test 
likelihood of malignancy. Based on the VA model, 6 patients (10%) 
were at low, 27 (46%) at intermediate, and 26 (44%) at high pre-test 
likelihood of malignancy. According to the PET/CT results, 32 and 27 
pts had a negative and a positive scan, respectively. The NRIs were 
96% (z=4.50; p<0.0001) and 100% (z=4.70; p<0.0001) for the Mayo 
Clinic and VA models, respectively. In particular, of 19 patients at low 
and intermediate pre-test likelihood of malignancy with lung disease, 
14 (74%) showed a positive PET/CT scan. Conversely, patients at high 
pre-test likelihood of malignancy without evidence of lung involve-
ment, 86% and 88% had negative scans, applying the Mayo Clinic and 
VA models respectively. 
Conclusions This study demonstrates that PET/CT is able to further 
stratify the presence of lung disease in pts with indeterminate lung 
nodules and a history of cancer. In particular, a substantial number 
of patients considered at low and intermediate pre-test likelihood of 
malignancy and with a proven lung disease showed abnormal PET/
CT findings.
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Background Solitary nodules of the lung (SPNs) are rounded lesions 
that do not exceed 3 cm in diameter, are completely surrounded by nor-
mal lung parenchyma, and associated with no other anomalies. SPNs 
can be found randomly in the course of imaging exams conducted at 
the level of the neck, upper limbs, chest, abdomen. The diffusion of 
computed tomography (CT), a method characterized by a higher reso-
lution capacity than the X-ray, has led to an increase in the frequency 
of detection of these nodules. A SPN can have various causes. The first 
step in the clinical evaluation of these lesions is to establish their be-
nignity or malignancy. Integration of 18F-2-fluoro-2-deoxy-D-glucose 
positron emission tomography with computed tomography multidec-
tor (18F-FDG PET/CT) allows accurate anatomical-morphological 
analysis and metabolic/functional correlations in indeterminate SPNs, 
providing data for identifying the disease and for differentiating be-
tween malignant and benign nodules. The purpose of this study was to 
determine the negative predictive value and outcome of patients with 
SPNs with negative 18F-FDG PET/CT study at the time of diagnosis.
Materials and methods 300 patients who underwent 18F-FDG PET/
CT between August 2005 and April 2012 for the evaluation of an SPN 
were retrospectively analyzed. Ninety of the 300 patients had a nega-
tive 18F-FDG PET/CT and 46 completed the follow-up. The definitive 
diagnosis was established through histopathology, clinical or radio-
logical follow-up within a period of six months to six years. 
Results Five SPNs showed low FDG uptake and 41 no significant FDG 
uptake. A malignant neoplasm (low-grade adenocarcinoma, BAC, me-
tastasis) was found in 3/5 patients with low FDG uptake during follow-
up. 30/41 patients with no significant FDG uptake were confirmed to 
be true negative during follow-up. False negative 18F-FDG PET/CT re-
sults were observed in 11/41 patients with no significant uptake (squa-
mocellular carcinoma, neuroendocrine tumors and squamocellular 
carcinoma metastasis). The negative predictive value (NPV) was 73%.
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Aim Our aim was to evaluate the relationship between 18F-FDG up-
take (expressed as body-weight standardized uptake value, SUV) and 
response to hypofractioned stereotactic radiotherapy (SRT) in early-
stage NSCLC.
Materials and methods Forty patients underwent 18F-FDG-PET/CT 
for pre-treatment staging of primary lung tumors: 25 in the superior 
(SL), 6 in the middle (ML) and 9 in the inferior (IL) lobe. No patient 
showed abnormal nodal uptake or evidence of distant metastasis on 
PET/CT. The final disease stage was T1a-N0 in 17 patients, T1b-N0 
in 13, and T2a-N0 in 10. The SUVmax value of pulmonary lesions 
was calculated and collected for each patient. For radiotherapy treat-
ment (dose range 50-60 Gy in 5 fractions), patients were positioned in 
the dedicated “stereotactic body frame” (SBF) developed by Elekta. A 
spiral-CT of the chest was performed under shallow breathing, with 
reconstructed slice thickness of 3 mm. For 3D planning, the Precise 
Plan (Elekta) was used. In IL tumors, a mechanical device to reduce 
movements of the diaphragm was used. Response was evaluated with 
chest-CT after 3-4 months and CT or PET/CT at 6-8 months, with 
subsequent follow-up chest-CT every 6 months. 
Results We observed local relapse/local progression (LR/LP) in only 
4 male patients (10%), all with right lung lesions, one T1a of the ML, 
one T1a of the SL, and two T1b lesions of the SL. The total radiation 
dose in these cases was 50, 55, 50 and 60 Gy, respectively. The overall 
SUVmax range was 1.25-19. In the 4 LR/LP patients the SUVmax was 
8.5, 9.6, 7.8 and 5.7 respectively, while all patients with higher (>9.6) 
and lower (<5.7) SUVmax showed a complete local response. Also 
a nodal relapse (NR) was observed in the T1b of the SL with SUV-
max=7.8, and both a NR and a systemic relapse (SR) in that with SU-
Vmax=5.7. In 9/40 patients, despite a complete local response, disease 
relapse (2NR, 7SR) occurred within 6-36 months after SRT. Although 
this finding was not correlated with SRT efficacy, but more probably 
with lack in staging performance of PET/CT, it is worth noting that 
these relapses also fell in an intermediate SUVmax range (<10.6 and 
>5.7).
Conclusions Hypofractionated SRT confirms to give a high local re-
sponse rate in early stage NSCLC. All the subjects with LR/LP had 
small (<3cm) lesions of the SL or ML. Even if the 62.5% of lesion 
treated were localized in the SL, it has also to be said that there were 
more IL lesions (22%) than ML ones (15%). Thus, these results could 
suggest the need to extend the use of the mechanical device able to 
reduce respiratory movements to ML and SL lesions treatment. An in-
termediate SUVmax characterized our LR/LP, NR, SR patients. This 
finding could be explained by a different biological behavior of the 
three groups of neoplasms identified by an high, intermediate and low 
SUVmax. Maybe a high SUVmax correlates with a higher replication 
index contributing to radiosensitivity of the primary lesion and to easi-
er detection of nodal and distant metastases characterized by the same 
avidity of FDG. By contrast, a low SUVmax can demonstrate a lesser 
biological aggressiveness with a lower incidence of metastatic disease 
at diagnosis. More studies are needed to confirm these hypotheses.
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Purpose High accuracy of PET/CT has been observed in the early as-
sessment of response to chemotherapy. According to response criteria 
recommended by the European Organization for Research and Treat-
ment of Cancer (EORTC), a significant reduction of tracer uptake in the 
post-therapy scan compared with the baseline study is predictive of a 
favorable prognosis. Instead, a poor response or no response to therapy 
is suggestive of disease progression. The aim of this study was to as-
sess the correlation between SUVmax, tumor size and clinical outcome 
(overall survival – OS, and disease free survival - DFS) in patients with 
advanced (stage III-IV) non-small-cell lung cancer (NSCLC) undergo-
ing chemotherapy and followed up for 2 years. We also evaluated the 
correlation between the pre-treatment SUVmax and the initial response 
to therapy (best response) and between %∆SUVmax (the change be-
tween SUVmax before and after chemotherapy) and outcome. 
Materials and methods Eighty-six patients (67 M and 19 F; mean age 
= 63.5 years, range = 37-80) with advanced NSCLC were included in 
the study. Thirteen patients (15%) were at stage IIIA, 18 (21%) at stage 
IIIB, and 55 (64%) at stage IV. Patients underwent two FDG-PET/CT 
scans, before and after chemotherapy, and were further classified into 
subgroups according to the tumor response (EORTC criteria). OS was 
calculated for patients in progressive disease (PD) and PET responder 
patients (stable disease - SD, partial response – PR, and complete re-
sponse - CR). The possible correlation between SUVmax values and 
initial response to therapy and the relationship between %∆SUVmax 
and OS were assessed using the chi-square test. 
Results The patients showed an average baseline SUVmax of 12.5 ± 
7.43 and a primary lesion diameter of 42 ± 20 mm. At the end of the 
first-line chemotherapy, according to EORTC criteria, 20/86 patients 
were in PD, 24/86 in SD, 35/86 had a PR, and 7/86 showed a CR. In 
patients in PD the recorded average pre-treatment SUVmax was 11.8 
± 5.23 and the mean size of the primary lesion was 43.35 ± 16.63 
mm. Thirteen of these 20 patients had already died at the end of the 
follow-up (OS: 35%). In SD, PR or CR (66/86) patients, the average 
value of pre-treatment SUVmax was 12.7 ± 8.05 and the mean size 
of the primary lesion was 41.6 ± 21.15 mm. Twenty-four of these 66 
patients were deceased at the end of the follow-up (OS: 64%). Using 
the Student-t test, no significant correlation was found between the fol-
lowing pairs of parameters: pre-treatment SUVmax and outcome, size 
and outcome, SUV max and best response, size and best response (p 
= n.s.). From the analysis of the relationship between ∆SUVmax and 
OS we found that patients with ∆ < +25% (CR, PR and SD) showed 
a better overall survival than patients in PD (∆ > +25%) (p = 0.0235).
Conclusions In stage III-IV NSCLC, no useful correlation between 
SUVmax, tumor size and clinical outcome could be demonstrated. In 
patients with advanced disease, only %∆SUVmax can be considered 
as a useful prognostic factor.
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tor receptor (EGFR)-tyrosine kinase inhibitor (TKI). Studies in vivo 
and in vitro have shown that glucose metabolic activity reflects the re-
sponse to EGFR TKI. The aim of this study was to compare the meta-
bolic response to this treatment, as evaluated using the 1999 European 
Organization for Research and Treatment of Cancer (EORTC) crite-
ria and the PET Response Criteria In Solid Tumor (PERCIST), with 
standard treatment response evaluated using the Response Evaluation 
Criteria In Solid Tumor (RECIST).
Methods Patients with stage IV NSCLC in progression after at least 
one line of chemotherapy and with a performance status of 0 (asymp-
tomatic) or 1 (symptomatic but completely ambulatory) were treated 
with Erlotinib (150 mg orally once daily). FDG-PET was performed 
before and 45 days after the treatment. In accordance with the PER-
CIST protocol, the standardized uptake value (SUV) peak normalized 
to lean body mass (SULpeak) was calculated in the hottest lesion in 
each patient using customized software developed in Matlab by the 
LAboratorio di Tecnologie Oncologiche (LATO), HSR-Giglio. To ap-
ply EORTC criteria, the ratio between maximum SUV normalized to 
body weight calculated in the hottest lesion and mean SUV in the liver 
was also recorded (SUVratio). SULpeak and SUVratio variations be-
fore and after therapy were used to assess metabolic response. Moreo-
ver, we also assessed treatment response evaluated using the currently 
widely used RECIST method: the longest CT anatomical diameter was 
measured before and 45 days after the treatment. Metabolic and ana-
tomical response classifications were compared statistically using the 
Wilcoxon signed-rank test. Overall survival (OS) and progression-free 
survival time (PFS) on the response classifications were calculated by 
the Kaplan-Meier test.
Results From May 2007, 15 patients referred to the Nuclear Medicine 
Department of Cannizzaro Hospital (Catania) for treatment evaluation 
were recruited (10 men and 5 women, mean age: 64.8±11.9 years). The 
patients’ metabolic responses, according to the EORTC criteria, were 
as follows: 5 patients showed a partial metabolic response (PMR), 5 
patients progressive metabolic disease (PMD), and 5 patients stable 
metabolic disease (SMD). Their metabolic responses according to 
PERCIST were: 3 PMR, 6 PMD, and 6 SMD. According to the RE-
CIST protocol, the patients gave the following anatomical responses: 
4 partial response (PR) and 11 progressive disease (PD). We found 
a significant difference in response evaluation between the metabolic 
classifications and RECIST (p<0.05). The patients achieving PMR ac-
cording to PERCIST showed a longer median PFS (355 days) versus 
EORTC criteria (229 days) and versus patients showing a PR accord-
ing to the RECIST protocol (287 days). Instead, a longer median OS 
was shown by the patients achieving a PR according RECIST protocol 
(480 days) versus the metabolic responders according to the PERCIST 
(410 days) and EORTC criteria (278 days).
Conclusions Considering that molecular imaging has been established 
as a leading modality for staging and restaging in oncological disease, 
PERCIST, being closely related to prognosis, can be considered an ap-
propriate method for the metabolic evaluation of therapeutic efficacy, 
able to discriminate responders from non-responders. Further investi-
gations will be conducted in a larger number of clinical cases in order 
to better assess the PERCIST classification in follow-up.
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Purpose Treatment and prognosis in lung cancer are markedly affected 
by the extent of disease at the time of diagnosis. CT studies have been 
widely used in lung cancer staging; however, they have shown subopti-
mal accuracy. Many studies have confirmed that 18F-FDG-PET detects 
abnormal lymph nodes more often than CT and moreover that 18F-FDG-
PET is a better predictor of survival in patients with lung carcinoma. 
The aim of our study was to evaluate the impact of PET in the staging of 
lung cancer and in treatment volume definition for radiotherapy.
Materials and methods Between January 2011 and September 2012, 
34 patients (23 males and 11 females) with lung cancer were treated 
with radiotherapy (RT) at IRCC in Candiolo and at the Mauriziano 
Hospital in Turin. The histologies were: 14 squamous cell carcinomas, 
11 adenocarcinomas, 2 undifferentiated carcinomas, 8 small-cell lung 
cancers and 1 neuroendocrine tumor. The patients had a mean age of 
71 years (range: 50-89). The non-small cell lung cancer stages were: 
2 IA, 1 IB, 2 IIA, 1 IIB, 13 IIIA, 4 IIIB, 2 IV. The small-cell lung can-
cer stages were: 5 limited disease and 4 extensive disease. All patients 
(pts) received a CT scan and a PET-CT for staging; moreover 9 pts 
received PET after chemotherapy (CT) and 6 during radiotherapy in 
order to evaluate treatment response. Twenty-two patients were treated 
with conformal radiotherapy with Varian Linac (mean dose 64 Gy, 
range: 36-70.2 Gy), 12 with intensity-modulated radiotherapy with 
simultaneous integrated boost and daily image guidance (IMRT-SIB-
IGRT) by tomotherapy (mean dose 67 Gy: 55.8-70.2). The contouring 
of the biological target volume (BTV) was performed with a PET-CT 
virtual simulation. The BTV was defined using a semi-quantitative 
method (cut-off value 2.5 SUV). 
Results Staging was modified by PET in 6/34 (18%) pts: 4 pts showed 
more extensive tumor disease and 2 pts more extensive nodal disease. 
PET-CT revealed distant metastasis in 1 case and changed the treat-
ment program (the patient received chemotherapy and palliative RT: 
8 Gy /1fraction). In 28/34 pts (82%) CT staging was confirmed on 
PET-CT imaging and no change was made to the therapeutic decisions. 
5/9 (55.5%) pts demonstrated a partial (4) or a total response (1) on 
restaging PET after CT. 3/5 (60%) pts showed a partial response on 
restaging PET during RT.
Conclusions Our experience confirmed the clinical impact of PET-CT 
imaging in staging, treatment response evaluation and RT contouring. 
Correct selection of patients for different treatment options, accurate 
definition of target volumes and accurate contouring allowed us to in-
crease the dose delivered to the tumor and, at the same time, to reduce 
toxicity. This procedure also improved accuracy in contouring and de-
livering higher doses to BTV PET, particularly in the IMRT technique. 
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Aim We set out to assess the clinical value of FDG-PET in the pre-
diction of tumor response to Erlotinib in patients with advanced or 
metastatic non-small-cell lung cancer (NSCLC) after failure of at least 
one prior chemotherapy regimen. Erlotinib is an epidermal growth fac-
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3200S/12k, Gamma Medica Ideas Inc.; intrinsic spatial resolution: 1.6 
mm; energy resolution: 4.6%) and a multicrystal NaI system (Dilon 
6800 Gamma Camera, Dilon Technology; intrinsic spatial resolution: 
3.3 mm; energy resolution: 13.5%). Scintigraphic data were always 
correlated with surgical histopathological findings. Of the 62 patients, 
56 had an invasive carcinoma (ductal in 50 and lobular in 6 cases), 
ranging in size from 2 to 40 mm, while the remaining 6/62 patients had 
a carcinoma in situ (ductal in 5 cases and lobular in 1 case); the extent 
of ductal carcinoma in situ (DCIS) ranged from 8 mm to extensive 
multicentric disease. 
Results In the present study, the CZT-based device was true positive in 
61/62 breast cancer patients and the NaI-based device in 60/62 cases 
(overall sensitivity: 98.4% and 97%, respectively; p>0.05) cases. Both 
devices were true positive in 60/62 patients and false negative in one 
patient with a 15-mm invasive ductal carcinoma sited in the right infe-
rior external quadrant. Only the NaI-based device was false negative 
in a further patient with a 15-mm invasive ductal carcinoma sited in 
the right external upper quadrant. Due to its better energy resolution, 
the CZT-based system gave images characterized by a higher contrast 
than those acquired with NaI device, thus demonstrating a better scin-
tigraphic performance in 7 of the 60 concordantly positive patients; in 
5 of these 7 patients, the CZT device allowed clearer visualization of 
tumor foci that were partially obscured by background activity in the 
images acquired with the NaI-based device; 3 of these 5 patients had 
an invasive ductal carcinoma (lesion size range: 8-12 mm), while 2/5 
patients had multiple disseminated microscopic foci of DCIS. In the 
remaining 2/7 patients, the CZT device revealed a higher number of 
subcentimetric DCIS foci surrounding the invasive index tumor than 
did the NaI device, allowing a more accurate local disease staging.
Conclusions BSGC scintigraphy proved to be a highly sensitive diag-
nostic tool in the detection of primary breast cancer, irrespective of the 
device employed for image acquisition. However, in our series, the sem-
iconductor CZT-based device, probably due to its better physical char-
acteristics, provided better tumor identification and characterization in 
some cases, especially in the presence of subcentimetric DCIS lesions.
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Background MMS has shown a remarkable ability to identify multi-
drug resistance to a large number of chemotherapeutic agents in breast 
cancer. FDG PET/CT can provide important information in locally 
advanced breast cancer (LABC) patients with stage II or III disease, 
detecting unknown lymph node metastases outside axilla levels I and 
II and occult distant metastases. Here, we aimed to evaluate evidence 
obtained from association of MMS and FDG PET/CT in patients with 
LABC. 
Materials and methods After ethics committee evaluation, we pro-
spectively enrolled 33 women (median age: 54 years; range: 27-73 
yrs) with LABC who underwent, within one week, both MMS and 
FDG PET/CT. Both MMS and PET/CT were qualitatively and semi-
quantitatively analyzed. In particular, for MMS we calculated the 

Aim Pulmonary carcinoids (PCs) are tumors originating from endo-
crine cells dispersed in the respiratory epithelium. Conventional imag-
ing procedures (CIPs, including computed tomography, ultrasound and 
magnetic resonance) are often insufficient to make a conclusive diag-
nosis of PCs. The aim of this study was to determine the added value 
of 111In pentetreotide SPECT/CT using a hybrid device for functional 
anatomical mapping (FAM) in patients with PCs. 
Materials and methods Seventy-nine patients with pathologically 
proven PCs were studied, 37 during initial staging and 42 during fol-
low-up; the primary tumor had already been excised in 67 cases. All 
underwent whole-body scanning, multiple planar views and SPECT/
CT of chest and abdomen at 4 and 24 h after 111In pentetreotide injec-
tion. The acquisition of functional and anatomical data by combined 
SPECT and CT was performed during a single session. The patients 
had previously been submitted to 2 of 3 CIPs within 1 month. FAM 
findings were compared with CIPs and SPECT alone and then with 
pathology and/or clinical and imaging follow-up.
Results FAM findings were concordant with the CIPs ones only in 32 
patients. SPECT/CT was negative in 31 and CIPs in 37 patients, respec-
tively; in 26 both FAM and CIPs were negative, in 11 cases SPECT/CT 
was positive and CIPs negative, in 5 cases CIPs were positive and FAM 
negative. FAM detected a higher number of tumor lesions than CIPs 
in 36 cases; CIPs detected more tumor sites than FAM in 13 patients. 
FAM was able to provide further information of clinical value in 16/48 
(33.3%) abnormal SPECT studies. The addition of FAM resulted in a 
correct anatomical localization of SPECT findings in 10 cases (with 
determination of the organs involved and/or accurate delineation of the 
relationship between lesions and adjacent structures), excluded malig-
nancy at sites reported as positive in 3 cases and revealed unsuspected 
bone metastases in 3 patients. 
Conclusions SPECT/CT improved image interpretation and accuracy 
in a significant percentage of patients (20.3% of the entire group), so 
enhancing the clinical role of 111In pentetreotide scintigraphy in evalu-
ating PCs. FAM may define the precise organ involved and the inva-
sion of surrounding tissue, and distinguish tumor lesions from benign 
uptakes.
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A comparative study between two different dedicated breast-
specific γ-cameras in the detection of primary breast cancer

A. Spanu, F. Chessa, D. Sanna, I. Gelo, L. Sanna, S. Nuvoli,  
G. Madeddu

Unit of Nuclear Medicine, University of Sassari, Sassari, Italy

Aim Breast imaging acquired with a standard gamma camera has been 
found to be of limited value in the diagnosis of primary breast cancer, 
especially in the detection of small size (subcentimetric) carcinomas. 
Dedicated small field-of-view breast-specific gamma cameras (BSGCs) 
were thus developed to enhance resolution and increase sensitivity. The 
currently available BSGCs are based on either multicrystal sodium io-
dide (NaI) or cesium iodide (CsI) systems or on a pixelated array of 
semiconductor material, such as cadmium zinc telluride (CZT). The aim 
of the present study was to compare the clinical performance of two dif-
ferent BSGCs in the detection of primary breast cancer. 
Methods We prospectively studied 62 female patients, aged 36 to 85 
years, with biopsy-proven primary breast cancer scheduled for surgery. 
Following the i.v. injection of 740 MBq of 99mTc-tetrofosmin, all pa-
tients underwent BSGC scintigraphy (craniocaudal and mediolateral 
oblique projections) using both a pixelated CZT device (LumaGEM 
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confirmed histologically (1 patient with pulmonary, 1 with pleural, and 
3 with lymph node metastases) and 1 had a radiological follow-up.
Results 18F-FDG-PET/CT was positive in 10 patients and negative in 
the other 4. We compared 18F-FDG-PET/CT findings with CT in 7/14 
patients. In 3/7 (43%) patients 18F-FDG-PET/CT results were the same 
as the CT ones; in 3/7 (43%) 18F-FDG-PET/CT showed bone locali-
zations not revealed on CT scans; in 1 patient 18F-FDG-PET/CT was 
negative; in particular, no uptake was revealed at a 15 mm lung node 
and the patient was stable at CT radiological follow-up. In 2/5 patients 
with histologically documented metastasis (1 lung, 1 pleural), both 
PET and CT were positive; in 1/5 patient 18F-FDG-PET/CT was posi-
tive for lymph node metastases (1 in the laterocervical, 1 in the retro-
pectoral, and 1 in the retrocavicular region) while CT was negative; in 
2/5 patients 18F-FDG-PET/CT findings were histologically confirmed 
but CT was not available.
Conclusions Our preliminary data suggest that 18F-FDG-PET/CT is a 
very sensitive imaging tool in restaging recurrent breast cancer in male 
as well as in female patients. It seems to be more sensitive than CT in 
detecting bone metastases. Despite the low incidence of MBC, larger 
studies are desirable to confirm this insight. 

29
Raising serum markers in patients with breast carcinoma.  
An attempt to define their optimal levels for performing FDG-
PET/CT in searching for the site of relapse

S. Casagrande1, L. Ballada1, D. De Palma1, F. Tanzi2, C. Gobbo1,  
S. Scotti1, S. Garancini1

1Nuclear Medicine Unit, Circolo Hospital and Macchi Foundation, 
Varese, Italy
2Medical Physics Unit, Circolo Hospital and Macchi Foundation, 
Varese, Italy

Aim Serum markers (CEA and CA 15.3) are the cheapest and most 
widely available tools for non-invasive follow-up of patients affected 
by breast carcinoma (BC), treated with surgery and/or radiotherapy, 
chemotherapy and hormone therapy. Nevertheless, the finding of ab-
normal and/or progressively rising levels of these markers is not al-
ways coupled with an instrumentally identifiable site of disease. The 
use of FDG-PET/CT for this purpose is increasing, but only in recent 
times systematic reviews have been published. We reviewed our expe-
rience in an attempt to identify the best marker cut-off levels for refer-
ring patients for FDG-PET/CT.
Methods We enrolled 81 patients from those referred to our unit for 
the above mentioned clinical question. CA 15.3 levels (mean 93.4 + 
180.5 U/ml) were available for all patients, CEA levels (39.6 + 132 ng/
ml) only for 69. All underwent FDG-PET/CT performed according to 
a standard protocol, with glycaemia check, administration of 2 MBq/
kg/BW of 18F-FDG and scan 60 min thereafter. FDG-PET/CT scans 
were classified as positive or negative according to the likelihood of 
positive findings being related to BC; dubious findings were collegi-
ally re-evaluated. PET results were then compared with histopatho-
logical findings or clinical evolution. Thereafter, we performed a ROC 
analysis to find the marker level with the best overall accuracy and 
balance between sensitivity and specificity.
Results In patients with abnormal or rising CA 15.3, 38 scans were 
normal, whilst abnormal foci of uptake were found in 43. We identi-
fied a CA 15.3 level of 50.2 U/ml (78% accuracy, 75% sensitivity, 81% 
specificity) as the best cut-off for optimizing the chances of finding the 
site of relapse. In the same group, in patients with abnormal or rising 
CEA, 23 scans were normal and 46 abnormal, but no significant cut-off 
level was found (55% accuracy at 7.2 ng/ml).
Conclusions The correct use of imaging tools in the follow-up of BC 
patients is debated, with regard to timing, type, indications, and inva-
siveness, especially because each has advantages and disadvantages. 
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Maximum, minimum and average standardized uptake value (SUV) 
was computed by PET/CT images, using a region of interest. The re-
sults from MMS and PET/CT were correlated with clinical findings 
(stage, immunohistochemical data, etc.).
Results 21 patients were at stage II and 12 at stage III. All patients had 
invasive cancer, in particular 26 (78.8%) had invasive ductal cancer. The 
median value of ki67 was 35 (range: 3-80). Twelve patients were classi-
fied as triple negative (TN) and 21 patients as no-TN. Significant uptake 
of tracer in the primary tumor was identified both on MMS and on PET/
CT. MMS showed a higher detection rate for axillary lymph nodes than 
did PET/CT (69 vs 54%), while PET/CT recognized supraclavicular 
and distant lymph node and skeletal metastases in 11 patients. WO%

T
 

and WO%
I
 had a median value of 43.14% and 37.01%, respectively. 

The median SUVmax for primary tumor was 10.57 (range: 3.32-35.16). 
The WO%

T
 was similar in both TN and no-TN patients (about 38%). 

On the contrary, the WO%
I
 was lower in TN than in no-TN patients 

(36.51±15.42% vs 40.16±17.98%, p=0.560). Moreover, 8 TN patients 
and 12 no-TN patients had a WO%

I
 <45% (66.6 vs. 57.1%; p=0.590). 

A similar result was reported for HER2-negative and HER2-positive 
tumors (WO%i: 40.79±18.28 vs 32.72±10.47, p=0.247). 
Conclusions These preliminary results revealed a substantial differ-
ence in WO%

I
 between TN and no-TN patients and between HER-

positive and HER2-negative subjects. We can therefore hypothesize 
that a slow WO%

I
 from early to late MMS scan is correlated with a 

major responsiveness to neoadjuvant treatment in these aggressive 
forms of tumor. 
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18F-FDG-PET/CT in evaluating male breast cancer patients: 
preliminary results from a single-center experience

M. Bertoli1, A. Alkraisheh1, A. Peli1, V. Zilioli1, F. Motta1,  
S. Gabanelli1, G. Bosio1, R. Giubbini1, F. Bertagna1

1Nuclear Medicine Unit, Department of Diagnostic Imaging, Civic 
Hospital and University of Brescia, Italy

Background Male breast cancer (MBC) is rare and accounts for less 
than 1% of all breast carcinomas. The mean age at diagnosis is between 
60 and 70 years. Overall survival is similar to that of women but male 
breast cancer shows a worse prognosis, probably because of delayed 
diagnosis. The five-year overall survival rate is 78% for stage I, 67% 
for stage II, 40% for stage III, and 19% for stage IV patients. Several 
studies showed that 18F- 2Fluoro-2deoxy-D-glucose positron emission 
tomography with computed tomography (18F-FDG-PET/CT) has a high 
sensitivity and specificity in detecting local recurrence and metastases 
to mediastinal lymph nodes, bones, liver and lungs; moreover it has 
been shown to be useful in treatment planning and monitoring. 
Aim The purpose of this study was to verify the diagnostic perfor-
mance and added value of 18F-FDG-PET/CT in evaluating MBC pa-
tients after mastectomy.
Methods From 2006 to 2012, 14 consecutive male patients (mean age: 
67 years) with a histological diagnosis of breast cancer (10 ductal, 2 in 
situ carcinoma, 1 adenocarcinoma and 1 unknown histological type) un-
derwent 16 18F-FDG-PET/CT scans at our center. 11 patients underwent 
18F-FDG-PET/CT because of clinical suspicion of disease relapse, 2 pa-
tients because of raised marker levels (CA 19.9 in one patient and CA 
15.3 in the other), and 1 after surgery before chemotherapy. Seven of the 
14 patients also underwent computed tomography (CT) within 3 months 
before or after 18F-FDG-PET/CT. In 5 patients metastatic lesions were 
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The outline of this ongoing prospective study, approved by our insti-
tute’s ethics committee, is as follows: (1) informed patient consent; (2) 
breast cancer stage T2-4 N0-3 M0, with tumor size clinically measur-
able and histological diagnosis defined by core biopsy; (3) primary 
chemotherapy based on adriamycin and taxol for 3 cycles followed 
by cyclophosphamide, methotrexate and fluorouracil for 3 cycles; (4) 
conventional clinical and imaging work-up with mammography and/
or ultrasound; (5) FLT PET/CT performed before therapy and core bi-
opsy (PET1), after the first cycle of therapy (21 days, PET2), and at the 
end of therapy (PET3). For tumor characterization, PET 1 is compared 
with pathological features (histological type, grading, receptor status, 
Ki-67 and HER-2), provided by core biopsy. For therapy monitoring, 
PET2 and PET3 are compared with the results of histopathology after 
final breast and axillary surgery. Following i.v. injection of a mean ac-
tivity of 250-300 MBq of FLT (synthesized at our institute’s cyclotron 
and radiochemistry facility) and an uptake time of 80 min, total-body 
(mid femur-skull base, arms upraised) PET/CT studies are performed 
using a 3D-TOF PET/CT scanner (Philips Gemini). Semi-quantitative 
analysis (SUVmax) of tumor FLT uptake is performed. 
To date, 15 consecutive patients have been recruited into the study 
(mean age 45 years, range 30-62). All patients underwent PET1. Sub-
sequently, two patients have been excluded: one because PET/CT 
detected unknown hepatic metastasis, afterwards confirmed by ultra-
sound, and the other due to the patient’s decision. Thirteen patients un-
derwent PET2 and, currently, 8 patients have been submitted to PET3 
and are awaiting the scheduled surgery. The total number of PET/CT 
scans performed is 36. At present, the available results concern the 
comparison between the baseline PET, the histological features and the 
biological characterization obtained from the core biopsy. Infiltrating 
ductal carcinomas were found in the vast majority of patients (93%). 
Grade III carcinomas were found in 67% of cases (8/12) and grade II in 
the remaining 33% (4/12). One case had a grade II lobular carcinoma; 
43% of patients (6/14) showed high levels (67-100%) of reactive cells 
for the immunohistochemical quantification of ER and/or PgR recep-
tor expression. In 50% of patients (7/14) levels were borderline (<1% 
of reactive cells). 43% of tumors (6/14) expressed HER2 receptors. 
In 50% of tumors (7/14) the proliferative index Ki-67 was ≥ 50%. In 
the remaining 50% the Ki-67 was ≤ 30%. As regards the FLT results, 
all primary tumors showed significant uptake of FLT with SUVmax 
5.7 ± 3.6 (mean ± SD). In the subgroup of patients with Ki-67 ≥ 50%, 
SUVmax was 6.3 ± 3.0, whereas it was 3.9 ± 2.5 in the subgroup with 
Ki-67 ≤ 30%. As regards hormonal status, SUVmax was 3.9±2.5 in pa-
tients with high immunohistochemical positivity and 2.5±3.0 in those 
with low levels. With regard to the HER2 receptor status, SUVmax 
was 4.4±2.4 in patients with a positive test and 5.4±2.9 in those with 
a negative test. Finally, in 93% (14/15) of patients, PET/CT detected 
axillary lymph nodes with abnormal FLT uptake highly consistent with 
metastasis. In 43% (6/14) of these patients, the size of lymph nodes 
was adequate (≥ 1 cm) for SUV calculation (SUVmax 6.2 ± 4.7). 
This study is still ongoing, according to the study protocol.
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32
18F-fluoromethylcholine PET-CT in prostate cancer: evaluation 
between early and delayed images

A. Moretti1, A. Biagioli1, R. Galassi1, P. Caroli2, A. Musto1,  
F. Matteucci2

FDG-PET/CT is very promising, but its routine use as a screening tool 
is impossible due to its cost and radiation burden. Our data seem prom-
ising for selecting patients in whom FDG-PET/CT has the highest pre-
test likelihood of giving the clinician an answer to his question.

30
Recurrence detection by Fluorodeoxyglucose (FDG) and positron 
emission tomography (PET)/computed tomography (CT) in risk 
categories of breast cancer

L. Evangelista1, A. R. Cervino1, M. Gregianin1, S. Michieletto2,  
T. Saibene2, F. Bozza2, C. Ghiotto3, G. Saladini1

1Radiotherapy and Nuclear Medicine Unit, Istituto Oncologico 
Veneto IOV – IRCCS, Padua, Italy
2Oncology Surgery Unit, Istituto Oncologico Veneto IOV – IRCCS, 
Padua, Italy
3Oncology Unit 2, Istituto Oncologico Veneto IOV – IRCCS, Padua, 
Italy

Aim The patterns of metastatic spread may influence adjuvant therapy 
and surveillance decisions and determine which investigations and 
therapies are appropriate once distant metastases have been diagnosed. 
This study set out to determine the rate of accuracy of FDG PET/CT 
in breast cancer based on luminal categories and the 2005 St. Gallen 
Oncology Conference classification. 
Materials and methods We retrospectively evaluated the charts and 
images of 416 patients from our institutional database. All were pa-
tients submitted to PET/CT for suspicion of disease relapse (n=321, 
77%) or increase in tumor markers (n=95, 23%). The median time be-
tween PET/CT and initial diagnosis was 4 years. Luminal categories 
were: luminal A (ER positive and Ki67<14% and Her2 negative), lu-
minal B (ER positive and Ki≥14% and/or Her2 positive), Her2 positive 
(ER negative, PR negative and HER2 positive) and triple negative (ER, 
PR and HER2 negative). Using the St. Gallen classification, the pa-
tients were divided into three risk categories (low, intermediate, high) 
based on nodal involvement, age and HER2 receptor expression. A 
patient-based analysis was performed.
Results 164 (39%) patients were classified as luminal A, 140 (34%) as 
luminal B, 9 (2%) as HER2 positive, and 60 (14%) as triple negative. 
On the other hand, only 5 (1%) patients were considered at low risk 
of recurrence, 297 (71%) at intermediate risk, and 114 (27%) at high 
risk. PET/CT showed high diagnostic accuracy in identifying recur-
rence of disease in triple negative patients (sensitivity, specificity and 
accuracy of 95.3%, 81.8%, and 93.3%, respectively) and in high-risk 
patients with 1-3 positive lymph nodes and HER2 expression at diag-
nosis (sensitivity, specificity and accuracy of 90%, 100%, and 93.3%, 
respectively). Negative predictive value was higher in patients with 
intermediate risk of recurrence and in patients categorized as luminal 
B (92.3% and 84.1%) than in the other categories. Finally, a change 
in treatment management after PET/CT was higher in patients at high 
risk of recurrence (50%) and in HER2 positive category (83%).
Conclusions The risk of breast cancer recurring depends on the in-
dividual characteristics of the patient and the tumor. PET/CT shows 
good diagnostic accuracy in identifying disease relapse in breast can-
cer patients at “high risk”, thus allowing initiation of treatment and 
reducing the rate of morbidity.

31
[18F]fluorothymidine (FLT) PET/CT for tumor characterization 
and treatment monitoring of patients with locally advanced 
primary breast cancer submitted to primary chemotherapy: 
preliminary results

F. Crippa, A. Alessi, B. Padovano, G.L. Serafini, C. Bampo,  
I. Maugeri, A. Moscaroli, C. Pascali, A. Bogni, V. De Sanctis,  
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pitfalls and artifacts due to abnormal in vivo distribution of 18F-FDG, 
few studies have focused the attention on the physiological variants of 
the distribution of 18F-choline and the potential diagnostic impact of 
inflammation or other malignancies which can complicate the interpre-
tation of 18F-choline PET/CT. Therefore, the aim of this study was to 
describe and discuss some abnormal sites of uptake we observed in our 
clinical practice with 18F-choline PET/CT, not related to PC relapse, 
and to increase knowledge of these features. 
Methods Three hundred consecutive patients were submitted to 18F-
choline PET/CT for restaging of PC after therapy (radical surgery or 
radiotherapy). Whole-body PET/CT was acquired 45 minutes after in-
travenous administration of 18F-choline. 
Results We found abnormal uptake of the tracer, not related to PC, 
in 48/300 patients (16%). The majority of these findings were due to 
inflammatory processes, such as reactive lymph nodes, colic adeno-
matosis, thyroiditis, pleuritis and sinusitis. Some malignant conditions 
with abnormal tracer uptake, such as a case of colon cancer, a case of 
bladder carcinoma, and a multiple myeloma, were diagnosed. Mild up-
take was also detected in benign diseases: thymoma, adrenal adenoma, 
lung nodules, and in a case of active sarcoidosis. Six patients showed 
focal brain uptake associated with a meningioma, as confirmed by cor-
relation with MRI. Finally, in a patient with a recent traumatic injury of 
the right femoral neck, the bone uptake was related to post-traumatic 
reactive fibrous cells, as diagnosed by histological examination of bi-
opsy material. 
Conclusions The accurate knowledge of physiological distribution 
and the not rare variants are mandatory for nuclear physicians. De-
spite the overall accuracy of the examination in the management of 
PC patients and its high sensitivity, documented in numerous papers, it 
seems to be necessary, during clinical practice, to keep into considera-
tion the possibility of 18F-choline uptake in some benign or malignant 
conditions, due to the intrinsic pharmacological property of the tracer. 
Careful medical investigation, correlative imaging with CT and/or 
MRI with contrast agents, laboratory data and, above all, histological 
examination, are often necessary to improve the interpretation of im-
ages and obtain the correct diagnosis.

34
Dual time 18F-choline PET/CT compared with PSA values and 
Gleason score in prostate cancer

K.D. Siczek1, L. Florimonte2, F. Cammelli1, V. Longari2, A. Vignati1,  
R. Stoico1, L. Lorusso1, F. Leoni1, P. Gerundini2, L. Maffioli1

1PET–CT Center Legnano, Department of Nuclear Medicine, 
Ospedale Civile di Legnano, Legnano, Italy
2PET–CT Center, Department of Nuclear Medicine, Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy

Aim The aim of this study was to evaluate the performance of 18F-
choline (FCH) PET/CT scan “dual time” in staging and restaging of 
prostate cancer, related to PSA values and Gleason score.
Materials and methods Eighty patients (mean age 71.5 yrs, range 58-
86) were studied with FCH PET/CT between July 2010 and Septem-
ber 2012: 16 pts undergoing staging and 64 pts undergoing restaging. 
Seven follow-up scans were performed (one after resection of pelvic 
relapse). FCH PET/CT scan was performed in dual time modality (60s 
X 10 frames dynamic acquisition of the pelvic region followed by 
whole body acquisition 60 min p.i. of 3.5 MBq/Kg of 18F-fluorometh-
ylcholine). FCH PET/CT was compared with pelvic CT and/or pelvic 
MRI, and it was correlated with PSA values. The ROC analysis was 
performed between PSA values and positive FCH PET/CT. The ROC 
analysis and Spearman test were performed between Gleason score 
and positive FCH PET/CT.
Results FCH PET/CT was considered pathological in 40/80 (50%) 
patients. Twenty-six out of 64 (41%) PET studies performed for re-

1Nuclear Medicine Unit, Department of Radiology, Morgagni 
Pierantoni Hospital, Forlì, Italy
2Nuclear Medicine Unit, IRST, Meldola, Italy

Aim 18F-fluoromethylcholine now has a definitive role, especially 
in restaging of prostate cancer patients showing increase in prostate 
specific antigen (PSA) levels in at least two samples. Considering the 
rapid clearance of fluorometylcholine from the blood pool, we won-
dered whether an early acquisition (5 minutes after radiotracer injec-
tion) might have the same diagnostic effectiveness as the standard one 
(50 minutes after injection). Standardized uptake value corrected for 
body weight (SUV BW, g/ml) was measured in normal and pathologi-
cal tissue 5 and 50 minutes after injection.
Materials and methods From January to July 2012, 19 patients (me-
dian age 74 yrs, average weight 88 kg, median body mass index 29) 
were studied at IRST, Meldola (FC, Italy). All had biochemical re-
lapse of disease with a median PSA of 16 ug/L. Ten of the 19 patients 
had previously undergone radical prostatectomy, while 9/19 had been 
treated non-surgically (hormone suppression therapy or radiotherapy). 
After giving their written informed consent, all patients underwent an 
injection of 18F-methylcholine (3 MBq/kg); two PET/CT scans with 
standard acquisition protocol were performed (Discovery LS GE 
Medical System) 5 and 50 minutes post-injection, respectively. Images 
were reconstructed with OSEM and filtered back-projection. SUV 
measurements were performed using GE Medical Systems Xeleris 1.1 
software, drawing a region of interest (ROI) with a 2 cm diameter on 
non-pathological salivary glands, liver, spleen, kidney, and all bone or 
soft tissue lesions, on both early and delayed acquisitions.
Results Data were analyzed using the Wilcoxon paired samples test. 
We had 129 early and delayed measurements of normal tissues uptake, 
with a median early SUV of 8.97, 95% confidence interval (CI) 7.04-
10.77, and delayed median SUV of 7.21, 95% CI 6.23-8.25. On the de-
layed images, the median SUV of normal tissues was lower than on the 
early images, with a statistically significant p value (p<0.0001). When 
present, lesions were always clearly identified on both acquisitions; 
we had 69 early and delayed measurements of pathological lesions (all 
detected on both early and delayed acquisitions), with a median early 
SUV of 5.73, 95% CI 5.39-7.10; delayed median SUV was 7.12, 95% 
CI 5.59-7.91. Median SUV of diseased tissue was statistically signifi-
cantly higher (p<0.0005) on delayed images than on early acquisitions.
Conclusions Given the higher tumor-to-background ratio of 18F-
methylcholine uptake of neoplastic lesions on delayed measures, we 
believe that delayed SUV could be more helpful in disease follow-up, 
especially in therapy monitoring. Therefore, we still consider the 50 
minutes post-injection acquisition as the gold standard.

33
18F-choline PET/CT pitfalls in image interpretation: an update on 
300 examined patients with prostate cancer

F. Calabria1, O. Schillaci1,2

1Unit of Nuclear Medicine and Molecular Imaging, Department of 
Diagnostic Imaging and Neuroradiology, IRCCS INM Neuromed 
Hospital, Pozzilli (IS), Italy. 
2Department of Biomedicine and Prevention, University “Tor 
Vergata”, PTV Foundation – Policlinic “Tor Vergata”, Rome, Italy

Aim PET/CT with choline (labeled with 11C or 18F) is the most prom-
ising diagnostic tool, beyond PET/CT with 18F-FDG, in the manage-
ment of patients with prostate cancer (PC). Choline is a precursor of 
phosphatidylcholine, an important element of the cell membrane. The 
uptake of choline is due to the increased cell membrane synthesis that 
can occur in some malignant conditions such as PC, bronchioloalveo-
lar carcinoma and hepatocarcinoma. Although various original papers 
and reviews in the literature have clearly described many potential 
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Aim The aim of this study was to compare the detection rate of bone 
metastases by 99mTc-methylene diphosphonate (99mTc-MDP) planar 
bone scintigraphy and 18F-choline (FCH) PET/CT in the preopera-
tive staging of patients with high-risk prostate cancer (PC) defined as 
cancer with Gleason score (GS) 8-10, prostrate-specific antigen (PSA) 
>10 ng/ml, and clinical T2b. 
Materials and methods 30 patients with biopsy-proven PC [mean 
age 66 yrs; range 53-81 yrs; mean PSA 38.38 ng/ml] and clinically 
evaluated as high-risk patients performed, within 2 weeks, 99mTc-MDP 
bone scintigraphy and FCH PET/CT for detection of bone metastases. 
Lesions were interpreted separately on both modalities as normal or 
benign, equivocal, or malignant. FCH PET/CT and 99mTc-MDP bone 
scintigraphy results were correlated to clinical and PSA follow-up af-
ter therapy.
Results 99mTc-MDP bone scintigraphy was positive for bone metas-
tasis in 4 patients, equivocal in 2 patients and negative in 24 patients. 
FCH PET/CT was positive in 6 patients and negative in 24 patients; 
21 patients were negative on both imaging methods. No patient was 
negative on FCH PET/CT and positive for bone metastasis on bone 
scintigraphy. Two patients with equivocal results on bone scintigraphy 
were found to be negative on FCH PET/CT. One of these two patients 
underwent surgery and turned out to be T3aN0Mx patient with nega-
tive PSA values 1 year after surgery. The other patient was treated with 
external radiation and the PSA nadir was stable for one year. Another 
two patients were positive on FCH PET/CT and negative on bone scin-
tigraphy. In one of these two patient, a second look evaluation of bone 
scintigraphy permitted to detect a small pelvic lesion hidden behind 
bladder. The bone metastasis of the other patient was confirmed by 
subsequent radiologic exams.
Conclusions The presence of bone metastases can completely charge 
the therapeutic approach to PC patients. FCH PET/CT is a highly spe-
cific diagnostic modality for detection of bone metastases in patients 
with high-risk PC and in our patient population showed higher sensi-
tivity compared to 99mTc-MDP bone scintigraphy. This added value of 
FCH PET/CT may beneficially impact on the clinical management of 
patients with high-risk PC.

37
Comparison of conventional imaging (CI) and whole-body 
18F-choline positron emission tomography/computed tomography 
(PET/CT) in patients with prostate cancer

L. Evangelista1, G. Saladini1, A.R. Cervino1, M. Gregianin1,  
A. Guttilla2, Fa. Zattoni2, F. Zattoni2

1Radiotherapy and Nuclear Medicine Unit, Istituto Oncologico 
Veneto IOV – IRCCS, Padua, Italy
2Department of Urology, University of Padua, Padua, Italy

Purpose Transrectal ultrasonography and magnetic resonance imag-
ing (MRI) are the established imaging studies in many institutions for 
the T staging of prostate cancer. The use of CT and MRI for N staging 
is of limited value because of low sensitivity in the detection of lymph 
node metastases. Bone scintigraphy is generally used to exclude the 
presence of bone metastases. We set out to compare the diagnostic ac-
curacy of 18F-choline PET/CT (FCH) and conventional imaging (CI) 
in patients with prostate cancer at initial staging and in the presence of 
suspected biochemical relapse.

staging were positive, and 38 (59%) were negative. Fourteen out of 
16 (87.5%) PET studies performed for staging were positive and two 
(12.5%) were negative. FCH PET/CT had an overall sensitivity of 
90% [95% confidence interval (CI) 81-95%], specificity of 86% (95% 
CI 77-92%), positive predictive value of 85% (95% CI 76-91%), and 
negative predictive value of 90% (95% CI 81-95%). The diagnostic 
accuracy of FCH PET/CT was 88% (95% CI 79-93%). The median 
PSA value in staging patients was of 22.1 ng/ml: 24.03 ng/ml in posi-
tive PET scans and 9.45 ng/ml in negative ones; the median PSA value 
in restaging patients was 3.7 ng/ml: 6.5 ng/ml in positive PET scans 
and 1.8 ng/ml in negative ones. The optimal PSA threshold from ROC 
analysis for the detection of recurrent prostate cancer lesions was 1.32 
ng/ml (AUC 0.79, 75% sensitivity, 80% specificity, p<0,01), while 
possible Gleason score was 7 (AUC 0.67; 56% sensitivity, 83% speci-
ficity; p=0,1). Spearman test (p = 0.1) showed no correlation between 
positive PET and Gleason score.
Conclusions This study evidences the utility of FCH PET/CT “dual 
time” modality scan in staging and restaging patients with prostate car-
cinoma. Positive PET scan is related to relatively low PSA values (> 
1.32 ng/ml), while Gleason score seems to be less important.
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Aim The aim of this retrospective study was to compare the potential 
value of FCH and BS in detecting bone metastases from PCa. 
Methods Two hundred and thirty-seven men (mean age 71.4±8.4 
years) with biopsy-proven PCa, underwent both BS and FCH within 
a maximum interval time of 2 months, with no change in therapeutic 
regimens. In 30/237 patients, a SPECT-CT was performed following a 
planar whole-body scan for better lesion assessment and localisation. 
26/237 patients (mean PSA 38. ng/ml) were evaluated for preoperative 
staging and the remaining 211/237 patients (mean PSA 14.5 ng/ml) 
were referred for postoperative evaluation for suspected recurrence or 
progression on clinical and/or laboratory findings. The results of FCH 
and BS were compared to bone biopsy or clinical follow-up, also using 
other imaging techniques, for at least 12 months afterwards, and sen-
sitivity, specificity and accuracy values were then calculated for each 
study. The sites and morphological patterns of bone lesions on FCH 
and BS were evaluated.
Results Bone metastases were detected in 60/237 (25%) patients; on a 
patient-based analysis, the ability to detect bone metastases, expressed 
by accuracy, sensitivity, and specificity, was 96%, 92%, and 98% for 
FCH vs 93%, 93%, and 93% for BS. The false-positive rate was lower 
in FCH: 1.7% vs 5.0% in BS. In our series of patients, mean SUV-
max was 10.0±4.1; as concerning bone metastases location, when bone 
marrow was involved, CT generally did not show abnormality and a 
lower FCH uptake (mean SUV 7.8), as compared to sclerotic or mixed 
ones (mean SUV 10.1 and 11.9 respectively) was observed. Bone me-
tastases were detected in the pelvis (65%), ribs/sternum/clavicle/scap-
ula (40%), spine (33%), upper/lower extremities (22%) and skull (3%).
Conclusions Whereas the sensitivities of both modalities were found 
to be comparable, FCH showed higher specificity and overall accuracy 
for the diagnosis of bone metastases in patients with PCa. 
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tected recurrences in all cases. Mean PSA value was 3.85 ng/ml (medi-
an= 2.3 ng/ml; range 0.9-9.68; p<0.001). PSA kinetics were assessed: 
mean PSAdt was 2.46 months (median= 2.3 months; range 1.24-4.,85), 
mean PSA vel was 6.95 ng/ml/yr (median=4.53 ng/ml/yr; range 1.16-
21.82). In detail, 3/9 patients showed a single lesion (1 lymph node, 
LN, in one case, and 1 bone lesion in two cases), 5/9 patients showed 
two lesions (1 patient had local relapse confirmed by TRUS-biopsy 
and had a single LN mts; 2 pts had two LN mts; 1 patient had two bone 
lesions; 1 patient showed 1 LN and 1 bone lesion), 1/9 patient showed 
multiple LN lesions. 
Conclsuions According to our results, 11C-choline PET/CT is able to 
detect the site of recurrence if performed during ADT interrruption 
and in patients with increasing PSA values. In this context, 11C-choline 
PET/CT may help to assess the burden of disease or to change the 
therapeutic approach, allowing the use of more aggressive and targeted 
therapies like 11C-choline PET/CT guided RT or salvage lymph node 
dissection.
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Purpose The aim of this study was to verify the correlation between 
prostate specific antigen (PSA) serum levels, PSA velocity (PSAvel) 
and doubling time (PSAdt) and the diagnostic accuracy of 18F-metyl-
choline PET/CT in prostate cancer patients (pts) with suspected re-
lapse after radical prostatectomy. 
Materials and methods We retrospectively studied 107 pts submit-
ted to surgery or radiotherapy who subsequently showed biochemical 
relapse. All pts underwent 18F-metylcholine PET/CT. PSA level at the 
time of the PET/CT (trigger PSA) was (mean ± SD) 5.38±8.02 ng/ml 
(range 0.20-49.69). On the basis of this value, pts were divided into 4 
groups (PSA≤ 1ng/ml; 1 ng/ml≤PSA≤2 ng/ml; 2 ng/ml≤PSA≤ 5ng/
ml; PSA≥ 5 ng/ml). PSAvel and PSA dt were also calculated in 86 pts.
Results Overall, PET/CT identified and localized cancer relapse in 
67/107 (63%) pts. No significant correlation was found with Gleason 
score. The detection efficiency of PET/CT was 17% in the PSA≤ 1 ng/
ml group, 52% in the 1 ng/ml ≤PSA≤ 2 ng/ml pts, 84% in the 2 ng/ml 
≤PSA≤ 5 ng/ml group, and 94% in the PSA≥ 5 ng/ml pts. The mean 
trigger PSA value in PET/CT-positive and PET/CT-negative pts was 
7.56±9.28 ng/ml and 1.66±2.08 ng/ml, respectively (p<0.001). The 
mean±SD PSAvel value was 2.15±3.45 ng/ml/year in PET/CT-nega-
tive pts and 16.08±22.12 ng/ml/year in PET/CT-positive pts (p<0.001). 
PSAdt values in PET/CT-negative and PET/CT-positive pts (0.60±0.43 
years and 0.39±0.45 years, respectively) were statistically significant. 
ROC analysis, performed to discriminate between PET/CT positivity 
and negativity, identified a cut-off of 1.41ng/ml for PSA level, >2.85 
ng/ml/year for PSAvel, and <0.47 years for PSAdt. No significant cor-
relations were found between PSA level, PSAvel or PSAdt in pts and 
site of recurrence.
Conclusions Our data confirm the correlation between 18F-metylcho-
line PET/CT accuracy and both PSA serum levels and kinetic param-

Materials and methods A retrospective analysis of 74 patients (age: 
72±8 years) with histologically proven prostate cancer was performed 
at our institution. All patients underwent FCH PET/CT and CI includ-
ing CT, bone scan, radiography and ultrasonography for staging and 
restaging of disease. Histopathology, imaging or clinical follow-up 
served as the standard of reference. Patient- and lesion-based analyses 
were performed.
Results Twenty-two patients had a Gleason score (Gs) <7, 40 had a 
Gs ≥ 7, while Gs was not available in 12 subjects. In patients with sus-
pected disease relapse, the PSA value ranged between 0.20 and 434 ng/
mL (median: 4.6 ng/mL). On patient-based analysis, sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive value (NPV) 
and accuracy for detecting local and distant metastases were calculated 
to be 88%, 67%, 77%, 82%, 78% compared with 85%, 97%, 97%, 
84%, 91% with CI. In initial staging the accuracy of FCH PET/CT 
was lower than that of CI (77% vs 92%), whereas in the evaluation 
of biochemical relapse the sensitivity of FCH PET/CT was slightly 
higher than that of CI (89% vs 82%). On lesion-based analysis, more 
lymph node and more bone metastases were detected using FCH PET/
CT than using CI. In particular, FCH PET/CT demonstrated lymph 
node involvement in three patients and bone lesions in two subjects. 
Moreover, one patient showed diffuse bone medullary involvement.
Conclusions On a patient basis, FCH PET/CT offers apparent advan-
tages over CI for the restaging of prostate cancer in cases of biochemi-
cal relapse. The advantage of PET/CT in depicting lymph node and 
bone metastasis in a single step should be further studied in highly-
selected subset of patients.
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Aim The pourpose of this study was to evaluate the effect of antian-
drogen therapy (ADT) on 11C-choline PET/CT results in patients with 
recurrent prostate cancer and hormone-sensitive disease submitted to 
intermittent therapy.
Materials and methods We retrospectively evaluated 9 patients with 
recurrent, hormone-sensitive prostate cancer treated with intermittent 
ADT after radical prostatectomy (n=8) or radiotherapy EBRT (n=1) as 
primary therapy, studied with sequential PET/CT, the first examination 
(PET1) performed during ADT and the second (PET2) after therapy 
interruption. Patients who showed negative results at PET1 were en-
rolled in the study. At the time of PET1 (the first 11C-choline PET/CT 
examination) all patients had been under ADT for at least six months: 
eight patients were receiving LH-RH agonist therapy and one patient 
was receiving bicatulamide 150 mg therapy. During ADT mean PSA 
was 0.49 ng/ml (median= 0.43; range 0.2-0.98). At the time of PET2, 
performed in order to detect potential sites of recurrence, all patients 
had been out of ADT for a mean of 7 months (6 months in 4 patients; 
7 months in 2 patients; 8 months in 2 patients; 9 months in 1 patient). 
11C-choline PET/CT findings were validated by a follow-up of at least 
12 months or histological confirmation.
Results By definition, PET1 was negative in all patients. PET2 de-
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ure after radical prostatectomy using 11C-choline positron emission 
tomography/computed tomography (11C-cho-PET/CT) is affected by 
low sensitivity in detecting local disease relapse. Urinary excretion of 
the tracer can mask small areas of pathological uptake in the prostate 
bed and may account for false negative PET results. M. Heinisch et 
al. suggested different image acquisition protocols, in particular, early 
dynamic acquisition before total-body scan, to increase sensitivity. The 
aim of this study was to evaluate the effectiveness of early dynamic 
11C-cho-PET/CT (D-PET/CT) in detecting local recurrences and in im-
proving the diagnostic accuracy of the total-body scan. 
Methods Ninety-five patients previously treated with prostatectomy 
and pelvic lymphadenectomy for prostate cancer and with biochemical 
relapse of disease after treatment (PSA>0.2 ng/ml on at least two con-
secutive measurements performed 3 months apart) underwent D-PET/
CT; dynamic scan consisted of five frames (1min durations) with FOV 
centred on the pelvis and acquired immediately after the injection of 
5 MBq/kg of [11C]choline. Immediately after the D-PET/CT, a total-
body PET/CT scan (TB-PET/CT) was obtained. D-PET/CT and TB-
PET/CT were read by two operators in blinded manner. In the event of 
disagreement the images were reviewed by consensus.
Results TB-PET/CT was positive in 64/95 patients (67%) and nega-
tive in 31/95 (33%). Overall, PET was positive in the prostatectomy 
bed in 27/95 patients (28%), in lymph nodes in 24/95 patients (25%), 
and in the skeleton in 13/95 patients (14%). In 4/27 patients (15%) 
in whom PET/CT was positive for local relapse, metabolic findings 
were validated by histological criteria, whereas in 23/27 (85%) by 
clinical follow-up including imaging (CT, MRI, US) and/or biochemi-
cal response after therapy (radiation therapy and/or androgen depriva-
tion therapy). TB-PET/CT was positive for local recurrence in 8/27 
pts (30%), all also detected on D-PET/CT. In 19/27 (70%) cases with 
TB-PET/CT equivocal for local relapse, D-PET/CT was considered 
positive in 12/27 (44%) cases, all confirmed as true positive by stand-
ard reference; the remaining 7/27 (26%) patients were classified as 
negative by D-PET/CT. 
Conclusions The detection rate of local recurrence in patients with 
biochemical relapse of prostate cancer can be improved by early dy-
namic acquisition of 11C-cho-PET/CT. Dynamic scan can effectively 
reduce equivocal findings on TB-PET/CT usually related to urinary 
excretion of the tracer.
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Aim An increase in prostate-specific antigen (PSA) after radical retro-
pubic prostatectomy or external beam radiotherapy is the most sensi-
tive tool for detecting PCa recurrence, although this measure does not 
distinguish between local, regional, or distant recurrence. The aim of 
this meta-analysis was to provide an analysis of the diagnostic perfor-
mance of 18F-choline and 11C-choline PET or PET/CT in the detection 
of locoregional or distant metastases in PCa. 
Materials and methods A Medline, Web of Knowledge and Google 
Scholar search was carried out in order to select English-language arti-
cles published before September 2012 which discussed the diagnostic 
performance of both 18F and 11C-choline PET performed to detect dis-
ease recurrence in PCa patients. Articles were included only if absolute 
numbers of true-positive, true-negative, false-positive and false-nega-

eters in pts with relapsed prostate cancer. To improve accuracy we 
would suggest that the PET/CT be performed in pts with PSA level 
and kinetic parameters beyhond those of the cut-offs identified in our 
study. 
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Aim To investigate the influence of hormone therapy (HT) in labeled 
choline uptake we retrospectively evaluated patients surgically treated 
for prostate cancer with suspected recurrence undergoing 18F-Fluo-
romethylcholine (18F-FCH) PET/CT, dividing them into two groups: 
under and without HT.
Materials and methods 18FCH PET/CT was performed in 85 pa-
tients surgically treated for prostate cancer with suspected recurrence 
or progression; forty-four of the 85 patients (PSA range 0.2-7.48 ng/
dl) were under HT at the time of the PET/CT scan, while 41 (PSA 
range 0.7-19.8 ng/dl) were not (never treated or not treated in the pre-
vious 3 months). PET/CT was performed using an integrated system 
(Biograph 6, Siemens), intravenously administering 3.2 MBq/kg of 
18F-FCH (ACOM S.p.A.) to each patient; images were acquired 45-60 
minutes afterwards. PET/CT scans were interpreted by two expert nu-
clear medicine physicians and neoplastic disease was diagnosed when 
areas of tracer uptake were greater than background activity. 
Results Fifty-seven of the 85 patients were true positive cases (TP), 
5 false positive (FP), 4 false negative (FN) and 19 true negative (TN). 
The sensitivity of 18F-FCH PET/CT in the 85 patients studied was 93%, 
specificity 76%, accuracy 88%, positive predictive value (PPV) 91% 
and negative predictive value (NPV) 83%. Of the 44 patients under HT, 
31 were TP, 3 FP, 2 FN and 8 TN. Sensitivity in patients under HT was 
94%, specificity 73%, accuracy 88%, PPV 91% and NPV 73%. Of the 
41 patients without HT, 26 were TP, 2 FP, 2 FN and 11 TN. Sensitivity 
in patients without HT was 93%, specificity 85%, accuracy 90%, PPV 
93% and NPV 85%. 
Conclusions In our study the sensitivity of 18F-FCH PET/CT was sub-
stantially similar in the three groups; accuracy was only slightly de-
creased in patients under HT versus those without, while specificity 
and NPV were reduced in patients under HT compared with the other 
groups (in particular versus the no HT group). Our findings could be ex-
plained by the presence of inflammatory lesions (particularly in lymph 
nodes), which can be difficult to interpret, and are in line with recent 
literature data (Giovacchini, Eur J Nucl Med Mol Imaging 2010).
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Purpose Restaging of prostate cancer patients with biochemical fail-
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Results PET/CT scan was positive in 72 patients (35 with prostatic up-
take, 32 with lymph nodal, 28 with bone and 11 with other distant ab-
normalities). Among these, in 67 patients our findings were confirmed 
as true positive, while in 3 they were false positive. In the remaining 
12 patients PET/CT was negative: in 8 cases no disease was shown 
in the follow up, while in 4 cases other imaging modalities showed 
disease recurrence. False negative and false positive results were most 
frequently due, respectively, to small local recurrence and post-actinic 
phlogosis in the residual prostate. Global sensitivity, specificity, ac-
curacy, PPV and NPV of PET were 95%, 73%, 92%, 96% and 67% 
respectively. Mean tPSA and PSAdt in our patient population were 
8.45±16.63 ng/mL (range 1.04-104.0) and 4.8±35.44 months. The 
tPSA value was higher in PET-positive than in PET-negative patients 
(p<0.03). For PSAdt we observed a mean of 3.4 months in PET posi-
tive and 11.6 months in PET negative, but this difference was not 
statistically significant. ROC analysis identified a better cut-off value 
of 2.14 ng/mL for tPSA (AUC 78.8% with 78% sensitivity and 77% 
specificity) and of 5.57 months for PSAdt (AUC 63% with 46% sensi-
tivity and 100% specificity).
Conclusions 18F-choline PET/CT is an accurate imaging modality 
in restaging patients with previous radiotreated PC, also when tPSA  
serum level is less than 2+nadir ng/mL (Phoenix definition), with  
good sensitivity and specificity. As well as in surgically treated pa-
tients, tPSA and PSAdt demonstrate a significant effect in predict-
ing PET/CT positivity and on the basis of our results PET/CT scan 
could be preferred when tPSA is >2.14 ng/mL and/or PSAdt is <5.57 
months.
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Background We prospectively evaluated the correlation between 
prostate-specific antigen (PSA) and FCH-PET/CT for early response 
assessment to abiraterone acetate in patients (pts) with castration-re-
sistant prostate cancer (CRPC) previously treated with docetaxel. 
Methods Twenty-nine pts with metastatic CRPC progressing after 
docetaxel chemotherapy received abiraterone acetate 1,000 mg daily 
with prednisone 5 mg twice daily in continuous 28-day cycles. All 
patients were evaluated monthly with serological PSA to monitor re-
sponse to therapy; FCH-PET/CT was performed at the start of treat-
ment and after 4-6 weeks of therapy. A CT scan was performed after  3 
months of abiraterone acetate. Bone scan flare was defined as the com-
bination, after 3 months’ therapy, of a ≥50% decline in PSA levels and 
an interpretation of progressive disease (PD) based on increased signal 
intensity or number of bone lesions without, however, morphological 
evidence of disease on CT. 
Results Three of the 29 patients treated with abiraterone acetate did 
not perform the follow-up FCH-PET/CT due to rapid PD and a con-
sequent decline in performance status. The remaining 26 patients, me-
dian age 71 yrs (range 57-86 yrs), were suitable for evaluation. We 
divided pts into 4 groups on the basis of the modification in PSA se-

tive test results were available or derivable from the text and concerned 
local, lymph node and distant metastases. Reviews, clinical reports and 
editorial articles were excluded. All complete studies were re-analyzed 
and a quantitative analysis was performed. 
Results From the year 2000 to September 2012, we identified 52 com-
plete articles that critically evaluated the role of choline PET in PCa 
restaging. The meta-analysis was carried out and dealt with 17 selected 
studies (11 studies for all sites of disease, 2 for lymph node metastases 
and 4 for local recurrence), which included a total of 1345 patients. 
The meta-analysis provided a pooled sensitivity of 82.7% (95% CI: 
79.4-85.6%) and a pooled specificity of 91.5% (95% CI: 88.6-93.9%) 
for all sites of disease (prostatic fossa, lymph nodes and bone), a 
pooled sensitivity of 75.4% (95% CI: 66.9-82.6%) and a pooled speci-
ficity of 82% (95% CI: 68.6-91.4%) for prostatic fossa recurrence, and 
a pooled sensitivity of 100% (95% CI: 90.5-100%) and a pooled speci-
ficity of 81.8% (95% CI: 48.2-97.7%) for lymph node metastases. The 
heterogeneity ranged between 0.00 and 45.13%. The diagnostic odds 
ratios (DORs) were 45.038 (95% CI: 20.238-100.23), 5.869 (95% CI: 
1.818-18.946) and 138.57 (95% CI: 11.270-1703.8) for all sites of dis-
ease, local recurrence, and lymph node disease, respectively
Conclusions Choline PET and PET/CT provide a very high sensitivity 
and specificity in the detection of locoregional and distant metastases 
in PCa patients. Moreover, a high DOR was found for the identification 
of lymph node disease in patients with biochemical recurrence of PCa. 

43
18F-choline PET/CT in restaging patients with suspected 
recurrence of prostate cancer after primary radiotherapy

V. Pirro1, E. Garibaldi2, A. Douroukas3, P. Scapoli1, V. Pirro4,  
G. Bisi3, P. Gabriele2, T. Varetto1

1Nuclear Medicine Unit, IRCC Candiolo, Italy
2Radiotherapy Unit, IRCC Candiolo, Italy
3Nuclear Medicine Unit, S. Giovanni Battista Hospital, University of 
Turin, Italy
4Department of Chemistry, University of Turin, Italy

Aim Disease relapse occurs in 30-40% of patients with prostate can-
cer (PC) after radical treatment. Although monitoring of PSA serum 
levels is the most sensitive tool for early identification of recurrence, 
it is unable to determine its site. It has been proved that, after radi-
cal prostatectomy, choline PET/CT shows high accuracy in detecting 
disease and provides useful information for optimizing treatment. In 
this retrospective study we aimed to identify whether, after curative 
external beam radiotherapy, total PSA (tPSA) levels and PSA dou-
bling time (PSAdt) were related to PET/CT results as seen in patients 
after radical prostatectomy, and whether their threshold levels are 
different from those of surgically treated patients. We also reported 
diagnostic performance of 18F-choline PET/CT in this subpopulation 
of radiotreated patients.
Materials and methods The study groups included 84 patients treated 
for prostate cancer (mean age 73.0 y), with at least 2 consecutive PSA 
determinations higher than nadir after primary radiotherapy performed 
with helical tomotherapy. They underwent a whole-body PET/CT scan 
(from the proximal femurs to the skull base) using a Philips Gemini 
TF PET/CT tomograph, about 1h after i.v. injection of 185-280 MBq 
of 18F-choline (based on body mass). Abnormal PET findings were 
confirmed by histopathology, other imaging modalities and/or follow-
up (median 15 months; range 4-30 months). Negative PET results in 
patients with negative follow-up were considered true negative results. 
Sensitivity, specificity and accuracy of 18F-choline PET/CT were de-
termined; tPSA levels and PSAdt were correlated with PET/CT re-
sults and receiver operating characteristic (ROC) analysis was used to 
identify the optimal tPSA and PSAdt threshold levels to predict PET/
CT results.
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PET/CT is an accurate tool for N-staging. LN status has been con-
firmed an important issue, the presence of LN metastases on histology 
being a poor prognostic factor; (b) SUVmax, MTV and TLG of the pri-
mary tumor are significantly correlated with LN metastases, but they 
are not predictors of recurrences. 
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Aim The aim of this study was to assess the value of 18F-FDG-PET/CT 
in highlighting peritoneal carcinomatous involvement (PCI) in patients 
with previously treated ovarian cancer, also comparing it with contrast-
enhanced computed-tomography (CECT) and CA125.
Materials and methods We retrospectively analyzed 52 women, mean 
age 58.5 years (range: 30-81 years), who had undergone 64 18F-FDG-
PET/CT for restaging (76.6%) or follow-up (23.4%) of ovarian cancer.
All were patients previously submitted to bilateral hystero-adnexecto-
my, possibly associated with other organ removal and/or chemothera-
py, on average 24.8 months before the 18F-FDG-PET/CT (range 1-168 
months). In 39/64 patients (60.9%) 18F-FDG-PET/CT was preceded 
by CECT (average: 5.6 weeks beforehand; range 1-8 weeks); 16/39 
(41.1%) were chest and abdomen scans, 11/39 (28.2%) total-body 
scans, 8/39 (20.5%) abdominal scans, and 4/39 (10.2%) total-body and 
brain scans. In 24/64 patients (37.5%) 18F-FDG-PET/CT was preceded 
by CA125 rating (average 4 weeks beforehand; range: 1-8 weeks). The 
following were taken as signs of PCI on 18F-FDG-PET/CT: 18F-FDG 
uptake in areas of any size within the peritoneum, diffuse 18F-FDG 
uptake in the superficial abdominal planes, and 18F-FDG uptake in 
ascites. The intensity of 18F-FDG uptake was measured by the SUV. 
We evaluated 18F-FDG-PET/CT and CECT sensitivity, specificity, and 
positive and negative predictive value (PPV and NPV) in detecting 
peritoneal involvement, comparing the results with histology and clini-
cal and instrumental follow-up. Cohen’s K was used to compare the 
18F-FDG-PET/CT results with those of CECT and with CA125 values.
Results 18F-FDG-PET/CT and CECT sensitivity were, respectively, 
85% (95%CI: 69%-100%) and 55% (95%CI: 33%-76%), even though 
the difference was not statistically significant (McNemar 2.5, p= 0.11).
18F-FDG-PET/CT and CECT specificity were, respectively, 89.5% 
(95%CI: 75%-100%) and 57.9% (95%CI: 35%-80%), and again the 
difference failed to reach statistical significance (McNemar 3.12, p= 
0.07). 18F-FDG-PET/CT and CECT PPV were, respectively, 89.9% 
(95% CI: 75% -100%) and 57% (95% CI: 35% -80%). 18F-FDG-PET/
CT and CECT NPV were, respectively, 85% (95% CI: 69% -100%) 
and 55% (95% CI: 33% -76%). The two methods were both nega-
tive in 11/39 (28.2%) examinations, CECT was negative while 18F-
FDG-PET/CT was positive in 9/39 (23.1%), CECT was positive while 
18F-FDG-PET/CT was negative in 9/39 (23.1%), and both methods 
were positive in 10/39 (25.6%) examinations. The correlation between 
18F-FDG-PET/CT and CECT, calculated using Cohen’s K, was 0.076. 
The SUV ranged from a minimum of 3.0 to a maximum of 17.6 and 
averaged 7.7. CA125 value (normal < 35 U/ml) was normal in 4/24 
(16.7%) examinations and elevated in 20/24 (83.3%) cases. The values 
ranged from 27 to 2619 U/ml (mean 393.50 U/ml). In 2/24 (8.3%) 
examinations CA125 was normal and 18F-FDG-PET/CT was negative, 
in 6/24 (25%) examinations CA125 was elevated while 18F-FDG-PET/
CT was negative, in 2/24 examinations (8.3%) CA125 was normal but 
18F-FDG-PET/CT was positive, and in 14/24 examinations (58.3%) 
CA125 was elevated and 18F-FDG-PET/CT was positive. Cohen’s K 
was 0.143.

rum levels: group A, >50% decrease (n=17), group B, <50% decrease 
(n=3), group C, stable PSA (n=2) and group D, increase in PSA serum 
level (n=4). In group A, FCH PET/CT showed a complete response 
(CR) to therapy in 3 pts with lymph node metastasis, a partial response 
(PR) in 7 pts and PD in 7 pts with bone metastasis, probably due to 
bone flare. PSA levels after 6 months remained stable in CR and PR 
pts but increased in PD pts identified on FCH PET/CT. In group B, 2 
pts had stable disease (SD) on PET/CT, while only 1 pt showed PD. 
In group C, PET/CT showed SD in 1 pt and PD in 1 pt. In group D, all 
4 pts had PD with multiple bone lesions. In particular, PSA decrease 
≥50% and FCH PET/CT response assessment correlated in 10 out of 
17 pts (58%). 
Conclusions Discordant findings between serological PSA levels and 
increased FCH-PET/CT bone lesion signal intensity are here reported 
for the first time in CRPC. A larger number of pts and a longer follow-
up are needed to clarify the role of FCH-PET/CT in patient manage-
ment and interpretation of results.
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Aim A non-invasive diagnostic technique that accurately identifies 
lymph-node (LN) metastases would be beneficial to select high-risk 
clinical stage I endometrial cancer patients (pts) to refer to lymphad-
enectomy for staging purpose. The aim of this study was to evaluate 
the role of FDG PET/CT in preoperative N-staging in a selected popu-
lation of these patients. The role of metabolic parameters of endome-
trial tumor uptake as a) predictors of LN metastases and b) prognostic 
factors was also considered.
Materials and methods Seventy-six high-risk (G2 with deep myo-
metrial invasion, G3 endometrioid, serous and clear-cell carcinoma) 
clinical stage I endometrial cancer pts (62.9±10.9 years) underwent 
preoperative PET/CT scan followed by total hysterectomy, bilateral 
salpingo-oophorectomy and systematic pelvic lymphadenectomy. 
PET/CT images were analyzed and correlated with histological  
findings. Maximal and mean standardized uptake value (SUVmax, 
SUVmean), metabolic tumor volume (MTV) and total lesion glycoly-
sis (TLG) of endometrial lesions were calculated and correlated with 
the presence of: (a) LN metastases, (b) relapse after primary treat-
ment.
Results In all 76 patients, uterine FDG uptake was detected. PET/CT 
was negative at pelvic LNs in 64/76 pts (61 truly negative, 3 falsely 
negative) and positive in 12/76 pts (11 truly positive, 1 falsely posi-
tive). On a pt-based analysis, the sensitivity, specificity, accuracy, 
negative predictive value and positive predictive value of PET/CT in 
detecting pelvic LN metastases were 79%, 98%, 95%, 92% and 95%, 
respectively. A significant correlation was found between the pres-
ence of LN metastases and SUVmax (p=0.03), MTV (p=0.006), TLG 
(p=0.003) of the primary tumor, respectively, while no significant cor-
relation was obtained for SUVmean. No significant correlations were 
found between SUVmax, SUVmean, MTV, TLG and evidence of re-
lapse (mean follow-up 31.5 ± 17.2 months). Furthermore, the absence 
of LN metastases on histology was significantly correlated with longer 
disease-free survival (p=0.003) and overall survival (p=0.0002). 
Conclusions In high-risk clinical stage I endometrial cancer: (a) FDG 



Clin Transl Imaging (2013) 1 (Suppl 1):S39–S140 S59

tive according to IHP criteria. The PPV and NPV of 2P-endPET were 
both 100%. 
Conclusions Even though a larger population needs to be investigated, 
this preliminary experience suggests that 2P-endPET performs better 
than IHP criteria in differentiating inflammatory or non-neoplastic tis-
sue from relapsing HL disease.
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Background Baseline FDG-PET is a powerful staging tool in Hodg-
kin lymphoma (HL): however its role in predicting treatment (Tx) out-
come is yet to be investigated. 
Aim To assess the role of dual-point baseline FDG-PET (2P-PET0) 
in outcome prediction in early and advanced HL with bulky lesions 
(B-HL). 
Methods from December 2008 a cohort of 13 B-HL patients (p) 
from Italian, French and Polish centers were submitted to 2P-PET (5 
p IIA, 1 IIB, 3 IIIB, 3 IVA, 1 IVB; 2: classic, 5: scleronodular, 5: 
mixed cellularity, 1: lymphocyte depletion). All p had bulky masses 
with axial diameter ≥5 cm on baseline CT (average: 7.8, range 5.5-
12; 12/13 mediastinum,1/13 abdomen). 10 p were treated with 4-6 
ABVD, 1 with 2 ABVD + BEACOPP, 1 with BEACOPP, 1 with 2 
ABVD + IGEV; 7/13 underwent consolidation/involved-field radio-
therapy (RT). 3/13 p showed a PET relapse/progression (RELPRO 
outcome group) on bulky sites, 10/13 were in continuous complete 
remission (CCR) after a mean PET follow-up of 15 months. 2P-
PET0 consisted of 2 consecutive whole-body PET-CT scans at 
60±10 (+60) and 120±10 (+120) mins after a single FDG administra-
tion. Scans were analyzed retrospectively by 2 expert physicians in 
a consensus session. SUV

max
 was calculated in bulky lesions both in 

+60 and +120 by using single or multiple volume of interest regions 
(VOIs) within CT bulky profile. ∆SUV

max
 (defined as SUV

MAX
+120 

- SUV
max

+60) and retention index (RI) (defined as [(SUV
MAX

+120-
SUV

max
+60)/SUV

max
+120]%) were also calculated. Data were sta-

tistically analyzed with a linear correlation test (Bravais-Pearson). 
Results All 2P-PET0 scans showed increasing values of SUV +120 in 
bulky lesions (average ∆SUV

max
: 2.7, range 1-6.5; average RI: +14%, 

range 7-25). The highest SUV +120 increase was found in RELPRO p 
(average RI:+22%, 20-25; average ∆SUV

max
: 4.7, 3.5-6.5) with respect 

to CCR p (average RI:+12%, 7-18; average ∆SUV
max

: 2.1, 1-3.3) with 
a positive correlation between ∆SUV

max 
or RI and outcome (r:0.766, 

r:0.803 respectively). RI=17.8%±0.8 resulted as cut-off value for out-
come. No correlation was found between ∆SUV

max
 or RI and clinical 

stage (r:0.191 and 0.111), bulky diameter (r:-0.159 and -0.142) or his-
totype (r: -0.108 and 0.093). Furthermore, no correlation was found 
between outcome groups and absolute SUV values at +60 (r: 0.231) or 
bulky diameter (r:0.008). 
Conclusions this preliminary experience suggests a potential role of 
2P-PET0 in predicting clinical outcome in B-HL p: in bulky lesions a 
RI ≥18% predicts higher probability of treatment failure, while abso-
lute PET +60 values or CT diameter are not predictive. 

Conclusions Our data support the use of 18F-FDG-PET/CT in the 
restaging and follow-up of patients with ovarian cancer, particularly 
when there is suspicion of PCI, as it allows evaluation of the meta-
bolic aspect of this region, which is difficult to study even by CECT. 
18F-FDG-PET/CT, being a total-body examination, can simultaneously 
assess all the organs including the peritoneum, thus exposing patients 
to less radiation than they would be exposed to if they were submitted 
to CECT examination of each district; it can also direct subsequent 
diagnostic tests. PCI is an important consideration when choosing the 
therapeutic approach and 18F-FDG-PET/CT may provide valuable sup-
port to clinicians and surgeons, enlarging on CECT findings.
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Background Although FDG-PET is a powerful staging tool and a reli-
able outcome predictor after two courses of treatment (Tx) in aggres-
sive Hodgkin lymphoma (HL) patients, its low PPV in cases of bulky 
residual FDG-avid spots (BRS) at Tx-end still leads to a consistent 
number of futile invasive procedures to confirm the Tx-response. 
Aim Dual-point PET scan (2P-PET) has been proposed to discriminate 
non-specific inflammatory from relapsing neoplastic FDG uptake in 
BRS at the end of Tx in bulky HL patients (B-HL). 
Methods from December 2008, 11 consecutive B-HL patients from 
Italian, French and Polish centers (pre-Tx stage: 6 IIa, 2 IIb, 1 IVa, 
2 IVb) underwent 2P-PET at Tx-end (2P-endPET) (7 ABVD, 4 
ABVD-BEACOPP, 5/11 consolidation/involved-field radiotherapy).  
Bulky was defined as a mass with an axial diameter ≥5 cm at base-
line CT. 2P-endPET consisted of 2 consecutive whole-body PET-CT 
scans at 60±10 mins (+60) and 120±10 mins (+120) after a single 
FDG administration. All studies were reviewed by 2 expert physi-
cians in a consensus session. SUV

max
 was calculated both at +60 and 

at +120 using single or multiple volume of interest regions (VOIs) 
drawn to encompass a single or multiple spots of FDG uptake within 
the CT profile of single or multiple residual masses. ∆SUV

max
 (de-

fined as SUV
max

+120 - SUV
max

+60) and retention index (RI) (defined 
as [(SUV

max
+120-SUV

max
+60)/SUV

max
+120]%) were also calculat-

ed. Each PET +60 was also evaluated according to IHP criteria for  
end-Tx. 
Results 6/11 2P-endPET patients showed an increasing average RI of 
27% (ranging from 9 to 43) and an average ∆SUV

max
=2.5 (ranging 

from 0.4 to 3.8): all patients were classified as positive according to 
IHP criteria and a PET-targeted biopsy confirmed HL relapse in 6/6. 
5/11 2P-endPET patients showed an average decreasing RI of 24.6% 
(ranging from 9 to 45) and an average ∆SUV

max
=-0.6 (ranging from 

-0.2 to -1.1): in 2/5, biopsy disclosed presence of residual thymic along 
with inflammatory tissue and in 1/5 absence of neoplastic tissue, while 
2/5 were in continuous complete remission after a Tx-end PET follow-
up ranging from +4 to+10 months; 4/5 were wrongly considered posi-
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Background and aim It is a common empirical observation that 
cardiac uptake of FDG shows a marked increase during chemother-
apy. Our hypothesis is that some element during the treatment period 
shifts the myocardial metabolism from beta oxidation of fatty acids  
to glycolysis; in this setting we paid particular attention to the possible 
role of steroids on iatrogenic hyperglycemia and granulocyte-colony 
stimulating factors (G-CSFs) because of their insulin-like effects in 
addition to the possible cardiotoxic effect of chemotherapy itself. 
Materials and methods We retrospectively studied 24 patients with 
Hodgkin’s disease (14 males, 10 females, median age 32 yrs; staged 
between II and IV), who, between November 2007 and March 2012, 
had undergone, after six-hour fasting, 18F-FDG PET/CT scans at our 
center. Scans were performed at staging, after two cycles and about 1 
month after the end of first-line chemotherapy with ABVD (adriamy-
cine, bleomycine, vincristine, dacarbazine) + 20 mg dexamethasone. 
We excluded patients with diabetes, cardiovascular disease and previ-
ous chemotherapy. Ten patients, all in the early phases of treatment, 
also received 50-575 mg of steroids (extra to standard), two continu-
ing after interim evaluation. Seventeen patients also received support 
therapy with G-CSFs during their treatment. For each study multiple 
ROIs were placed to cover the entire left ventricle, in order to obtain 
the maximum SUV value. 
Results In this group, the mean values of cardiac SUVmax at staging, 
at the interim study, and at the final evaluation were, respectively, 6.81 
(±1.3), 8.26 (±0.97), and 10.19 (±1.13), p=0.110. Using a univariate 
model, we explored the variables considered (age, gender, administra-
tion of extra steroids and G-CSF) to discover whether any of them ex-
erted a significant effect on cardiac SUVmax and obtaining a p value of 
0.005 for steroids administered early during treatment and a p value of 
0.073 for G-CSFs. A multivariate model was applied in order to iden-
tify whether there were significant interactions between administration 
of steroids and G-CSFs (steroids: p=0.011; G-CSFs: p=n.s.). Delta 
SUVmax between interim PET and staging PET in the “extra steroids” 
and “no extra steroids” groups were +69% and +37%, respectively.
Conclusions Our data, although obtained from a small but homogene-
ous population, not only confirm a significant and linear increase of 
cardiac SUVmax during first-line therapy, but also appear to indicate 
a strong, independent (and possibly transient) correlation between ad-
ministration of extra steroids and this phenomenon.
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Aim The aim of our study was to investigate the effect of ABVD 
chemotherapy on brain glucose metabolism in patients with Hodgkin’s 
lymphoma (HL).
Subjects and methods 74 patients (32 males, 42 females; mean age 
32±11 years) with HL diagnosed according to the WHO classification 
subtypes were enrolled. No patient presented neurological or psychiat-
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Background Although interim 18F-FDG PET (iPET) is considered 
a reliable outcome predictor in advanced-stage Hodgkin lymphoma 
(HL), a worse accuracy in terms of specificity and PPV was reported 
in early and advanced stages with bulky lesions (B-HL). 
Aim To verify the prognostic accuracy of dual-point i-PET (2P-iPET) 
in B-HL patients with respect to Deauville-scored standard iPET (DS-
iPET). 
Methods From December 2008 to January 2012 a cohort of 12 B-HL 
patients (p) (1 Ia, 4 IIa, 2 IIb, 2IIIa, 2 IIIb, 1 IVb) from Italian, French 
and Polish centers, underwent 2P-iPET after 2 ABVD courses. All p 
had bulky masses with axial diameter ≥5 cm on baseline CT (5-13.8, 
average 8.1). Treatment (Tx) was ABVD in 11/12 and ABVD + BEA-
COPP in 1/12; 6/12 received consolidation/involved-field radiothera-
py. 5/12 2P-iPET p showed a PET relapse/progression (RELPRO out-
come group) on bulky sites after Tx-end and 7/12 were in continuous 
complete remission (CCR outcome group) after a mean PET follow-up 
of 25 months (12-50). 2P-iPET consisted of 2 consecutive whole-body 
CT-PET scans at 60±10 mins (+60) and 120±10 mins (+120) after a 
single FDG administration. Although different scanners were used, ex-
aminations were executed in accordance with the EAMN quantitative 
PET procedure guidelines in terms of FDG dose-activity (MBq/kg), 
single/bed emission time and reconstruction algorithms. Scans were 
analyzed retrospectively by 2 expert physicians in a consensus session. 
SUV

max
 was calculated both at+60 and at +120 using single or multi-

ple volume of interest regions (VOIs) drawn to encompass FDG spots 
within the CT profile of single/multiple nodal masses. ∆SUV

max
 (de-

fined as SUV
max

+120 - SUV
max

+60) and retention index (RI) (defined 
as [(SUV

max
+120-SUV

max
+60)/SUV

max
+120]%) were also calculated. 

Each standard iPET (+60) was also scored according to the Deauville 
criteria. 
Results 7/7 CCR 2P-iPET p showed an average RI reduction of 55% 
on bulky sites (17-200). 5/5 RELPRO 2P-iPET p showed an aver-
age RI increase of 20% on residual bulky (11-26). 1/7 CCR DS-iPET 
resulted false positive (score 4); 2/5 RELPRO DS-iPET were false 
negative (score 2-3). Overall 3/12 p were wrongly predicted in DS-
iPET, while correctly classified in 2P-iPET. A PPV of 100% and 75% 
and a NPV of 100% and 75% were found in 2P-iPET and DS-iPET, 
respectively. 
Conclusions despite the small population studied, this preliminary 
experience clarifies that 2P-iPET has an higher specificity in detect-
ing residual disease after two ABVD courses and better performs as 
outcome predictor with respect to DS-iPET in B-HL p.
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ing 15 patients with a mean SUV of 4.15 (s.d. 2.9) (t=1.91; p=0.076) 
Concordance between visual PET and BMB was not particularly high 
(k=0.343 p=0.000); 28 BMB+ patients were not detected by visual 
PET analysis. From a quantitative point of view, on ROC analysis, 
the diagnostic capacity of SUV was found to be quite high, with an 
area under the curve=0.793 (95% confidence interval: 0.699-0.868); 
the best cut-off value was 2.9, with a sensitivity of 66.7% and a speci-
ficity of 83.9%. The analysis of covariance showed that the difference 
in mean SUV between the two groups of patients (BMB+ and BMB-) 
was significant (F=13.55 p=0.000) and SUV was not dependent on age 
(F=0.0009 p=0.925) or weight (F=0 p=0.983).
Conclusions Weight and age do not influence bone marrow uptake. 
Concordance between visual PET analysis and BMB is low, while the 
predictive accuracy of SUV is high. It is important to evaluate bone 
marrow uptake because qualitative analysis alone is not sufficient to 
assess disease activity. Even though BMB is the gold standard for ini-
tial staging of NHL, a bone marrow SUV >2.9 is a good predictor of 
positive bone marrow biopsy.
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Aim To look for characteristic patterns and intensities of 18F-FDG up-
take in different regions of Waldeyer’s ring on PET/CT images, and to 
evaluate whether such findings can improve the ability to differentiate 
benign from malignant lesions. Physiological or reactive FDG uptake 
is commonly seen in the lymphatic structures of the head and neck, 
usually representing an accumulation of FDG within macrophages and 
lymphocytes. Therefore interpretation of PET images is difficult.
Materials and methods We analyzed 72 patients with NHL and sus-
pected presence of disease in the structures of Waldeyer’s ring. All pa-
tients underwent contrast-enhanced CT scan about two weeks before 
PET. CT documented the presence of disease in the Waldeyer’s ring 
in 6/72 cases.
Results PET images of these 6/72 patients gave the following find-
ings: one patient showed pathological uptake (SUV 8) at the level of 
the pharyngeal tonsil; the second showed hyperfixation at the level of 
the right palatine tonsil (SUV 6); the third showed radiopharmaceuti-
cal hyperfixation in the palatine tonsil (SUV 7), some lateral cervical 
lymph nodes (SUV 8), and the ipsilateral supraclavicular region (SUV 
4); the fourth showed accumulation of 18F-FDG at different levels: lin-
gual tonsil (SUV 14), left palatine tonsil (SUV 21), soft palate (SUV 
16) and some right lymph nodes behind the jaw (SUV 8), right lateral 
cervical lymph nodes (SUV 15), sub chin (SUV 4) and left supracla-
vicular region (SUV 7); the fifth patient’s PET displayed pathological 
uptake in both palatine tonsils, with involvement also of the lingual 
tonsil (SUV 15) and some of the left jugular lymph nodes (SUV 12); 
the last case showed pathological uptake in both palatine tonsils (SUV 
7) and in lingual tonsil (SUV 20). Overall (in the evaluation of 6 cases), 
uptake in the Waldeyer’s ring structures appeared mainly asymmetrical 
and all the accumulations showed a SUV greater than 4; finally three 
cases showed the involvement of lateral cervical lymph nodes. In the 
other 66 cases PET showed symmetrical uptake in the structures of the 
Waldeyer’s ring with a SUV lower than 4 and without lateral cervical 
lymph node involvement.
Conclusions An asymmetrical distribution of the radiopharmaceutical 
in the Waldeyer ring, the involvement of adjacent lymph nodes, and 
a significant increase in uptake (SUV greater than or equal to 4) are 

ric impairment and contrast-enhanced brain CT was negative; all were 
submitted to a baseline (PET0) and an interim (PET2) 18F-FDG PET/
CT brain scan using a standard technique. Fifty-seven patients were 
further evaluated 15±6 days after four additional 1-month cycles for a 
total of six cycles of chemotherapy (PET6). The patients were included 
in a national protocol evaluating early response to treatment in HL by 
means of 18F-FDG PET/CT. All were treated after baseline PET/CT 
with ABVD for 2 cycles (dose intensity 100%). This treatment consists 
of doxorubicin 25 mg/m2 i.v.; bleomycin 10,000 units/m2; vinblastine 
6 mg/m2; dacarbazine 375 mg/m2 for 2 months. PET 2 was performed 
15±5 (s.d.) days after therapy. Forty healthy volunteers (22 men, 18 
women; mean age 36±7 years) were enrolled as the control group 
(CG). Differences in brain 18F-FDG uptake were analyzed by statisti-
cal parametric mapping (SPM2), introducing age and sex as nuisance 
variables. SPM t-maps were thresholded using a p<0.001, uncorrected 
for multiple comparisons, at voxel level and a p<0.001, corrected for 
multiple comparison, at cluster level.
Results No patient had HL involvement in the brain detectable by 
PET/CT. As compared to PET0 and CG scans, PET2 scans showed 
significantly higher FDG uptake in the right superior temporal gyrus 
and right inferior parietal lobule (Brodmann area 39) and a significant 
metabolic reduction in BAs 10, 11 and 32 bilaterally. All these changes 
disappeared on PET6. When PET2 data were subtracted to PET0 and 
CG data no significant change was found. No significant changes were 
found in brain glucose metabolism in PET6 vs CG and vice versa. 
Conclusions Our results indicate a very limited and transient impact 
of ABVD chemotherapy on brain metabolism in HD. The presence of 
an undiagnosed subclinical Axis-I anxiety disorder in the acute phase 
could partially explain our findings.
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Aim To evaluate the relationship between bone marrow uptake 
on 18Fluorine-fluorodeoxyglucose positron-emission tomography/
computed-tomography (18F-FDG PET/CT) and bone marrow biopsy 
(BMB) in initial staging of patients with non-Hodgkin’s lymphoma 
(NHL).
Materials and methods Ninety-eight patients (mean age 54 years, 
range 3-82) who performed 18F-FDG PET/CT between March 2009 
and October 2012 for initial staging of NHL were selected. All patients 
had undergone a BMB at least 30 days before the 18F-FDG PET/CT 
scan and none had started chemotherapy. Bone marrow uptake was 
evaluated not only qualitatively (visual PET) but also quantitatively 
with standardized uptake value (SUV), building a region of interest on 
the L3 vertebral body. The SUV measurement site was different from 
the biopsy site in all patients to avoid false increase of SUV. After 6 
hours of fasting, 18F-FDG was intravenously injected (3.7 MBq/kg). 
One hour later, PET/CT was performed (Discovery ST, GE Healthcare, 
Milwaukee, WI-USA). Images were analyzed using an Advantage AW 
Volume Share and Xeleris workstation (GE, Healthcare, Milwaukee, 
WI-USA). Concordance was evaluated by Cohen’s k. ROC analysis 
was used to evaluate the diagnostic accuracy of SUV on the L3 verte-
bral body. Analysis of covariance was performed to evaluate differenc-
es in mean SUV between BMB-positive (BMB+) and BMB-negative 
(BMB-) patients with weight and age as covariates.
Results Fifty-six of the 98 patients (57.1%) had negative BMB, while 
42/98 (42.9%) were BMB+. Visual PET was negative in 83/98 patients 
(84.7%) with a mean SUV of 2.86 (s.d. 0.58) and positive in remain-
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Aim To evaluate the effectiveness of PET/CT with 18F-FDG in staging 
and restaging of Burkitt Lymphoma (BL) in adult patients.
Materials and methods Sixteen consecutive BL patients (14 males; 2 
females), average age 42 years (range 27-64 yrs), evaluated by FDG-
PET/CT for both staging (n=16) and restaging (n=14/16) were retro-
spectively included in the study. Thirteen/16 were HIV+. FDG PET/
CT was performed following a standard protocol. PET/CT findings 
were compared to those obtained using conventional procedures, in 
particular contrast enhanced CT (ceCT) and bone marrow (BM) biop-
sy. Patients were clinically and instrumentally followed up for a mean 
of 13 months (range 1-42 months).
Results Of the 16 patients evaluated during the staging phase, 15 
patients showed advanced disease (stage III: n=3; stage IV: n=12); 1 
patient presented stage IIx disease. Bone marrow involvement was de-
tected by FDG PET/CT in 10/16 pts; none of these had ceCT evidence 
of disease at this level and 6 also had a negative BM biopsy. CeCT was 
also negative for lymph nodes involvement in one case of stage IV BL 
presenting, in addition to pancreatic, gastric, bowel and diffuse BM 
involvement, mediastinal lymph nodes smaller than 1 cm. In that case, 
BM biopsy was positive. Of the 14/16 patients examined after treat-
ment (chemotherapy for advanced stage patients and chemotherapy + 
radiotherapy for the stage IIx patient), FDG PET/CT and ceCT showed 
progression of disease (PD) in 1 patient, partial remission (PR) in 7 pa-
tients and a complete response (CR) in 4 patients. In these cases, FDG 
PET/CT was concordant with ceCT findings except for the evaluation 
of BM disease, where ceCT, unlike FDG PET/CT, failed to provide 
informative data. In 2/14 patients FDG PET/CT showed a complete 
metabolic response while ceCT showed a PR with persistence of a 
pancreatic lesion and of iliac lymph nodal tissue, respectively. Clinical 
and instrumental follow-up confirmed the absence of disease in these 
patients. One patient could not be treated because of non-oncological 
complications. FDG PET/CT could detect a progressive BM involve-
ment, not documented by ceCT.
Conclusions These data indicate the pivotal role of FDG PET/CT in 
both staging and restaging of BL patients, particularly with regard to 
the accurate FDG PET/CT evaluation of BM disease. In particular, 
since in the restaging phase FDG PET/CT was able to document a 
response earlier than ceCT, FDG PET/CT may be suggested for early 
therapy evaluation in BL patients.
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Aim We hypothesized that, in the course of leukemia, the neoplastic 
clone causes alterations of osteoblastic and osteoclastic cell function 
resulting in measurable skeletal changes, potentially harming normal 
haematopoiesis and leading to increased fracture risk. 
Materials and methods Trabecular bone volume (IBV), cortical bone 
volume (CBV), extension and glucose metabolism of bone marrow 
(BM) were estimated in 21 patients undergoing PET/CT scans in the 
course of leukemia follow-up. These patients were never submitted 

parameters of suspected disease in the Waldeyer ring, which change 
the staging and therapeutic approach.
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Introduction Primary testicular lymphoma (PTL) is a rare disease but 
it is characterized by a high incidence of recurrence associated with 
poor prognosis. Most relapses occur within the first two years and are 
influenced by correct diagnosis, initial staging and the first-line treat-
ment undertaken. A complete evaluation of the patient is necessary 
to establish the extent of lymphomatous involvement, paying particu-
lar attention to the central nervous system and contralateral testis, the 
most common sites of recurrence. Cutaneous recurrence is a possible 
but uncommon occurrence, rarely mentioned in the literature, particu-
larly in PET studies.
Case report We report the case of a 62-year-old patient with a history 
of primary testicular non-Hodgkin lymphoma treated with orchiecto-
my. After 14 months the patient presented swelling and pain of the left 
leg with difficulty walking; this condition was diagnosed and treated 
as venous thrombosis, without benefit. Subsequently, following detec-
tion of recurrent disease on inguinal lymph node biopsy, a 18F-FDG 
PET/CT was required. Given the conditions of the patient’s left leg, 
which was edematous, diffusely erythematous and presented multiple 
nodular, violet and indolent lesions, it was considered appropriate to 
include the lower limbs in whole-body PET examination. The 18F-FDG 
PET/CT scan showed increased uptake in laterocervical lymph nodes 
and massive infiltrative involvement from lymphoma disease of cu-
taneous, subcutaneous and muscle tissues of the left leg with initial 
involvement of the contralateral leg. This suspicion was subsequently 
confirmed by a skin lesion biopsy. Chemotherapy (R-CHOP scheme) 
was then started. 
Discussion 18F-FDG PET/CT has both high sensitivity and specificity 
for the diagnosis, staging, follow-up and evaluation of treatment re-
sponse in patients with NHL. The body is commonly scanned from the 
base of the skull to the root of the lower limbs. However, it can some-
times be useful to extend the examination, including the brain and the 
lower limbs (i.e. in conditions in which there is potential involvement 
of these sites). In our case, in fact, the inclusion of the lower limbs in 
the 18F-FDG PET/CT scan study, after a careful history, allowed us to 
highlight the progression of lymphoproliferative disease in these sites 
as well as in laterocervical lymph nodes.
Conclusions In our experience, if a patient with a history of PTL 
presents venous thrombosis of the lower limbs, whole-body 18F-FDG 
PET/CT scan should extended to lower limbs since this condition is a 
possible complication of recurrent disease.
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ing (36/79; 45.57%) and follow-up (23/79; 29.11%) of MM. Thirty-
eight/68 (55.88%) patients were affected by MM clinically evident, 
8/68 (11.77%) by smoldering MM, 6/68 (8.82%) by MGUS and 16/68 
(23.53%) were not specified. Twenty-one/68 (30.88%) patients were 
treated with chemotherapy, 1/68 (1.47%) with radiotherapy, 5/68 
(7.35%) with stem cell transplantation and 15/68 (22.06%) with com-
bined treatments. All patients had previously undergone MRI, on aver-
age 5.6 weeks before the 18F-FDG PET/CT (range 1-8 weeks): 77/79 
(97.47%) were district scans; 2/79 (2.53%) were total-body scans. 
Cohen’s k was used to compare the results of the two methods. In a 
subgroup of 16/68 patients, who underwent 22/79 examinations, the 
results of 18F-FDG PET/CT and the SUVmax of the medullary com-
partment, measured at L5 vertebra, were correlated with CM assay, BJ 
proteinuria, % of plasma cells and b2-microglobulin value, evaluated 
on average 4 weeks before the 18F FDG PET/CT (range 1-8 weeks). 
The comparison for categorical variables was performed using Fisher’s 
exact test. A p<0.05 was considered statically significant.
Results In the evaluation of the whole sample, the two methods were 
both positive in 27/79 cases (34.18%), although in most cases 18F-FDG 
PET/CT identified more lesions than MRI; in 7/79 (8.86%) 18F-FDG 
PET/CT was positive while MRI was negative; in 32/79 (40.51%) 
18F-FDG PET/CT was negative while MRI was positive, and in 13/79 
cases (16.45%) the two methods were both negative. The concord-
ance between the two methods was low (k=0.08). In the subgroup of 
16 patients statistical analysis showed poor correlation with CM as-
say (p=0.54) and with BJ proteinuria (p=0.70), while there emerged 
a strong correlation with the % of plasma cells (p=0.004) and the b2-
microglobulin value (p=0.002). Statistical analysis of the SUVmax at 
L5 vertebra showed no statistically significant correlation with CM 
assay (p=0.12), BJ proteinuria (p=0.56) and b2-microglobulin value 
(p=0.17), while a statistically significant correlation was found with % 
of plasma cells (p=0.023). In particular, the finding of SUV max >2.00 
was significantly related with % plasma cells >10%.
Conclusions 18F-FDG PET/CT has become an established and well-
studied imaging modality for the detection of both osseous and ex-
traosseous lesions. It can identify, in one easy scanning procedure, all 
sites of disease and it is also able to distinguish the early sites of active 
disease from fibrotic post-treatment outcomes, which are instead still 
visible for 9-12 months on MRI. However, MRI remains an impor-
tant instrument in the management of patients with MM, especially 
the mild forms, such as MGUS and smoldering myeloma, and in the 
evaluation of complications from spinal cord compression. The signifi-
cant correlation between SUVmax and % plasma cells, found in our 
study, suggests that this technique might be used during follow-up of 
the disease, estimating with good efficacy possible relapses and avoid-
ing the frequent use of invasive diagnostic measures.

ONCOLOGY 6 – NEUROENDOCRINE  
TUMORS
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Aim 111In-pentetreotide somatostatin receptor scintigraphy, especially 
SPECT and SPECT/CT, have proved useful techniques for the diagno-
sis, staging and post-treatment follow-up of patients affected by gas-
troenteropancreatic (GEP) tumors with a high density of somatostastin 

to BM and were in clinical remission at the time of the study. Data 
were compared with corresponding values obtained from age-and sex-
matched controls, selected according to a case-control criterion from 
a pool of 101 patients studied with PET/CT in the follow-up of local-
ized, completely removed, low-grade melanoma. A software tool was 
used to identify the different bone volumes by measuring the average 
HU within a two-pixel ring located just inside the bone contour. All in-
traosseous pixels with HU lower than this cut-off were flagged as IBV, 
the remaining were considered CBV. Their sum was defined skeletal 
volume (SV). By analyzing FDG uptake values, IBV was subdivided 
into active BM (ABM, having a SUV > 1.1) and idle BM (SUV <1.1). 
The analysis was first performed on the entire body, and then extended 
in order to specifically evaluate the axial (vertebrae and sternum) and 
appendicular (humeri, femurs and tibiae) skeleton. In a subset of pa-
tients, osteopontin (OPN) gene expression was assessed by reverse 
transcriptase polymerase chain reaction. This protein is a crucial sign-
aling mechanism between skeletal and haematopoietic cells. Since it 
acts both as a cellular growth inhibitor and as an osteoclast activator, 
OPN might represent a potential marker of the mechanisms underlying 
bone alteration.
Results IBV was 1936±561 ml in leukemics and 1638±568 ml in 
control patients (p<0.05). This difference was balanced by an oppo-
site trend in CBV, which was 3143±679 ml in the patient group and 
3490±670 in the controls (p<0.05). The appendicular district showed a 
greater gap in IBV, which was much greater in the leukemics (440±118 
ml) than in the controls (216±81 ml; p<0.0001). Appendicular CBV 
paralleled the behavior observed on the whole-body analysis, be-
ing 670±120 ml in the leukemics and 1030±216 ml in the controls, 
p<0.0001. ABM was increased in the appendicular segments of the 
leukemic group, with respect to the controls (39±39 ml vs 18±21 ml; 
p< 0.05). OPN gene expression showed a loose inverse correlation 
with IBV/SV ratio.
Conclusions Our mathematical approach to PET/CT images docu-
ments anincreased BM volume in the course of leukemia, associated 
with a severe reduction of cortical bone. These findings are particu-
larly evident in the appendicular skeleton. Altogether, these data sug-
gest that leukemia alters the bone marrow microenvironment leading 
to reabsorption of cortical bone, which is particularly evident in the 
long bones, where CBV is physiologically more represented. Further 
studies are needed to identify the determinants of this process, which 
seems, at least in part, to involve the signaling between haematopoietic 
and skeletal tissues.
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Aim The aim of our study was to evaluate the contribution of 18F-FDG 
PET/CT in the management of patients with multiple myeloma (MM). 
Medullary and extramedullary involvement was compared with the 
results of MRI. Correlations between the results of 18F-FDG PET/CT 
and chain monoclonal (CM) assay, Bence Jones (BJ) proteinuria, % of 
plasma cells and b2-microglobulin value, currently used by clinicians 
to monitor these patients, were evaluated. The relationship between 
SUVmax of the medullary compartment and each of the aforemen-
tioned clinical parameters was analyzed.
Materials and methods We retrospectively studied 68 patients (41 
men, 27 women; mean age 64 years) who underwent 79 whole-body 

18F-FDG PET/CT scans for initial staging (20/79; 25.32%), restag-
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Aim To evaluate the clinical value of 111In-pentetreotide SPECT/CT of 
the thorax and abdomen (versus that of SPECT alone) in thoracic and 
abdominal localization of carcinoid tumours. 
Materials and methods Forty-nine patients with carcinoid tumours 
(30 gastrointestinal, 19 bronchial, for a total of 74 lesions, 59 ab-
dominal, 15 thoracic) underwent, for staging or suspected recurrence, 
111In-pentetreotide SPECT/CT using a hybrid system (Millennium VG 
with Hawkeye, G.E.M.S.) consisting of a dual head gamma camera 
equipped with a low-dose X-ray tube. SPECT images were acquired 
4 and 24 hours after i.v. administration of 111In-pentetreotide; SPECT/
CT images of the thorax and abdomen were performed at the 4th hour. 
Scintigraphic images were first evaluated alone and then reinterpreted 
by adding transmission data. Data were confirmed by histological ex-
amination when available, or by a clinical follow up of at least six 
months.
Results Fifty-nine of the 74 true positive lesions were located in the 
abdomen, and 15 in the thorax. No false positive lesions were observed 
in the abdomen or thorax, either on SPECT/CT or on SPECT alone. 
On SPECT/CT, 3 abdominal and 4 thoracic lesions proved to be false 
negative (FN) lesions; while on SPECT alone, 10 abdominal and 5 
thoracic lesions were FN lesions. The observation of FN lesions could 
be attributed to the small size of these lesions and their low soma-
tostatin receptor expression. Fewer FN lesions were found on hybrid 
images as CT helps to improve lesion localization and the detection of 
pathological lesions with no somatostatin receptor expression. The FN 
lesions found on hybrid images were similar in number in the abdo-
men and thorax, while SPECT alone showed a greater number in the 
abdomen, thus underlining the importance of the contribution of CT in 
this region. On the other hand, it must be recalled that the study sample 
included more patients with gastrointestinal than with pulmonary car-
cinoid tumours. In all carcinoid tumours, SPECT/CT showed 91% sen-
sitivity, 100% specificity, a positive predictive value (PPV) of 100%, a 
negative predictive value (NPV) of 76%, and a 93% level of accuracy, 
while SPECT alone showed 83% sensitivity, 100% specificity, 100% 
PPV, 59% NPV, and 85% accuracy. For abdominal lesions, SPECT/
CT showed 95% sensitivity, 100% specificity, 100% PPV, 81% NPV, 
and 96% accuracy, while SPECT alone showed 85% sensitivity, 100% 
specificity, 100% PPV, 57% NPV, and 86% accuracy. For thoracic le-
sions, SPECT/CT showed 79% sensitivity, 100% specificity, 100% 
PPV, 69% NPV, and 86% accuracy, while SPECT alone showed 75% 
sensitivity, 100% specificity, 100% PPV, 64% NPV, and 82% accuracy.
Conclusions Hybrid imaging was found to be more sensitive and accu-
rate than SPECT alone in both thoracic and abdominal regions, prov-
ing particularly useful in the detection of abdominal lesions due to the 
co-registration of anatomical and functional data; furthermore, NPV 
values were considerably higher for SPECT/CT than for SPECT im-
ages (particularly in the abdomen). Finally, the high specificity of our 
data can be explained by the fact that our patients were highly selected 
(all affected by carcinoid tumours, either gastrointestinal or bronchial).
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receptors, yielding higher sensitivity values when compared with the 
other conventional imaging procedures (CIPs), such as US, CT and 
MRI, which represent the most readily available diagnostic methods 
for detecting GEP tumors and their metastases, also guiding biopsies. 
In this study we further investigated the usefulness of 111In-pentetre-
otide SPECT/CT in GEP tumor patients, also evaluating whether the 
procedure may have incremental diagnostic value versus CIPs. 
Methods We enrolled 129 patients with GEP tumors, 89 at initial 
diagnosis and staging and 40 undergoing follow-up; 88 patients had 
functioning and 41 non-functioning tumors for neuroendocrine hor-
mone overexpression. Definitive diagnosis was obtained by surgery, 
percutaneous biopsy or laparotomy. At histology, 87 GEP tumors were 
classified as neuroendocrine tumor grade 1 and 27 as grade 2; 10 as 
neuroendocrine carcinoma, 4 as mixed adenoneuroendocrine carcino-
ma, and 1 as a pre-neoplastic lesion. All the patients underwent at least 
2 CIPs within one month prior to both whole-body scan performed at 
4h and 24h and SPECT/CT over the abdomen and other suspicious 
regions using a hybrid double head system including a low-dose x-ray 
tube (Infinia, GE Healthcare). SPECT images were reconstructed with 
the iterative method and fused with CT images using a dedicated soft-
ware package (Xeleris Workstastion). 
Results Neoplastic lesions were ascertained in 91/129 (70.5%) patients 
including primary tumors and metastases. SPECT/CT was true posi-
tive in 76/91 (83.5%) cases and CIPs in 65/91 (71.4%). The remain-
ing 38/129 (29.5%) patients, all under follow-up, had no evidence of 
disease and both procedures were true negative. Both SPECT/CT and 
CIPs were concordantly positive in 50/91 cases, SPECT/CT only was 
true positive in 26 and CIPs only were true positive in 15. Per-patient 
sensitivity, specificity and accuracy were 83.5%, 100% and 88.4%, re-
spectively, for SPECT/CT, and 71.4%, 100%, 79.8%, respectively, for 
CIPs; the difference was not significant. In the 91 positive patients, 307 
lesions were ascertained (74 hepatic, 124 abdominal extra-hepatic and 
109 extra-abdominal) with SPECT/CT detecting 256/307 foci, while 
CIPs 197/307 (per-lesion sensitivity 83.4% vs 64.2%, p<0.0001). In 
detail, 61/74 (82.4%) hepatic, 102/124 (82.2%) abdominal extrahe-
patic and 98/109 (89.9%) extra-abdominal lesions were identified by 
SPECT/CT, while 62/73 (84.9%), 72/124 (58.1%) and 60/109 (55%), 
respectively, were identified by CIPs. SPECT/CT correctly modified 
CIP patient classification and management in 45/129 (34.9%) patients, 
while it gave an incorrect classification, downstaging the disease, in 
19/129 (14.7%) cases. SPECT/CT had incremental value, detecting 
and characterizing additional lesions, in particular, small size bone, 
pulmonary and abdominal lymph node metastases. 
Conclusions 111In-pentetreotide SPECT/CT proved to be a more sensi-
tive diagnostic tool in our series of functioning and non-functioning 
GEP tumors giving additional information and thus allowing a more 
correct classification of the affected patients and the adoption of the 
most appropriate therapeutic strategy. Moreover, SPECT/CT also cor-
rectly characterized the lesions, precisely identifying their anatomical 
site. In our cases, SPECT/CT proved to be more sensitive than CIP; 
however, the combined use of the two procedures seems to give the 
highest performance and the most accurate disease staging.
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Aim Neuroendocrine tumors (NETs) are rare tumors. The diagnosis of 
NETs is often very difficult and expensive due to the presence of mul-
tiple clinical manifestations and a lack of diagnostic tests.18F-DOPA 
PET/CT (F-DOPA) seems to be a useful diagnostic tool.
Material and methods 38 patients (18 females and 20 males; mean 
age 63 yrs, range 17-86) were prospectively studied with F-DOPA be-
tween April 2011 and September 2012: 26 patients with NETs sus-
pected, staging or restaging, considering increased tumor markers: 
chromogranin-A, gastrin, CEA, CA 19.9, CA 13.3); 6 patients unde-
going staging of pheochromocytoma/paraganglioma (increased plas-
matic and urinary metanephrines); 5 patients with medullary thyroid 
carcinoma (MTC) (2 staging and 3 restaging; increased serum calci-
tonin); 1 patient under follow-up of Merkel carcinoma. F-DOPA was 
performed in dual-time modality (whole-body acquisition 10 and 60 
minutes after iv injection of 4 MBq/kg of 18F-DOPA). F-DOPA was 
compared with CT/MRI and/or abdominal ultrasound, and correlated 
with tumor markers.
Results F-DOPA was considered positive in 16/38 (42%) patients, 
and negative in 22/38 (58%) patients. Of the 26 patients with NETs 
(suspected, staging or restaging) 9/26 (35%) were positive, and 17/26 
(65%) were negative; 2/6 (33%) patients with pheochromocytoma/
paraganglioma were positive and 4/6 (65%) were negative. All scans 
in MTC patients were positive (100%), while follow-up scan in Mer-
kel carcinoma was negative (100%). F-DOPA had an overall sensi-
tivity of 81% [95% confidence interval (CI) 68-94%], a specificity 
of 90% (95% CI 80-99%), a positive predictive value (PPV) of 87% 
(95% CI 76-98%), and a negative predictive value (NPV) of 86% (95% 
CI 75-97%). The diagnostic accuracy of F-DOPA was 86% (95% CI 
75-97%). In particular, MTC F-DOPA had a sensitivity of 100% even 
though the number of patients was limited. NET (gastroenteropancre-
atic) FDOPA, instead, had a sensitivity of 72% (95% CI 55-89%), a 
specificity of 87% (95% CI 74-100%), a PPV of 80% (95% CI 65-
95%) and a NPV of 81% (95% CI 66-96%). The diagnostic accuracy 
of gastroenteropancreatic F-DOPA was 81% (95% CI 66-96%). 
Conclusions Even though F-DOPA does not give NET receptor status 
information, it provides an accurate diagnosis and (re)staging of some 
subtypes, such as MTC. In these cases, preliminary data suggest that a 
positive PET scan seems to be related to tumor markers levels.

62
[111In-DTPA]-octreotide scintigraphy in the evaluation of patients 
with NET: comparison with CgA assay and CT imaging

C. Ferrar, A. Niccoli-Asabella, C. Altini, A. Nicoletti,  
A. Notaristefano, G. Rubini
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Aim Neuroendocrine tumors (NETs) are a heterogeneous group of ne-
oplastic entities derived from cell populations of the diffuse neuroen-
docrine system. They encompass aggressive tumors such as neuroen-
docrine small-cell cancer, slow-growing tumors such as carcinoid and 
tumors with intermediate aggressiveness such as malignant carcinoid. 
They are usually divided into functioning or non-functioning tumors 
according to whether or not they are able to produce hormones and 
biologically active substances responsible for the clinical symptoms. 
Due to their variable presentation, diagnosis is generally difficult and 
late and, as well as restaging after therapy and follow-up, it is based 
on general biochemical markers, specific markers for particular types 
of NET, morphological imaging, such as computed tomography (CT), 
and functional imaging, such as somatostatin receptor scintigraphy 
with [111In-DTPA]-octreotide (OCT). However, each of these methods 
presents limitations. We evaluated the role of OCT, comparing it with 
chromogranin A (CgA) assay and CT imaging, in patients with NETs. 
Materials and methods We retrospectively studied 90 patients (pts) 

Aim Our aim was to evaluate the diagnostic performance of hybrid 
PET/CT imaging with 68Ga-DOTANOC in duodenopancreatic neu-
roendocrine neoplasms (NENs), considering the role of the integrated 
16-slice CT (I-CT) in our PET/CT tomograph (Discovery STE, GE 
Healthcare) and comparing the results with those of contrast-enhanced 
CT (CECT) and endoscopic ultrasound (EUS).
Materials and methods We retrospectively included in the study 19 
consecutive patients who had undergone a 68Ga-DOTANOC PET/CT 
scan for known (15: 3 NET-G1, 10 NET-G2, 2 NEC-G3 [WHO-2010]) 
or suspected (4) duodenopancreatic NEN. In total, 23 PET/CT scans 
were performed, for staging-restaging (13), suspicion of recurrence 
(3), follow-up (2), detection of unknown primaries (2), or characteri-
zation of lesions detected with other imaging modalities (3). CECT 
was also performed in 19 cases and EUS (with/without fine needle 
aspiration, FNA) in 8. The Ethics Committee approved the study. Two 
nuclear medicine physicians evaluated the PET/CT images, while a 
radiologist, unaware of the PET results, evaluated both I-CT alone 
and CECT. Histological findings, when available (7 post-biopsy, 1 on 
surgical specimen), or clinical and instrumental follow-up (mean=16 
months, range 3-36) were used as reference standard. A per-patient 
and per-lesion analysis of the results was performed. Fisher’s test was 
applied (p=0.05) for comparison of frequencies.
Results Thirty-five neuroendocrine lesions were confirmed (18 he-
patic, 6 pancreatic, 2 peripancreatic, 8 nodal, 1 pulmonary) in 10/19 
patients (all studied both with PET/CT and CECT). PET/CT, I-CT and 
CECT correctly identified, as affected, respectively 10/10 (100%), 4/10 
(40%), and 8/10 (80%) subjects (p=0.47 PET/CT vs CECT; p=0.17 
I-CT vs CECT) and detected respectively 35/35 (100%) 10/35 (29%), 
and 28/35 (80%) lesions (p=0.01 PET/CT vs CECT; p=0.0001 I-CT vs 
CECT). Analyzing the results on a per-patient basis, the accuracy of 
PET/CT, I-CT and CECT was found to be 94% (CI-95%:85-100%), 
82% (CI-95%:67-98%), and 79% (CI-95%:61-97%), respectively, 
while on a per-lesion basis it was 94% (CI-95%:87-100%), 49% (CI-
95%:35-63%) and 78% (CI-95%:66-90%), respectively. EUS showed 
100% accuracy (CI-95%: 100%-100%): 3/8 negative patients were 
confirmed as disease free at follow-up, while 5/8 positive patients re-
ceived confirmation of NEN on FNA, for a total of 6 lesions correctly 
detected (5 pancreatic, 1 peripancreatic). Because of the small size 
of the sample, statistical analysis was not performed, but it is worth 
noting that PET/CT correctly characterized all patients and all lesions 
found to be true positive on EUS. Two false positive PET/CT findings, 
however, were correctly characterized thanks to EUS-FNA: a duodenal 
xanthoma, and one out of two focal DOTANOC uptakes in a confirmed 
monofocal pancreatic NEN.
Conclusions PET/CT performed better than CECT in studying NENs 
of duodenopancreatic origin, and showed a sensitivity comparable to 
that of EUS in detecting pancreatic and peripancreatic lesions. Our 
results suggest that PET/CT could be the examination of choice for 
studying these neoplasms, followed by histological confirmation by 
EUS-FNA, now considered the gold standard diagnostic procedure 
for the study of primary or local relapsing lesions. Even though its 
technical limitations were not found to affect PET/CT accuracy, I-CT 
showed, as expected, the worst results, especially in terms of lesion 
detection and characterization capacity. Wider routine use of PET/
CECT may be desirable in order to obtain the best morphological and 
functional information in a single examination, also reducing radia-
tion exposure.
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searched for patients affected by cancers with possible sstr overex-
pression who had undergone both OS and PET for disease staging/re-
staging before peptide receptor radionuclide therapy (PRRT) decision 
making. A retrospective comparison of the two imaging modalities 
was carried out through a lesion-based and a patient-based analysis. 
Results were validated through conventional imaging (CT, MRI, US).
Results Twenty-four neuroendocrine tumor (NET) patients (8 pancre-
atic, 6 lung, 3 ileal, 3 retroperitoneal, 1 small bowel, 1 adnexal, 1 ME-
N2A, 1 appendicular) and two thyroid medullary cancer cases were re-
trieved. Of the 26 patients, 7 were negative on both OS and PET. These 
were patients submitted to radical surgery without residual disease or 
whose suspicious lesions were found to be non-sstr-expressing or non-
neoplastic on histology and/or follow up. In the remaining 19 cases, 
overall PET and OS identified 65 and 51 lesions respectively. Three 
more OS findings first classified as unclear because of low uptake 
were subsequently related to phlogosis after surgery. Dividing find-
ings into anatomical regions (abdomen, lymph nodes, bone, thoracic 
wall) PET detected 38 lesions in the abdomen, 12 in the lymph nodes, 
10 in bone, and 5 in the thoracic wall. Conversely, OS detected 37 
abdominal, 3 nodal and 11 skeletal, but no thoracic lesions, probably 
because of their small size. Similar foci were identified by both mo-
dalities in 8 patients: concordance was found in pancreatic, liver, nodal 
and skeletal localizations. The remaining 11 positive patients showed 
poor or incomplete modality correlation in terms of lesion detection: 5 
PET-positive patients were false negative on OS (4 liver lesions and 1 
pancreatic, 1 nodal, 1 thyroid, and 1 adrenal lesion), one OS-positive 
case was false negative on PET (1 nodal uptake) and in five cases PET 
and OS showed different findings. False negative cases were related to 
different sstr expression and/or low receptor expression. PET and OS 
results were confirmed by conventional imaging.
Conclusions Despite the limitation constituted by the small size of 
this series, in our experience PET seemed to perform better than OS 
in lymph node involvement detection (in both the abdominal and the 
mediastinal basins), and in thoracic wall study (where, in fact, OS did 
not show any finding). The detection rates of PET and OS were simi-
lar for abdominal lesions and almost the same for bone localizations. 
Therefore, PET seems to be slightly better than OS in finding sstr over-
expressing lesions. However, when deciding whether or not to refer 
patients for PRRT, OS remains a valid choice, particularly in patients 
with abdominal or skeletal disease. Our results need to be confirmed in 
further studies involving larger series.
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more lesions than diagnostic imaging with gamma emitters
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Nuclear Medicine Unit, Department of Biomedical Sciences and 
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Purpose Several different somatostatin analogs labeled with gamma- 
or positron-emitting radionuclides are used for diagnostic imaging of 
neuroendocrine tumors (NETs). Differences in lesion detection be-
tween standard diagnostic scintigraphy (SDS) and post-therapy whole-
body scan (PTWBS) are reported in the literature; such differences 
have been correlated with the varying degrees of receptor subtype 
expression and the varying receptor affinity profiles of the different 
ligands. The aim of this study was to investigate differences between 
SDS and PTWBS using the same radiopharmaceutical.
Materials and methods We retrospectively reviewed the clinical re-
cords of 53 patients (27 males and 26 females; mean age: 63.96 ± 
12.51 years, range 34-89 years), who were referred to the nuclear med-
icine unit of our university hospital with a diagnosis of NET or sstr+ 

with suspicion (35/90 pts) or histological diagnosis (55/90 pts) of 
NETs. Suspicion was for lung tumors in 4/35 cases and for gastro-
entero-pancreatic (GEP) tumors in 31/35; the histological diagnosis 
was well-differentiated NETs in 33/55 (16 lung and 17 GEP-NETs), 
well-differentiated neuroendocrine carcinomas (NECs) in 10/55 (7 
GEP-NECs and 3 NECs of unknown origin); poorly-differentiated 
NECs in 12/55 (4 small cell lung cancer and 8 poorly-differentiated 
lung cancer). The pts underwent a total of 99 OCTs for suspicion 
of disease (36/99), initial staging (13/99), evaluation of response to 
therapy (27/99) and follow-up (23/99). All had previously (30-60 days 
before) undergone CgA assay and 58/90 also a CT scan (10 total-body, 
48 districtual). OCT was performed with the whole-body technique 
and completed by SPECT aquisition of skull (3/99), chest (38/99) and 
abdomen (72/99). The results were compared using Cohen’s k.
Results The OCT/CgA comparison showed that the two methods were 
concordant in 41/99 cases (positive concordant in 18/41 and negative 
concordant in 23/41); instead they were discordant in 58/99 cases 
(OCT+/CgA- in 4/58 and OCT-/CgA+ in 54/58). The correlation be-
tween these two methods was low (k=0.065, 95% confidence interval: 
-0.075 to 0.15). The OCT/CT comparison showed that the two meth-
ods were concordant in 36/58 cases (positive concordant in 15/36 and 
negative concordant in 21/36), while they were discordant in 22/58 
cases (OCT+/CT- in 3/22 and OCT-/CT+ in 19/22). The correlation be-
tween these two methods was low (k=0.288, 95% confidence interval: 
0.037 to 0.429). The OCT/CT/CgA comparison showed that the three 
methods were concordant in 20/58 cases (positive concordant in 13/20 
and negative concordant in 7/20); they were discordant in 38/58 cases.
Conclusions Study and clinical management of NETs are difficult on 
account of the rarity and heterogeneous clinical behaviour of these tu-
mors. A multidisciplinary approach is called for. OCT, which is able 
to bind to somatostatin receptor subtypes 2 and 5 (80%), is a nuclear 
medicine technique widely used to localize NETs. The introduction 
of SPECT acquisitions improves the diagnostic performance. In our 
opinion, the presence of a high CgA value, as the only finding, can-
not justify the examination, due to the non-specificity of this tumor 
marker. A careful history, to investigate and consider all the possible 
causes of increased CgA, should be the initial step. Subsequently, the 
use of imaging modalities can be considered, bearing in mind that they 
are complementary and that using them in combination increases their 
performance.
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Aim To evaluate the difference in diagnostic performance between 
111In-DTPA-octreotide SPECT/CT (OS) and 68Ga-DOTA-NOC PET/
CT (PET) imaging in cancer patients with possible somatostatin recep-
tor (sstr) overexpression. 
Materials and methods The databases of the Endocrinology and Nu-
clear Medicine Units at S. Anna University Hospital of Ferrara were 
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For dosimetric calculations, the dose distribution could be calculat-
ed using 177Lu-DOTATATE SPECT-CT images during treatment and 
these were obtained with a hybrid SPECT-CT scanner (Symbia T2, 
Siemens Medical Solutions USA, Inc.) at 1-4- 24-48 and 72 hours. 
One or more PET/CT studies with 68Ga-DOTATATE were performed 
during the treatment and then 4-6 months after the last treatment. A 
68Ga-DOTATATE PET/CT was performed after the second or the third 
cycle as intermediate evaluation. 
Results Clinical management of patients requires close attention to 
their clinical conditions. It is necessary to carefully evaluate the ab-
sorbed dose to the kidneys and bone marrow, which can vary consider-
ably between patients. 
Conclusions Radiolabeled somatostatin receptor therapy is proving 
to be an effective and safe treatment option for patients with NETs. 
Many studies have shown that, most of the time, the clinical response 
precedes the morphological one. This is a fact to be taken into consid-
eration, given the frequent association of these cancers with symptoms 
that impact strongly on the quality of life of patients who have a rela-
tively long life expectancy.
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Aim The co-presence of lymphoma and pheochromocytoma is an ex-
tremely rare entity. Indeed, few cases have been reported in the litera-
ture to date, in most of which the second pathology was subsequent to 
repeated cycles of chemotherapy to treat the lymphoma. In our case, 
131I –meta-iodobenzylguanidine (MIBG) scintigraphy was the only 
non-invasive technique able to diagnose pheochromocytoma in a pa-
tient with an adrenal mass already existing at lymphoma diagnosis and 
not responding to chemotherapy.
Materials and methods We present the case of a 38-year-old man 
with T-cell-rich DLBC-NHL (biopsy in a left axillary lymph node), in 
stage IV B. The patient had been treated with R-CHOP chemotherapy. 
Results The CT at the time of staging showed, besides axillary and 
splenic lesions, one roundish lesion in the right adrenal gland; it was 7 
cm in diameter, patchy with a large liquid region in its context, which 
compressed the lower edge of the liver. The several ultrasound scans 
performed during therapy showed a clear regression of the lympho-
matous lesions in the spleen and in the left axillary lymph nodes, but 
stability of the adrenal gland and a trend toward further increase in the 
volume of the neoformation. The FDG-PET scans performed before 
the beginning of the therapy and at the 4th R-CHOP cycle were super-
imposable at the level of the right adrenal gland. Considering the nor-
mal urinary cortisol levels and the increased levels of norepinephrine, 
epinephrine and chromogranin A, meta-iodobenzylguanidine (MIBG) 
scintigraphy was performed: it showed abnormal accumulation in the 
right adrenal gland, like pheochromocytoma. On the basis of the scin-

tumors. The primary tumor was: gastroenteropancreatic in 20 patients 
(pancreas, 9; small bowel, 9; stomach, 1; rectum, 1), pulmonary in 
11 cases (6 grade-1 neuroendocrine tumors, 2 grade-3 neuroendocrine 
carcinomas, 3 sstr+ non-small cell lung cancers), thyroidal in 6 (med-
ullary carcinoma in 5, sstr+ dedifferentiated carcinoma in 1), jugular-
tympanic chemodectoma, mediastinal neuroendocrine carcinoma, 
cholecystic neuroendocrine carcinoma, bladder paraganglioma, cervi-
cal paraganglioma, rhinopharyngeal neuroendocrine carcinoma and 
sstr+ breast neuroendocrine carcinoma, each in one; in 9 patients the 
primary NET site was unknown (7 had liver metastases, 3 nodal metas-
tases, and 1 brain metastases). Ki-67 ranged between 1 and 70%. Pa-
tients underwent both SDS and PTWBS using 111In-Pentetreotide. SDS 
consisted of whole-body scans (anterior and posterior projections) ob-
tained 4 and 24 hours after i.v. administration of 111In-pentetreotide 
(150-220 MBq; peptide: 8-9 µg); additional planar scans (250Kcounts) 
and SPECT of districts of interest (360°, 60 steps, 40s/step, matrix 
64x64, OSEM, low-pass filter, cut-off: 0.3-0.8, order: 7-10) were also 
acquired at 24 hours. PTWBS consisted of whole-body images (anteri-
or and posterior projections) obtained 48 hours after i.v. administration 
of 111In-Pentetreotide (5.5-7.4 GBq; peptide: 30-50 µg). We compared 
the number of lesions detected by SDS and PTWBS for each body 
region. All patients were followed up for at least three years.
Results In 14/53 patients (26.4%) discrepancies between SDS and PT-
WBS were found. PTWBS detected 68 additional lesions with respect 
to SDS; they were distributed as follows: head and neck, 6; mediasti-
num, 1; liver, 10; abdomen/pelvis, 1; bone, 44; other localizations, 6. 
No additional lesions with respect to PTWBS were revealed by SDS. 
The number of lesions detected by SDS was significantly different 
from that revealed by PTWBS (p=0.0313; Wilcoxon matched pairs 
test). The regions that contributed significantly to this difference were 
bone (p<0.0001; McNemar test), liver (p=0.0044; McNemar test), 
head and neck and other localizations (both p=0.0412; McNemar test).
Conclusion PTWBS shows more lesions than SDS with a statistically 
significant difference. We suppose that the administration of a higher 
radiopharmaceutical activity, the use of a larger amount of peptide, and 
the different time interval between radiopharmaceutical administration 
and scan execution can determine the higher sensitivity of PTWBS.
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Aim Although neuroendocrine tumors (NETs) are considered a class 
of rare tumors, their diagnosis has increased substantially over recent 
decades. The sites of NETs are gastroenteropancreatic (GEP) tract, 
lungs, skin, adrenal glands, thyroid, and genital tracts.
Up to 80% of GEP NETs express somatostatin receptors (SSTR2 and 
SSTR5 primarily). Therefore, somatostatin analogs have been used for 
both diagnosis and treatment of NETs.
Materials and methods All patients with advanced, progressive NET 
meeting the study inclusion criteria were first evaluated with 68Ga-
peptide PET/CT. Positive 68Ga-DOTATATE PET/CT was defined as 
greater radiopharmaceutical uptake in tumor and/or metastases than in 
the liver. For this study, PET/CT scans were acquired on a GE Discov-
ery 60 min after injection of about 120 MBq of 68Ga-peptide. Seven 
or eight bed positions with overlap of 9 slices were acquired for 5 
min emission time in 3D. The CT exposure factors for all examina-
tions were 120 kVp and 80 mA in 0.8 seconds. PET images were re-
constructed using CT-attenuation correction (OSEM). A fractionated 
treatment protocol was followed with the intravenous administration 
of an average activity of 2.6 GBq/cycle for 90Y-PRRT and 6.0 GBq/
cycle for 177Lu-PRRT, respectively, with an interval of about 2 months. 
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These patients underwent a 3rd SIRT treatment. 
Conclusions ∆FTV, determined by 18FDG PET/CT after the first treat-
ment in the target lobe, proved to be a useful tool for planning sequen-
tial liver treatments.
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Aim Gastrointestinal stromal tumors (GISTs) are the most common 
mesenchymal neoplasms of the gastrointestinal (GI) tract and account 
for approximately 1% of all GI tumors. The molecular therapeutic drug 
imatinib mesylate has shown an impressive metabolic response in pa-
tients with GISTs. Because GISTs often show high metabolic activity 
related to intense glycolysis, 18Fluorine-fluorodeoxyglucose positron-
emission tomography/computed tomography (18F-FDG PET/CT) can 
be used to evaluate these tumors. The aim of this study was to evaluate 
the utility and efficacy of 18F-FDG PET/CT in early prediction of re-
sponse to imatinib mesylate therapy in patients with GISTs. 
Materials and methods We retrospectively evaluated 14 patients (12 
males and 2 females; mean age 64 years, range: 37-89) with biopsy-
proven GISTs, localized in the stomach in 9 patients, in the small in-
testine in 3 patients and in the colon-rectum in 2 patients. The first-
line treatment after diagnosis was surgery in 13 patients. Patients were 
studied using 18F-FDG PET/CT and contrast-enhanced computed-
tomography (CECT) before and three months after the start of treat-
ment with imatinib mesylate. After 6 hours of fasting, 18F-FDG was 
intravenously injected (3.7 MBq/kg) and one hour later PET/CT was 
performed (Discovery ST, GE Healthcare, Milwaukee, WI-USA). Im-
ages were analyzed using an Advantage AW Volume Share and Xeleris 
workstation (GE, Healthcare, Milwaukee, WI-USA). We compared 
the total number of metastatic lesions (liver and bone) detected on 
18F-FDG PET/CT, with those shown by CECT, both before and after 
therapy.
Results Before therapy, the total number of liver lesions was con-
cordant between 18F-FDG PET/CT and CECT in 10/14 patients (71%) 
(liver lesions: 26 PET/CT and 26 CECT). In 6/10 patients with liver 
lesions concordantly detected by 18F-FDG PET/CT and CECT be-
fore therapy (16 PET/CT and 16 CECT), all liver lesions decreased 
in number after therapy and were again concordantly detected  
(14 PET/CT and 14 CECT); in the remaining 4 patients with a total 
of 10 liver lesions shown both on 18F-FDG PET/CT and on CECT 
before therapy, the findings after therapy were discordant between the  
two techniques (liver lesions: 8 PET/CT vs 12 CECT). Before ther-
apy, the total number of liver lesions was discordant between 18F- 
FDG PET/CT and CECT in 4/14 (29%) patients (liver lesions: 13 
PET/CT vs 11 CECT). After therapy, the number of liver lesions 
decreased in all 4 patients and remained discordant (liver lesions:  
5 PET/CT vs 7 CETC). Moreover, before therapy, 3/14 patients  
had a total of 4 bone lesions shown by 18F-FDG PET/CT but not by 
CECT. 
Conclusions In these patients, metabolic responses seen on 18F-FDG 
PET/CT were found to be closely related to clinical benefit. In our 
study we confirmed the role of 18F-FDG PET/CT in assessing therapy 
response. We can affirm that it is a reliable method for evaluating early 
response to therapy in GIST patients. CECT has conventionally been 
the method of choice and will continue to play an important role in 
the management of these patients, however hybrid 18F-FDG PET/CT 
provides the possibility to perform both anatomical and functional im-
aging in a single total-body study, reducing absorbed doses to patients 
and costs.

tigraphic report, the patient underwent an excision of the right adrenal 
gland in laparoscopy: the histological diagnosis was pheochromocy-
toma with immunohistochemistry positivity for chromogranin A. The 
general conditions of the patient are currently fairly good.
Conclusions The adrenal glands are a rare (1%-4%) but possible site 
of extranodal metastases of lymphoma. This can lead to misleading 
diagnosis. In our case, the persistence of the adrenal lesion despite 
the regression of the lymphomatous lesions posed the problem of  
the correct diagnosis of this mass. The ultrasound scans, the CT and 
the FDG-PET had not given adequate information. Adrenal biopsy 
could cause severe complications. The 131I –MIBG total body scintig-
raphy proved to be able to characterize the exact nature of the adre-
nal lesion and also excluded other similar localizations elsewhere in  
the body.
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Purpose Liver tumors before and after selective internal radiation 
therapy (SIRT) can be evaluated by 18FDG PET/CT. It is well known 
that PET can also provide semi-quantitative data such as the functional 
total volume (FTV). The aim of this study was to evaluate whether or 
not this parameter can be useful for the planning of sequential bilobar 
treatment with 90Y-microspheres (Sirtex).
Methods We enrolled 19 patients with unresectable multiple bilobar 
liver metastases (9 from breast cancer, 10 from colon cancer). PET/
CT scan was performed before SIRT in all cases and FTV was cal-
culated using PET-VCAR. The hepatic lobe showing the greatest tu-
mor involvement was considered the “target lobe” and treated in the 
1st session. We assessed metabolic response 6 weeks post treatment 
with PET/CT, before the 2nd SIRT session. ∆FTV was calculated and 
patients were divided into three groups: A) complete responders (CRs, 
∆FTV> -90%); B) partial responders (PRs, -25%<∆FTV<-90%); C) 
non-responders (NRs, ∆FTV< -25%). The 2nd SIRT session was 
planned according to the following criteria: in group A patients, only 
the non-treated lobe underwent microspheres administration in the 2nd 
session; in group B patients, both lobes were treated in the 2nd ses-
sion (one third of the prescribed activity delivered to the target lobe, 
and two-thirds to the non-treated lobe); in group C patients, no 2nd 
SIRT session was performed and patients referred to the oncologist 
for further evaluation. Time free from hepatic disease (TFHD) was as-
sessed with PET/CT at 6 weeks and 3, 6 and 12 months after sequential 
bilobar treatment.
Results In all the patients a decrease in FTV was observed. ∆FTV of 
the target lobe was > -90% in 6 patients (CRs, mean ∆FTV = -95.2% ± 
0.3). In 11 patients ∆FTV was > -25% but < -90% (PRs, mean ∆FTV = 
-48.6% ± 12.3). The mean administered activity after 2 SIRT sessions 
was 1.5 GBq. In 2 cases ∆FTV was < -25% (NRs). Fifteen of the 17 pa-
tients who underwent 2 SIRT sessions were CRs and showed a TFHD 
of 8 ± 3.2 months. Only 2 patients, both PRs after the 1st treatment, 
were PRs at the PET/CT scan 6 weeks after the 2nd SIRT session. 
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SPECT/CT examination was added to standard planar acquisition to 
improve node location. Mean Breslow thickness was 2.95 mm (range 
0.4–9 mm). 38/90 pts (42%) had a tumour ulceration, and the fol-
lowing Clark’s levels were recorded: II (13%), III (13%), IV (61%), 
V (13%). The AJCC stages recorded were IA (10%), IB (20%), IIA 
(25%), IIB (18%), and IIC (27%). Mean mitosis/mm2 was 4.0 (range 
0-15) and serial sections of the sentinel nodes were analyzed by both 
conventional pathology and immunohistochemical staining.
Results In 22 of the 90 pts (24%), histology showed sentinel node in-
vasion. In 16 patients PET detected metastases as small as ≥ 0.7 cm, 
while it was unable to identify metastases ≤ 0.5 cm. Pts with a positive 
sentinel node showed significantly: (1) thicker primary melanoma as 
compared to SLNB-negative patients (3.97 mm vs 2.95 mm); (2) higher 
frequency of tumour ulceration (62% vs 38%); and (3) higher number 
of mitosis (5.4 vs 3.9). The SUVmax value for the positive sentinel node 
was 6.2 (range 1.1–20.3). In our series of pts, PET sensitivity was 73%, 
specificity 97%, accuracy 91%, positive predictive value 89%, and neg-
ative predicative value 92%. PET gave two false-positive results: one 
was due to sarcoidosis, whereas we found no histopathological features 
able to explain the other one. In only one pt was PET found to show 
focal uptake at a distant site, consistent with possible bone metastasis. 
Conclusions SLNB combined with SPECT/CT remains the procedure 
of choice for detecting subclinical lymph node involvement from pri-
mary melanoma. The authors suggest that despite its intrinsic limited 
spatial resolution, which does not allow the identification of micro-
scopic nodal metastases, there is a role for PET in the staging of ad-
vanced melanoma disease (stage III and IV). From our data, owing to 
the very low prevalence of distant metastases, PET cannot be recom-
mended as a first-line imaging strategy in stage I and II melanoma.
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biopsy in the management of cutaneous malignant melanoma 
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T. Biscotti3, L. Gianolli2, G. Ascoli1
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Background Early diagnosis of cutaneous malignant melanoma 
(CMM) with accurate staging of the disease is essential for appropriate 
treatment decision making and may give patients the best chance of 
prolonged survival. From this perspective, several key variables have 
been identified in the natural history of CMM; these include Breslow 
thickness, Clark level, ulceration, tumor location, growth pattern, histo-
logical subtype, patient age and sex, and tumor status of regional lymph 
nodes. Among these clinical and pathological parameters, the histologi-
cal and oncogenic status of the first node(s) draining the primary tumor, 
also called sentinel lymph node(s) (SLN), was found to be the most 
powerful prognostic factor in early-stage melanoma patients. Logically, 
the American Joint Committee on Cancer (AJCC) recently incorporated 
the histological status of SLN into its latest staging system for CMM. 
In addition to the propensity of melanoma tumor cells to progress in an 
orderly fashion from the primary tumor to the regional lymph nodes, the 
importance of haematogenous factors that may be the cause of extran-
odal metastases early in the course of disease should also be considered.
Aim In order to optimize the staging of patients with CMM, we com-
pared the histological examination of sentinel node with PET-CT re-
sults. 
Materials and methods Forty-nine patients suffering from cutaneous 
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18F-FDG PET/CT in melanoma staging and restaging: experience 
in 70 patients
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Objective There is no general agreement with regard to the need for 
instrumental investigations in the staging and post-excision follow-up 
of melanoma patients. The purpose of this study was to evaluate the 
role and clinical effectiveness of 18F-fluoro-deoxy-glucose positron 
emission computed-tomography/computed tomography (PET/CT) as a 
staging and surveillance tool in patients with primary cutaneous mela-
noma and to assess whether FDG uptake, as expressed by standardized 
uptake value (SUV), has prognostic relevance in predicting survival in 
patients with metastatic disease.
Materials and methods Seventy patients (31 males, 39 females; mean 
age 60 years) diagnosed with stage I to III primary melanoma from 
2003 to 2009 were retrospectively evaluated. Twenty-four of them 
had PET/CT scans performed for staging purposes within 2 months 
of primary lesion excision (group 1), and the remaining 46 underwent 
at least one surveillance PET/CT during follow-up (June, 30 2012) 
(group 2). All 70 subjects underwent sentinel node dissection within 2 
months of excision, which was performed after PET/CT scans, when 
this was done for patient staging. All PET/CT findings were confirmed 
by histological examination, other imaging studies or follow up (> 1 
year). Pearson’s chi-squared and Fisher’s exact test were used to com-
pare PET/CT scan outcomes with patients’ clinical features. Patient 
survival rates (OS, DFS) were assessed by Kaplan-Meyer estimates 
and univariate Log-rank test analysis. 
Results In the group 1 patients, PET/CT scan outcome was found to 
be associated with sentinel node involvement (p <0.01), number of 
positive lymph nodes (p<0.01), stage (p=0.022) and Breslow thickness 
(p=0.032). None of the N0 (0/15) and none of pT2 (0/13) patients was 
found to have suspicius lesions on PET. On the contrary, no associa-
tion between clinical features and PET/CT scan outcome was found in 
group 2 and 6 out of 28 stage I or II patients had recurrences detected 
by PET/CT. Among the group 2 patients, a higher (above median)  
SUV

max
 was correlated with a worse OS. In recurring patients, a posi-

tive PET/CT scan was predictive of shorter DFS (p = 0.004) although 
it was not predictive of a shorter OS (p=0.977).
Conclusions PET/CT can be useful during follow-up of melanoma 
patients, but it has not been shown to be of clinical value in the stag-
ing of patients with stage I and II disease. PET/CT is a useful tool for 
predicting DFS in recurring patients and SUV evaluation can predict 
OS as well.
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18F-FDG PET/CT imaging in patients undergoing sentinel node 
biopsy for stage I or II melanoma

F. Giacomuzzi, M. Rensi, M. Povolato, A. Cecotti, O. Geatti 

Division of Nuclear Medicine, University Hospital, Udine, Italy

Aims To evaluate the preoperative value of 18F-FDG PET/CT (PET) in 
patients (pts) undergoing sentinel lymph node biopsy (SLNB) for stage 
I or II malignant melanoma.
Methods 90 pts (51 males, 39 females, mean age 59 years, range 14–
82) presenting with a primary melanoma without evidence of either 
locoregional or distant metastasis (13 in the upper and 20 in the lower 
extremities, 48 in the trunk, and 9 in head and neck respectively) un-
derwent preoperative PET and SLNB, which was systematically per-
formed within one week from the PET examination. In 29/90 pts, a 
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– Patients with a negative PET scan that became positive during fol-
low-up (18.2%);
– Patients with an already positive PET scan and progressive disease 
(22.7%).
In the last group, the PET scan was particularly helpful because when 
conventional imaging was suspicious for relapse, metabolic uptake of 
FDG was diriment in the differential diagnosis between a physiologi-
cal outcome of previous therapies or progressive disease. Moreover, 
in the presence of a lesion of uncertain nature, the PET scan could 
complete the anatomical findings provided by conventional imag-
ing through its functional added value and in one case PET-guided 
chemoembolization of a liver metastasis. 18F-FDG PET, completing 
the anatomical findings with information on glucose metabolism and 
highlighting sites of FDG uptake, allowed early relapse detection in 
this group of patients and therefore appropriate immediate treatment.
Conclusions 18F-FDG PET is useful in the restaging of patients after 
curative resection of rectal cancer, integrating clinical findings and con-
ventional imaging in the evaluation of suspicious locoregional recur-
rence and/or distant metastases, allowing an earlier and more specific 
treatment of the relapse, especially in detecting a progressive disease.
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18F-FDG PET/CT predicts recurrence-free survival in patients 
with locally advanced rectal cancer, treated with neoadjuvant 
chemoradiotherapy and surgery
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Aim The current approach to locally advanced rectal cancer (LARC) is 
total mesorectal excision (TME) combined with neoadjuvant chemo-
radiotherapy (CRT), which improves sphincter-preservation rates and 
decreases local recurrences. In the evaluation of response to CRT, con-
ventional imaging techniques perform poorly because of their inability 
to distinguish fibrotic changes from the residual tumor. The metabolic 
information provided by PET can overcome this problem. The aim of 
this retrospective study was to explore the role of sequential PET/CT 
in patients with LARC, in the neoadjuvant setting.
Patients and methods Twenty-three consecutive patients (5F, 18M; 
65±8 yrs) affected by LARC (cT2-4, N0-2, M0) and treated with CRT 
(radiotherapy was delivered to pelvis-rectum at a total dose of 50.4 
Gy/28 fractions – conformal radiotherapy – or 46 Gy/23 fractions – 
tomotherapy – ; chemotherapy regimen: capecitabine 2000 mg/mq/day 
per os, or 5-fluorouracil 200 mg/mq/day i.v.) followed by TME under-
went a PET/CT scan (on a Philips Gemini TF scanner) before and 6-8 
weeks after the end of CRT. Baseline and post-treatment SUVmax, 
SUVmean, metabolic volume (MV) and total glycolytic volume (tGV, 
as a product of MV and SUVmean) were obtained using a 3D VOI over 
the lesion (2.5 threshold). Response indices (RI) were also calculated 
(baseline-post-therapy/baseline*100). Moreover, on the basis of visual 
analysis, patients were classified as “metabolic responders” (mRs: ab-
sent or faint residual uptake) or “metabolic non-responders” (mNRs: 
persistent, moderate-to-high FDG uptake). After surgery, tumor re-
gression grade (TRG) was obtained: according to the Mandard crite-
ria, patients with TRG 1-2 were classified as “pathologic responders” 
(pRs); those with TRG 3-5 as “pathologic non-responders” (pNRs). 
The mean follow-up time was 15.5 months (range: 4-36). Logistic re-
gression was used to analyse the association of metabolic response 
with pathologic response. Kaplan-Meier estimation evaluated signifi-
cant predictors of survival.
Results All semi-quantitative parameters decreased significantly after 
treatment (p<0.0001). The mean RI were: 60.8% ± 18.7 (SUVmax); 

melanoma (2 Clark level III, 2 Clark level V, and 45 Clark level IV) 
were analyzed. All patients underwent lymphoscintigraphy and (about 
a month later) a PET-CT study. The results of histological examination 
of the SLN (positive/negative) were compared with the PET-CT im-
ages to look for a correlation.
Results Twenty-six of the 49 patients showed a negative result both 
on histological examination of SLN and on PET-CT images; in 10/49 
patients the histological examination of the SLN was positive whereas 
the PET-CT images were negative; in 10/49 cases the histological ex-
amination of the SLN was negative while the PET-CT study was posi-
tive; in 2/49 patients the SLN was not found (probably due to failure 
to visualize the metastatic lymph node) but the PET-CT was positive; 
1 patient showed positivity both on the histological examination of 
the SLN and on the PET-CT images. In the 13/49 patients with posi-
tive PET/CT scan the metastatic lesions were located as follows: lung 
parenchyma (3 patients), bone and lymph node lesions (1 patient), and 
metastatic lesions in the lymph node seat (pulmonary hilus, aortopul-
monary window, Barety’s cavity, left paratracheal lymph nodes and 
peri-esophageal, inguinal region and popliteal cavity) in 10 patients.
Conclusions On the basis of our experience there is no close correla-
tion between histological examination of the SLN and PET-CT positiv-
ity. In order to perform an accurate staging of patients with cutaneous 
melanoma, lymphoscintigraphy with analysis of the SLN and a basal 
PET-CT study are both indicated.
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Aim The purpose of this study was to evaluate the additional value of 
18F-FDG PET performed at restaging in patients submitted to curative 
resection of rectal cancer with relapse suspected on the basis of clinical 
findings or conventional imaging.
Subjects and methods From January 2006 to September 2012, 96 
patients, who had undergone curative surgery resection for rectal car-
cinoma with suspicion of relapse on conventional imaging or clini-
cal findings, were examined with 18F-FDG PET and retrospectively 
enrolled in our study. We excluded from our investigation patients 
with other comorbidities (such as breast or lung cancer). Some pa-
tients could be followed over time regarding the long-term retrospec-
tive analysis. Locoregional recurrences and/or distant metastases were 
then confirmed by histological analysis or clinical findings and con-
ventional imaging follow-up.
Results and discussion 18F-FDG PET was negative in 36 patients and 
positive in 60 patients. 18F-FDG PET/CT scan was true positive in 55 
patients and false positive in five, mostly due to non-specific intestinal 
activity. The final diagnosis of local recurrence was confirmed by clini-
cal and conventional imaging follow-up in 22 patients (22.9%), while 
extrapelvic metastases with no evidence of locoregional disease were 
found in 49 patients (51%); 10 patients had both pelvic and extrapel-
vic metastases (10.4%).We were able to follow up, over time, 44/96 
patients with a 18F-FDG PET study (45% of our cohort of patients). 
The patients could be divided into groups according to their PET scan 
results:
– Patients with a negative PET scan that remained negative throughout 
the follow-up period (9.1% of the followed-up group);
– Patients with a positive PET scan that became partially or totally neg-
ative due to therapy (radiotherapy, chemotherapy or surgery (20.5%);
– Patients with a positive PET image that remained constantly positive 
without disease progression (29.5%);
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tients with negative DWI-MR but positive PET/CT (false positive 
PET) and in the only patient with positive DWI-MR but negative PET/
CT (false positive DWI-MR). Relapse was surgically confirmed in the 
4 concordantly positive patients and in one of the two patients with 
negative DWI-MR but positive PET/CT (false negative DWI-MR).
Conclusions In our series, 75% of inconclusive CT scans proved to be 
negative. We suggest further diagnostic investigation with PET/CT and 
MR in cases of inconclusive CT. Our preliminary results show slightly 
higher accuracy of PET/CT than DWI-MR. Although we studied a 
population with a high incidence of sequelae from radiation therapy, 
both the modalities showed a very low false positive rate of one each.
Although MR provides better morphological detail, PET/CT seems to 
be more accurate than MR in assessing locoregional relapse. In addi-
tion to higher regional accuracy, PET/CT is a total-body method that 
can even discover distant metastases outside the field of view of MR.
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Aim Qualitative assessment of FDG PET provides useful information 
for treatment response and prognosis in patients with rectal cancer. 
The aim of this study was to correlate different quantification values 
derived from pre- and post-neoadjuvant treatment PET scans with tu-
mor regression grade (TRG) system by Mandard.
Materials and methods Twenty-four consecutive patients affected by 
locally advanced rectal cancer were included (age range 48-80 years). 
FDG PET scans were performed at staging time and after chemora-
diotherapy (median 51 days; range 37-122 days). We calculated the 
maximum standardized uptake value (SUVmax) before and after 
neoadjuvant chemoradiotherapy and its related percentage decrease 
(∆SUVmax). By means of GE AW Workstation, we calculated the tu-
mor volume (by a 40% SUVmax threshold) and then total lesion glyco-
lysis (TLG) for both the pre- and post-treatment scans and its percent-
age variation (∆TLG). Since PET is not able to differentiate microscop-
ic disease from absence of disease, we split the TRG system into two 
groups: complete response (TRG1 and TRG2; 16 patients) and persis-
tent response (TRG3, TRG4 and TRG5; 8 patients). Statistical analysis 
was performed using the Mann-Whitney test and ROC analysis.
Results PET scans were reviewed by two expert nuclear medicine 
physicians. In the event of normal or near normal FDG uptake on the 
post-treatment PET scan (in all these cases SUVmax was ≤ 4), consist-
ent with complete metabolic response within the tumor area, tumor 
volume was considered incalculable and therefore TLG-post was es-
tablished = 0. Our results were the following: patients with complete 
response had a median SUVmax-post = 3.9 (2.2-8.3 range), median 
∆SUVmax = 73.7% (37.5-88.5% range) and ∆TLG = 97.2% (69.3-
100% range). Patients with persistent disease had a median SUVmax-
post = 7.2 (2.9-11.2 range), median ∆SUVmax = 58.5% (17.0-84.3% 
range) and median ∆TLG = 81.6% (71.3-100% range). Both SUVmax-
post and ∆SUVmax values were significantly correlated with patho-
logical treatment response (p=0.01 and p= 0.03, respectively) with a 
ROC curve cut-off of 5.1 g/ml and 63.1%, respectively. ∆TLG was not 
significantly correlated with our subdivision of TRG (p=0.068), being 
slightly higher than p=0.05, our stated level of significance. 
A subgroup of patients with inconclusive post-chemoradiotherapy 

43.9% ± 17.4 (SUVmean); 85.2% ± 8.9 (MV), 90.8% ± 7.4 (tGV). By 
visual analysis, we identified 13 mRs (56.5%) and 10 mNRs (43.5%). 
PET responders had significantly lower SUVmax, SUVmean, MV and 
tGV and greater RI_SUVmean (50% vs 36%, p<0.05) and RI_tGV 
(89% vs 81%, p<0.05). According to the Mandard system, 14 patients 
(60.9%) were classified as pRs (three TRG1 and eleven TRG2) and 9 
patients (39.1%) as pNRs (five TRG3, three TRG4, one TRG5). We ob-
served a significant difference in visual PET response between the two 
groups (p=0.0098): ROC analysis found visual analysis to be the best 
predictor of pathological response, with a sensitivity of 77.8%, a speci-
ficity of 78.6%, a positive predictive value of 70% and a negative predic-
tive value of 84.6%. Responders had pre-treatment lesions with lower 
metabolic and glycolytic volumes (p<0.05). At the follow-up, 7 out of 
10 mNRs (70%) had a distant recurrence (2 of them being pRs with a 
TRG2), while no recurrence was observed in the PET responders; at a 
median follow-up of 17 months, mNRs demonstrated significantly low-
er recurrence-free survival (45% vs 100%; p=0.0003). Considering the 
pathological response, at a median follow-up of 22 months, pNRs had 
lower recurrence-free survival, although not significantly (p=0.0811). 
Conclusions PET can predict response to CRT in patients with LARC. 
In this series, visual analysis seems to be the best predictor of patho-
logic response. Besides, persistent moderate-to-high FDG uptake after 
neoadjuvant treatment is associated with significantly lower recur-
rence-free survival.
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Background and aim In the follow-up of rectal cancer with inconclu-
sive CT, there is still uncertainty over whether to use diffusion-weight-
ed MRI (DWI-MR) or 18F-fluorodeoxyglucose (FDG) PET/CT. Our 
aim was to compare the ability of DWI-MR and FDG-PET to detect 
local regional recurrence of rectal cancer. 
Materials and methods Beginning in October 2010, we studied 20 
consecutive patients with rectal cancer, submitted to radio/chemo-
therapy and surgical resection of the lesions (15 M and 5 F, mean age 
63 years, range: 53-80, mean time from diagnosis 2 years, range: 1-6 
y). Inclusion criteria were: inconclusive surveillance with contrast en-
hanced total-body CT (Philips Medical System-MXV 16 IDT) and 
absence of insulin-dependent diabetes. All the patients were studied 
with both MR and FDG-PET/CT. MR sequences of the pelvis (T1-, 
T2-weighted, DWI and contrast-enhanced T1-weighted) were acquired 
on a 1.5T Siemens Sonata scanner, reviewed by two radiologists in 
consensus and judged as positive (MR+) or negative ( MR-). Total-
body PET/CT images were acquired on a Philips Gemini PET Scanner 
60 minutes after the i.v. injection of FDG, 37 MBq/kg, and reviewed 
by two nuclear medicine physicians, unaware of the MR findings and 
judged as positive (PET+) or negative (PET-). The patients with PET+ 
and/or MR+underwent endoscopic biopsy or surgical excision and 
were finally classified as true positive (TP) or false positive (FP). Pa-
tients with concordantly negative findings were followed-up for at least 
one year and classified as true negative (TN) in the event of no relapse.
Results Following the above criteria, the patients with PET+ num-
bered six (5 TP and 1FP). Five patients had MR+, one of whom was 
FP. DWI-MR and PET/CT were concordantly negative in 13 patients: 
all these findings were TN. Discordant findings were observed in 3 
cases: negative DWI-MR/positive PET in 2 cases and positive DWI-
MR/negative PET in 1. Relapse was disconfirmed in one of two pa-
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Introduction 18F-Fluorodeoxyglucose (FDG) uptake in cancer is sensi-
tive to variations in the blood glucose concentration. Whether or not to 
correct for blood glucose level in the SUV formula has been the sub-
ject of some debate, but many studies show that the SUV declines with 
increasing blood glucose, indicating that it is necessary to correct for 
blood glucose level in the calculation of SUV in order to reflect MRGlu. 
The EAMN guidelines, which indicate a plasma glucose cut-off of 120 
mg/dl, above which the scan should be postponed, strongly recommend 
that a blood glucose test be performed with a calibrated and validated 
method if plasma glucose level is used to correct SUV measurements. 
Aim of the study To evaluate whether the glycemia assayed with pe-
ripheral sampling by means of a glucometer is correlated with the plas-
matic measurement taken as gold standard.
Material and methods Glycemia was assayed in 55 consecutive self-
reported normoglycemic patients using both peripheral and plasma 
samples. Peripheral samples were assayed by glucometer (Accuchek 
Inform II) and plasma samples by measurement of rate of oxygen con-
sumption (Beckman method). The glucometer regularly underwent 
quality control, while the plasma samples were collected in tubes con-
taining sodium fluoride, an antiglycolytic agent. All samples were ob-
tained by five nurses on five different days.
Results No patient was rescheduled due to hyperglycemia. Plot-
ting peripheral versus plasma glycemia values for the whole series, 
we obtained an R2 value of 0.86 by linear regression and IC ranging 
from -18.5 to 21.9% by Passing and Bablock regression. The values 
obtained from peripheral samples were usually overestimated in com-
parison with the plasma ones. Comparing the correlation of the two 
methods for each and every nurse we obtained quite different results 
with an R2 value ranging from 0.54 to 0.88. 
Discussion and conclusions The blood glucose concentration should 
be always taken into consideration when grading or staging tumors or 
trying to correlate a change in FDG uptake with a treatment response, 
but the test must be accurate. Our preliminary data show that glycemia 
obtained from peripheral sampling on the tip of a finger is different 
from glycemia obtained from plasma and may be misleading, usually 
being overestimated. Moreover the error may be higlighted from sam-
pling itself. Peripheral sampling may be sufficient both for qualita-
tive analysis assessing for euglycemia, with the hazard of adjourning a 
scheduled examination for a false hyperglycemia, and for monitoring 
( i.e. ∆ SUV), while for absolute single SUV evaluation blood glucose 
test must be performed with a calibrated and validated method.
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Aim Positron emission tomography (PET) is a non-invasive imaging 
technique that provides in vivo functional assessment of tissues, play-

PET reports was then considered (12/24 patients, SUVmax-post range 
of 2.2-5.5). None of the quantitative PET values were significantly cor-
related with TRG. It is to be noted that if the SUVmax is less than 5.5, 
the segmentation, with a threshold of 40% SUVmax, will give a big 
volume of interest, also including areas with SUVmax ≤ 2.2, com-
monly considered physiological tissue uptake. 
Discussion and conclusions In the literature, TLG change is consid-
ered a controversial tool for tumor response assessment after neoadju-
vant treatment. Our major problem was the calculation of the residual 
disease volume with intermediate SUVmax values. Both maximum 
liver and normal intestinal uptake were not acceptable to define a 
threshold for the residual disease segmentation. Our preliminary expe-
rience suggests to consider both SUVmax-post and ∆SUVmax as tools 
for tumor response assessment while recommends not to employ the 
TLG assessment if SUVmax ≤ 5.5. 
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in anal cancer

O. Bagni1, L. Filippi1, A. Fontana2, G. Arcangeli2, P. Chiaramida3,  
R. Salvatori1, O. Schillaci4

1Nuclear Medicine Unit, Santa Maria Goretti Hospital, Latina, Italy
2Radiotherapy Unit, Santa Maria Goretti Hospital, Latina, Italy
3GE Healthcare Medical Systems, Milano, Italy 
4Nuclear Medicine Unite, University “Tor Vergata”, Roma, Italy

Aim Combined radiochemotherapy is the standard treatment for anal 
cancer (AC). In our center, we usually administer a dose of 30 Gy to 
the pelvis with a 30-Gy boost only at the tumor site using CT images 
as a guide, with a 2 cm margin. Total dose of 60 Gy in association with 
5-fluorouracil chemotherapy by continuous infusion was delivered. 
FDG PET/CT has been shown to be a useful tool for radiation therapy 
planning by the definition of the biological target volume (BTV). The 
aim of this study was to assess the clinical impact when BTV is used for 
treatment planning in AC instead of the more conventional CT guide. 
Materials and methods We enrolled 7 patients (6 females, 1 male) 
affected by AC. All underwent non-PET staging by clinical examina-
tion, CT and/or MRI and were submitted to whole-body PET/CT scan 
(GE Discovery ST). In the same session the isocenter points of the 
radiation plan were defined. PET images were qualitatively evaluated 
and then processed using dedicated software (PET-VCAR, GE). BTV 
was calculated on the primitive site and the node localizations by using 
a threshold of segmentation set on the 42% of the SUV max. The pa-
tients were followed up, with clinical and instrumental examinations, 
for the subsequent 24 months.
Results The results of non-PET staging were: stage II (3 pts), stage 
IIIA (2 pts), and stage IIIB (2 pts). In all patients, PET/CT showed 
focal and intense FDG uptake corresponding to anal lesions; node 
involvement was detected in all cases. The results of PET/CT tumor 
staging were stage II (1 pt), stage IIIA (2 pts), and stage IIIB (4 pts). 
BTV also included node localizations. The boost was determined tak-
ing into account the BTV segmentation. Three months after radiation 
therapy, PET/CT was performed showing a complete metabolic re-
sponse in all patients. At 24-month follow-up, the patients were still 
free from disease according to all parameters. On the basis of FDG 
PET/CT, the margin around the gross target volume was reduced by 
45% (from 2 cm to 1.2 cm). In our series, toxicity was limited to ery-
thema and dry epidermolysis (G1-G2) and transitory rectal tenesmus 
which resolved spontaneously within 30 days. 
Conclusions Our preliminary results suggest that FDG PET is useful 
for the correct staging of AC, since in our series 2 out of 7 patients 
were upstaged. Furthermore, PET can improve radiation treatment 
planning and also reduce toxicity in terms of fewer side effects, both 
acute and delayed.
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PET/CT protocols implying a low-dose non-contrast CT in oncologi-
cal imaging.
Methods Analysis was performed in 202 patients (597 lesions) who 
underwent a PET/CT consisting of a multiphase CT protocol includ-
ing a low-dose non-enhanced attenuation scan and an arterial and 
portal venous contrast-enhanced scan followed by whole-body PET. 
Cochran’s Q test, followed by multiple comparisons using the McNe-
mar’s test with continuity correction and Bonferroni adjustment, were 
performed to calculate, for each technique (PET/CT, ceCT, and PET/
ceCT), the following parameters: sensitivity (Se), specificity (Sp), 
overall accuracy, positive and negative predictive values (PPV, NPV), 
likelihood ratio (LR), diagnostic odds ratio (DOR), and error rate. 
Histopathology served as a gold standard in 73 patients (147 lesions), 
while clinical-radiological follow-up >1 year was used as a reference 
in the remaining patients. All the analyses were computed considering 
tumor type (lung, head and neck, gastrointestinal and breast cancer, 
lymphoma, melanoma, multiple myeloma), disease site (neck, thorax, 
abdomen, lymph nodes and bone), and, finally, clinical question (di-
agnosis, staging, response to chemotherapy, response to radiotherapy, 
restaging, surveillance).
Results Cochran’s Q test documented a significant difference between 
the three techniques (Cochran’s Q = 26.08, df = 2, p-value = 2*10-6). 
However in pairwise comparison using the McNemar’s test, cePET/CT 
was superior to ceCT (McNemar’s chi-square = 12.55, df = 1, adjusted 
p<0.05) while it was similar to PET/CT. Both cePET/CT and PET/
CT showed better Sp, PPV, PLR, DOR, error rate and accuracy com-
pared with ceCT. CePET/CT presented the highest NPVs and nega-
tive LRs. The results were superimposable in the subgroups of patients 
with or without histopathological control. In the tumor-based analysis, 
the PET/ceCT results were significantly different to those of standard 
PET/CT in head-neck cancer (McNemar’s chi-square = 5.9211, df = 1, 
p-value = 0.01) and gastrointestinal cancer (McNemar’s chi-square = 
9.3333, df = 1, p-value = 0.002). Similarly, in the site-based analysis 
PET/ceCT results differed significantly from those of standard PET/
CT in the neck (McNemar’s chi-square = 28.0333, df = 1, p-value = 
0.0000001) and abdomen (McNemar’s chi-square= 15.75, df = 1, p-
value = 0.00007), and PET/ceCT results differed significantly from 
those of standard PET/CT performed for restaging (McNemar’s chi-
square= 8.4706, df = 1, p-value = 0.004). The benefit of diagnostic 
ceCT in terms of percentage of change in clinical management was 
evident in relation to selected tumor types (head-neck, 22% and gas-
trointestinal cancer, 16%) and selected clinical questions (restaging, 
15%).
Conclusions When clinically indicated, PET/CT performed with low-
dose CT is adequate for the work-up of several tumor types. CeCT can 
improve the diagnostic potential of hybrid imaging in specific clinical 
conditions in which it frequently changes patient management pro-
gram. For the selection of patients for PET/ceCT, we propose a practi-
cal approach based on clinical question and patient’s specific history 
rather than a tumor-based (only) criteria.
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Usefulness of dual-time-point imaging after carbonated water in 
peritoneal carcinosis: improvement of FDG PET/CT diagnostic 
accuracy

O. Bagni1, L. Filippi1, M. D’Arienzo2, R. Salvatori1, F. Scopinaro3

1Nuclear Medicine Unit, Santa Maria Goretti Hospital, Latina, Italy
2ENEA, National Institute of Metrology, Rome, Italy
3Nuclear Medicine Unit, Sant’Andrea Hospital, Rome, Italy

Aim Positron emission tomography/computed tomography (PET/
CT) is well known to be useful for colon cancer staging and follow-
up. However, early detection of peritoneal carcinosis can be difficult 
due to the physiological uptake of FDG in the bowel. The purpose of 

ing an increasing role in primitive cancer diagnosis, in distant metas-
tasis evaluation, in radiotherapy planning, and in therapy monitoring. 
A personalized medicine approach to oncological pathologies, using 
PET molecular imaging, requires the identification of PET biomarkers 
able to characterize oncological diseases and to predict their response 
and outcome to therapy in vivo and non invasively. Accurate PET 
quantitative biomarkers, in particular from small oncological lesions, 
can be obtained only when partial volume correction (PVC) is applied. 
A one-year experience in the use of PVC for the measurement of SUV 
on 18F-FDG PET studies is here presented, showing the impact of PVC 
on the diagnostic, prognostic and treatment monitoring value of SUV 
in different oncological pathologies. 
Materials and methods In the nuclear medicine departments of the 
San Raffaele Hospital in Milan and the San Raffaele Hospital in Giglio 
(Italy), a PVC method (Gallivanone et al., 2011) for obtaining accurate 
PVC-SUV

BW
 from 18F-FDG PET oncological studies has been imple-

mented and validated. Four different protocols, involving a total of 173 
oncological patients, were developed in order to evaluate the impact of 
PVC. In particular: (1) 40 breast cancer pre-surgical 18F-FDG PET/CT 
studies were considered, to assess the role of PVC-SUV

BW
 in predict-

ing tumor biological characteristics; (2) 56 gastro-esophageal cancer 
pre-surgical 18F-FDG PET/CT studies, to clarify the ability of PVC-
SUV

BW
 in evaluating pathological characteristics; (3) 19 head and neck 

cancer (HNC) basal and follow-up (before radical radiotherapy) 18F-
FDG PET/CT studies, to estimate the value of PVC-SUV

BW
 in predict-

ing radiotherapy outcome; and (4) 29 bone metastasis (primitive breast 
carcinoma) basal and follow-up (after chemotherapy and hormone 
therapy) 18F-FDG PET/CT studies, to access the value of PVC-SUV

BW
 

in defining metastasis response to treatment.
Results A general effect of PVC was to increase SUV

BW
 (>100% in 

very small lesions) and SUV
BW

 cut-off values, and to increase the sig-
nificance of statistical analysis. In the breast cancer protocol, 18F-FDG 
PVC-SUV

BW
 was found to be a biomarker of cell proliferation, being 

more significantly associated with Mib-1 proliferation index positivity 
(p<0.05 with PVC vs p<0.07 without PVC). Different 18F-FDG PVC-
SUV

BW
 values were significantly associated with different histological 

subtypes of gastro-esophageal cancer (p=0.05), allowing the defini-
tion of a diagnostic biomarker of histological types, only when PVC 
is applied. 18F-FDG PVC-SUV

BW
 was found to be a biomarker with 

predictive value for treatment outcome in HNC, being more signifi-
cantly correlated with LRFS and DFS (p<0.025 and <0.010 with PVC 
vs p<0.05 and <0.025 without PVC). The application of PVC (use of 
PVC-SUV

BW
) changed bone metastasis response classification (in 15% 

according to EORTC 1999 and 12.5% according to PERCIST).
Conclusions PVC has an important impact on the assessment of 18F-
FDG PET role in oncology, being able to enhance the significance of 
SUV

BW
 for diagnosis and therapy response prognosis and monitoring.
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3Italian Institute of Technology (IIT), Genoa, Italy
4Institute of Molecular Bioimaging and Physiology, CNR, Genoa-
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Aim The present study aimed to evaluate the incremental value of 
contrast-enhanced multiphase CT (ceCT) associated with conventional 
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tients FDG PET was false positive, identifying the primary tumor in 
the lungs (n=10), the head and neck region (n=8), the breast (n=1) and 
the ileocolonic area (n=1). In 67 patients 18F-FDG PET/CT scans were 
negative (67/135; 50%) and in 10 of them histopathology revealed a 
primary localization (false negative 13.5%). In 85 patients (85/135, 
63%) the primary tumor was not localized after extensive conventional 
diagnostic workup and 18F-FDG PET/CT scan, even though in 13 of 
them (13/135, 9.5%) our methodology detected newly unexpected me-
tastases. Furthermore, in 26 patients (26/135, 19%), 18F-FDG PET/CT 
scan detected further metastastic sites, modifying the stage of disease 
and the subsequent clinical management.
Conclusions Our results showed that 18F-FDG PET/CT is a valuable 
diagnostic tool in patients with CUP; it correctly identified the primary 
tumor site in 24% of patients and provided added value in the detec-
tion of further metastatic sites, modifying the stage of disease in 19% 
of patients.
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18F-FDG PET/CT in the management of oncology patients eligible 
for radiotherapy

E. Lopci1, M. Rodari1, K. Marzo1, F. Alongi2, G. Pepe1, L. Antunovic1, 
P. Navarria2, M. Scorsetti2, A. Chiti1

1Nuclear Medicine Unit, 2Radiotherapy and Radiosurgery 
Department, Humanitas Cancer Center, IRCCS Humanitas, Rozzano 
(MI), Italy

Background and aim In radiotherapy planning of oncologic patients, 
18F-FDG PET/CT (FDG-PET) has gained an increasing importance 
and has become in most cases mandatory for a proper disease as-
sessment and target volume delineation. To our knowledge no dedi-
cated study has been performed on the effective clinical impact of this 
method in a vast cohort of patients undergoing investigation prior to 
radiotherapy (RT). Thus, the aim of the current work was to evaluate 
the influence of FDG-PET in the treatment management of oncology 
patients eligible for RT.
Materials and methods We retrospectively analyzed data from 274 
consecutive patients referred to our institution and undergoing FDG-
PET before RT planning. The distribution of the patients according to 
primary tumor was as follows: 125 lung cancer, 48 colorectal, 15 other 
gastro-enteric, 30 head-and-neck, and 56 other tumors. All the patients 
underwent dedicated CT and FDG-PET simulation on the same day. 
Both procedures were performed with patients in the treatment posi-
tion, with thermoplastic immobilization devices and markers for im-
age co-registration. The scans were interpreted by experienced nuclear 
medicine physicians, who also delineated PET-positive gross tumour 
volume by means of a semi-automatic threshold system on a Siemens 
workstation. Data were transferred to the Varian dose-planning system, 
where the final treatment plans were drawn up by referring radiation 
oncologists. 
Results In our cohort FDG-PET was positive in 97% of cases. In only 
9 patients the method showed no tracer uptake in the site of suspected 
disease, thus determining no influence on target delineation. In 154 
patients FDG-PET and CT results were concordant (56%), and the 
treatment proceeded according to the previously defined plan. In the 
remaining 111 patients (41%), PET/CT determined a treatment modi-
fication. In 72/111 patients (65%), the influence of the method was 
exercised directly on target volumes within the same RT planning. In 
these cases the volumes were changed according to the new FDG-PET 
findings. In 39 patients (35%), the result of the scan led to a complete 
modification of the treatment, which changed from RT to other local 
or systemic treatment.
Conclusions As expected, FDG-PET plays an important role in the 
management of oncology patients eligible for RT. Indeed, in almost 
41% of them the method led to a change in treatment planning, of 

this study was to evaluate whether or not dual-time-point imaging can 
improve the accuracy of FDG PET/CT in the diagnosis of peritoneal 
carcinosis.
Materials and methods We enrolled 37 patients (27 males, 10 fe-
males; mean age 63 ± 8 years). All presented one or more of the fol-
lowing features: history of colon cancer, increased serum levels of 
tumoral markers such as carcinoembryonic antigen, diarrhea or consti-
pation. Whole-body PET/CT scan (GE Discovery ST) was performed 
1 hour after tracer injection. A delayed scan of the abdominal region 
was acquired at 2 h after 1 L of carbonated water, when one or more 
focal areas of increased FDG uptake (SUVmax >2.5) were detected 
in the abdomen. The pattern of uptake was assessed qualitatively. The 
SUVmax and the SUVmax percentage increase were calculated on the 
early and delayed images using a dedicated software package (PET-
VCAR, GE). The scintigraphic results were compared with the results 
of colonoscopy and histology (when performed) and with the clinical 
follow-up.
Results Thirteen of the 37 patients did not show any significant area 
of FDG uptake on the whole-body scan. The remaining 24 patients 
showed a total of 27 sites of focal increased uptake (mean SUVmax: 
7.9 ± 2.4). In these cases, dual-point imaging after carbonated water 
showed vanishing spots in 11 patients (in a total of 12 sites). The re-
maining 13 patients (in a total of 15 sites) presented focal and increas-
ing FDG uptake on late images (SUVmax mean increase: +27% + 11 
using PET-VCAR software). In these cases, final diagnosis was peri-
toneal carcinosis in 8 patients (according to cytology after abdominal 
washing and follow-up) and dysplastic polyp in five patients (accord-
ing to histology after colonoscopy). Patients with negative whole-body 
scan or with vanishing spots on delayed images were disease-free at 
follow-up.
Conclusions Our results suggest that the dual-time-point approach can 
increase the accuracy of FDG PET/CT for the imaging of peritoneal 
carcinosis after colon cancer.
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Value of 18F-FDG PET/CT in the assessment of cancer  
of unknown primary origin

M. Rossi1, A. Romeo1, P.E. Orlandi2, S. Bernardi1, G. Fagioli1

1Nuclear Medicine Unit, Major Hospital, Bologna, Italy
2Radiology Unit, Major Hospital, Bologna, Italy

Purpose Carcinoma of unknown primary origin (CUP) is a term cov-
ering a heterogeneous group of tumors in which the site of the pri-
mary lesion remains unidentified, even after thorough medical history, 
clinical examination and extensive diagnostic workup. The aim of this 
study was to assess the role of 2-[fluorine-18]-fluoro-2-deoxy-D-glu-
cose (18F-FDG) positron emission tomography/computed tomography 
(PET/CT) in the detection of CUP in patients with histologically prov-
en tumor metastasis and/or with a high clinical suspicion of metastatic 
diffusion.
Materials and methods The study population consisted of 135 con-
secutive patients with negative or inconclusive conventional diagnos-
tic (including CT/MRI/endoscopy) and laboratory investigations. All 
patients were studied by 18F-FDG PET performed according to the 
standard procedure (6 h of fasting, intravenous injection of 370 MBq 
18F-FDG and image acquisition with a PET/CT scanner for 4 min per 
bed position). The images obtained were analyzed using visual and 
semi-quantitative methods. Histopathology, cytology and/or follow-up 
were used to evaluate the PET/CT results.
Results 18F-FDG PET/CT correctly detected the occult primary can-
cer in 33/135 cases (24%): lung (n=6), rhino/oro-pharynx (n=4), liver 
(n=3), muscles-endothelium (n=2), testicle (n=1), mesothelium (n=1), 
lymphatic system (n=4), mammary gland (n=2), colon (n=3), stomach 
(n=2), ovary (n=4) and prostate (n=1). In 16 (12%) of these 135 pa-
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equipped with high-resolution collimators, matrix 128x128). We also 
performed static scans of the pelvis in some PTs to study pelvic bone 
structures and sites of contamination by urine containing radiotracer. 
In 7 PTs, bone scan images revealed intense homogeneous myocardial 
uptake of 99mTc-HDP. These PTs had a Gleason score of between 2 
and 8. Their total prostate-specific antigen (t-PSA) was between 0 and 
27 ng/ml, while freePSA was between 0 and 5 ng/ml. Four of these 
patients had previously been submitted to radical prostatectomy and 
then to hormonal therapy; the other 3 PTs had received only hormo-
nal therapy (bicalutamide [Casodex] in one man and bicalutamide + 
leuprorelin acetate [Enantone] in the other 2 men). Bone scintigraphy 
of 6 of these PTs was negative for bone metastases. Only in one man 
vertebral and pelvic bone metastases were found. The clinical situation 
of these 7 men was studied at the time of the bone scan and they under-
went a follow-up ranging from 2 to 34 months. During follow-up, we 
observed modifications of the clinical setting, including heart disease 
and changes in therapy.
Results During follow-up, one man died suddenly in April because 
of a diffuse myocardial infarction; he was not a heart patient and pre-
viously, soon after the bone scan, had been submitted to an electro-
cardiogram and echocardiography which revealed pericardial pour-
ing. As a result, he was treated with furosemide and ramipril. There 
was no clinical or imaging evidence of metastases before his death. 
Some days before he died his t-PSA value was 27 ng/ml. Another 
man showed pericardial pouring, demonstrated by echocardiography, 
soon after bone scintigraphy; he now has pelvic bone metastases de-
tected by CT and his t-PSA value is 8 ng/ml. He has been treated 
with furosemide and with radiotherapy. Two years before discovering 
his prostate cancer, he underwent dissection of a basal-cell carcinoma 
of the scalp skin and then of a metastasis localized in the neck. The 
other 5 PTs did not have heart disease and presented no other major 
clinical events during follow-up. None of the PTs had a history of 
chemotherapy, radiotherapy, cardioversion, heart disease, chest pain 
or hyperparathyroidism, which are the main causes of myocardial 
99mTc-diphosphonate uptake described in the literature. We found no 
increased levels of plasma electrolytes, such as calcium or specific 
biomarkers of myocardial infarction. ECG did not show ST segment 
elevation in any patient. 
Conclusions We think that myocardial uptake of 99mTc-diphospho-
nate is caused by pericardial effusion; this uptake can probably be 
observed on bone scans when associated with pericardial and/or myo-
cardial calcifications or it may be caused by pericardial metastatic 
cells (in the PT who died pericardial pouring failed to respond to 
diuretic therapy). We intend to enrol other PTs with pericardial ef-
fusion and myocardial uptake of 99mTc-HDP and to submit them to 
microscopic examination of the pericardial fluid to reveal presence of 
malignant cells and/or of calcifications. Such findings could change 
the treatment of these PTs.
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Role of [18F]fluoride PET/CT in the assessment of bone 
metastases: initial experience at our institution
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Bologna, Italy

Purpose To report our preliminary experience with [18F]fluoride PET/
CT in assessing the extent of bone metastatic disease in a heterogene-
ous oncological population. We analyzed the detection rate of this pro-
cedure and the correlation between hot areas and their morphological 
appearance on corresponding CT images.
Materials and methods We retrospectively evaluated 33 patients (8 
males and 25 females; mean age 62.5 years) with various tumor his-

which more than 1/3 consisted in a totally different therapeutic regi-
men.
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Role of 18F-FDG PET/CT in the restaging of patients affected by 
clear cell renal carcinoma
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Aim The aim of our study was to assess the utility of 18F-fluorode-
oxyglucose (FDG)-positron emission tomography (PET)/computed 
tomography (CT) in the re-staging of patients affected by clear cell 
renal cell carcinoma (RCC).
Materials and methods From May 2011 to September 2012, 10 pa-
tients (mean age 59.7 years; range 46-73) affected by clear cell RCC, 
after nephrectomy as primary treatment, underwent PET/CT scan with 
18F-FDG due to suspicion of secondary localizations of the disease.  
PET/CT was performed following a standard procedure after adminis-
tration of 2.5 MBq/kg of 18F-FDG. Images were acquired using time-
of-flight PET/CT Discovery 690 VCT scanner (GE Healthcare). Im-
ages were interpreted visually by two experienced readers; areas of 
focal uptake in the suspicious lesions were classified into four grades 
taking liver uptake as reference: grade 0= no abnormal uptake; grade 
1= faint uptake, lower than liver uptake; grade 2= moderate uptake, 
equal to liver uptake; grade 3= high uptake, greater than liver uptake. 
Validation of results was established by: (1) a positive biopsy; (2) a 
positive subsequent bone scintigraphy, computed tomography (CT) or 
magnetic resonance imaging (MRI). 
Results 18F-FDG PET/CT was positive in all patients (10/10). On a 
lesion basis, 18F-FDG PET/CT detected positive lesions in: bone (2 
patients), lymph nodes (2 patients), lung (1 patient), bone and lung 
(2 patients), bone and pleura (1 patient), lung and lymph nodes (1 pa-
tient), and local relapse (1 patient). Results were confirmed by: biopsy 
in 3 cases and other imaging modalities in the remaining 7 cases. We 
found faint uptake of the lesions in one patient (grade 1), moderate up-
take in three patients (grade 2), and high uptake in six patients (grade 
3). Interestingly, the size of positive findings was not correlated with 
the intensity of the uptake.
Conclusions 18F-FDG PET/CT demonstrated good sensitivity in the 
re-staging of clear cell RCC. In our series, most of the lesions showed 
intense uptake of the tracer. According to our results it seems that the 
use of 18F-FDG PET/CT in RCC is feasible. These promising results 
need to be confirmed in large cohorts of patients.
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Myocardial uptake of 99MTc-HDP in bone scan
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Nuclear Medicine Unit, Department of Nuclear Medicine, Bari Sud - 
Di Venere Hospital in Carbonara - Bari, Italy

Aim To clarify the meaning of 99mTc-HDP myocardial uptake on bone 
scans and to ascertain whether it provides important clinical and diag-
nostic information.
Material and methods Between January 2010 and September 2012, 
895 patients (PTs) with prostate cancer were enrolled and submitted 
to bone scintigraphy in our nuclear medicine unit. The tracer used 
was 99mTc-hydroxyethylendiphosphonate (HDP), administered intra-
venously; 3 hours after the injection all PTs underwent a total-body 
bone scintigraphy performed using a gamma camera (Siemens Symbia 



S76 Clin Transl Imaging (2013) 1 (Suppl 1):S39–S140

ferentiating treatment at the end of chemo-radiotherapy. The Kaplan-
Meier method and the Cox proportional hazards model were used to 
calculate the probability of overall and progression-free survival (OS 
and PFS) and to perform a multivariate analysis on factors influencing 
prognosis (site of metastasis, age at diagnosis, MYCN status, induc-
tion chemotherapy, response to treatment and radicality of surgery). 
Response was assessed during and at the end of therapy on the basis 
of 123I-MIBG scan and according to the International Neuroblastoma 
Response Criteria. 
Results Fifty-six HR-NB patients (35 males and 21 females, median 
age at diagnosis 37 months; range 14-213 months) were treated at our 
center between July 1996 and August 2009. All but one had 123I-MIBG-
positive disease at diagnosis. Forty-two of the 56 patients completed 
the scheduled treatment. On multivariate analysis, the presence of 
MYCN-amplified tumors predicted a higher risk of death with a haz-
ard ratio (HR) of 2.9 (p<0.01); patients transplanted in partial response 
before high-dose chemotherapy had an increased risk of recurrence as 
compared to patients in complete response/very good partial response, 
the HR being 2.8 (p<0.08). Of the 56 patients, 17 (32%) were alive at 
a median of 99 months (39-197 months) from diagnosis. The 5-year 
PFS and OS were 25% (95% CI 9-45%) and 30% (95% CI 12-50%) 
for Protocol 1 and 25% (95% CI 11-42%) and 36%(95% CI 19-53%) 
for Protocol 2. Of these 17 long-term survivors, 3 presented persistent 
and stable 123I-MIBG uptake at 188, 130 and 117 months from diagno-
sis, respectively. All three patients were diagnosed before 24 months 
of age and none had MYCN amplification. All patients presented PR 
or VGPR on 123I-MIBG scan before high-dose chemotherapy. The first 
patient had a single skull 123I-MIBG spot, the second a single abdomi-
nal spot (minimal local residue on CT scan), and the last one three 
spots, in the skull, supra-clavicular region (minimal local residues on 
CT scan) and tibia. None presented catecholamine incretion. The third 
patient relapsed at 27 months from diagnosis and received second-line 
treatment: she is alive at 90 months from relapse and 46 months from 
the end of cis-retinoic acid. 
Conclusions 123I-MIBG-scan is confirmed as a useful tool for initial 
staging and evaluation of response to treatment in HR-NBL. In a few 
younger patients (age<24 months), without MYCN amplification, re-
sidual 123I-MIBG uptake at long-term follow-up seems to have no im-
pact on survival. It is tempting to speculate that, in intermediate-risk 
localized disease and metastatic NBL infants, 123I-MIBG uptake may 
reflect a residual differentiating disease. Further analyses on larger se-
ries are needed to clarify the significance of residual 123I-MIBG uptake 
in long-term surviving HR-NB patients.
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Possible use of IQ-SPECT protocol in myocardial perfusion 
imaging in the evaluation of patients with suspected or known 
coronary artery disease: preliminary results
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Department of Nuclear Medicine, Fondazione Poliambulanza, 
Brescia, Italy

Background Quantification of myocardial perfusion scintigraphy is 
often performed to assist physicians in the detection of coronary ar-
tery disease (CAD). Modern software and hardware packages offer 
improvements able to shorten scan time and/or reduce administered 
activity, maintaining comparable image quality in radionuclide myo-
cardial perfusion imaging (MPI). Recently, focused collimators with 

tologies, in particular breast cancer (n=15), lung cancer (n=3), renal 
cell cancer (n=3), bladder cancer (n=2), thyroid cancer (n=1), hepato-
cellular cancer (n=1), gastric cancer (n=2), esophageal cancer (n=1), 
prostate cancer (n=1), endometrial cancer (n=1), colo-rectal cancer 
(n=1), breast cancer and endometrial cancer (n=1), and breast can-
cer and colo-rectal cancer (n=1). The clinical indication was: staging 
(n=5), restaging (n=17), equivocal findings on imaging (n=8), back 
pain resistant to treatment (n=2), increased tumor markers and nega-
tive conventional imaging (n=1). All patients underwent [18F-]fluoride 
PET/CT scan with an extended field of view. Focal [18F-]fluoride up-
take corresponding to lytic, blastic or mixed changes on CT was inter-
preted as bone metastasis. [18F-]fluoride activity corresponding to CT 
degenerative or post-traumatic changes and fractures was classified as 
benign, also taking into consideration anatomical localization, clinical 
history and other imaging findings (X-ray, CT, MRI). An area of focal 
uptake without any obvious CT alteration was classified as an equivo-
cal finding.
Results Thirty of the 33 patients had a positive [18F]fluoride PET/CT 
scan. Malignant lesions were found in 15 patients: six had a solitary 
metastatic lesion, four had oligo-metastatic disease (number of le-
sions ≤10) and five had extensive metastatic spread (number of le-
sions >10). Bone metastases were most commonly found in the pelvis, 
spine and chest (sternum + ribs). In 15 patients, [18F]fluoride-positive 
findings were interpreted as benign changes related to degenerative or  
post-traumatic changes, vertebral collapse and heterotopic calcifica-
tions. Overall, in three patients, five [18F]fluoride avid lesions were 
classified as equivocal. Three of these five lesions were further in-
vestigated with MRI and finally diagnosed as metastases. A relatively 
photopenic area detected in the skull vault of one patient suffering 
from esophageal cancer was interpreted as hemangioma on a subse-
quent CT scan. Only one patient, affected by follicular thyroid cancer, 
had a negative [18F]fluoride PET/CT for oncological findings, but a 
solitary small lytic vertebral metastasis was found on a subsequent 
²³I-PET/CT scan.
Conclusions Our data show that [18F]fluoride PET/CT can effectively 
detect bone metastases with lytic, blastic and mixed patterns. The low-
dose CT part of the study helped to identify their anatomical localiza-
tion and increased specificity, discriminating benign findings despite 
their increased tracer uptake. Purely lytic small metastasis may be 
overlooked on [18F]fluoride PET/CT.
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neuroblastoma: what does it mean?
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Aim 123I-MIBG scintigraphy is a useful tool for diagnosis, staging 
and evaluation of response to treatment in neuroblastoma (NBL). A 
poor response to treatment documented by 123I-MIBG scintigraphy is 
a well-known adverse prognostic factor in high-risk (HR) NBL. A few 
patients, after completing treatment, present a persistent and stable 
123I-MIBG uptake without evidence of progression. We retrospectively 
reviewed a series of HR-NBL patients to identify the implications of 
residual 123I-MIBG uptake in long-term survivors.
Methods Fifty-six patients older than 1 year of age with metastatic 
NBL were enrolled in two consecutive local protocols (Protocol 1 from 
7/1996 to 3/2004 and Protocol 2 from 4/2004 to 8/2009) based on con-
ventional chemotherapy followed by high-dose chemotherapy and au-
tologous peripheral stem cell rescue. Thirty-five patients also received 
local radiotherapy; cis-retinoic acid was used in all patients as dif-
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an expression of remodelling and is related to a worse prognosis in pa-
tients with history of prior anterior acute myocardial infarction (AMI). 
Our study aimed to investigate whether the detection of DP early after 
AMI could be a predictor of subsequent remodelling. 
Methods A total of 115 anterior AMI patients submitted to revascular-
ization using primary percutaneous coronary intervention underwent 
99mTc-sestamibi gated SPECT at approximately one week (6±4 days) 
after AMI (baseline) and at 6-month (190±34 days) follow-up after 
the acute event. Baseline and follow-up resting gated SPECT scans 
were acquired 60 min after the administration of 740 MBq (20 mCi) 
of 99mTc-sestamibi, using a dual-head gamma-camera, equipped with 
high-resolution collimators. Acquisition protocol parameters were: 
180° rotation arc, 32 projections, 60 s/projection, 8 frames/heart cycle, 
and 64×64 matrix. The studies were reconstructed using filtered back 
projection without attenuation or scatter correction and realigned along 
the heart axes. Perfusion defects at rest were quantified as percentage 
of LV wall, with the defect threshold set at 60% of peak uptake. Infarct 
severity was defined as the lowest ratio of minimal to maximal counts 
in the short-axis slices examined for infarct size evaluation. Therefore, 
the lower the infarct severity value the more transmural the infarction 
is. The QGS algorithm (Cedars-Sinai Medical Center, Los Angeles, 
CA, USA) was used to measure LV end-diastolic volume (EDV), end-
systolic volume (ESV) and LV ejection fraction (EF). Remodelling 
was defined as an increase in LV EDV at follow-up ≥ 20% of the base-
line value. DP was defined by the detection of a LV mid-ventricular 
diameter at least 3 mm larger than the basal one. Continuous variables 
were expressed as mean ± SDs and compared using Student’s t test for 
independent or paired samples with the Bonferroni correction for mul-
tiple comparisons as appropriate. The differences between proportions 
were compared using the Fisher’s exact test.
Results At baseline, DP patients (n=21) showed a trend to larger in-
farct size (23.6±17% vs 16.5±17%, p=0.09), greater infarct severity 
(0.33±0.13 vs 0.41±0.18, p=0.056), larger EDV (127±39 vs 109±36 
ml, p=0.034) and ESV (87±34 vs 67±32 ml, p=0.011) and a signifi-
cantly lower LVEF (33±7% vs 41±10%, p<0.002) compared with the 
other patients. At follow-up, the DP patients had significantly larger 
EDV (150±56 vs 107±38 ml, p<0.0001), ESV (104±50 vs 60±32 ml, 
p<0.0001) and lower LVEF (36±14% vs 47±13%, p<0.002) than the 
patients without DP. Of the DP patients, 57% developed remodelling 
at follow-up vs 13% of those without DP (p<0.001). Therefore, DP 
showed a sensitivity of 50%, specificity of 90%, positive predictive 
value of 57%, negative predictive value of 87%, and diagnostic ac-
curacy of 81% for the presence of remodelling at 6-month follow-up.
Conclusions In patients with anterior AMI, DP detection early after 
the acute event can be useful for the prediction of the LV remodelling 
at 6-month follow-up. 

89
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(STEMI) undergoing primary percutaneous transluminal 
coronary angioplasty (PTCA): a longitudinal gated-SPECT 
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Aim There is a significant lack of information about the natural history 
of hypoperfused left ventricular territories after treatment of STEMI 

dedicated reconstruction, named IQ-SPECT, able to considerably 
shorten scan time, have become available. The aim of our study was 
to compare this new protocol with the already validated standard ones.
Methods We enrolled 29 patients with suspected or diagnosed CAD. 
All the patients underwent radionuclide MPI according to a two-day 
rest and standard stress (exercise or dipyridamole) protocol using 
99mTc-tetrofosmin [dose calculated according to the following formula: 
400+20x(BMI-25)MBq, minimum dose 400 MBq]. Both standard ac-
quisition protocol (16 views, 50s per view) and IQ-SPECT (17 views, 
12s per view) were sequentially performed. Images were acquired on 
a 2-head gamma camera and reconstructed without attenuation correc-
tion. Uptake values were compared by linear regression in a 17-seg-
ment model. All the images were scored using a 17-segment model 
(0=normal, 4=absence of perfusion) by three experienced physicians, 
blind to clinical data and acquisition and processing modality. Mean 
summed stress score (SSS), summed rest score (SRS) and summed 
difference score (SDS) were calculated both on 17 segments and on 
distribution territories of the left anterior descending artery (LAD), left 
coronary artery (LCA), and right coronary artery (RCA). Automated 
analysis on gated SPECT was used to determine the end-diastolic vol-
ume (EDV), end-systolic volume (ESV), left ventricular ejection frac-
tion (LVEF), and transient ischemic dilation (TID). Finally, a clinical 
diagnosis, determined from perfusion, TID and wall motion, was made: 
normal, probably normal, equivocal, probably abnormal or abnormal.
Results There were no significant differences in subjective image qual-
ity between the full-time images reconstructed with standard protocol 
and IQ-SPECT. On a 17-segment evaluation, SSS was 12.22 ± 11.13 
for IQ and 12.70 ± 10.49 for standard acquisition; SRS was 9.51 ± 
10.20 for IQ and 9.80 ± 9.66 for standard acquisition; SDS was 2.19± 
4.77 for IQ and 1.93 ± 4.57 for standard acquisition. The evaluation on 
LAD territory showed a SSS of 5.96 ± 5.86 for IQ and 5.41 ± 4.76 for 
standard acquisition; SRS was 4.41 ± 5.41 for IQ and 3.93 ± 4.59 for 
standard acquisition; SDS was 1.32 ± 2.97for IQ and 1.16 ± 2.73 for 
standard acquisition. The evaluation on LCA territory showed a SSS 
of 5.09 ± 5.55 for IQ and 6.74 ± 6.49 for standard acquisition; SRS 
was 4.09 ± 4.67 for IQ and 5.22 ± 5.42 for standard acquisition; SDS 
was 0.74± 2.15 for IQ and 0.87 ± 2.33 for standard acquisition. The 
evaluation on RCA territory showed a SSS of 7.61 ± 7.67 for IQ and 
8.16 ± 7.78 for standard acquisition; SRS was 6.06 ± 7.21 for IQ and 
6.64 ± 7.19 for standard acquisition; SDS was 1.19± 2.72 for IQ and 
1.00 ± 2.62 for standard acquisition. No differences were significant 
on paired t-test.
Conclusions In comparison with full-time scan acquisition performed 
with standard protocols, the IQ-SPECT protocol allows MPI to be 
acquired in about a quarter of the scan time without disagreements 
between the hardware and software. Another study is being performed 
in our center to evaluate a possible further improvement provided by 
attenuation correction.
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Purpose Previous studies have already shown that a divergent pattern 
(DP) of the left ventricle (LV) (i.e. walls show increasing separation 
as they approach the apex on vertical or horizontal long-axis slices) is 
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with contrast left ventriculography (LVG) in a selected population of 
patients with chronic coronary artery disease but without clinical and 
instrumental signs of congestive heart failure.
Materials and methods We prospectively performed g-SPECT, 2D-
echo and LVG in 190 patients (154 males; 36 female - mean age 59 
± 17 years) with known ischemic heart disease. End-systolic volume 
(ESV), end-diastolic volume (EDV), and LVEF values were assessed 
from 16 frames/cardiac cycle rest technetium-99m sestamibi g-SPECT 
using commercially available software (QGS - Cedars Sinai Medical 
Center, Los Angeles, CA), from 2D-echo by a standard Simpson’s bi-
plane analysis, and from LVG using a single-plane modified Dodge’s 
method.
Results LVEF values obtained with g-SPECT (56.4±10.2%) and 
2D-echo (55.6±11.7%) were significantly lower than LVG values 
(60.1±11.3%). Pearson’s correlation coefficients and Bland-Altman 
ranges were respectively 0.92 and less than 2SD for g-SPECT and 
0.77 and about 3SD for echocardiography. No significant statistical 
differences were noted in ESV estimates whereas EDV showed lower 
values for both g-SPECT and 2D-echo in comparison with LVG. Fi-
nally, g-SPECT vs LVG demonstrated higher correlation coefficients 
and lower Bland-Altman ranges for both EDV and ESV in comparison 
with 2D-echo.
Conclusions While ESV estimates were substantially comparable 
between all three techniques, both g-SPECT and 2D-echo seem to 
provide a significant underestimation of LVEF and EDV in compari-
son with LVG; moreover - probably due to less operator independ-
ence - Bland-Altman limits of agreement were significantly higher 
for 2D-echo than for g-SPECT. Our data suggest that these imaging 
techniques provide different and not interchangeable estimates of the 
same physiological parameters and therefore that serial assessment of 
left ventricular function with various instrumental approaches should 
be performed with great care.
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Aim Previous studies have demonstrated that transient ischemic di-
lation (TID) of the left ventricle during stress myocardial perfusion 
SPECT (MPS) provides incremental diagnostic information to stand-
ard perfusion analysis for the identification of severe disease in pa-
tients with suspected coronary artery disease (CAD). However, the 
presence of diabetes might modify the relationship between TID and 
the angiographic severity of CAD. Prospective investigations in large 
cohorts of diabetic patients with available coronary angiographic data 
are still lacking. Therefore, the purpose of the present study was to 
evaluate the incremental diagnostic value of the TID ratio in the detec-
tion of severe CAD in patients with diabetes mellitus.
Material and methods The study population included 692 patients 
with type 2 diabetes mellitus and available rest and stress gated MPS 
data. Of these patients, 242 underwent coronary angiography within 
3 months of MPS. TID ratio values were automatically derived from 
rest-stress MPS and a cutoff of ≥1.19 was considered to represent TID. 
On coronary angiography, severe CAD was defined as either ≥70% 
stenosis in the proximal left anterior descending artery or the left main 
artery, or ≥90% stenosis in two or three vessels. Mild to moderate cas-

with percutaneous revascularization. The aim of this study was to as-
sess perfusion defect and left ventricular function simultaneously dur-
ing STEMI evolution, using rest myocardial gated-SPECT imaging 
(rGS).
Materials and methods Forty-six patients (33 M/13 F - mean age 
64±13 yrs) without a history and/or ECG evidence of previous myo-
cardial necrosis underwent successful primary angioplasty for STEMI 
(mean “door-to-balloon” time 96±61min). All subjects were studied 
with 99mTc-sestamibi rGS after 48-72 hours, and 2 and 6 months af-
ter the acute event. Summed rest score (SRS), end-diastolic volume 
(EDV), end-systolic volume (ESV), and left ventricular ejection frac-
tion (LVEF) were obtained for all scintigraphic studies.
Results Between 48-72 hours and 2 months, the studies showed an in-
crease in LVEF values (47.5±14.7 vs 54.4±13.2; p<0.01), while reduc-
tions in both SRS (15.8±8.7 vs 7.6±7.3; p<0.001) and ESV (71.2±44.6 
vs 62.1±42.5; p<0.05) data were observed. Moreover, no statistically 
significant differences were noted between the early images and 
2-month studies in EDV estimates, or between 2- and 6-month studies 
in any of the parameters considered. Finally the correlation between 
early SRS and its differential value obtained as SRS at 2 months less 
SRS at 48-72 hours showed a r=0.58 with a p=ns; the same analysis on 
LVEF values gave similar findings (r=0.52 with p=ns).
Conclusions The first interesting finding emerging from this study was 
the significant improvement in ESV, LVEF and SRS values between 
early post-revascularization studies and scintigraphy at 2 months. This 
may be related to a variable quota of stunned myocardium with an 
associated impairment of both microvascular and endothelial envi-
ronments and, likely, of sestamibi driving potentials in the post-acute 
phase of the ischemic event. Therefore, considering early rGS data 
alone, these aspects may lead to a variable overestimation of both scar 
area extent and left ventricular function impairment probably limiting 
the prognostic role of a rest myocardial scintigraphy if performed a 
little later an acute coronary syndrome. Moreover, these phenomena 
seem to resolve in the majority of cases during the first 8 weeks fol-
lowing the STEMI, potentially allowing the use of myocardial perfu-
sion scintigraphy for assessment of coronary restenosis even before 
the canonical “six-month wait”, traditionally indicated by the literature 
as a reference in order to avoid false positive studies. However, larger 
prospective trials are mandatory to confirm these preliminary findings 
and to assess their potential impact in clinical practice.
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Aim The accurate assessment of left ventricular function and volumes 
is an important prognostic tool in clinical cardiology particularly af-
ter myocardial infarction and in patients prone to heart failure. Even 
though many instrumental approaches are available for this purpose, 
it is important to know whether the results of these independent tech-
niques are interchangeable in clinical practice. The aim of this study 
was to evaluate agreement between left ventricular volumes and ejec-
tion fraction (LVEF) assessed by gated myocardial perfusion tomog-
raphy (g-SPECT) and 2D echocardiography (2D-echo) in comparison 
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nosis and five subjects to have a subcritical stenosis which was corre-
lated anatomically with a perfusion abnormality. Correlation analysis 
between perfusion defects and critical coronary stenosis showed an 
overall agreement of 88% between the two methods (SPECT versus 
coronary angiography) and a mismatch in 12% of the cases, showing 
that further mechanisms, such as endothelial/microvascular dysfunc-
tion, may partially explain the presence of myocardial perfusion de-
fects in cases with angiographically non-obstructive coronary lesions.
Conclusions The incidences of cardiovascular events and death are 
significantly high in a select population of type 2 diabetic patients with 
SPECT abnormalities. A targeted treatment strategy is required for po-
tentially high-risk patients with type 2 diabetes. SPECT results suggest 
that, though coronary angiography is to be considered the gold stand-
ard method for the detection of CAD, myocardial perfusion imaging 
helps to provide additional information supporting the physiopatho-
logical basis of diabetes microangiopathy. Therefore, besides being 
useful to evaluate asymptomatic diabetic patients for the presence of 
CAD, SPECT may effectively risk-stratify this population with respect 
to cardiac events.
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Purpose Myocardial perfusion imaging (MPI) is a safe, non-invasive 
method for evaluation of coronary artery disease. Visual interpretation 
of the images is limited by variability between different operators and 
quantitative analysis has been introduced to improve reproducibility 
in image interpretation and quantification. The aim of this study was 
to compare patient scoring results calculated using two different algo-
rithms: quantitative gated SPECT and quantitative perfusion SPECT 
(QGS/QPS) versus 4D-MSPECT using an institutional normal database.
Methods From May 2009 to September 2012 we studied 108 patients 
who underwent 1- or 2-day stress/rest gated MPI (performed with ex-
ercise or pharmacological stress) with 99mTc-labelled perfusion trac-
ers. All patients had normal myocardial perfusion, according to the 
visual interpretations of three expert nuclear cardiology physicians. 
Automatic processing was carried out using 4DM (17 segment scores) 
and QGS/QPS (20 segment scores). According to the relative radi-
otracer uptake, all segments were automatically scored using a five-
point scale (0 normal, 4 no uptake) calculating summed stress score 
(SSS), summed rest score (SRS), summed difference score (SDS), 
ejection fraction (EF) and end diastolic volume (EDV). SSS, SDS, and 
SRS were converted to percent of the total myocardium involved by 
dividing the summed score by 80, the maximum potential score in the 
20-segment model (4x20), and multiplying by 100. The same approach 
to percent myocardium abnormal was applied to the 17-segment analy-
sis, the only difference being that normalization involved dividing the 
summed scores by 68, the maximum potential score in the 17-segment 
model (4x17), and multiplying by 100. Then SSS values were catego-
rized (0%-4%, 5%-10%, 11%-15%, 16%-20%, >20%). The scores for 
the quantitative analysis of segmental function and perfusion were 
calculated as mean ± SD. Correlation of QGS/QPS vs 4D-MSPECT 
analysis was performed using a non-parametric Wilcoxon test. P val-
ues below 0.05 were considered statistically significant. 
Results In all patients: SSS(%)4DM=1.84±2.22, SSS(%)QPS 
=1.44±2.64 (p=ns); SRS(%)4DM=2.97±4.33, SRS(%)QPS=1.33±2.65 
(p=ns); SDS(%)4DM=1.48±1.97, SDS(%)QPS=1.79±2.81 (p=ns); 

es included either ≥90% stenosis in a single vessel or ≥70% but <90% 
stenosis in one or more vessels except stenosis ≥70% in the proximal 
left anterior descending artery or the left main artery. Insignificant ste-
nosis is classified as <70% stenosis in all vessels.
Results Among the overall 692 patients, myocardial perfusion was 
normal in 58 (24%) of the 242 with available coronary angiographic 
data and in 218 (48%) of the 450 not referred for coronary angiog-
raphy (p<0.001). A TID ratio ≥1.19 was detectable in 32 (13%) of 
the 242 patients with coronary angiography and in 76 (17%) of the 
450 not referred for coronary angiography (p=0.25). Severe CAD 
was identified in 69 (29%) patients. On univariate analysis, summed 
stress score, rest and stress LV volumes and ejection fraction, and TID 
were significant (p<0.01) predictors of severe CAD. On multivariate 
analysis, independent predictors of severe CAD were summed stress 
score (odds ratio 1.07, 95% confidence interval 1.03-1.11, p<0.001) 
and TID (odds ratio 4.48, 95% confidence interval 2.01-9.9, p<0.001). 
On incremental analysis, the addition of TID improved the power of a 
model including clinical data and summed stress score, increasing the 
global chi-square value from 14.3 to 28.2 (p<0.01). The best cut-off of 
summed stress score for identifying patients with severe CAD was ≥8. 
When the TID ratio was considered in patients with a summed stress 
score between 3 and 7, the sensitivity for diagnosing severe CAD sig-
nificantly improved from 71% to 77% (p<0.05). At the same time, the 
specificity did not change significantly. In the overall study popula-
tion with available coronary angiographic data, the net reclassification 
improvement by adding TID to a model including clinical data and 
summed stress score in the prediction of severe CAD was 0.40 (95% 
boot strap confidence interval 0.12 to 0.68, p<0.005).
Conclusions The present study showed that TID ratios obtained from 
rest-stress MPS provide incremental diagnostic information to stand-
ard perfusion analysis for the identification of severe and extensive 
CAD in diabetic patients.
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Purpose Coronary artery disease (CAD) is the leading cause of mor-
bidity and mortality in diabetics. Early diagnosis of CAD and identi-
fication of high-risk subgroups, followed by appropriate therapy, may 
therefore enhance survival. As coronary microvascular ischemia is 
quite a common clinical condition in diabetics, we aimed to assess 
the role and correlation between single-photon emission computed 
tomography (SPECT) myocardial perfusion imaging (MPI) and coro-
nary angiography for the detection of obstructive CAD in patients with 
diabetes type 2 with typical or atypical symptoms.
Materials and methods Eighty-eight diabetics (63 men; 25 women; 
mean age 66 with diabetes type 2) with typical or atypical symptoms 
achieving balanced diabetes treatment and without known CAD were 
retrospectively recruited from our outpatient nuclear laboratory. All 
patients underwent stress-rest two days protocol myocardial perfusion 
SPECT and coronary angiography within six months.
Results In 81 patients (92%) SPECT studies showed abnormal myocar-
dial perfusion: 11 subjects had mild ischemia, 32 moderate ischemia, 
and 38 severe induced ischemia. In 78 patients (89%) coronary angi-
ography revealed significant coronary stenosis, while in 10/88 subjects 
it showed absent or non-hemodynamic stenosis. 73/78 subjects with 
positive coronary angiography (93%) were found to have a critical ste-
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miliar. The number of IR readings different from FBP grows with 
the increasing of iterations set for reconstruction and it is correlated 
with the worst scores given to images reconstructed with IR16i/8s 
and IR24i/16s. In about 80% of discrepancies the IRs-based diagnosis 
led to false positive interpretation. As a consequence, the use of a 3D 
OSEM algorithm for myocardial perfusion imaging can be misleading 
and does not improve clinical diagnosis.
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Purpose Visual interpretation of myocardial perfusion imaging (MPI) 
is dependent on the experience and knowledge of the physician, and 
subject to inter- and intra-observer variability. Software packages for 
automated quantification of MPI have been developed in order to 
standardize interpretations. The aim of this study was to evaluate the 
degree of correlation in defect size quantification between visual in-
spection and quantitative analysis using the 4D-MSPECT (4DM) soft-
ware package in a group of consecutive patients. 
Methods We studied 93 consecutive patients who underwent 1- or 
2-day low-dose stress/rest MPI with 99mTc-labeled perfusion tracers. 
A 17-segment model was adopted. Automatic analysis was performed 
using the 4D-MSPECT software package, Version 7.0 GE, University 
of Michigan Medical Center (4DM). Automatic motion correction, 
attenuation correction, scatter correction and resolution recovery were 
applied for acquisition and processing. The quantitative approach was 
performed using our institutional gender-matched normal database, 
defined in a group of normal studies on visual inspection. Three ex-
perienced nuclear cardiologists evaluated the studies using a five-
point scoring system (0 = normal, 1 = equivocal, 2 = moderate, 3 
= severe reduction, and 4 = absence of detectable tracer uptake) in 
matched stress/rest SPECT/CT studies. We calculated summed stress 
score (SSS), summed rest score (SRS), summed difference score 
(SDS) and end diastolic volume (EDV), grouping patients according 
to their gender. The scores for the quantitative and visual analyses 
of segmental perfusion were expressed as mean ± SD. Correlation 
of semi-quantitative vs quantitative analysis was performed using a 
non-parametric Wilcoxon test. P values below 0.05 were considered 
statistically significant.
Results Male population (75 patients): SSSq=6.69±8.26, 
SSSv=5.83±7.47 (p<0.05); SRSq=3.87±6.70, SRSv=4.28±6.61 (p=ns); 
SDSq=3.61±4.36, SDSv=1.55±3.14 (p<0.05). Female population (18 
patients): SSSq=6.28±7.36, SSSv=5.33±5.37 (p=ns); SRSq=4.61±5.76, 
SRSv=3.50±4.68 (p<0.05); SDSq=3.00±4.07, SDSv=1.83±2.77 (p=ns). 
In patients with EDS <100ml: SSSq=4.60±6.16, SSSv=4.17±5.00 
(p=ns); SRSq=2.57±3.97, SRSv=2.57±3.79 (p=ns); SDSq=2.89±3.68, 
SDSv=1.60±2.42 (p<0.05). In patients with 100<EDS<150 ml: 
SSSq=6.85±7.77, SSSv=5.85±7.13 (p<0.05); SRSq=3.73±5.24, 
SRSv=3.95±5.74 (p=ns); SDSq=4.03±5.03, SDSv=1.9±3.96 (p<0.05). 
In patients with EDS >150 ml: SSSq=8.47±9.03, SSSv=7.13±7.67 
(p=ns); SRSq=6.07±8.83, SRSv=6.27±7.35 (p=ns); SDSq3.33±3.66, 
SDSv=0.87±1.25 (p<0.05).
Conclusions In this study we found differences in defect size/severity 
quantification between expert visual scoring and quantitative analysis. 
Quantitative analysis seems to detect more ischemia than visual in-
spection. No significant differences were observed on a gender basis. 
Larger perfusion defects were observed in enlarged left ventricles.

EDVstress4DM=67.98±26.78, EDVstressQPS=75.67±27.38 (p<0.05); 
EF(%)stress4DM=69.17±12.96, EF(%)stressQPS=73.78±10.84 
(p<0.05); EDVrest4DM=84.16±31.43, EDVrestQPS=92.91±31.53 
(p<0.05); EF(%)rest4DM=63.97±13.69, EF(%)restQPS=68.78±13.38 
(p<0.05). No gender-related statistical differences were observed in 
perfusion score. Statistically significant differences were confirmed for 
EDV and EF in both male and female subgroups.
Conclusions In our study we found no significant differences in se-
verity/extent of perfusion defect between corridor 4D-MSPECT and 
QGS/QPS. In a group of patients with normal perfusion on visual in-
terpretation both methods show average stress and rest perfusion de-
fect values below 5%. Significant differences were found in EDV and 
EF values.
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Clinical evaluation of 3D-OSEM iterative reconstruction for 
myocardial perfusion SPECT

F. Palleri2, C. Cidda1, A. Belletti1, G. Baldari1, M. Scarlattei1,  
F. Zavoli, G. Serreli2, C. Ghetti2, L. Ruffini1

1Nuclear Medicine Unit, 2Medical Physics Unit, Azienda 
Ospedaliero-Universitaria di Parma, Italy

Aim of the study In order to investigate the clinical impact of a 3D 
OSEM (ordered-subsets expectation-maximization) algorithm on 
myocardial perfusion SPECT imaging, iterative reconstructions (IRs) 
were compared with standard filtered back-projection (FBP) in terms 
of image quality and interpretation. In addition, we evaluated the effect 
of increasing the number of iterations.
Materials and methods We analyzed myocardial SPECT studies of 
30 consecutive patients (15 males, 15 females, age range 40-80 years).
All patients underwent a 2-day stress-rest protocol with 99mTc-MIBI 
(740 MBq per scan). Cardiac SPECT was performed using an inte-
grated SPECT/CT system (Symbia T6, Siemens, Erlangen, Germany) 
with a 90° detector configuration, non-circular orbit, high-resolution 
collimators, 32 views, 64x64 matrix, 25 s/view. Images were processed 
with FBP and with an innovative 3D-OSEM algorithm, Flash 3D (Sie-
mens). This software incorporates a 3D parallel-hole collimation mod-
el. Three IRs were performed using different combinations of itera-
tions and subsets: 8i/4s (default settings), 16i/8s and 24i/16s for a total 
of 120 reconstructions (4 per patient), each containing stress and rest 
datasets. Three expert nuclear medicine physicians from our depart-
ment, blinded to clinical data, evaluated all the reconstructed images 
using a subjective scoring system for image quality ranging from 1 
(acceptable) to 3 (excellent). They also evaluated myocardial perfusion 
abnormalities for ischemia diagnosis, assessing the presence of revers-
ible (positive scan) or irreversible (negative scan) perfusion defects. 
Results All physicians gave the highest scores to images processed 
with FBP. Iterative reconstructions performed with 8i/4s gave similar 
results, while increasing the number of iterations decreased the im-
age scores; this is probably because physicians are used to reading 
cardiac images processed with FBP rather than IRs. The diagnosis 
made by physicians on images processed with FBP were the same in 
28/30 patients. In many cases the reading of the IRs changed the di-
agnosis made using FBP; in these cases clinical follow-up of patients 
was considered in order to evaluate the correct diagnosis. Physicians 
gave different image interpretations on IR8i/4s, IR16i/8s, IR24i/16s 
in comparison with FBP in the following percentages of cases: 10%, 
7%, 10% (physician 1), 7%, 10%, 20% (physician 2), 10, 27%, and 43 
% (physician 3). The percentages of false positive interpretation were 
80%, 72% and 83%, for physicians 1, 2 and 3, respectively. 
Conclusions FBP reconstructions demonstrated a superior image 
quality on subjective evaluation; 3D OSEM IRs with default settings 
showed performances similar to FBP; IRs with an increased number 
of iterations gave poor results, probably because they appear less fa-
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Aim The sympathetic system plays a central role in the development 
of heart failure (HF). The prognostic value of semi-quantitative param-
eters of myocardial 123 I-MIBG uptake for identifying higher vs lower 
risk of adverse cardiac events in patients with LVEF ≤35% (late H/M 
ratio<1.6) and lethal arrhythmias (late SS>26) has recently been dem-
onstrated, both in ischemic and in idiopathic HF. The aim of our study 
was to confirm their independent prognostic value in ischemic and idi-
opathic HF pts, both with primary systolic and with diastolic dysfunc-
tion, and to look for a relationship between the site of the primary acute 
event (acute myocardial infarction, AMI) and the extent of denervation.
Materials and methods 52 pts were enrolled (36 with post-ischemic 
HF and 16 with idiopathic HF). They were i.v. injected with 185 MBq 
of 123I-MIBG and at 15 minutes and 4 hours planar and SPET scans 
were obtained. H/M and SS were calculated for both early and delayed 
images.
Results 123I-MIBG uptake was decreased in 29/52 pts (26 post-is-
chemic pts and 3 idiopathic pts) and preserved in 23/52 pts (13 post-
ischemic pts and 10 idiopathic pts); LVEF was <30% in 21/29 pts with 
pathological studies. Late H/M was <1.6 in 21/29 pts with pathological 
studies and late SS was >26 in 14/29 pts. The multiparametric analysis 
of LVEF, late H/M, late SS, and AMI site revealed a statistically sig-
nificant correlation between late H/M and LVEF (p=0.005 at Fisher’s 
exact test); no statistical correlation was found between site of AMI 
and extent of denervation.
Conclusions The sympathetic denervation in ischemic HF seems to be 
more severe than that in idiopathic HF (whether with systolic or dias-
tolic primary damage): this suggests that ischemia may produce more 
sympathetic fiber injury than tissue injury in idiopathic HF. Global den-
ervation (H/M) is constantly decreased in HF, but not the extent of den-
ervation (SS): this may mean that, despite an increased risk of cardiac 
events, the risk of arrhythmias is an independent variable among HF 
pts. The lack of correlation between AMI site and extent of denerva-
tion confirms that the prognostic value of H/M and SS is the same both 
in ischemic and in idiopathic HF. The relationship between H/M and 
LVEF, if confirmed, could also be used as a tool for monitoring HF pts.
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Evaluation of the cardiac autonomic nervous system using I123-
MIBG scintigraphic planar imaging in patient at high risk of 
sudden cardiac death
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Background The most important strategy in fighting sudden cardiac 
death is the use of an implantable cardiac defibrillator (ICD) or resyn-
chronization cardiac therapy defibrillator (CRT-D). These devices of-
fer clear benefits in terms of survival, especially in patients with LVEF 
≤ 35%. It can be very costly to manage these patients in whom the gap 
between expected mortality and actual mortality has been shown to be 
insignificant. Therefore, the need to reduce costs has made it necessary 
to find new methods for identifying patients really likely to benefit 
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Impact of diabetes mellitus on cardiac sympathetic denervation 
in patients with heart failure
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Aim Diabetes mellitus (DM) is associated with impaired prognosis in 
patients with heart failure, but the pathogenic mechanisms are unclear. 
Sympathetic denervation has been reported in patients with diabetes. 
The aim of this study was to assess cardiac sympathetic nerve activity 
in heart failure patients with and without diabetes using 123I-metaio-
dobenzylguanidine (MIBG) scintigraphy, a marker of post-ganglionic 
sympathetic cardiac nerve terminal integrity.
Material and methods We studied 75 patients with severe heart fail-
ure (left ventricular, LV, ejection fraction 31±7%) with and without 
DM. In all patients, clinical, echocardiographic and biochemical data, 
including NT-proBNP levels and HbA1c, were measured. Patients 
were assigned to two groups, with (n=37) and without DM (n=38). All 
patients underwent 123I-MIBG scintigraphy. Following thyroid gland 
blocking with potassium iodide, 111 MBq of 123I-MIBG were intrave-
nously injected. Planar imaging in the anterior view was obtained 15 
minutes (initial) and 4 hours (delayed) after the tracer injection using a 
dual-head gamma camera equipped with a low-energy, high-resolution 
collimator. A preset time of 10 min was used for image acquisition 
with a 159±10 keV of energy window. Region of interest analysis was 
used to calculate the initial and delayed heart-to-mediastinum (H/M) 
ratios and the myocardial washout rate. Two observers, blinded to pa-
tients’ disease status, performed the data analysis.
Results The two groups were matched for cardiovascular risk fac-
tors and drug therapy, demography, heart failure etiology, LV systolic 
function, NYHA class, and serum NT-proBNP. MIBG early H/M ra-
tio (1.65±0.21 in DM and 1.75±0.21 in non-DM) and late H/M ra-
tio (1.46±0.22 in DM and 1.58±0.24 in non-DM) were significantly 
(p<0.01) lower in DM than in non-DM patients. In DM patients a high-
ly significant inverse correlation between early H/M ratio and HbA1c 
levels (Pearson =-0.697, p<0.000) and between late H/M ratio and 
HbA1c levels (Pearson =-0.579, p<0.000) was observed. Early H/M 
and late H/M ratios significantly correlated with age, LV ejection frac-
tion, NYHA class, heart failure etiology, NT-proBNP, presence of DM, 
and HbA1c on univariate analysis. However, on multivariate analysis, 
HbA1c and LV ejection fraction remained the only significant predic-
tors of early H/M ratio, whereas HbA1c remained the only significant 
predictor of late H/M ratio.
Conclusions The present study showed that DM is associated with 
a more severe impairment of cardiac sympathetic activity in patients 
with heart failure and that glycemic control status closely correlates 
with cardiac autonomic imbalance. These findings probably help to ex-
plain the adverse prognostic impact of DM in heart failure, and should 
prompt prospective studies to assess whether strict glycemic control in 
heart failure diabetic patients leads to improvement of cardiac sympa-
thetic innervation and of clinical outcome.
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Methods Twelve consecutive patients with chronic HF (10 men, 2 
women; mean age 70.5±7.2 years), NYHA II-III, left ventricular ejec-
tion fraction (LVEF) <35% (mean LVEF 32.6±11), two in secondary 
and 10 in primary prevention, were monitored for cardiac arrhythmias 
for six months after ICD implantation. All patients underwent [123I] 
MIBG scintigraphy in fasting conditions and with all medication dis-
continued for at least 5 half lives. [123I] MIBG study was acquired 15 
minutes and 4 hours (planar and SPET) after the i.v. injection of 148-
180 MBq of [123I] MIBG. The heart-to-mediastinum ratio (H/M) was 
computed at 15 minutes and 4 hours on planar anterior views (preset 
time 10 min, matrix 128x128). WOR was computed as: (H early – H 
delay)/(H early), after decay correction. [123I] MIBG myocardial SPET 
(30 projections of 30 s each, over 180°) was analyzed on three short 
axis views: apical, middle and basal. 
Results Of the 12 patients analyzed, six showed H/M 15 min > 1.60 
(1.60±0.3), five patients H/M 4 hours >1.60 (1.5±0.2) and only two pa-
tients WOR >20% (13.9±7.4). These parameters were not significantly 
different between patients with or without arrhythmias. Only three 
patients showed cardiac arrhythmias during the observation period (2 
ventricular fibrillation and 1 ventricular tachycardia) (25%), whereas 
the others did not exhibit any significant arrhythmias. In particular, of 
the three patients with arrhythmias (2 patients with H/M 15 min and 4 
hours >1.60 and 1 patient with H/M <1.60) only one (33%) showed a 
positive relationship between all the parameters evaluated, exhibiting 
a low H/M value, a low LVEF, and a relatively high WOR. Similarly, 
in three patients there was correlation between the semi-quantitative 
parameters (H/M 15 min and 4 hours >1.60 and WOR < 20) and the 
absence of arrhythmic events.
Discussion In our limited series, we identified a subgroup of three pa-
tients with a low risk of cardiac events (25%) and a subgroup of 1 pa-
tient with a high risk (8.33%). On the basis of the data obtained in the 
remaining eight patients it was not possible to assess the risk of cardiac 
events. It is possible that a number of these patients may never undergo 
major cardiac events in the future, and therefore not derive any benefit 
from the ICD. The low performance of [123I] MIBG scintigraphy, in 
our study, as a method highly predictive of cardiac arrhythmia, may 
be due to the small sample size and the short patient observation time. 
Overall, these results suggest that it is necessary to increase the num-
ber of patients and prolong the period of observation in order to obtain 
more reliable data, in accordance with those reported in the literature. 
Conclusions The defensive behavior of contemporary medicine has 
led to the use of electrical therapy even when it is not really necessary, 
therefore the introduction of more careful decision-making algorithms, 
such as [123I] MIBG scintigraphy, could allow better identification of 
patients who may truly benefit from electrical therapy, thereby allow-
ing a reduction of healthcare costs.
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A proposed diagnostic/therapeutic approach to the myocardial 
“bridge”
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Myocardial “bridge” is the most frequent congenital coronary anomaly 
(about 1.5% of patients already submitted to coronary angiography).
The prognosis is quite variable: a negative prognosis could be related 
to the so-called type III “bridges” (deep intra-myocardial course, >10 
mm length, >75% systolic “milking”) with myocardial ischemia and 
major ventricular arrhythmias (0.6% of patients seen in our depart-
ment).
We considered consecutively all symptomatic patients with type III 
myocardial “bridge” referred to our department from 01/’08 to 01/’11. 
All were submitted to coronary angiography.
Among these, we selected 22 patients, 13 with stable angina symptoms 

from treatment. The use of echocardiography alone, mostly consider-
ing LVEF, provides little information about the risk of arrhythmias. 
Only electrophysiological studies can give reliable data but these are 
expensive and often poorly accepted by patients. The Admire-HF 
study showed the usefulness of 123I-MIBG in studying the integrity of 
the cardiac autonomic nervous system (CANS), demonstrating that pa-
tients with a heart/mediastinum ratio < 1.6 have an increased incidence 
of heart failure, fatal arrhythmias and mortality.
Aim To evaluate whether planar scintigraphy with 123I-MIBG can pro-
vide information for stratification of arrhythmic risk, studying events 
presented by patients with ICDs (ICDs) and the response of patients 
with CRT-Ds (CRT-Ds).
Materials and methods Patients were selected and studied at the 
Cardio-Thoracic-Vascular Department of the “G. Mazzini” Hospital 
of Teramo, Italy. Patients, enrolled by the Service of Arrhythmology, 
underwent planar scintigraphy with 123I-MIBG and, subsequently, 
doppler-echocardiography. The patients were grouped into “A” (H/M 
< 1.6) and “B” (H/M ≥ 1.6). The incidence of arrhythmias was meas-
ured studying device records. Response to CRT was considered in 
terms of improvement of LVEF, dyssynchrony index and clinical out-
come.
Results Thirty-five patients (aged 62.1±7.7 yrs, males: 85%), all 
NYHA I/II, were enrolled (34.3% with previous heart failure). LVEF 
at control was 44.1±12.2%, while at implantation it was 39.2±12.8%; 
28.5% underwent ICD implantation in primary prevention, 40% in 
secondary prevention, and 31.4% received CRT-D. 22/35 pts had H/M 
< 1.6 (group “A”); 13/35 pts had H/M ≥ 1.6 (group “B”). Males were 
mainly in “A” (95.6%), while there emerged no differences in the distri-
bution of major risk factors (p>0.05). NYHA classes were equally dis-
tributed and LVEF, despite improving in both groups (“A” 35.3±11.1% 
vs 40.4±9%, “B” 37±13.9% vs 52.9±11%), was higher in the “B” pts 
(p>0.05). Implantation in primary prevention occurred mostly in “B” 
(38.4% vs 22.7%, p>0.05). The following events showed a higher in-
cidence in “A” (p<0,05) – heart failure (HF) (36.4% vs 23.1%), VT/
VF episodes (68.1% vs 38.4%) and atrial fibrillation (AF) (40.9% vs 
7.7%) – suggesting a correlation between CANS alteration and occur-
rence of such events. Despite clinical outcome, echocardiographic data 
did not show significant morphological differences; only functional 
measures showed that 72.7% of the “A” pts vs 53.8% of the “B” pts 
had alterations in interventricular dyssynchrony index, while 40.9% of 
the “A” pts vs 15.3% of the “B” pts had an abnormal intraventricular 
dyssynchrony index (p>0.05). CRT-Ds showed a better performance 
if CANS was intact as demonstrated by ∆LVEF between implant and 
control (“B” 44.5±35.9% vs “A” 24.3±20.3%, p>0.05), and HF epi-
sodes (“B” 33.3% vs “A” 50%, p>0.05).
Conclusions Identification of patients with CANS damage would seem 
to be useful for defining the risk of fatal arrhythmias in ICDs in primary 
prevention in whom a drug-only therapy could suffice; and for evaluat-
ing the degree of response to cardiac resynchronization therapy in CRT-
Ds. All this would help to optimize the use of available resources.
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Role of [123I] MIBG scintigraphy in patients with chronic heart 
failure treated with an implanted device
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Aim The aims of the present study were to evaluate [123I] MIBG uptake 
and wash-out rate (WOR) percentage in patients with chronic heart 
failure (HF) after positioning an implantable cardioverter-defibrillator 
(ICD), and to assess the relationship of these parameters with the risk 
of sudden arrhythmic cardiac event, in order to establish the effective 
utility of this prevention treatment.
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rax background (H/Bkg) ratios] were then performed.
Results PFA was positive in 5/12 patients (42%) while 6/12 patients 
showed high levels of ILC or transthyretin mutations (50%). MR 
showed an “amyloidosis pattern” in 7/12 patients (58%), while 99mTc-
HDP scintigraphy showed cardiac tracer uptake in 4/12 patients (33%). 
Patients with positive scintigraphy showed a cardiac tracer uptake of 
119±18 mean cps/pixel with a H/B ratio of 2.8±1.2 and a H/Bkg ratio 
of 4.2±1.3; PFA was positive in 2/4 patients (50%) while 3/4 patients 
(75%) had transthyretin mutations and 1/4 (25%) had high ILC levels. 
All patients showed an “amyloidosis pattern” on MR. Patients with 
negative scintigraphy showed a cardiac tracer uptake of 52±41 mean 
cps/pixel with a H/B ratio of 1.6±1 and a H/Bkg ratio of 2.6±0.9; PFA 
was negative in 5/8 patients (62.5%); 2/8 patients (25%) had high 
ILC levels, while no patient had transthyretin mutations. 3/8 patients 
(37.5%) showed an “amyloidosis pattern” on MR (1/3 had high ILC 
levels). Overall agreement with histological or molecular analysis was 
obtained in 8/12 patients (67%) using MR and in 9/12 patients (75%) 
using 99mTc-HDP scintigraphy.
Conclusions Although the number of patients studied was small, our 
data suggest that 99mTc-HDP scintigraphy could play an important role 
in the diagnostic workup of patients with suspected cardiac amyloido-
sis. The incidence of false positive results appeared to be higher for 
MR than for 99mTc-HDP scintigraphy.
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Intramyocardial stem cell implantation for refractory angina: 
does it have an effective role?
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Aim Implantation of bone marrow stem cells in the heart might be a 
new method of restoring tissue viability after myocardial infarction. 
In the present study the effect of stem cell transplantation on cardiac 
ventricular function and ventricular perfusion was investigated.
Materials and methods This study included 8 patients (7 males and 
1 female) treated with intramyocardial stem cell implantation for re-
fractory angina, after ineffective conventional revascularization proce-
dures. Each patient underwent perfusion single-photon emission com-
puted tomography (SPECT) prior to implantation and then 1 month and 
6 months afterwards, according to a dual-day protocol with injection 
of 20 mCi of 99mTc-Tetrophosmine at rest and after dypiridamole stress 
stimulus. Semi-quantitative indexes of ventricular function were calcu-
lated in order to obtain ejection fraction (EF) and end diastolic volume 
(EDV) by QGS software, and perfusion indexes, summed stress score 
(SSS), summed rest score (SRS) and summed difference score (SDS), 
by QPS software. Two-tailed t-test analysis was performed to evaluate 
differences in cardiac function and ventricular perfusion parameters 
assessed by SPECT before and 1 and 6 months after treatment.
Results Mean EF values in pre-treatment, 1 and 6 months after trans-
plant were 51%, 50% and 49% respectively for the rest studies and 
45%, 47% and 47% for the stress studies; mean EDV was 129 mL, 
128 mL and 133 mL respectively for the rest studies and 146 mL, 136 
mL and 139 mL for the stress studies. Rest and stress EF did not show 
significant variations between pre-treatment and 1 month (p=0.52, 
p=0.8), between pre-treatment and 6 months (p=0.3; p=0.8), or be-
tween 1 month and 6 months (p=0.7; p=0.8). There were also no sig-
nificant changes in rest and stress EDV between all times measured. 
No significant variations were observed in SSS (p=0.4 between pre-
treatment and 1 month, p=0.6 between pre-treatment and 6 months, 
p=0.1 between 1 and 6 months), SRS (p=0.08 between pre-treatment 

(angina CCS II-III): 11/13 had an exercise test positive for ischemia; 
2/13 had a positive SPECT with mild/moderate amounts of anterior 
ischemia in the absence of specific medical therapy.
The remaining 9 patients exhibited a clinical SCA (2 anterolateral 
STEMI; 7 anterior UA/NSTEMI) related to the myocardial “bridge” 
on IVA.
All patients with stable angina symptoms were treated with beta-
blockers, followed by myocardial SPECT, found to be negative for 
inducible ischemia in the same site. All were asymptomatic at clinical 
follow-up (22 months).
All patients with “bridge-related” SCA were treated with PTCA and 
medicated stent (DES). In 8/9 patients this procedure was guided by 
intracoronary ultrasound (IVUS) which allowed optimization of the 
implanted stent diameter and length (at least 3 mm inflow and outflow 
of the stent before and after the intramyocardial stretch), as well its 
final relaxation.
Only the patient submitted to PTCA without IVUS was hospitalized 
again for a recurrence of SCA 7 months after first procedure, second-
ary to the restenosis of the medicated stent. The control IVUS dem-
onstrated evident under-sizing of the implanted stent compared with 
the native vessel; this was solved simply with re-PTCA using a NC 
balloon of adequate diameter.
Finally we could affirm that:
Patients with myocardial “bridge” on IVA and stable angina symp-
toms are candidates for medical therapy with beta-blockers or, if these 
are not indicated, with Ca-antagonists. They should be submitted to a 
myocardial SPECT with full therapy to evaluate the residual functional 
significance of the “bridge” during medical therapy. PTCA is useful in 
cases of persisting ischemia despite medical treatment.
In “bridge-related” SCA, IVUS-guided percutaneous treatment with 
medicated stent appears to be safe and effective because it is not re-
lated to late thrombotic events (no patient in our case series) and it is 
associated with a very low restenosis rate.
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Aim Amyloidosis constitutes a large group of inherited or acquired 
disorders caused by extracellular deposition of insoluble proteic fibrils 
which may alter tissue structure and the function of various organs, 
including the heart. The aim of the present study was to evaluate the 
usefulness and accuracy of 99mTc-HDP scintigraphy in the diagnostic 
workup of patients with suspected amyloidosis.
Materials and methods We evaluated a group of 12 consecutive pa-
tients (7�, 5�; mean age 80 y) admitted to our hospital with hyper-
trophic cardiomyopathy (septal thickness: 16±2.5 mm; posterior wall 
thickness: 15±2 mm) and suspected amyloidosis studied with electro-
cardiography, echocardiography, magnetic resonance (MR), perium-
bilical fat analysis (PFA), and/or blood sampling for immunoglobulin 
light chains (ILC) or transthyretin mutations. Each patient underwent 
99mTc-HDP scintigraphy; images were collected 3 hours after tracer in-
jection (740 MBq i.v.) using a double-headed gamma camera equipped 
with LEGP collimators. Total-body (13 cm/min speed) and thoracic 
static images (5 min duration) were obtained. Qualitative (+/-) and 
semi-quantitative analyses [heart-to-rib bone (H/B) and heart-to-tho-
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stress. Possible explanations for the mean differences could lie in: (1) 
the drawing of tissue VOIs, full-thickness with CARIMAS and center-
line method with PMOD (2) the free positioning of the input function 
VOI with PMOD and the fixed position at the base of the LV cavity 
with CARIMAS. The variability increase at stress can be attributed 
to higher heart rate and patient motion. Both inter-operator and inter-
software variability was found to be limited to about 10% (average rest 
and stress) thus making both software programs reliable and robust for 
clinical use. 
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Background and aim Over recent years, cardiac PET has established 
its role in the combined assessment of myocardial perfusion and metab-
olism, helping us to better understand the functional status of infarcted 
and non-infarcted myocardium, and thus to improve our knowledge 
of myocardial response to necrosis. The applicability of a perfusion/
metabolism match-mismatch model is controversial in the subacute 
phase of ST-elevation acute myocardial infarction (STEMI), due to the 
complex mechanisms of myocardial response to necrosis, involving 
epicardial artery obstruction, coronary microvascular dysfunction and 
inflammatory cell activation. The aim of this prospective study was to 
assess the different perfusion/metabolism patterns in subacute STEMI 
and their development 1 year after complete revascularization. 
Materials and methods Five patients (mean age 45±7 years, 4 males) 
with a first STEMI were prospectively enrolled. Myocardial perfu-
sion PET-CT imaging was performed in all patients 24-48 hours after 
successful reperfusion by primary angioplasty (TIMI flow grade 2-3). 
Resting and adenosine-stress dynamic images were acquired in 3D 
mode after the administration of 185 MBq of 13N-ammonia. Myocar-
dial metabolism PET-CT was performed in all patients 24 hours later. 
Static images were acquired 50 minutes after the administration of 259 
MBq of 18F-FDG under stimulation of glucose metabolism by means 
of the euglycemic hyperinsulinemic clamp technique. Perfusion/me-
tabolism studies were repeated at 1-year follow-up. PET images were 
classified as follows: normal match (normal flow-normal metabolism), 
reduced match (reduced flow-reduced metabolism), mismatch (re-
duced flow-normal metabolism), and reverse mismatch (normal flow-
reduced metabolism).
Results During the sub-acute phase of STEMI, three patients showed 
a regional reverse mismatch pattern while two patients showed a re-
gional reduced match pattern. At 1-year follow-up, all three patients 
with a previous reverse mismatch pattern showed a normal perfusion-
metabolism pattern, while the other two patients showed an unchanged 
reduced match pattern.
Discussion and conclusions A regional reverse mismatch pattern 
can be observed following early post-STEMI revascularization. It is 
completely reversible to a normal perfusion-metabolism pattern at 
1-year follow up. In the presence of adequate myocardial tissue perfu-
sion following vessel recanalization, a well-oxygenated myocardium 
might already rely on oxidation of free fatty acids for energy produc-
tion, leading to a reduction of regional glucose metabolism to levels so 
low that 18F-FDG uptake becomes undetectable. Ongoing analysis of 
global and regional coronary flow reserve changes and of functional 
recovery could help to clarify the functional status of infarcted and 
non-infarcted areas, thus providing relevant clinical information.

and 1 month, p=0.2 between pre-treatment and 6 months, p=0.08 be-
tween 1 and 6 months), or SDS (p=0.7 between pre-treatment and 1 
month, p=0.8 between pre-treatment and 6 months, p=0.9 between 1 
and 6 months). Also, transitory ischemic dilatation (TID) did not show 
significant variations (p=0.3 for pre- vs 1 month, p=0.9 for pre- vs 6 
months, and p=0.08 for 1 vs 6 months).
Conclusions These preliminary data do not show an improvement in 
cardiac function or in myocardial perfusion as measured by perfusion 
SPECT after intramyocardial stem cell implantation. A larger cohort of 
patients would be required for further studies. 
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variability (PMOD and CARIMAS) 
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Aim To assess the inter-operator and inter-software variability (PMOD 
and CARIMAS) in myocardial blood flow (MBF) quantification with 
13N-NH

3
 and 3D-PET.

Materials and methods Twenty-two patients with different patholo-
gies (hypertension, CAD, hypertrophic and dilated cardiomyopathy) 
underwent rest and stress study performed using 13N-NH

3
 and 3D-

PET. The integrated PET/CT system used in this work was the Dis-
covery-690 (GEMS, Milwaukee, USA). The acquisition protocol con-
sisted of an injection of 370 MBq of 13N-NH

3
 and a 3D-PET dynamic 

scan with the following frames: 9x10s, 6x15s, 3x20s, 2x30s, and 
1x900s. 3D-PET raw data were reconstructed using a 3D-reprojection 
(3D-RP) algorithm with the following parameters: image matrix: 256, 
reconstructed field of view: 30 cm, post-filter Hanning 3D: cut-off 4.3 
mm FWHM (Nyquist limit). Quantification was performed using two 
different software programs, a commercial one PMOD (v3.1, PMOD 
technologies, Zurich) and CARIMAS (v 2.4 Turku PET centre, Fin-
land), a freely available research software program. The analysis was 
carried out by two different experienced operators (OP1 and OP2). 
Inter-software and inter-operator variability (standard deviations) 
in global myocardial blood flow (MBF rest/stress) was assessed by 
Bland-Altman plots. The variability values reported are standard de-
viations. 
Results For operator 1 (OP1) the mean difference was a +4.4% in-
crease in MBF using PMOD compared to CARIMAS, for operator 2 
(OP2) it was +3.9%. The inter-software variability for OP1 was 6.4% 
at rest and 13.5% at stress, 7.1% at rest and 13.0% at stress for OP2. 
The mean difference for inter-operator analysis was zero on both soft-
ware programs. The inter-operator variability for PMOD was 7.8% at 
rest and 11.4% at stress. For CARIMAS, the inter-operator variability 
was 6.0% at rest and 8.2% at stress.
Conclusions Quantification of MBF using 13N-NH

3
, 3D-PET and the 

De-Grado 1-compartment model was similar between the two soft-
ware programs, and the variability values showed a marked increase at 



Clin Transl Imaging (2013) 1 (Suppl 1):S39–S140 S85

C. Marini3, M. Cabria2, A. Democrito1, G. Sambuceti1, S. Morbelli1

1Nuclear Medicine Unit, San Martino Hospital, Genoa, Italy
2Nuclear Medicine Unit, Galliera Hospital, Genoa, Italy
3Institute of Molecular Bioimaging and Physiology, CNR, Genoa, 
Italy

Aim The present study set out to evaluate the relationship between 
calcified aortic plaque density as assessed by computed tomography 
(CT) and molecular calcium deposition as estimated by 18F-fluoride.
Methods The present study included 30 oncology patients (14 males, 
mean age 65.3±8.2 range 26-81) who underwent 18F-fluoride PET/CT 
imaging in the course of follow up for either breast or prostate cancer. 
In each patient, we performed a plaque-by-plaque assessment in the 
region of the infrarenal abdominal aorta, in order to identify the plaque 
with the highest attenuation coefficient value (HU), which was labeled 
“heavy” plaque (HP), and the one with the lowest Hounsfield value, 
which was defined “light” plaque (LP). A region of interest (ROI) was 
drawn on both plaques and average HU and SUV were calculated. Fur-
thermore, ROIs were drawn in non-calcified aortic samples in all pa-
tients and, when present, on the most evident non-calcified aortic high 
uptake area (arterial hot spot), as assessed by visual inspection of all 
slices. In these latter ROIs, only average SUV was calculated. Differ-
ences between mean SUV of HP, LP, hot spots and non-calcified aortic 
regions were tested using Student’s t test for unpaired data; p values 
<0.05 were considered significant. 
Results The average HU of the HPs was 586.6±185.7 and was clear-
ly significantly different from that of the LPs, which was 156.4±41 
(p<0.001). The average SUV of the LPs was significantly higher than 
both the HPs (1.56±0.79 vs 0.87±0.28, p<0.001) and the non-calcified 
aortic regions (0.87±0.49, p<0.001). Conversely, the SUV of the HPs 
was largely similar to that of the non-calcified aortic regions. Average 
SUV of the arterial hot spots, when present, was 2.89±1.55 and was 
significantly higher with respect to that of the LPs (p<0.001). 
Conclusions The present study is consistent with the notion that PET/
CT imaging of fluoride uptake is able to document the process of active 
calcium deposition within the aortic plaque. This phenomenon is more 
evident in lighter, “building up” plaques, whereas active calcium depo-
sition is virtually non-existent in plaques with a heavy calcium bur-
den. Moreover, these data suggest that CT-based evidence of calcium 
deposition could be preceded by focal calcium hyper-appositions on the 
normal artery, which appear as higher SUV areas on 18F-fluoride PET.
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Coronary arterial 18F-FDG uptake: comparison of acute coronary 
syndrome and stable angina
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Background and aim The majority of myocardial infarctions re-
sult from the rupture of coronary plaques that in most cases did not 
cause significant flow limitation before the acute event. Inflammation 
is thought to play a key role in plaque rupture. Several studies have 
shown that 18F-FDG activity strongly correlates with plaque inflam-
mation. In this study we tested the hypothesis that 18F-FDG activity is 
greater within recently stented plaques that are deemed to have caused 
an acute coronary syndrome (ACS), and consequently expected to be 
inflamed, than within plaques recently stented for stable coronary syn-
drome (SCS). 
Materials and methods Ten patients (mean age 60±12 years, 8 males) 
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analysis of cardiac volume and ejection fraction when applied to 
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Aim A number of commercial software programs are present on 
modern workstations to automatically process cardiac-gated images 
to extract volume and ejection fraction. These software packages are 
typically proposed for use on SPECT images on which they have been 
validated. We analyzed data from ammonia PET studies using four 
different commercial software programs: Myometrix, QGS, Emory 
Cardiac Toolbox (ECT) and CardIQ Physio.
Materials We analyzed data from 28 consecutive patients with differ-
ent pathologies (hypertension, CAD, hypertrophic and dilated cardio-
myopathy) undergoing rest and stress dynamic perfusion 13N-NH

3
 PET 

scans. Data were acquired on a full 3D PET scanner with time-of-flight 
(TOF) capabilities (General Electrics Medical Systems Discovery 690). 
Patients were injected with 370 MBq of 13N-NH

3
 per scan and simulta-

neously a list mode acquisition was started for 20 minutes. Data from 
the last 15 minutes of the scan were divided into 12 cardiac gates and 
subsequently reconstructed using a 3D-OSEM algorithm taking into ac-
count TOF and the spatially variant point spread function of the tomo-
graph. The images were then transferred and analyzed on a Xeleris 3 
workstation with Myometrix, QGS and ECT, where they were analyzed 
by a single operator. They were also analyzed on an Advantage work-
station 4.5 with CardIQ Physio. Paired t-test was performed to assess 
differences in the results. Stress and rest were first analyzed separately 
to account for possible differences, and then together, to increase sta-
tistical power since no differences were observed. Comparisons are re-
ported for end-diastolic volumes (EDVs) and ejection fractions (EFs). 
To assess inter-program variability we computed coefficients of varia-
tion as standard deviations of paired comparisons. 
Results Mean EDV [rest/stress] values were as follows. Myometrix: 
129/132 ml, ECT: 112/115 ml, QGS: 111/116 ml, CardIQ Physio: 
137/141 ml. Mean EF values [rest/stress] were: 58/60 %, 64/65 %, 
51/56 % and 55/55%, respectively. The paired comparisons between 
the software program results are reported in the following order: My-
ometrix vs ECT, Myometrix vs QGS, QGS vs ECT, Myometrix vs 
CardIQ Physio, ECT vs CardIQ Physio and QGS vs CardIQ Physio. 
The mean differences in EDV were respectively: 14%±1%, 14.5%±1%, 
0.3%±1%, - 8%±1%, - 22%±1% and - 22%±1%. The coefficients of 
variation were: 6.8%, 6.0%, 6.6%, 5.8%, 7.7% and 7.0%. As regards 
EF, the mean differences (computed as absolute differences of the 
EF) were, respectively, -5.7%±1%, 5.5%±1%, 11%±1%, 4.4%±0.5%, 
10%±1% and -1%±1%. The coefficients of variation between the pro-
grams were respectively: 6.0%, 6.0%, 6.0%, 4.5%, 6.5% and 6.7%.
Conclusions Inter-software differences were assessed and variability 
was found to be limited to about 7% for EDV and 6% for EF. In view 
of the high mean differences seen between the software programs, care 
should be taken when comparing results with normalcy limits. 
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Pathophysiology of calcified plaques as assessed by 18F-fluoride 
PET/CT
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a history of nodular sclerosing Hodgkin’s lymphoma (HL) affecting 
laterocervical, supraclavicular and axillary lymph nodes, diagnosed in 
2005.
He was treated with ABVD chemotherapy regimen and radiotherapy 
(neck and supraclavicular region) and achieved complete remission 
status. In February 2010 he had a recurrence of HL, localized in the 
mediastinum and underwent chemotherapy and autologous stem cell 
transplantation in June 2010, again achieving complete remission sta-
tus.
After two years, during follow-up, he underwent cardiac ultrasonogra-
phy which showed evidence of a cardiac mass. Computed tomography 
confirmed the presence of a mass in the left atrium. The patient was 
submitted to a 18F-FDG PET/CT scan, which revealed a large area of 
FDG uptake in the left atrium (SUV max 19.4); no other areas of al-
tered glycolytic metabolism were observed.
Cardiac magnetic resonance imaging showed the presence of tissue 
infiltrating the subepicardial side and extending to the atrioventricular 
junction, incorporating the common trunk of the left coronary artery; 
in particular the infiltration presented a vegetans appearance at the 
level of the anterior atrium wall and left pulmonary infundibulum.
In August 2012 he underwent an explorative thoracotomy. The results 
of the histological examination confirmed the hypothesis that it was a 
cardiac recurrence of HL.
The patient underwent a further 18F-FDG PET/CT scan during chemo-
therapy, which revealed a reduction in the size and intensity of 18F-
FDG uptake in the left atrium shown on the previous examination.
The prognosis for patients with either primary or secondary lympho-
matous heart involvement is usually poor; late diagnosis is one of the 
major factors affecting outcome. 
18F-FDG PET/CT is a very useful and suitable diagnostic tool for stag-
ing and re-staging patients with HL, and for the evaluation of response 
to treatment, even in a rare case of recurrent intracardiac HL.
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Aim Mild cognitive impairment (MCI) is a heterogeneous condition 
characterized by impaired memory function not accompanied by de-
mentia criteria, but with increased Alzheimer’s disease (AD) and other 
dementia risk. Early MCI detection is very important before clinical 
and structural evidence to permit early therapeutic intervention. Perfu-
sion brain SPECT seems to be a useful tool in diagnosing dementia 
at MCI stage and it might help to predict conversion from MCI to 
dementia. However, SPECT qualitative analysis (QL) is not always 
decisive in detecting MCI, while statistical quantitative analysis (QN) 
might be of greater help. In this study, we further investigated the role 
of QN in association with QL in brain perfusion SPECT for the early 
identification of MCI in patients clinically classified with mild cogni-
tive disorders. 
Methods We studied 37 consecutive patients, 24 females and 13 
males, aged 54-73 yrs, clinically classified as MCI (EADC criteria), 
and 24 patients with dementia: 19 with Alzheimer’s dementia (AD; 
NINCDS-ADR-DA) and 5 with frontotemporal dementia (FTD; Neary 
criteria). In all cases brain SPECT was performed by means of a dual 

were prospectively enrolled. All patients underwent 18F-FDG PET/
CT 24-48 hours after stent placement for ACS (n=7) or SCS (n=3). 
Cardiac ECG-gated PET imaging was acquired in 3D mode, 15-min 
bed time, 2 hours after the administration of 259 MBq of 18F-FDG. A 
prolonged fasting period (at least 15 hours) associated with a very low-
carbohydrate diet the day before the examination was recommended 
to minimize physiological myocardial 18F-FDG uptake. Attenuation-
corrected and non attenuation-corrected PET images were analyzed 
by two independent observers blinded to the clinical data. On PET/CT 
images, the reference point for coronary plaques was the stent placed 
at the location deemed to be responsible (the culprit) for ACS or SCS at 
the time of cardiac catheterization. Coronary plaque maximum stand-
ardized uptake value (SUV max) was measured within regions of in-
terest (ROIs) drawn over the site of the stent. A target-to-background 
ratio (TBR) was calculated as coronary lesion SUV max divided by 
blood pool SUV max derived from the average of 4 1 cm3-ROIs drawn 
in the superior cava vein. 
Results Myocardial 18F-FDG uptake was minimal or mostly mini-
mal in 6/10 (60%) subjects, mild in 2 (20%) subjects, and moderate 
in the remaining 2 (20%) subjects. There was no difference in the 
degree of myocardial 18F-FDG suppression between subject groups. 
Mean plaque TBR was greater for culprit lesions associated with ACS 
(n=7) than for lesions stented for SCS (n=5): 1.9±0.6 (range 1.2-3.1) 
vs 0.9±0.3 (range: 0.7-1.3), p=0.03. In addition, there was no signifi-
cant difference in plaque activity between plaques recently stented 
for SCS and remotely stented plaques (n=2): 0.9±0.3 (range: 0.7-1.3) 
vs.0.8±0.1 (range: 0.8-0.9). 
Discussion and conclusions We found that 18F-FDG uptake was 
greater in lesions judged to be responsible for ACS compared with 
lesions associated with SCS. Moreover, the increased 18F-FDG signal 
observed in ACSs seems to be related to the underlying inflammation 
rather than to vascular injury after stent placement. These observa-
tions suggest that 18F-FDG PET/CT could play a role as a non-invasive 
method for investigating the role of inflammation in ACSs. Ongoing 
study examining the correlation between coronary arterial 18F-FDG 
activity, blood biomarkers and the features of culprit lesions detected 
by optical coherence tomography during cardiac catheterization could 
yield further information on the pathophysiology of ACSs. 
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Lymphoma of the heart and pericardium is usually present as one 
feature of disseminated disease and rarely occurs as a primary malig-
nancy. It accounts for 1.3% of primary cardiac tumors and 0.5% of ex-
tranodal lymphomas. Cardiac lymphomas are most commonly diffuse 
large-cell lymphomas and frequently manifest as an ill-defined, infil-
trative mass. Atrial location is typical; the right atrium is most often 
affected. Pericardial thickening or effusion is a common early feature 
of the disease. Infiltration of atrial or ventricular walls with extension 
along epicardial surfaces is also a notable feature. On computed to-
mography, attenuation of cardiac lymphoma may be similar to or lower 
than that of normal myocardium. On magnetic resonance imaging, it 
shows variable signal intensity and contrast enhancement. Clinical 
manifestations may include pericardial effusion, cardiac arrhythmias, 
and a variety of non-specific electrocardiographic abnormalities, nota-
bly first- to third-degree atrioventricular block.
We present the case of a 29-year-old man, in apparently good clini-
cal conditions, who showed mild dyspnea on intense exertion. He had 
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occipital, temporal) by attributing a score from 0 to 3, where 0=nor-
mal perfusion, 1=mild hypoperfusion, 2=moderate hypoperfusion and 
3=severe hypoperfusion. For statistical analysis of results the Kaplan-
Meier method was used.
Results At the end of follow-up the diagnosis changed to dementia in 
2.61% of SMC and in 26.61% of MCI subjects. Because of the low 
progression rate, statistical analysis of progression probability based 
on SPECT findings was not possible in the SMC group. In the MCI 
group, a SPECT finding of moderate/severe hypoperfusion (score 2-3) 
of the temporal lobe was found to be correlated with a higher risk of 
progression (p=0.009) with respect to normal perfusion/mild hypop-
erfusion (score 0-1), with a progression rate, during the whole study 
period, of 45.4% in the first case and 24.7% in the second. Likewise, a 
parietal hypoperfusion score of 2-3 was found to identify a subgroup 
of patients with a significantly higher risk of progression to demen-
tia (p=0.0135) in comparison with score 0-1, with a progression rate, 
during the whole study period, of 50.5% and 26.7% respectively. A 
marked decline was already found at T-2 in cases of temporal hypop-
erfusion scores 0-1 and 2-3, being more evident in the latter, and in 
cases of parietal hypoperfusion score 0-1. In patients with a parietal 
hypoperfusion score of 2-3 an earlier decline (T-1) was observed. No 
correlation was found, in our patients, between perfusion findings in 
frontal and occipital lobes and disease progression.
Conclusions Brain SPECT with 99mTc-ECD was shown to be a useful 
tool for predicting progression to dementia in MCI patients. In par-
ticular, in our patients, parietal and temporal hypoperfusion levels cor-
related with the risk of progression. Parietal impairment seems to be a 
subsequent SPECT finding with respect to temporal impairment, and 
to show evidence of an earlier decline when present.
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Aim The aim of this study was to evaluate the association between 
the Mini Mental State Examination (MMSE) score and 99mTc-Hm-
PAO-single-photon emission tomography (SPECT) and pathological 
features on MRI scans in patients with Alzheimer’s disease (AD), mild 
cognitive impairment (MCI), and frontotemporal dementia (FTD). We 
compared the hypoperfusion observed on 99mTc-HMPAO SPECT with 
pathological changes in brain tissue, structural features observed on 
magnetic resonance imaging scans and their concordance with MMSE 
score, in the diagnostic assessment of patients with probable AD, MCI 
and FTD.
Materials and methods From January 2010 to March 2012, 61 pa-
tients (F: 28, M: 33; range 48-84 y, age mean 67.2 y) underwent 99mTc-
HMPAO SPECT at the Department of Nuclear Medicine of Bari Uni-
versity Hospital. The clinical suspect was: 8 patients with probable 
FTD, 19 with probable MCI and 34 with probable AD. Each patient 
had previously been submitted to brain MRI evaluation and MMSE 
analysis. Brain 99mTc-HMPAO SPECT images were acquired using an 
Infinia dual-head gamma camera (GE Healthcare, Waukesha, Wiscon-
sin, USA) immediately after an intravenous injection of 99mTc-HM-
PAO. Images were analyzed on a Xeleris workstation (GE, Healthcare, 
Waukesha, WI-USA). We assigned scores from 0 to 3 (0= normal; 1= 
mild; 2= moderate; 3= severe) to quantify the degree of perfusion of 
the frontal, temporal, parietal and occipital lobes on brain 99mTc-HM-
PAO SPECT images and the degree of impairment of brain areas on 
MRI scans. These scores were correlated with each patient’s MMSE 
score using Spearman’s statistical method. The Kruskall-Wallis meth-

head gamma camera (VG Millennium; GE Healthcare) with fan beam 
collimators after intravenous injection of 740 MBq 99mTcHMPAO in 
rest condition. Acquisition parameters were those of standard proto-
cols. SPECT images were analyzed by both QL and QN, the latter us-
ing software, through a voxel by voxel comparative analysis (Talairach 

technique) with normal healthy age-matched control groups (C). QN 
for each lobe and for Brodmann areas was expressed as standard devia-
tion (SD) with respect to C (cut-off value: -1.5 SD). 
Results QL showed focal perfusion defects in 19/37 patients (group 
A): 10 cases had hypoperfusion areas in the temporal lobes (8 in both 
hemispheres and 2 monolaterally in the left temporal lobe), 8 in the 
temporo-occipital cortex (6 in both hemispheres and 2 monolaterally 
on the left side) and 3 in the left frontotemporal cortex. Normal perfu-
sion was found in the remaining 18/37 MCI patients (group B). QN 
in group A patients showed low SD values in all hypoperfused areas 
already identified with QL, but also in two further right temporal lobes 
incorrectly defined as normal by QL. In group B, QN showed low SD 
values in both limbic lobes in 16/18 cases (SD values ranged from -1.8 
to -4.6), while the values were normal in the remaining two cases. A 
widespread, bilateral temporoparietal hypoperfusion was observed in 
all 19 AD cases as well as severe frontotemporal perfusion defects in 
all 5 FTD cases both at QL and QN. MCI patients were monitored over 
time and six of the cases with the longest follow up (5 years) developed 
dementia, confirmed by both clinical and brain SPECT data.
Conclusions Brain perfusion SPECT, accompanied by clinical assess-
ment may represent a useful tool for early ascertainment of MCI. In 
this regard, QN was able to detect hypoperfusion areas in 94.6% of our 
cases also showing low SD values in the limbic lobes, thus suggesting 
the need for closer follow-up for predicting dementia development. 
However, QL showed lower performance in identifying MCI, being 
positive in only 53.3% of cases, while this method, like QN, confirmed 
AD/FTD diagnosis in all cases. A larger number of cases is necessary 
to confirm these data as well as a long longitudinal study, which could 
clarify whether SPECT data, in particular QN, may be considered as 
one of conversion MCI in dementia markers.
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Aim The aim of this study was to investigate the possibility of predict-
ing progression of disease from pre-dementia conditions to dementia 
from brain SPECT evaluation of hypoperfusion of different cerebral 
areas. 
Materials and methods From 2006 to 2012, we enrolled 761 con-
secutive patients (314 males - 466 females, mean age 76±8.3) affected 
by an “amnesic disorder”. All patients underwent neurological exami-
nation and neuropsychological and laboratory tests. When necessary, 
for better definition of cognitive impairment status, patients underwent 
morphological (CT/MR) and functional imaging (SPECT/PET) stud-
ies. During the follow-up period clinical monitoring and neuropsycho-
logical testing were repeated at least once a year (T-1; T-2 etc). At 
Time-0 (T-0), 24.1% of patients (183) had a diagnosis of subjective 
memory complaint (SMC), 64.8% (493) of mild cognitive impairment 
(MCI), and 11.1% (85) already had dementia. Of the total 761 subjects 
under study, 674 underwent a brain SPECT with 99mTc-ECD. Two ex-
perienced nuclear medicine physicians visually evaluated SPECT data, 
quantifying the cerebral perfusion level of each lobe (frontal, parietal, 
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tively evaluated by two experienced observers and agreement was 
reached in all cases. All the studied subjects were inpatients admitted 
for abdominal pain crisis and submitted to electromyography and a 
brain magnetic resonance (MR) and/or computed tomography (CT) 
study.  
Results All but one patient showed brain perfusion defects on the 
SPECT study. The perfusion pattern was extremely varied, ranging 
from the presence of multiple cortical bilateral mild perfusion defects 
to moderate cortical side perfusion asymmetry and focal perfusion 
defects. The temporal (11 patients), frontal (7 patients) and parietal 
lobes (6 patients) were the areas most commonly affected. Occipital 
lobe and basal ganglia involvement was seldom observed (in 2 patients 
and 1 patient, respectively). In no case was cerebellar involvement 
shown. In the two subjects in whom SPECT was repeated, changes in 
the perfusion pattern were observed, with recovery of hypoperfused 
areas and appearance of new defects in other areas. Electromyography 
was normal in all the patients. MR and CT studies were normal in all 
the patients but one; the exception was a subject already treated for 
an arteriovenous malformation (the corresponding brain area was not 
evaluated in the SPECT study for AIP).
Discussion and conclusions Brain perfusion derangement is a con-
stant marker of AIP: indeed, in our experience, nearly all the patients 
presented abnormalities on brain perfusion SPECT. All cortical areas 
can be affected, with greater prevalence of the temporal, parietal and 
frontal lobes. The severity of the perfusion defects, although variable, 
is usually mild. This explains the normal pattern observed in CT and 
MR studies. Compared to these techniques SPECT shows higher sen-
sitivity in AIP patients. The reversibility and the changes over time in 
the perfusion defects recorded in the subjects in whom the study was 
repeated add further evidence to the presence of a dynamic compo-
nent (spasm?) in AIP-induced brain vascular disorders. This finding 
discloses interesting perspectives in the knowledge of the pathophysi-
ology, and therefore in the clinical pharmacology, of AIP. 
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SPECT and 18F-FDG PET by means of 3D-SSP post-processing
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Aim 3D-SSP/NEUROSTAT (Neurological Statistical Image Analy-
sis) is an advanced method of data extraction from the brain cortex: it 
displays the distribution of cerebral perfusion/metabolism on surface 
images. 
Methods We performed 3D-SSP post-processing on: a) 99mTc-HMPAO 
brain SPECT images obtained from 77 patients (38M, 39F; age range 
10-93 years) with different neurological diseases: 8 AD, 26 MCI, 3 
FD/FTD, 1 Gilles de la Tourette Syndrome, 8 headache/migraine, 6 
PD, 3 dizzy syndrome, 9 vascular disease, 1 sequelae of trauma, 4 epi-
lepsy (both ictal and interictal phases); b) 18F-FDG brain PET images 
obtained from 27 patients (12M, 15F age range 22-81 years) affected 
by AD (13), MCI (8), FD (5), Gilles de la Tourette Syndrome (1). We 
also analyzed the brain 18F-FDG PET scans of 163 patients (68M, 95F; 
age range 25-86 years) performed in combination with whole-body 
PET for oncological reasons. Only patients in whom the brain PET 
scan did not reveal the presence of brain metastases were considered. 
For these patients, we had no data on the presence or absence of neu-
rological disease. Transaxial SPECT images, along the orbitomeatal 
plane, were reconstructed by filtered back-projection with a Butter-
worth pre-filter (5 cycles/mm, power 10) and a quantitative ramp filter 
and attenuation-corrected using the Chang algorithm (att. Coeff 1.11/
mm). PET images were acquired by 3D-mode, reconstructed using 

od was used to compare MMSE score, brain SPECT perfusion score 
and brain MRI impairment score, between the different clinical suspi-
cions (FTD, AD, MCI). Furthermore, we have considered the effect of 
familiarity and schooling on the MMSE score by a regression analysis. 
Results In all patients (with FTD, AD and MCI) MMSE score were 
inversely correlated with brain SPECT perfusion score (rs Spearman= 
-0.594; p=0.00). The same correlation was observed between MMSE 
scores and brain MRI scores (rs Spearman= -0.415; p=0.001). MMSE 
scores were statistically significantly lower in patients with probable 
FTD and AD than in patients with probable MCI (Kruskal-Wallis= 
8.48, p= 0.014). The brain SPECT scores (Kruskal-Wallis = 9.0, p= 
0.011) and brain MRI scores (Kruskall -Wallis = 8.9, p= 0.012) were 
lower in patients with probable FTD and AD than in patients with 
probable MCI. Brain SPECT score and brain MRI score were posi-
tively correlated with each other (rs Spearman = -0.653, p=0.00). We 
also observed that MMSE score does not depend on familiarity, but 
depend on schooling.
Conclusion In patients with FTD, AD and MCI, the degree of brain 
hypoperfusion observed on 99mTc-HMPAO SPECT and the lesions 
observed on brain MRI were correlated with MMSE score. At the in-
creasing of the lesions observed in brain SPECT and brain MRI, we 
observed a reduction of the MMSE score, and the abnormalities are 
more severe especially in patients with probable FTD and AD. The 
only variable influencing MMSE score was schooling. The associa-
tion between the MMSE score, brain SPECT perfusion and brain MRI 
lesions resulted statistically significant; then, these examination were 
important in the diagnostic assessment of patients with probable AD, 
FTD and MCI.
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computed tomography (SPECT) in acute intermittent porphyria 
(AIP)
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Background and aim Acute intermittent porphyria (AIP), the most 
common form of porphyria, is an autosomal dominant disorder caused 
by deficiency of the porphobilinogen deaminase enzyme and charac-
terized by abdominal pain, neurological symptoms and psychiatric dis-
orders that, in severe cases, can lead to respiratory paralysis and coma. 
The aim of our retrospective research was to investigate the SPECT 
cerebral perfusion pattern in AIP patients. 
Patients and methods Fifteen patients with a known diagnosis of 
AIP (13 F, 2 M; mean age 33.4 + 13.4 y, age range 15-56 y) underwent 
brain perfusion SPECT study after intravenous injection of 740 MBq 
of 99mTc-N,N’(1,2-ethlenediyl)bis-L-cysteine diethylester [99mTc-bi-
cisate (Neurolite)] (ECD). SPECT studies were started 30-45 min-
utes after the intravenous injection of the radiotracer. In two patients  
the scintigraphic study was repeated 2 and 5 times within the space 
of 17 and 43 months, respectively. All SPECT images were retrospec-
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tistical threshold of p < 0.01 provided correct lateralization in 42/43  
patients (97%), which was better than visual assessment (40/44 pa-
tients, 90%). Moreover, the sensitivity was 76% (13/17 cases) for 
both visual and SPM analysis in patients without structural lesions  
on MRI. Also, visual and SPM analysis were useful in 56% of cas-
es for guiding the placement of intracranial electrodes (intracranial  
EEG) and in 28% of patients for avoiding intracranial EEG. In  
addition, in 28% of cases PET-SPM greatly improved the surgical 
resection. 
Conclusions In this study, 18F-FDG PET with SPM analysis proved to 
be useful in the pre-surgical evaluation of patients with drug-resistant 
partial epilepsy in combination with clinical, electrophysiological and 
neuroimaging. Both methods demonstrated high sensitivity, specificity 
and diagnostic accuracy values in the localization and lateralization of 
epileptogenic foci, even in cases with non-lesional MRI results. Also, 
PET-SPM findings were useful for guiding or avoiding the placement 
of intracranial electrodes in pre-surgical planning and in some cases 
for improving the surgical resection.
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18F-FDG PET/CT in paraneoplastic limbic encephalitis

A.M. Maffione, L. Rampin, M.C. Marzola, S. Chondrogiannis 
S. Tadayyon, C. Bondesan, D. Rubello

Department of Nuclear Medicine, PET/CT Centre, Santa Maria della 
Misericordia Hospital, Rovigo, Italy

Paraneoplastic neurological syndrome (PNS) is the manifestation of 
subacute neurological symptoms such as cognitive impairment, mem-
ory loss, depression and seizures, not directly caused by mass lesions 
or metastases, but generated by an immune system response to tumor 
antigens. 
Since PNS often heralds tumor detection, diagnosis of the condition 
can allow a neoplasm to be found at an earlier stage, thereby giving the 
patient the chance of a better outcome.
The most common neoplasms correlated to PNS are of the lung, testis, 
breast, ovary and Hodgkin’s lymphoma.
We report the case of a 57-year-old woman affected by subacute cog-
nitive impairment, memory loss and seizures. She was treated for epi-
lepsy with valproic acid and carbamazepine. The patient had no neo-
plastic history. Looking for an occult malignancy and confirmation of 
limbic encephalitis the patient was referred to our hospital to undergo 
both whole-body plus brain 18F-FDG PET/CT and brain MRI. Both 
scans demonstrated pathologic features within the amygdaloid body 
and hippocampus on the left side; in addition, whole-body PET was 
consistent with neoplastic lung lesion and a metastatic adenopathy. 
Brain low-dose CT, used for attenuation correction, did not show any 
pathological findings.
Neurological symptoms can precede cancer diagnosis (in 60% of pa-
tients by a median interval of three and a half months, as described in 
the literature). When a tumor is not diagnosed, antineuronal antibodies 
(the well-characterized ones are Anti-Hu, Anti-Yo, Anti-CV2, Anti-Ri, 
Anti-Ma2, and antiamphiphysin) play a central diagnostic role. No de-
tectable titer of serum anti-voltage-gated potassium channel autoanti-
bodies was found (typical of non-paraneoplastic limbic encephalitis), 
but unfortunately our patient refused to undergo any other blood test 
for personal reasons, therefore her antineuronal antibody profile is still 
undefined.
Interpretation of the finding of focal uptake on PET scans is not uni-
vocal: some authors suppose that hypermetabolic areas on PET may 
represent epileptic foci activity, while others consider FDG uptake 
findings to indicate an inflammatory process. Even though the litera-
ture reveals discrepancies between MRI and PET findings, FDG PET 
images can often offer clinically significant information, correlating 
with the patient’s response to therapy and outcome.

the iterative method and attenuation-corrected by CTscan (volumetric 
algorithm 80 mAs/100 kV). All the SPECT and PET images, recon-
structed in transaxial, coronal and sagittal planes, were evaluated by 
two physicians separately. Then the studies were processed by 3D-SSP 
and evaluated by the same physicians, comparing the traditional quali-
tative evaluation with the parametric one.
Results The 3D-SSP parametric images, compared with the traditional 
SPECT scans, allowed better assessment of the extent and topography 
of abnormalities in 54 studies and, therefore, greater diagnostic accu-
racy of 73.9%. With regard to PET imaging of patients with neurologi-
cal diseases, there was a better characterization and localization of the 
observed metabolic alterations in 18/27 patients, with an improvement 
in the diagnostic accuracy in 66.7% of cases. In the PET oncology 
group, traditional image analysis revealed metabolic defects in 37 pa-
tients; 3D-SSP parametric evaluation highlighted alterations in these 
patients and in 30 further patients giving a total number of 67/163 
(41.1%) patients showing cortical brain defects. These defects were 
classified on a topographic basis in 33 patients with anterior temporal 
defects, 15 patients with frontal/frontotemporal defects and 19 patients 
with defects in other cortical areas.
Conclusions We believe that automated analysis by 3D-SSP paramet-
ric image can help in the interpretation of brain scans in conjunction 
with traditional image analysis, improving the accuracy of diagnosis. 
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Aim The most important part of pre-surgical evaluation of refractory 
temporal and extratemporal epilepsy is identification of the epilep-
togenic zone whose resection will not cause an unacceptable loss of 
neurological function and will lead to complete seizure control. The 
aim of this study was to assess the ability of both visual and voxel-
based analysis of the 18F-FDG PET scan to identify cerebral hypome-
tabolism (lobar localization and lateralization value of epileptic foci) 
and to study their impact on surgical management of epileptogenic 
zones. 
Methods Fifty-three patients with temporal and extratemporal epi-
lepsy (33 males, 20 females; age range 12-46 years) underwent in-
terictal 18F-FDG PET scan. PET images were analyzed by both visual 
assessment and statistical parametric mapping (SPM2 software). On  
SPM analysis, a cut-off threshold p value < 0.01 was considered 
statistically significant to find the epileptogenic zone (EZ) and a 50- 
voxel correction was applied. Lateralization value and performance 
of lobar localization were compared with MRI findings and EZ de-
termined by scalp video electroencephalographic monitoring (video-
EEG). 
Results MRI showed structural lesions in 36/53 (68%) patients and 
normal findings in 17/53 (32%). Visual analysis was positive in 44/53 
(83%) patients, and SPM analysis in 43/53 (81%). SPM analysis 
showed higher sensitivity (81% vs 75%), specificity (98% vs 91%) 
and accuracy (90% vs 83%) compared with visual assessment for  
the correct localization of seizure-onset regions. SPM using a sta-
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and 12 females; mean age 52 ± 11 years old) with GM were enrolled in 
the study. A 18F-FDG brain PET/CT scan (including unenhanced low-
dose CT for attenuation correction with PET acquisition (PET/ldCT)) 
has been performed in AD patients while a 18F-F-DOPA PET/CT scan 
has been performed in patients with GM. All the patients underwent 
a brain MRI scan within 1 day from the brain PET/CT scan includ-
ing axial T1 and T2-weighted sequences and including T1 weighted 
images after i.v. contrast administration. The Advantage Fusion (Gen-
eral Electric) software package was used for image fusion (PET/MRI). 
This software uses the “6DOF algorithm” to adjust the coordinates 
of a reference image set (CT) and the registered image set (MRI). A 
detailed disease location data sheet was generated in order to compare 
the separate imaging methods. Moreover, the results of the two imag-
ing methods were merged for comparison of the results of the separate 
and merged images.
Results For region-based analysis in AD patients, we found a good 
concordance between 18F-FDG PET/CT brain scan and MRI in 54 
patients, while 20 showed reduced brain glucose metabolism in the 
absence of significant MRI findings (p<0.05). No significant differ-
ences were found when comparing 18F-FDG PET/CT and PET/MRI 
results (p>0.05). In the GM patients, 18F-F-DOPA PET/CT brain scan 
was suspicious for recurrence in 18 patients, while 16 patients had an 
MR scan suspicious for recurrence (p>0.05). The analysis of PET/MRI 
scan indentified recurrence in 18 patients (p>0.05).
Conclusions Our results support the conclusion that, for both AD and 
GM, software-based image fusion is a versatile methodology that, even 
in the absence of a hybrid PET/MRI scanner, could be used for se-
lected case studies. 
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Objective The concept of “scans without evidence of dopaminergic 
deficit” (SWEDD), introduced in recent years, refers to patients with a 
clinical diagnosis of Parkinson’s disease but with normal presynaptic 
nigrostriatal dopaminergic imaging. Firstly recognized in clinical tri-
als setting, it is still partially unknown the effective prevalence of this 
condition in clinical practice. At this aim, we studied a large group of 
subjects that underwent 123I-FP-CIT (DATSCAN) imaging with a clini-
cal diagnosis of degenerative parkinsonism.
Methods At all, 262 subjects with a clinical diagnosis of degenerative 
parkinsonism were evaluated at the Department of Neurology, Uni-
versity of Brescia, from March 2003 to March 2012. Every subject 
underwent a neurological evaluation, neuropsychological assessment 
and DATSCAN study.The subjects were classified on the basis of the 
DAT imaging results and the latest follow-up evaluation. 
Results Sixty-six (25.2%) subjects presented normal DAT imaging. 
In 21 (8.0%) of these there was an initial suspicion of degenerative 
parkinsonism, clinically confirmed at follow-up evaluation. This lat-

In conclusion, brain plus whole-body FDG PET/CT seems to have a 
key role in the early detection of occult neoplasm in patients with lim-
bic encephalitis symptoms. 
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Aim Vestibular neuritis (VN) is a sudden unilateral partial labyrinthine 
failure due to infectious, vascular or autoimmune diseases of the inner 
ear. This study evaluated regional cerebral metabolic changes in VN, 
during and after the acute phase.
Materials and methods Brain 18F-FDG PET/CT of six patients (2 
males, 4 females; mean age 48±7 yrs) was performed during the acute 
phase of VN (mean, 48 hours after symptom onset) (PET0; n=6) and 
again after 1 month (PET1; n=5). Differences between PET0 and 
PET1 and a control group of 30 subjects (CSs) were analyzed by statis-
tical parametric mapping (SPM2) introducing age and sex as nuisance 
variables. A further within-subject analysis was performed between 
PET0 (n=5) and PET2 (n=5). SPM t-maps were corrected either for 
multiple comparison with false discovery rate (p<0.05) or thresholded 
at p<0.001, uncorrected, at voxel level and corrected for multiple com-
parison at cluster level (p<0.001).
Results Compared with the CSs, patients at PET0 showed significant-
ly lower FDG uptake in the bilateral visual (Brodmann areas, BAs, 17, 
18, 19) and posterior cingulate cortex, and significantly higher FDG 
uptake in the right orbitofrontal cortex (BAs 11, 47) and temporal pole 
(BA 38). No differences were found between CSs and PET1. As com-
pared to PET1, patients at PET0 showed significant hypometabolism 
in the left sensorimotor (BAs 2, 4, 6), posterior cingulate (BA 31) and 
parietal (7, 40) cortex and significant hypermetabolism in the right 
temporal lobe (BAs 20, 38) and thalamus.
Conclusions 18F-FDG PET/CT is able to image the transient metabolic 
changes induced by VN in the brain: during the acute phase, patients 
showed significant hypometabolism in large portions of the visual cor-
tex and hypermetabolism in the right orbitofrontal and temporal limbic 
structures; this cortical pattern disappeared after 1 month. 
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Aim The aim of this study was to evaluate the feasibility of software-
based positron emission tomography (PET) and magnetic resonance 
imaging (MRI) fusion in the evaluation of patients with a clinical diag-
nosis of Alzheimer’s disease (AD) or glioblastoma multiforme (GM) 
recurrence after surgery.
Subjects and methods 74 patients (32 males, 42 females; mean age 
70±12 years) with clinical diagnosis of AD and 22 patients (10 males 
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deficit (Lewy body dementia in 1 patient and Parkinson syndrome  
in 1 patient) on the basis of clinical evaluation. The other two cases 
were classified as affected by mild cognitive impairment. One pa-
tient with normal striatal uptake on visual assessment was classified 
as pathological on BGv2. The final diagnosis was essential tremor  
associated with Alzheimer disease. In 12 patients, both methods  
demonstrated a presynaptic dopaminergic deficit, but not at the same 
level.
Conclusions BGv2 with 90% confidence limit agreed better with 
visual assessment and clinical data in evaluating the degree of dopa-
minergic degeneration compared to BGv2 with 97% confidence limit. 
Overall, our findings indicate that quantitative analysis with BGv2 
might be a reliable method to assist nuclear physicians in 123I-FP-CIT 
SPECT imaging of movement disorders.
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Background The assessment of 123I-FP-CIT scan is usually qualita-
tive. However questions about the reproducibility of this evaluation 
have been raised recently, consequently accuracy can be affected. In 
fact several authors and institutions encourage both collegial discus-
sion and the adoption of standardized interpretation criteria based 
on automated, semi-quantitative evaluations. BasGan has recently 
been proposed as a semi-automated tool for the semi-quantitative  
analysis of 123I-FP-CIT SPECT scans. It analyzes DICOM images  
after transaxial reconstruction, automatically draws a 3D volume- 
of-interest (VOI) over each basal nucleus and provides a background 
VOI, determines the uptake values in the basal ganglia and com-
pares them from each nucleus to a reference database of 96 healthy  
subjects of different ages. Thus, it is useful for determining the age-
adjusted values for each basal ganglion. A larger database from nor-
mal subjects is expected to be available in the near future. The aim of 
this study was to compare the accuracy of BasGan-aided 123I-FP-CIT 
SPECT analysis with that of qualitative assessment in doubtful ex-
aminations.
Materials and methods Seventy-eight consecutive 123I-FP-CIT 
SPECTs were assessed separately by three nuclear medicine physi-
cians and classified as normal, equivocal or pathological. In 25 cases 
(15M/10F, mean age 69 y), full diagnostic agreement was not achieved, 
so these examinations were considered doubtful. In these 25 patients, 
included in the present study, the final diagnosis was established by 
the neurologist after at least 4 years of follow-up. In six of them (24%) 
neurodegenerative parkinsonian syndrome (NPS) was detected, while 
19 were NPS-free. To determine the accuracy of 123I-FP-CIT SPECTs 
analyzed by BasGan, semi-quantitative values from the most dete-
riorated putamen were analyzed by receiver operating characteristic 
(ROC) curves.
Results ROC curves showed area under the curve=0.79 (p=0.036) with 
optimal cut-off of 3.3 for the most deteriorated putamen. Sensitivity, 
specificity and accuracy were 50%, 95% and 84% respectively. Each 
of the three nuclear physicians showed significantly lower accu-
racy in this population: 32% (p=0.0006), 48% (p=0.0169), and 52% 
(p=0.0338) respectively. 
Conclusions This study shows that BasGan performs better than quali-
tative assessment in the evaluation of doubtful 123I-FP-CIT SPECTs. 
In fact, BasGan was mandatory to achieve good accuracy in this 

ter group, classified as SWEDD, presented a distinct clinical profile 
(age at evaluation= 61.3±10.8; disease duration= 3.05±2.33; UPDRS-
III at onset=11.9±5.0; UPDRS-III at the latest follow-up=11.2±6.18; 
MMSE at onset= 27.13±4.12) with no significant decline of motor 
abilities (UPDRS-III at onset vs UPDRS-III at follow-up: p=0.8).
Conclusions Our study suggests that in clinical practice the pres-
ence of SWEDD patients could be more pronounced than previously 
described. Careful clinical description, normal DAT imaging and a 
substantial absence of motor decline were found to be the key points 
for recognizing this non-degenerative entity in everyday neurological 
practice.

119
123I-FP-CIT SPECT imaging in movement disorders: comparison 
of visual assessment and an automated evaluation method

M.C. Tappa1, M. Farsad1, E. Aspmair2, A. Fracchetti3, S. Zanigni4,  
A. Golemi1, D. Bettini1, L. Rozza5, T. Schwarz1, G. Rossi5,  
R. Schoenhuber4, A. March2, M. Haller3, L. Osele1

1Nuclear Medicine Department, S. Maurizio Hospital, Bolzano, Italy
2Geriatric Department, S. Maurizio Hospital, Bolzano, Italy
3Health Physics, S. Maurizio Hospital, Bolzano, Italy
4Neurology Department, S. Maurizio Hospital, Bolzano, Italy
5Neurology Department, S. Chiara Hospital, Trento, Italy

Aim Single-photon emission computed tomography (SPECT) imag-
ing with 123I-N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl)
nortropan (123I-FP-CIT) plays an important diagnostic role in move-
ment disorders. Diagnosis is still based mainly on experienced observ-
ers’ visual assessment of the resulting images, while many quantitative 
methods have been developed in order to assist nuclear physicians in 
differential diagnosis. The aim of this study was to compare the results 
of visual assessment with those of an advanced automated quantifica-
tion method implemented in software called “basal ganglia matching 
tools” version 2 (BGv2).
Methods Fifty-four patients (29 females and 25 males; mean age 
69.9±10.5) with suspected presynaptic dopaminergic deficit were in-
cluded in this retrospective study. SPECT imaging was performed 3h 
after injection of 150-180 MBq of 123I-FP-CIT. Striatal radioligand up-
take was graded visually as normal or abnormal by two expert nuclear 
physicians. BGv2, which uses a high-definition 3D striatal template 
derived from the Talairach atlas, was applied for quantitative analysis 
of the specific 123I-FP-CIT tracer binding ratio for the caudate and puta-
men. For image analysis two confidence limits were used: the binding 
ratio was classified as pathological if found to be below 97% and 90%. 
The results of this quantitative method were compared with the visual 
findings.
Results Thirty of the 54 patients were clinically diagnosed with pr-
esynaptic dopaminergic deficit while 24 patients were not. Sensitivity, 
specificity, PPV, NPV and diagnostic accuracy of visual assessment of 
123I-FP-CIT SPECT for diagnosis of a neurodegenerative Parkinson’s 
syndrome were 100%, 92%, 94%, 100% and 96%. On the other hand 
sensitivity, specificity, PPV, NPV and diagnostic accuracy of BGv2 
with 97% and 90% confidence limit were, respectively, 71%, 100%, 
100%, 72% , 83% and 94%, 100%, 100%, 91% and 96%. The results 
of the BGv2 with 90% confidence limit correlated better with clini-
cal data and visual assessment. In fact, in 37/54 patients there was a 
complete concordance between BGv2 with 90% confidence limit and  
the visual assessment: 19/54 patients did not show any presynaptic 
dopaminergic deficit, 8 patients showed reduced binding ratios on 
both putamen and caudate, and in 10 patients both techniques showed 
deficit of striatal uptake at the same levels. Four patients demonstrated 
normal binding ratios on BGv2 with 90% confidence limit, whereas 
on the basis of visual assessment they were classified as pathological. 
Two of these 4 patients turned out to have a presynaptic dopaminergic 
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93% and 90%, 86% and 89%, for each center and for the entire popu-
lation. 
Conclusions In this multicenter study, a large and homogenous da-
tabase of diagnosed patients was feasible. A single threshold for all 
centers with high and similar accuracy is possible if semi-quantita-
tive assessment is performed using BasGan. However, harmonization 
should be done with “normal” values in order to acquire, with the same 
threshold, high accuracies in each center and for pooled data. 
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Aim To investigate the different performance of 2 methods of semi-
quantitative analysis of 123I-FP-CIT brain SPECT data, we compared 
two different VOI methods, the Basal Ganglia V2 software (BasGan) 
and the Neurotrans3D (Segami Corp.). The features extracted using 
the two tested methods were fed into a support vector machine clas-
sifier (SVM); SVM is a powerful supervised classification algorithm 
based on ground-truth training data able to discriminate between lin-
early and nonlinearly distributed classes in a robust way. Classification 
results were used to assess the quality of features to diagnose Parkin-
son’s disease (PD).
Materials and methods 123I-FP-CIT brain SPECT, with semi-quan-
titative analysis (according to EANM guidelines) performed using 
the two abovementioned methods, was performed in 44 patients with 
mild symptoms (bradykinesia-rigidity) to confirm or exclude PD. A 
clinical follow-up of at least six months confirmed the final diagnosis. 
Each patient was described by 4 descriptors (caudate nucleus left/
right and putamen left/right) and a class label: ‘1’ for PD and ‘2’ for 
normal subjects. We investigated 27 PD subjects and 17 normal sub-
jects. For each semi-quantitative method a nonlinear SVM with radial 
basis function kernel was trained to predict the diagnostic categories. 
The dataset was split into balanced training and test classes in a 10-
fold training/test cross-validation, and for each round an additional 
10-fold cross-validation was performed on a subset of the training set 
for SVM parameter tuning. A subsequent classification experiment 
was performed on specific subsets of the initial features to assess their 
prediction capabilities: first by reducing them to only the first two, 
i.e., caudate nucleus left/right, and then by using just the last two, i.e., 
putamen left/right.
Results Both methods performed well in classifying the correct labels 
in the experiment which used all the available 4 features. The methods 
BasGan and Neurotrans3D scored, respectively, an average 95.5% and 
93% accuracy in repeated randomized trials. When using a subset of 
features, the same accuracy (respectively 95% for BasGan and 93% 
Neurotrans 3D) was observed using only the last two of them (i.e., 
putamen left/right), while a noticeable loss in performance, 70% and 
76% respectively for BasGan and Neurotrans3D, occurred using just 
the first two of them (i.e., caudate-nucleus left/right). The tuned pa-
rameters for the two SVMs were as follows: ‘C’ = 1.19, ‘gamma’ = 
1.19 for BasGan, and ‘C’ = 1.32, ‘gamma’ = 2.41 for Neurotrans3D. 
We did not observe any significant improvement by retuning the pa-
rameters in the feature subset selection experiments, therefore results 
are reported with them unchanged.
Conclusions Both BasGan and Neurotrans 3D were able to classify 

low prevalence population, due to the high specificity of the cut-off. 
Probably, this high specificity is ensured by the comparison performed 
by BasGan with data from 96 healthy subjects. 
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Introduction Few multicenter studies have evaluated the accuracy 
of 123I-FP-CIT scan (DAT-SPECT), and among them no published 
study used a standardized semi-quantitative evaluation. In fact, in 
nuclear medicine different acquisition protocols, data analysis and in-
terpretation/presentation of results are observed and comparability of  
semi-quantified results is still to be assured. The aims of this multi-
center study were: (1) to assess the feasibility, by cross-comparison, 
of semi-quantitative software-assisted evaluations of DAT-SPECT 
from three centers using different equipment; (2) to assess the ac-
curacy of semi-quantitative evaluations of DAT-SPECT in pooled 
samples, and (3) to identify the best threshold as well as sensitivity, 
specificity and accuracy in a patient population with suspected par-
kinsonian syndrome.
Materials and methods Two hundred twenty patients (mean age at 
the time of SPECT acquisition, 67±10 y) with movement disorders 
and suspected neurodegenerative parkinsonian syndrome (NPS) were 
included. They were referred to three centers (San Luigi Gonzaga 
Hospital, Orbassano, which uses a Philips Axis; San Giovanni Battista 
Molinette Hospital, Turin, which uses a GE Varicam; and Mauriziano 
Umberto I Hospital, Turin, which uses a Siemens E.CAM) where they 
underwent DAT-SPECT between January 2006 and July 2010. After 
an interval of at least 2 years, the initial diagnosis was reviewed for 
fulfilment of Step 1 of UK Brain Bank criteria for PD and of Findley 
& Koller criteria for ET by neurologists experienced in movement dis-
order, independently from DAT-SPECT report. Retrospectively, semi-
quantitative data of each patient were obtained after processing with 
BasGan by one single investigator (F.D.), and were correlated with 
diagnosis. In particular, the analyses, performed using ROC analysis 
and area under the curve (AUC), considered the values of the most 
deteriorated putamen and caudate. All data were normalized for age 
according to the BasGan database.
Results In NPS-free patients, data for both the putamen and the cau-
date were not found to be comparable between the three centers. Then, 
each patient’s data were normalized, dividing by the mean value of the 
NPS-free patients from the respective center. Further analysis showed 
high AUCs (0.898, 0.864, 0.900 and 0.891 for each center and for the 
pooled data, respectively) demonstrating high accuracy for each center 
and for the whole population. The best cut-off values were 0.72 and 
0.82 for putamen and caudate respectively. These thresholds yielded 
similar sensitivities and specificities of 76% and 96%, 91% and 82%, 
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Aim 123I meta-iodobenzylguanidine (MIBG) myocardial imaging is a 
sensitive tool for identifying adrenergic denervation of the heart and 
has an important prognostic value in patients (pts) with congestive 
heart failure, especially with arrhythmic events. Whereas this method 
is standardized for cardiological purposes, MIBG is also used in the 
adrenergic evaluation of dysautonomia in pts with Lewy body disor-
ders, i.e. Parkinson’s disease (PD) or Lewy body dementia, to achieve 
the differential diagnosis between pts with PD and with atypical par-
kinsonism (AP). The most reliable MIBG semi-quantitative index is 
the heart/mediastinum ratio (H/M), as for mean activity in specifically 
identified ROIs. Different methods of ROI drawing have been evalu-
ated in heart failure pts, and the aims of our study were to clarify the 
controversial issue of myocardial MIBG standardization comparing 
three different myocardial ROIs in neurological pts and to highlight 
possible caveats and advantages in this selected patient population.
Methods 19 pts with PD or AP and no cardiac disease with the ex-
clusion of hypertension underwent planar 123I-MIBG study (80 MBq 
iv injection, 10 min images, 256x256, LEHR collimation) and heart/
mediastinum (H/M) ratio data were obtained at 5 min and after 4 h, de-
signing three different myocardial ROIs. ROI1 was 6x6 pixels placed 
on the myocardial region with maximum activity, usually the antero-
lateral wall. ROI2 was elliptical, encompassing the entire myocardial 
area. ROI3 was obtained encircling the myocardial walls and exclud-
ing the LV cavity. The evaluation of differences between continuous 
data of the three series was performed using the ANOVA test, and the 
evaluation of agreement was performed using the Bland-Altman anal-
ysis. Proportional bias was also considered.
Results No statistically significant difference in H/M ratio was not-
ed between the three methods with early (ROI1, 1.97±0.40; ROI2, 
1.78±0.29; ROI3, 1.81±0.30) and 4h acquisitions (ROI1, 1.81±0.38: 
ROI2, 1.67±0.32; ROI3, 1.69±0.33 – ANOVA F value =1.61). Bland-
Altman analysis demonstrated agreement between the three methods, 
with a proportional bias between H/M ratios with ROI1 and ROI 2 
and 3.
Conclusions Our data show no statistically significant difference be-
tween H/M ratios obtained with three different ROIs either at 5 min 
or 4 hours acquisitions. Since a proportional bias between the three 
methods was noted, the choice of drawing a specific ROI should take 
into account the possible unclear identification of the entire heart ROI 
in more severely denervated pts or the underestimation present in ROI2 
and ROI3 activities in large myocardial infarction pts. Moreover, the 
ROI1 method may be inaccurate in the presence of hepatic spillover 
on the left ventricular inferior wall or lung overlapping on the anterior 
wall. According to these caveats we suggest that a “patient-tailored” 
ROI method may be adopted after a further investigation regarding 
normal values or a correction factor to achieve homogeneity between 
methods.
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The usefulness of cardiac scintigraphy with 
123I-metaiodobenzylguanidine (123I-MIBG) in the differential 
diagnosis of neurodegenerative movement disorders
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G. Madeddu1

PD patients with high accuracy. Among the different features used to 
classify patients, putamen (either left or right) was found to be the 
most meaningful descriptor. These findings are supported by the clini-
cal value of the putamen, showing early impairment in mild PD.
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Introduction Image smoothing, prior to SPM analyses, is an impor-
tant step between spatial and activity image normalization, serving 
to render the errors more normal in their distribution. Literature data 
show a wide range of possible smoothness Gaussian kernel values (full 
width at half maximum: FWHM) for single photon emission tomog-
raphy (SPECT). The aim of this work was to evaluate whether and 
how much smoothing is necessary to normalize errors without losing 
significant signal in the analysis of DaTSCAN data with SPM8.
Materials and methods We studied the brain 123I-ioflupane SPECT im-
ages, acquired with a G.E. Millennium gamma camera equipped with 
fan-beam collimator (128x128 matrix), of 111 adult patients (mean 
age: 66.29±11.18 years; 54 females and 57 males) referred to our in-
stitution between 2010 and 2011 with suspected Parkinson’s disease 
(PD) and defined as negative for PD both by visual and semi-quanti-
tative analyses by an experienced operator. After spatial normalization 
(using a template created in our institution) all images were smoothed 
both with 10mm and 6mm FWHM; the non-smoothed images were 
also analyzed. The three sets of images were then activity normalized 
using a cerebellar ROI. Finally comparative analyses were performed 
using SPM8, in order to evaluate gender differences, corrected for age, 
for each smoothing level considered (only voxels with an uncorrected 
p-value <0.005 were considered statistically significant). The results 
were overlaid with our DaTSCAN template, visually assessed and ana-
tomically identified with the help of a brain atlas.
Results All the analyses showed a significantly higher 123I-ioflupane 
uptake in right and left striate nuclei in women, but with differences in 
the number of significant voxels. The analysis performed with 10mm 
FWHM smoothed images showed the highest number of statistically 
significant voxels (6646 voxels) but, on the other hand, resulted in a 
great amount of significant voxels exceeding the basal ganglia struc-
tures in the nearby areas. The analysis performed without smoothing 
(p corrected 0.001; voxel number: 1528) showed the lowest number of 
statistically significant voxels in the comparison, localized only in the 
peripheral part of the caudate nuclei and in the whole putamina. The 
analysis performed with 6mm FWHM-smoothed images (p corrected: 
0.001) showed 2841 voxels as statistically significant, almost all in-
cluded in the striate nuclei region. 
Conclusions The use of all three different types of smoothing leads 
to differences in statistical analysis results, in line with literature data 
showing gender differences in the concentration of 123I-ioflupane dis-
tribution in the basal ganglia. However, the only smoothing kernel 
showing significant differences in all the striatum structures was 6mm 
FWHM. A greater amount of smoothing is likely to expand in adjacent 
regions the differences located in the striate nuclei, generating arti-
facts; on the other hand, possibly, the statistical noise obtained without 
smoothing results in less sensitivity, generating false-negative results. 
The use of a smoothing lower than three times the voxel size is suit-
able for SPM DaTSCAN analyses, probably because of the great dif-
ference between the target signal (basal ganglia) and the background. 
However, it remains to be investigated whether this value is the best 
solution for studying structures other than the striatum.
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Aim Spinocerebellar ataxia type 2 (SCA2) is an autosomal dominant 
neurodegenerative disorder characterized by progressive cerebellar 
ataxia, slow saccadic eye movements, and peripheral neuropathy. Au-
tonomic nervous system dysfunction is also a significant component 
of the SCA2 clinical picture. The aim of this study was to evaluate 
cardiac autonomic innervation in patients with SCA2 using cardiac 
123I-metaiodobenzylguanidine (MIBG) scintigraphy, a marker of post-
ganglionic sympathetic cardiac nerve terminal integrity, comparing the 
findings with those of patients with Parkinson’s disease (PD), who usu-
ally show reduced myocardial MIBG uptake.
Material and methods Cardiac autonomic innervation was assessed 
in 9 patients with SCA2 (6 men and 3 women, mean age 43±14 years) 
and 7 patients with PD (5 men and 2 women, mean age 55±7 years). 
None of these patients had diabetes mellitus, cardiac disease, or took 
drugs that may affect MIBG myocardial uptake. All patients under-
went 123I-MIBG scintigraphy. Following thyroid gland blocking with 
potassium iodide, 111 MBq of 123I-MIBG was intravenously injected. 
Planar scintigraphic imaging in the anterior view was obtained 15 min-
utes (initial) and 4 hours (delayed) after the tracer injection using a 
dual-head gamma camera equipped with a low-energy, high-resolution 
collimator. A preset time of 10 min was used for image acquisition 
with a 159±10 keV energy window. Region of interest analysis was 
used to calculate the initial and delayed heart-to-mediastinum (H/M) 
ratios. The H/M ratio for both initial and delayed images and the back-
ground corrected myocardial washout rate were calculated. Two ob-
servers, blinded to patients’ disease, performed the data analysis.
Results Initial H/M ratio and delayed H/M ratio in patients with PD 
versus patients with SCA2 were 1.6±0.3 versus 1.9±0.2 and 1.4±0.3 
versus 1.8±0.2, respectively. In patients with PD, the initial H/M ra-
tio (p<0.02) and delayed H/M ratio (p<0.01) were significantly lower 
compared to those of patients with SCA2. The washout rate in pa-
tients with PD versus patients with SCA2 was 60.9±20.7% versus 
33.4±7.8%, respectively. In patients with PD, the washout rate was 
significantly higher than in patients with SCA2 (p<0.005).
Conclusions The present study showed that myocardial 123I-MIBG up-
take is reduced more markedly in PD than in SCA2 patients, suggest-
ing a more severe and/or a different sympathetic autonomic dysfunc-
tion in patients with PD as compared to those with SCA2.
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Obiectives Intrathecal infusion devices are currently used to treat pa-
tients with pain and spastic diseases. These devices consist of a pump 
and a drug reservoir implanted in the abdominal subcutaneous space 
and connected to a catheter ending in the spinal subarachnoid space. 
When symptoms relapse the cause may be malfunctioning of the infu-
sion system or progression of the disease. By injecting radionuclide 
into the pump reservoir and performing sequential scanning it is possi-
ble to follow the progression of the radionuclide from the pump along 
the catheter to the spinal subarachnoid space. In the case of program-
mable devices the known flow rate of the pump allows quantitative 
evaluation of the estimated and effective delivery time along the deliv-
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Aim The differential diagnosis of neurodegenerative movement disor-
ders (NMDs) is often difficult. In particular, Parkinson’s disease may 
be difficult to distinguish from multiple system atrophy and progres-
sive supranuclear palsy, while both Parkinson’s disease and Lewy body 
dementia can sometimes be indistinguishable from Alzheimer’s dis-
ease and other dementias. The aim of the present study was to further 
evaluate whether 123I-MIBG cardiac scintigraphy may be useful in the 
differential diagnosis of NMDs. 
Methods We consecutively studied 85 patients with NMDs; all had 
vascular alterations in the basal ganglia on MRI and pathological but 
inconclusive 123I-ioflupane SPECT findings. Cardiac planar imag-
ing (antero-posterior and antero-left oblique views) was acquired in 
all cases, 15 min (early) and 240 min (delayed) after i.v. injection of 
111MBq of 123I-MIBG, by a dual-head gamma camera; acquisition pa-
rameters were: matrix 128×128, zoom 1.4, time 600 sec. The images 
were evaluated both qualitatively and quantitatively, the latter by the 
calculation of the early and delayed heart/mediastinum (H/M) ratios 
by regions of interest (ROIs) manually drawn in the anterior view. To 
better define the ROI areas SPECT/CT was also performed using a 
hybrid dual head gamma camera integrated with a low-dose X-ray tube 
(INFINIA; GE Healthcare). SPECT images were reconstructed using 
the iterative method (OSEM) and fused with CT images using a dedi-
cated software package (Xeleris workstation). 
Results 123I-MIBG cardiac uptake showed slight to severe reduction 
in 62/85 (72.9%) cases (Group A), while normal/homogeneous uptake 
was observed in 23/85 (27.1%) cases (Group B). Early and delayed 
H/M mean values were 1.31±0.22 (range: 1.08-1.51) and 1.25±0.18 
(range: 1.0-1.53), respectively, in Group A and 1.76±0.18 (range: 1.53-
1.98) and 1.74±0.21 (range: 1.56-2.1), respectively, in Group B. Dur-
ing follow up, according to international clinical criteria, 56/62 Group 
A patients were finally classified as affected by Parkinson’s disease 
(PD) and 6/62 as Lewy body dementia (LBD). Among the Group B 
cases, 13/23 were classified as vascular tremor (VT), 5/23 as progres-
sive supranuclear palsy (PSP), 4/23 as multiple system atrophy (MSA), 
and 1/23 as Alzheimer’s dementia (AD). Mean early and delayed H/M 
values were significantly (p<0.00006 and p<0.00002, respectively) 
lower in Group A than in Group B. 
Conclusions 123I-MIBG cardiac scintigraphy represents a useful 
diagnostic tool in the differential diagnosis of neurodegenerative 
movement disorders, especially in cases presenting clinical diagnos-
tic problems, such as patients with MRI vascular lesions in the ba-
sal ganglia and inconclusive 123I-ioflupane SPECT. In our study, the 
evaluation of 123I-MIBG cardiac uptake allowed better clarification 
of the clinical diagnosis, and therefore the most specific treatment. 
In this regard, reduction of 123I-MIBG cardiac uptake observed in our 
cases suggested sympathetic postganglionic damage and supported a  
diagnosis of PD or LBD, while homogeneous 123I-MIBG cardiac 
uptake proved the regular function of the sympathetic system and 
supported a diagnosis of VT, MSA, AD or PSP. Finally, SPECT/CT 
better visualized cardiac images, more precisely localizing and char-
acterizing cardiac tissues and thus permitting a more accurate H/M 
ratio evaluation in all cases. A longer clinical follow up is needed to 
confirm these results and prospectively it could be useful to evalu-
ate whether a correlation exists between H/M ratio value and disease 
severity.
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parallel-hole collimator (LEHRPAR). Scans were acquired by planar 
(anterior, posterior and lateral views; magnification 1, matrix 256x256; 
900 seconds per frame) and tomographic imaging (SPECT; magnifica-
tion 1, matrix 128x128; 180° rotation, a 3° step and shoot technique; 
30s per frame). The study showed abnormal and non-homogeneous 
uptake of the tracer in the right temporo-parietal region corresponding 
to MR lesion and consistent with a brain abscess. Craniotomy was 
performed and the lesion was totally removed. Histopathological ex-
amination resulted in a diagnosis of glioblastoma with intralesion ab-
scess. The second patient, a 47-year-old woman, had fever, headache 
and Jacksonian seizures. Hematological examination demonstrated 
leukocytosis while C-reactive protein was normal. MR demonstrated 
a lesion in the left fronto-temporal area (>3 cm in size). Also in this 
patient, MR and MRS were not conclusive (brain abscess vs brain tu-
mor). The patient underwent a 99mTc-Leukoscan study with the same 
modalities employed for the first patient. The study showed abnormal 
tracer uptake in the lesion observed with MR. Diagnosis of brain ab-
scess was postulated. Craniotomy was performed and the lesion was 
totally removed. Histopathological examination revealed a glioblas-
toma with intralesion abscess.
Conclusions These extremely rare cases demonstrate that the presence 
of brain abscess does not rule out cancer. The diagnosis of brain tu-
mor associated with abscess is particularly difficult using conventional 
neuroradiological studies. Leukoscan can be useful in the diagnosis of 
brain abscesses and in the differential diagnosis of cyst lesion and/or 
cystic brain tumor.
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Aim In preliminary studies with limited case series, patients with pul-
monary aspergillosis have been reported to show 18F-FDG-avid uptake. 
The aim of our study was to evaluate the role of 18F-FDG PET/CT in 
estimating the metabolic activity of the disease, and in monitoring its 
time course, in larger case series.
Materials and methods Eighty-four patients suspected of having 
chronic pulmonary aspergillosis infection (50 males and 31 females, 
age range 43-70 years) underwent PET/CT with 18F-FDG between 
2004 and 2011. Three patients were excluded from the study because 
they had recently undergone a serological test. All the patients were 
submitted to serological tests (identification of Aspergillus-specific 
IgE and IgG antibodies using immunofluorescence and radial im-
munodiffusion methods) and in 49 patients (25 males, 24 females) 
PET/CT imaging was compared with CT scan performed within 6 
months. PET/CT was repeated in 38/84 patients, performed within 
6-18 months. SUV max ≥ 1.90 was taken as the threshold for positive 
PET/CT imaging. PET/CT findings were compared with the specific 
serological test findings. Additional criteria for diagnosis included cul-
ture for Aspergillus in sputum (variable sensitivity) and lung biopsies 
(commonly requested in aggressive disease).
Results PET/CT was positive in 64/84 patients, concordant with se-
rological test findings; the remaining 17/81 patients were negative. 
Among these 17 patients with negative PET/CT, 12 also had negative 
serological markers, while two had increased serological markers and 
were operated on for pulmonary aspergilloma; in the remaining three 
patients, serological markers were increased but these patients also had 

ery system. The aim of this study was to study the effectiveness of the 
administration of 99mTc-DPTA for scintigraphic evaluation of infusion 
device malfunctioning and to correlate the results with patient manage-
ment and outcome.
Methods We retrospectively reviewed 7 patients studied with 99mTc-
DPTA scintigraphy. All patients had surgically implanted Medtronic 
SynchroMed intrathecal baclofen infusion pump systems. The indica-
tion for implantation was severe spasticity (5) or intractable pain (2). 
By means of a standard refill technique, a mean 400 MBq of 99mTc-
DPTA was injected into the pump reservoir. Planar static abdominal 
scans were performed every three hours to follow tracer progression. 
Once the tracer reached the spinal CSF system whole-body scans were 
performed.
Results One patient showed regular device functioning without inter-
ruption of progression and delivery, with flow corresponding to the 
programmed flow. Five patients showed interruption of the progression 
along the abdominal portion of the catheter with one patient show-
ing dispersion of the radionuclide into the subcutaneous tissue. One 
patient showed quantitative alteration of the flow rate, which was too 
slow with respect to the programmed delivery flow rate. The patients 
with flow stop were re-operated and operative findings confirmed the 
scintigraphic patterns. The patient with flow reduction presented pump 
failure. In the patient with normal flow, psychiatric disorders were con-
firmed.
Conclusions 99mTc-DPTA scintigraphy is useful for the non-invasive 
evaluation, both qualitative and quantitative, of the functioning of 
implanted intrathecal programmable drug delivery systems. In fact, it 
can distinguish between malfunctioning of the infusion system (at the 
level of the pump or catheter) and progression of the disease. To de-
tect flow stop sites with precision, it could be useful to improve image 
quality using a SPECT/CT technique. Moreover, our experience is, to 
our knowledge, the first one in the literature in which 99mTc was used 
instead of 111In.
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Aim Intrasellar or parasellar tumors are among the most common 
neoplasms in which abscess formation can occur as a complication 
due to direct extension of microbial flora from contiguous sinuses. Ab-
scess formation within a brain tumor is uncommon. We describe two 
extremely rare cases of high-grade gliomas associated with abscess 
formation. 
Material and methods The first patient was a 50-year-old woman 
with a recent history of epileptic seizures, fever and headache. He-
matological examination demonstrated leukocytosis and elevated C-
reactive protein. Magnetic resonance (MR) obtained before and after 
contrast medium administration revealed a lesion (> 3 cm in size) in 
the right temporo-parietal region consistent with a brain abscess. In-
stead, MR spectroscopy (MRS) was conclusive for brain tumor. The 
patient underwent a 99mTc-Leukoscan study of the brain. Images were 
obtained 4 and 24 hours after tracer administration (555 MBq) by du-
al-headed gamma camera equipped with low-energy high-resolution 
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The role of 18F-FDG PET/CT in fever of unknown origin 
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Aim To determine the impact of 18F-FDG PET/CT in the diagnostic 
algorithm of fever of unknown origin (FUO). Although PET/CT has 
been reported to be a useful procedure in FUO, evidence of its clini-
cal impact is currently limited and it is not routinely used in patients 
with FUO.
Materials and methods We retrospectively reviewed clinical, labora-
tory and imaging data of all the patients referred to our PET center for 
chronic fever between March 2008 and March 2012. Only the cases 
matching all the updated FUO criteria (body temperature >38.3 °C 
for at least 3 weeks, 3 days evaluation in a hospital for inpatients or at 
least 3 visits for outpatients) were included in the current study. In all 
cases 18F-FDG PET/CT was performed according to standard proce-
dure (images were acquired 60 minutes after the injection of 370 MBq 
of 18F-FDG in patients following 6 hours fasting). Clinical follow-up 
and pathological confirmation (when available) were used as standard 
reference for final evaluation of PET results.
Results Of the 236 patients referred for PET/CT due to persistent fe-
ver, only 32 (14%) met all the updated FUO diagnostic criteria (16 
males, 16 females; mean age 60.3 ± 36.5 years [10-83]). A final diag-
nosis was reached in 21/32 patients: inflammatory/autoimmune dis-
ease in 12/32 pts (38%), infection in 7 pts (22%) and lymphoma in 2 
pts (6%). In 11/32 pts (34%) no cause of FUO was established and the 
patients were discharged with an uncertain diagnosis after remission 
of symptoms. Overall, PET/CT was positive in 21 cases (18 true posi-
tives, 3 false positives, mean SUVmax of positive lesions = 5.9 ± 7.3 
[2.4-17]) and negative in 11 cases (8 true negatives, 3 false negatives).
PET/CT allowed identification of the condition underlying FUO in 
18/32 pts (56%), showing high sensitivity (86%), good specificity 
(73%), and promising positive and negative predictive values (86% 
and 73% respectively).
Conclusions Our study confirms the value of 18F -FDG PET/CT in the 
diagnostic assessment of patients with FUO; in most cases it provided 
the etiology of the underlying condition and was therefore crucial for 
the patients’ clinical management. Further studies are needed in order 
to better evaluate the possible use of PET/CT as routine procedure in 
FUO patients.
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Clinical use of FDG-PET in patients affected by infectious 
spondylodiscitis
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Aim Spondylodiscitis is an infection of the intervertebral disc and 
the neighbouring vertebral bodies, occasionally with soft-tissue ex-
tension. Its incidence is increasing, often correlated to surgical op-
erations. The diagnosis is based on clinical examination, laboratory 
parameters (leukocytes, CPR and ESR) and imaging results (MRI 
is the gold standard). The causative organism is identified by blood 

increased PRIST (sensitivity 96%, PPV 93%). In 49/81 patients, CT 
was performed within 6 months of the PET/CT study. In 42/49 there 
was agreement between PET/CT and CT findings; in 7/49 PET/CT and 
CT findings were discordant for localization of disease (CT sensitiv-
ity 93%, PPV 85%). CT did not show localization of disease in 14% 
of cases. In the follow-up, 38 patients were evaluated between 2004 
and 2011. In 29/38 serological markers were consistent with PET/CT 
∆SUV maximum (PET/CT sensitivity 97%, p < 0.001). 
Conclusions PET/CT with 18F-FDG showed the presence and/or the 
quiescence of aspergillosis. In follow-up, PET/CT imaging was useful 
for evaluating the time course of the disease metabolic activity, accord-
ing to microbiological data.
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study
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Aim The diagnosis of large vessel vasculitis is often very difficult and 
expensive due to the multiplicity of clinical manifestations and lack of 
diagnostic tests. 18F-FDG PET/CT appears to be a useful diagnostic 
tool.
Patients and methods Fifty-one patients (34 females; mean age 
63 y, range 23-87) were prospectively examined with FDG PET/
CT between February 2010 and September 2012: 34 with suspected 
large vessel vasculitis, 10 with large vessel vasculitis during steroid 
therapy, and 7 with fever of unknown origin (FUO). Follow-up scans 
were performed in 12 patients. A semi-quantitative analysis [vessel 
SUVmax]/[liver SUVmax] was performed to rate the disease using 
a 4-step system. FDG PET/CT scans were compared with temporal 
artery biopsy and MRI and/or angio-CT of the specific region. PET/
CT TOF scan was performed 60 minutes after i.v. injection of 3.5 
MBq/kg of FDG.
Results The images were judged as positive or negative for large 
vessel vasculitis using a 4-point semi-quantitative FDG (SUVmax) 
uptake scale (vessel/liver ratio < 0.9 was considered grade 0; vessel/
liver ratio between 0.9 and < 1 was considered grade I; vessel/liver 
ratio between 1 and < 1.1 was considered grade II; vessel/liver ratio 
≥ 1.1 was considered grade III). Grades II and III were considered 
pathological. 18F-FDG PET/CT was considered pathological in 23/51 
(45%) patients, and negative in 28/51 (55%) patients. Of 34 patients 
with suspected large vessel vasculitis, 11 (32%) were positive and 
23 (68%) were negative; of 10 patients with large vessel vasculitis  
during steroid therapy, 7 (70%) were positive, and 3 (30%) negative; 
of 7 patients with fever of unknown origin (FUO), 5 (71.4%) were 
positive and 2 (28.6%) negative. 18F-FDG PET/CT had an overall sen-
sitivity of 81.5% [95% confidence interval (CI) 70-92%], a specificity 
of 96% (95% CI 90-100%), a positive predictive value of 96% (95% 
CI 90-100%), and a negative predictive value of 82% (95% CI 71-
93%). The diagnostic accuracy of 18F-FDG PET/CT was 88% (95% 
CI 79-97%). 
Conclusions Semi-quantitative analysis of FDG PET/CT, based on 
vessel-liver ratio, is a sensitive and specific tool for the diagnosis of 
large vessel vasculitis. It increases the overall diagnostic accuracy and 
has an impact on the clinical management in a significant proportion 
of patients, especially when the conventional tests are negative. These 
initial data suggest a potential role for FDG PET/CT in monitoring of 
steroid therapy.
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clinicians began a new therapy (prednisone+methotrexate). After six 
months, 18F-FDG PET/CT no longer showed areas of 18F-FDG uptake, 
confirming the outcome of the therapy and allowing the withdrawal of 
methotrexate therapy.
CE-CT is a technique of choice for the diagnosis of IRF, showing in-
tense enhancement in acute stages, minimal in advanced stages; 18F-
FDG PET/CT is used to assess metabolism of the mass. Several studies 
have confirmed the usefulness of 18F-FDG PET/CT in identifying acute 
aortitis in IRF evaluation after treatment and in relapse. 18F-FDG PET/
CT positivity is correlated with C-reactive protein (CRP) and erythro-
cyte sedimentation rate (ESR) levels, but not with CT mass regression. 
In our patient the peculiarity was that he showed abdominal pain in an 
early phase because of the unusually high location of the disease (at 
the level of the L3 vertebra, rich in nerve endings). The most impor-
tant laboratory test abnormalities are: increased ESR, CRP and alpha-
2-globulin. In our patient, CRP values were always normal, while ESR 
values were variously altered in agreement with morphological data 
from CE-CT. 18F-FDG PET/CT led the initial differential diagnosis 
(lymphoma? IRF?) documenting the absence of glucose hypermetabo-
lism in lymph nodes detected by CE-CT; it ruled out the presence of 
an extra-peritoneal disease localization and identified the most suitable 
site for biopsy. 18F-FDG PET/CT is able to identify, with higher sensi-
tivity compared to CT, the persistence of inflammation in the residual 
tissue after therapy. In our patient, at the end of the therapy, 18F-FDG 
PET/CT showed a higher 18F-FDG uptake than the previous 18F-FDG 
PET/CT, even though ESR was altered still below the threshold of di-
agnosis; it also showed a new lesion of the aortic wall, not shown by 
CE-CT. CE-CT performed at the end of treatment, compared to CE-CT 
at diagnosis, showed a size reduction (43%) and CE reduction (48-
73 to 32-61HU), while 18F-FDG PET/CT showed increased uptake of 
18F-FDG (51%). We hypothesize that in recurrence metabolic changes 
precede the morpho-structural ones, justifying the increased 18F-FDG 
uptake (this was important in the choice of the new therapeutic strat-
egy) and the absence of CE-CT increase at the same sites. 
In IRF, 18F-FDG PET/CT can play an important role both at the time 
of initial clinical suspicion and in differential diagnosis versus other 
retroperitoneal diseases. It is useful in cases of disease exacerbation-
progression, highlighting inflammatory foci not documented on mor-
phological imaging, guiding the choice of treatment and allowing 
monitoring of disease-free survival.
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Aim Several studies have reported the presence of risk factors for bone 
mass loss in HIV-infected patients, especially in those treated with 
HAART compared with naïve cases and particularly when protease 
inhibitors (PIs) are included in their therapeutic regimen. However, the 
role of both HIV and HAART in the development and progression of 
bone mineral loss is still controversial even though the etiology seems 
to be multifactorial. In the present study, we further investigated this 
pathological aspect of HIV infection in a cohort of infected patients 
treated with HAART followed up for a long period of time without 
treatment interruption. 
Methods In a series of 184 consecutively enrolled adult HIV patients 
with HAART, a total of 61 cases were followed up in a long longi-
tudinal study. At baseline, 55/61 patients were on HAART and 6/61 
were naïve. In each patient, BMD (g/cm2) was measured by DEXA 
(QDR 4500, Hologic) in both the lumbar spine and femur and the 

culture or vertebral biopsy in only 50-70% of patients, so antibiotic 
therapy is often empirical. 18F-fluorodeoxyglucose positron emission 
tomography (FDG-PET) is a technique proven to have high sensitivity 
(100%) and specificity (75-90%) for the diagnosis of spondylodisci-
tis and evaluation of the effectiveness of therapy, distinguishing be-
tween persistent infection and degenerative changes. The aim of our 
study was to evaluate the clinical use of follow-up with FDG-PET for 
early monitoring of the effectiveness of empirical antibiotic therapy 
in spondylodiscitis.
Methods Our study population comprised 25 patients affected by 
spondylodiscitis (15 males and 10 females, mean age 62 years), di-
agnosed on the basis of clinical, biochemical and MRI results. 20 pa-
tients underwent a biopsy, but only in 7/20 was the causative organism 
identified. All the patients underwent a baseline FDG PET/CT scan 
before starting treatment and a second scan two weeks after antibiotic 
therapy. One month after completion of treatment, a third PET was 
performed. 23 patients underwent a second MRI scan. All our patients 
were true positive on the first FDG-PET and the first MRI. The FDG-
PET results were evaluated both visually by two independent nuclear 
medicine physicians (score 0-5) and with a semi-quantitative method 
(standard uptake value, SUV).
Results The mean SUV max in the region of interest (ROI) drawn on 
the vertebral column at basal PET was 8.1 (SD+/-3.1); the PET scan 
also depicted paravertebral soft tissue involvement. The mean SUV 
max after therapy was 3.0 (SD±1.0). The mean delta SUV after the 
second PET was 22%. In 12 patients the antibiotic was modified, but 
only in 3 cases on the basis of the PET results, which showed an in-
creased SUV. The mean delta-SUV after the third PET was 59.5%, in 
agreement with clinical and biochemical indices. In 5 patients, MRI 
abnormalities persisted despite resolution of the infection.
Conclusions FDG-PET was sensitive in defining the extension of in-
fection, accurate in evaluating the efficacy of treatment and may be 
useful for early monitoring of the response to empirical antibiotic 
therapy.
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Idiopathic retroperitoneal fibrosis (IRF) is a rare connective tissue 
disorder characterized by the presence of fibro-inflammatory tissue in 
the retroperitoneum. The most common symptom is abdominal and 
back pain. We report the case of a patient with early-stage IRF and the 
role of 18F-FDG-positron emission tomography/computed tomography 
(18F-FDG PET/CT) in the diagnosis and post-therapeutic evaluation. 
A 43-year-old man with abdominal pain, normal urine tests and in-
creased erythrocyte sedimentation rate (ESR) underwent contrast en-
hancement computed tomography (CE-CT) which revealed periaortic 
tissue in front of the L3 vertebra (thickness: 14 mm; longitudinal ex-
tension: 46 mm; 48-73HU) and locoregional lymph nodes, interpreted 
as lymphoma. 18F-FDG-PET/CT showed elevated 18F-FDG uptake of 
the tissue (SUV max 4.6) and absent uptake in lymph nodes. Laparo-
scopic biopsy confirmed a recent-onset IRF. The patient began therapy 
(prednisone) obtaining rapid pain remission. After five months therapy 
CE-CT showed a reduction of solid tissue (thickness: 4 mm); inflam-
matory markers were normal. Near the end of the therapy, the patient 
reported abdominal pain. CE-CT showed tissue enlargement (thick-
ness: 8 mm; longitudinal extension: 49 mm, 32-61HU); 18F-FDG PET/
CT showed increased uptake of the lesion (SUV max 7.3) and a new le-
sion of the aortic wall at the level of the L2 vertebra (SUV max 5.1), so 
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often unfounded, resulting in leakage or inappropriate use of resourc-
es, human, economic and structural. The true prevalence of primary 
lymphedema is not yet known. The Piedmont and Valle d’Aosta Tech-
nical Group on Primary Lymphedema was created in 2009 to define 
appropriate diagnostic criteria, clinical and instrumental, and appropri-
ate therapeutic-care pathways at all stages of disease, on the basis of 
the scientific literature, national and international guidelines and good 
clinical practice, and to offer assistance in this region, also in order to 
rationalize the use of resources.
Aim To evaluate the usefulness of lymphoscintigraphy in the manage-
ment of patients with lymphedema.
Method Lymphoscintigraphies were performed using the method of 
Bourgeois to reduce variability in interpretation.
The radiotracer used was 99mTc-nanocoll and the dose ranged from 50-
100 MBq per site of injection, between the first and the second digit 
of each limb. Two total-body scans were performed 45 minutes after 
injection (rest) and 80 minutes later, after a one hour walk (stress). We 
analyzed the inguinal lymph nodes displayed at rest and after walking, 
grading the findings on four levels, 3 = no lymph nodes displayed, 2 = 
one node displayed, 1 = few inguinal lymph nodes displayed, and 0 = 
inguinal, iliac and lumbo-aortic lymph nodes displayed.
Results From 10-1-2010 to 4-6-2012, we evaluated 49 (98 limbs) con-
secutive patients with suspected lymphedema in 72 limbs (including 
3 upper limbs). The rest phase and the walking test were considered 
separately. At rest 33% of patients had normal lymphatic flow. After 
walking, 61% of patients were normal. Evaluating the limbs separately 
we found 33/98 limbs (16 left) with normal lymphatic flow at rest and 
72/98 (34 left) with normal flow after walking, 23 lymphatic lakes or 
back flows and 16 popliteal lymph nodes.
Conclusions In the majority of the patients, the clinical impression 
of lymphedema was not supported by lymphoscintigraphy, leading to 
alternative diagnoses such as lipomatosis, venous insufficiency, con-
gestive heart failure, and disuse edema. Clinicians have found this test 
to be useful for classifying patients and for understanding the etiology 
of lymphedema. 
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the choice of treatment: the role of lymphoscintigraphy
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Aim Lymphedema is the swelling of a body part due to an abnormality 
in the locoregional lymphatic drainage. A swollen leg may be due to 
local or systemic causes. Systemic causes include congestive cardiac 
failure, renal failure, hypoalbuminemia and protein-losing nephropa-
thy. Local causes include primary and secondary lymphedema; prima-
ry lymphedema is caused by a congenital abnormality or dysfunction 
in the lymphatic system. Secondary lymphedema is due to a reduc-
tion in lymph flow that has an acquired cause. Early diagnosis can 
allow effective treatment and prevention of secondary effects, includ-
ing extremity deformity, disuse atrophy, and increased susceptibility 
to recurrent infection. The aim of this study was to evaluate whether 
lymphoscintigraphy constitutes a reliable approach for diagnosing and 
characterizing the severity of lymphedema and for its differential di-
agnosis.
Materials and methods From January 2006 to September 2012, we 
examined 71 patients (55F, 16M, 26-81y, mean 56y) who presented 
lymphedema: 18 pts presented arm lymphedema, and 53 lower ex-
tremity lymphedema. 10MBq of 99mTc-nanocolloid in 0.05-0.1 ml was 
administered by intradermal injection in each of 4 injection sites (the 
web space between the first and second and the second and third dig-
its of the hands or feet). Generally injections were performed in both 

classification was performed according to WHO t-score criteria (nor-
mal: t-score >-1.0; osteopenia: t-score between ≤-1.0 and -2.5; os-
teoporosis: t-score <-2.5). Serum bone alkaline phosphatase (BAP: 
ng/ml) and urine pyridinuline/deoxypyridinuline (PYD&DPD mM/
mM creatinine) were also assayed using IRMA and EIA respectively. 
These parameters were evaluated at baseline and after follow-up (48-
60 months). 
Results At baseline, 12/61 (19.7%) patients were osteoporotic and 
22/61 (36.1%) osteopenic in the spine and/or femur, while 27/61 
(44.3%) had normal BMD. During follow-up, 51/61 patients were 
treated only with HAART; of these, 27/51 cases (Group 1), includ-
ing naïve ones, received PIs plus nucleoside reverse transcriptase 
inhibitors (NRTIs) and 24/51 cases (Group 2) received non nucleo-
side reverse transcriptase inhibitors (NNRTIs) plus NRTIs or triple 
NRTI for >50% of the follow-up period. The remaining 10/61 patients  
on HAART, 7 receiving PIs and 3 NNRTIs, were also treated with 
therapies to increase bone formation, such as alendronate or vitamin 
D/calcium and were rechecked after treatment; these 10 patients,  
who were excluded by statistical analysis, showed no significant 
change in spine and femur BMD values over time after treatment. In 
the Group 1 patients, a BMD reduction was observed with respect to 
basal values in both the spine and femur, significant (p=0.01) only for 
the latter, while mean BMD values remained stable in both sites in 
Group 2. Basal high BAP and PYD&DPD levels further increased in 
both Group 1 and Group 2; moreover, when Group 1 was compared 
to Group 2, PYD&DPD levels at the follow-up evaluation were sig-
nificantly higher in the former (32.4 ±17.5 vs 24.7± 7.71 nM/mM 
creatinine, p=0.03), while BPA and BMD did not show statistical dif-
ference. 
Conclusions In HIV patients treated with HAART, bone mass loss, 
and even osteoporosis, can be present and persist over time and further 
worsen, particularly in PI-treated cases. The pathogenesis is probably 
multifactorial, the different antiviral drugs seeming to differently affect 
bone metabolism. Baseline and follow-up evaluation of bone metabo-
lism is suggested in patients on HAART, to easily identify those cases 
to be submitted to appropriate preventive treatments to reduce their 
fracture risk. Alendronate and vitamin D/calcium therapy can be useful 
to slow down bone mass loss and to reduce fracture risk, even when 
persisting with HAART.

LYMPHOSCINTIGRAPHY  
AND RADIOGUIDED SURGERY
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Background Lymphedema predominantly affects the legs, but can 
also occur in the upper limbs, genitals or face. The estimated preva-
lence of primary lymphedema, according to international literature 
data, is 1 in 6000/10000 individuals, and it affects mainly females, 
with a M:F ratio = 1:3. Primary lymphedema can be classified by etiol-
ogy into two groups: hereditary and idiopathic. In recent years there 
has been a steady increase in the number of diagnoses of lymphedema, 
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Results Scintigraphic data obtained 1 month after axillary dissec-
tion showed the presence of lymphatic stasis in 90% of the cases as-
sociated with normal clinical examination. After 6 months 70% of 
patients showed lymphatic stasis and/or lymphatic slowdown, but in 
the majority of cases clinical examination remained negative. After 12 
months, scintigraphic findings in 90% of patients who underwent early 
therapy based on nuclear medicine data showed an improvement of 
lymphedema or stable edema. In the remaining cases the subsequent 
scintigraphic evaluations showed clinical worsening associated with 
appearance of lymphedema. 
Conclusions The lymphoscintigraphy showed a high diagnostic yield, 
allowing early treatment of lymphedema. Semi-quantitative scinti-
graphic evaluation is important for recognition of the early (latent) 
stages of the disease. The persistence of pathological scintigraphic 
findings 12 months after axillary dissection may be considered a prog-
nostic marker for the development of severe/irreversible lymphedema. 
This study was partially supported by a grant from the Min. of Health 
(5 per mille) and Italian Association of Cancer (AIRC).
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The lymphatic system may show variations and knowledge of such 
variations or of abnormal lymph drainage is important when plan-
ning surgical treatment and radiotherapy of thyroid neoplasms. In 
our hospital, central compartment neck dissection (CND) for thyroid 
cancer is usually performed. This procedure is widely discussed in 
the recent world literature. The indications are not well defined, de-
spite new and revised guidelines for the management of differentiated 
thyroid cancer, chiefly because of the absence of high-level evidence  
of improvement in outcomes as compared to total thyroidectomy 
without neck dissection as the initial management of these tumors. 
The aim of this study was to evaluate the technique of peritumoral 
versus intratumoral injection of a radioactive tracer in the detection 
of lymphatic drainage of proven malignant thyroid nodules, and to 
ascertain whether these results could guide the surgical lymph node 
dissection.
The study group consisted of 12 patients with papillary thyroid carci-
noma who had no palpable or ultrasound (US)-detected lymph node 
involvement. The day before surgery, patients were submitted to US-
guided peritumoral (4 subjects, group A) or intratumoral injection (8 
subjects, group B) of 15 MBq 99mTc-nanocolloid particles in a small 
volume (0.15 mL) and lymphoscintigraphy was performed two hours 
later. Peritumoral injection resulted in poorer identification of nodes 
than in group B. Radiopharmaceutical was present in the systemic cir-
culation in two group A patients. Lymph nodes draining the thyroid 
nodule were visualized in 9 of the 12 patients. Sentinel lymph nodes 
were observed in the central compartment of the neck in 7 of these 9 
patients. No subject demonstrated sentinel nodes only at lateral neck 
node levels I–V. In the operating room, total thyroidectomy was per-
formed, and thanks to a hand-held gamma probe the sentinel lymph 
nodes and all lymph nodes belonging to the central compartment were 
removed. The gamma probe identified all the sentinel lymph nodes in 
the central compartment neck. We found two sentinel lymph nodes 
with metastases or micrometastases.

limbs (typically to use one side as a control in patients with unilateral 
lymphedema). Images were recorded with a dual detector instrument, 
using high-resolution parallel-hole collimators. Static acquisitions 
were performed at approx.. 15-min. intervals for a total period of 300 
min. followed by whole-body acquisition. The criteria for lymphatic 
dysfunction include delayed drainage, asymmetric or absent visualiza-
tion of regional nodes and the presence of “dermal back flow”.
Results Fifty-four pts were positive and 17 pts were negative. Of 54 
positive pts, 25 showed back dermal flow (superficial activity), 26 de-
layed drainage, and 3 absent drainage. In the 3 pts with absent drainage 
the lymphedema was post-traumatic and we showed where were the 
stop. In 35 pts, lymphedema was secondary to breast cancer and pelvic 
cancer therapy. Sixteen pts had primitive lymphedema; 17pts with neg-
ative lymphoscintigram had edema of venous origin. In three patients 
with post-traumatic lymphedema bypass procedures were performed. 
In the other patients physical treatments were performed (compres-
sion, special exercise, massage, or a combination of the three).
Conclusions The lymphatic anatomy is displayed by lymphoscintig-
raphy, which is a minimally invasive procedure that can help in dif-
ferential diagnosis and in the choice of treatment (conservative, phar-
macological, surgical).
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Aim Secondary lymphedema of the upper limbs results in substan-
tial functional impairment and severe morbidity in 10-20% of patients 
after axillary dissection. The management of lymphedema is based 
primarily on results from case studies, clinical experience and anec-
dotal information and the literature only infrequently reports the use 
of the newer diagnostic methods for detecting lymphatic alterations at 
an early stage, before clinical presentation of lymphedema. Further-
more, breast cancer-related lymphedema can be successfully treated 
only when diagnosed at an early, ideally latent, stage. However mis-
diagnosis and/or delayed diagnosis are common occurrences and the 
treatment-critical recognition of the latent disease stages is poorly 
evaluated. A few published quantitative evaluation techniques lack 
sufficient reliability, sensitivity and accuracy and no reliable, clinically 
accepted, quantitative evaluation of upper-limb lymphoscintigraphy is 
available. Lymphoscintigraphy, however, may be used to assess dis-
ease extent, for early detection of disease progression, and can be used 
to direct therapy. The aim of this study was to evaluate the efficacy 
of semi-quantitative lymphoscintigraphy for the early diagnosis of 
lymphedema after axillary dissection in patients with breast cancer. 
Materials and methods Fifty-five consecutive patients underwent 
semi-quantitative lymphoscintigraphy at 1, 6 and 12 months after axil-
lary dissection and every 6 months during follow-up. Dynamic and 
static images of the arms and axillary region were acquired using the 
gamma-camera at 20, 90, and 180 minutes after subcutaneous injection 
of 99mTc-nanocolloid (37 MBq, 0.2 ml) into the dorsum of both hands. 
A comparative and semi-quantitative analysis was performed based on 
velocity of axillary lymph node visualization, intensity of uptake and 
% of radiotracer uptake in the nodal drainage basin. Scintigraphic data 
were correlated with the clinical evaluation. 
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taneous intralesional and bipolar peritumoral injection of a single na-
nocolloidal radiotracer showed an excellent intraoperative identifica-
tion rate for both non-palpable lesions and SLNs; furthermore, this 
technique is time saving and improves patient comfort. In conclusion, 
this procedure offers an accurate, practical and reliable approach to the 
management of early breast cancer.
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Aim Axillary lymph node status represents the most important prog-
nostic indicator of progression and survival in breast cancer. The aim 
of this study was to identify patients with-non palpable breast cancer 
and sentinel node metastases who will benefit from axillary lymph 
node dissection.
Materials and methods From January 2006 to June 2012, we exam-
ined 1380 consecutive patients who presented breast lesions with a 
diameter of between 3 and 20 mm, with clinically negative axillary 
nodes. 520 patients presented non-palpable breast lesions: in these 
patients the day before intervention we injected 7-10 MBq of human 
albumin macroaggregates (MAA) labeled with 99mTc in 0.2 ml of sa-
line, under ecographic or mammographic guidance. In all patients we 
injected 20 MBq of 99mTc-nanocolloid in 0.4 ml of saline. Lymphoscin-
tigraphy was performed after 30 minutes to 1 hour taking planar ante-
rior and lateral views to reveal the sentinel node (SN). The skin projec-
tion of the SN and the injection site were marked on the skin with ink. 
Results A gamma probe was used to locate the breast lesion and guide 
its removal; the breast lesion was localized in all cases and removed 
radically with negative margins in 495 (95%). Non-palpable breast le-
sions were excised in all (520) patients. The definitive histology re-
vealed 447 ductal invasive carcinomas (86%), 36 lobular carcinomas 
(7%), 16 mucinous carcinomas (3%), 10 fibroadenomas (2%) and 
11 ductal carcinoma in situ (2%). The SN was detected in 499 cases 
(100%) and was positive in 90/499 pts (18%). Occult metastases in-
cluded isolated tumor cells (ITC) and micrometastases (MM) were de-
tected in 30 patients (33%) and macrometastases in 60 (67%): in these 
latter patients complete three-level lymphadenectomy was performed.  
All ITC+ and MM+ patients had axillary complete dissection (AD); 
83 had metastatic tumor cells in only one lymph node (SN); seven 
patients had micrometastasis in the SN and macrometastasis in three 
other axillary lymph nodes.
Conclusions Sentinel node biopsy provides accurate staging informa-
tion in breast cancer and reduced morbidity compared with complete 
axillary lymphadenectomy. Our experience confirms that radio-guided 
surgery is a simple and fast technique that enables the lesion to be 
safely excised. Breast lesion and SN removal can be carried out in the 
same intervention with satisfactory results and several advantages. The 
clinical relevance of ITC and MM in axillary lymph nodes remains 
unknown. 
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The “Sentinella 102” mini gamma camera for guiding surgical 
treatment in the breast cancer post-neoadjuvant setting: the role 
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Our preliminary results indicate that lymphoscintigraphy for evaluat-
ing lymphatic drainage of papillary thyroid carcinoma is technically 
easy to perform. Correct identification of the drainage basins can help 
the surgeon to know when to perform a prophylactic CND. There may 
be a higher rate of permanent hypoparathyroidism and unintentional 
permanent nerve injury when CLND is performed with total thyroid-
ectomy than when total thyroidectomy is performed alone. Finally, 
intratumoral injection of the tracer provides better results than the 
peritumoral technique. 
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Background Over recent decades, more widespread mammograph-
ic screening programs have allowed an increasing number of early 
breast cancer diagnoses. A modern approach to non-palpable breast 
lesions requires, on the one hand, accurate intraoperative localization, 
in order to achieve a complete surgical resection and avoid exces-
sive removal of normal tissue, and on the other, assessment of lymph  
node status as a major prognostic factor in these patients. The aim 
of this study was to evaluate the reliability of the SNOLL (sentinel 
node and occult lesion localization) technique in a simplified ap-
proach characterized by the use of a single nanocolloidal radiotracer 
for simultaneous localization of occult breast lesions and sentinel 
node (SN).
Methods Twenty-four patients (mean age 62 years, range 43-74) with 
a single non-palpable breast lesion and clinically negative axilla were 
enrolled in this study. Under sonographic guidance, a 99mTc-labeled 
nanocolloid tracer (particle size <80 nm, average dose 37 MBq, 
range 21-61 MBq) was injected both intratumorally and peritumor-
ally above and below the lesion. Lymphoscintigraphic study with a 
dual-head gamma camera was then performed to localize the SN; in 
all cases, the radiotracer revealed axillary drainage and the cutaneous 
projection of the SN was marked on the skin with permanent ink,  
in order to guide the surgeon and thus allow an optimal surgical in-
cision. Afterwards all patients underwent conservative surgery; a 
hand-held gamma-detection probe was used to select the best surgi-
cal access route and to guide the search for occult lesions and SN, 
which were both localized and removed at the first attempt in every 
patient. After radioactive specimen excision, the surgeon checked the 
surgical field with the gamma-probe to verify the absence of any re-
sidual source of significant radioactivity, thereby ensuring a radical 
treatment in a single surgical session and saving more normal breast 
tissue. All specimens were then classified and sent for histological 
examination.
Results Both targeted occult lesions and SNs were successfully lo-
calized and removed in all the patients; moreover, intraoperative SN 
localization always confirmed the lymphoscintigraphic finding. His-
topathological diagnosis of malignancy was confirmed in all cases; 
non-palpable lesions (mean size 8 mm, range 5-17 mm) were widely 
included within the surgical margins, which were free from neoplas-
tic infiltration thus avoiding any further intervention. Only one patient 
showed an involved SLN and now has to undergo a complete axillary 
dissection.
Conclusions The SNOLL technique performed by means of simul-
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limitations of ROLL are: (a) the need to move the pt from the radiology 
department (where the injection is performed) to the nuclear medicine 
department to verify the absence of tracer diffusion and (b) the ab-
sence of methods for evaluating the distance between the center of the 
neoplasm (identified by ROLL) and the excision margins. The aim of 
this study was to evaluate the clinical usefulness of a portable gamma 
camera able to analyze the tracer distribution immediately after the in-
jection and to measure the distance between the center of the neoplasm 
and the surgical margins. 
Methods 37 MBq of 99mTc-MAA in 0.2-0.5 ml was injected intra- 
lesionally under stereotactic guidance. Tracer localization was checked 
by a portable lightweight, hand-held, battery-powered gamma camera 
(IP Guardian 2 - Li-tech Monterotondo, Rome, Italy). The same equip-
ment was used to define location and size of the breast incision. After 
lesion excision, the specimen was immediately imaged by mammogra-
phy to verify the location of microcalcifications. The portable gamma 
camera was then placed over the mammograph upper plate and a scin-
tigram was obtained. Radio-opaque markers defining the camera bor-
ders were added and the camera was removed. A second mammogram 
with markers was obtained. The scintigram and the mammogram were 
than co-registered by dedicated software. The same procedure was ap-
plied in a second orthogonal view. The distances between the hottest 
pixel and the margins of the specimen were measured. The entire pro-
cedure took less than 5 minutes and the images were available in the 
operating theatre via the hospital PACS. In this preliminary study 20 
pts underwent this procedure. 
Results The procedure was performed without difficulties in all pts. 
The distance between the lesion center and the surgical margins was 
13.8 ± 6 mm (range 3-24 mm). In three pts resection to obtain clear 
surgical margins was suggested. 
Conclusions Through fusion imaging it is possible to localize the 
uptake directly on the mammogram, giving the surgeon accurate in-
formation about the distance between lesion and surgical margins. In 
absence of metallic clips, tracer uptake represents an additional mark-
er of correct excision. Although performed in few patients, this study 
demonstrated that the use of a portable gamma camera can improve 
the ROLL technique.
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Aim The natural history of cutaneous melanoma is characterized by a 
strong tendency to metastasize early, especially in the lymphatic sys-
tem, but this is clinically detectable only at a later stage of the disease. 
The tumor-harboring status of the sentinel node (SN) is the most im-
portant prognostic factor for patients with early-stage melanoma. The 
aim of this study was to evaluate the importance of preoperative lym-
phoscintigraphy for the identification of “unexpected” sentinel lymph 
nodes (UnSLNs) outside the classic basins because these nodes pose 
the same risk of metastasization as SNs in the usual basins. According 
to the literature, the usual basins include the cervical, axillary and 
inguinal lymph node chains. In addition, isolated or small groups of 
lymph nodes may be found anywhere in the body (epitrochlear, pop-
liteal, jugular, scapular regions and other sites). 
Materials and methods From February 1998 to June 2012, 483 mela-
noma patients treated at the Department of Plastic and Reconstructive 
Surgery of Bari University Hospital were enrolled in the study. All 
patients, with lesions between 0.75 and 4 mm (Breslow thickness), 
underwent preoperative lymphoscintigraphy with 99mTc-labeled hu-

1Radiotherapy and Nuclear Medicine Unit, Istituto Oncologico 
Veneto, IOV - IRCCS
2Physic Unit, Istituto Oncologico Veneto, IOV – IRCCS

Introduction The present pilot study was conceived from a multidisci-
plinary perspective and involved of radiologists, radiology technicians, 
clinicians and surgeons. The radiology technicians were involved in 
some phases of the study: from drafting to execution. Ethics committee 
approval of the study was requested. The main roles of the radiology 
technician in the present study were: (1) to explain the different parts 
of the protocol to the patients with the help of the specialist; (2) to 
process and analyze the images; and (3) to collect the data. We here 
describe how the radiology technician can help the specialist in the ex-
ecution of an experimental pilot trial for testing a new imaging device.
Materials and methods A mini gamma camera (Sentinella 102, ON-
COVION) has been available at the Oncological Institute of Veneto 
since January 2012. Considering its characteristics, our team (nu-
clear medicine physicians and technicians) proposed to examine 
patients undergoing neoadjuvant treatment for breast cancer before 
and after surgical treatment. For the evaluation of appropriateness, 
99mTc-Sestamibi [740 MegaBequerel (MBq) intravenous (i.v.)] was 
injected before the start of neo-adjuvant therapy performing a scin-
timammography (MMS). The early and delayed MMS images were 
analyzed using the following formulas: tumor-to-background ratio 
(T/B)=[cntsT-cntsB]/ [cntsB] and the most intense uptake of the tumor 
to background ratio (I/B) [cntsI-cntsB]/ [cntsB]. Furthermore, the per-
centage washout index (WO%) for T and I were obtained, according 
to: WO%T,I=[cntsT,I]early image-[cntsT,I]delayed image/[cntsT,I]
early image. After an interval of at least 6 months from MMS, a new 
injection of 99mTc-Sestamibi (100-150 MBq) was administered for 
evaluation in the operating theater using Sentinella 102. 
Results To date, 33 patients have been evaluated with MMS and eight 
(24%) with Sentinella 102. All scintimammography studies were per-
formed after the injection of Sestamibi using prone and supine planar 
images in different projections (anterior, posterior, left and right lat-
eral). Focal uptake in the breast with/without lymph nodes was demon-
strated in all patients. On quantitative analysis, median early-late T/B 
ratios and early-late I/B ratios of 9.63±6.97 - 7.97±5.37 and 1.52±0.91 
- 1.20±0.89, respectively, were obtained. Furthermore, 19 (57.6%) and 
20 (60.6%) patients had a WO%T<45% and WO%I<45%, respective-
ly. After the end of neoadjuvant therapy in eight patients, sestamibi 
was administered before surgery and a single image in anterior projec-
tion was acquired using a standard gamma camera. In the operating 
theater, at least four static planar images in anterior projection at differ-
ent distances were obtained using Sentinella 102. Four patients showed 
a focal uptake of tracer in the breast or lymph nodes and four did not. 
Histology showed a complete response in two patients and a partial 
response to treatment in the remaining six subjects.
Conclusions The present pilot study showed that this new nuclear 
imaging device could be used in operating theater for guiding a radi-
cal surgery approach in patients with breast cancer after neo-adjuvant 
therapy. The support of the radiology technician, alongside the special-
ist, is important both in the planning and the execution of the study. 
The enrolment of the patients is currently ongoing. 
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Objectives Radioguided occult lesion localization (ROLL) is per-
formed in breast cancer patients (pts) with non-palpable lesions. The 
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application package. Planar images and SPECT/CT images were inter-
preted separately.
Results SPECT-CT depicted the same 67 SNs as planar scintigraphy 
in all 21 patients; SPECT/CT additionally found 6 SNs in 4 patients 
(21%; 2 with trunk melanoma, 1 with head and neck melanoma and 
1 with lower limb melanoma). Two of the six additional nodes were 
located in the iliac region, 2 in the latero-cervical region, 1 in the axil-
lary region, and 1 in the retroclavear region. SPECT/CT also provided 
a better anatomical definition in 6/7 cervical lymph nodes, making 
it possible to determine the level of location of the node. Moreover, 
SPECT/CT was able to distinguish iliac nodes from inguinal nodes in 
two patients with lower limb melanomas. 
Conclusions SPECT/CT detected additional nodes and showed the 
exact anatomical location of SNs in patients with ambiguous conven-
tional lymphoscintigraphy. It was also helpful in melanomas of the 
head and neck district, allowing more accurate identification of their 
level, and for distinguishing iliac sentinel nodes from inguinal nodes 
in patients with melanoma of the lower limbs; in 8 cases it led to an 
adjustment of the clinical approach. 
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Aim The appropriate extent of surgical staging for patients with early-
stage endometrial cancer is controversial, regarding lymphadenectomy 
at the time of hysterectomy and the extent of lymphadenectomy that 
should be performed.. The main prognostic factor in early-stage disease 
includes lymph node state. Sentinel lymph node (SLN) mapping has 
been proposed as an alternative technique to obtain adequate informa-
tion regarding the extent of LN involvement by metastatic disease, thus 
allowing optimal planning of adjuvant therapy, while avoiding potential 
surgical complications. Several protocols have been examined using in-
jection of blue dye, Technetium 99m-colloid, or both into the cervix 
and/or uterine fundus. The objective of this study was to evaluate the 
detection rate and diagnostic accuracy of sentinel lymph node (SLN) 
mapping using hysteroscopic injection of 99mTc-albumin nanocolloid. 
Materials and methods Eighty consecutive patients with early en-
dometrial cancer underwent hysteroscopic injection of 99mTc-albumin 
nanocolloid administered subendometrially around the lesion. The 
total activity administered was 111 MBq in 5 mL. Scintigraphic im-
ages were obtained after injection and SLN mapping was performed 
intraoperatively. A systematic pelvic and para-aortic dissection was 
carried out thereafter. Pathologic examination of SLN to evaluate the 
presence of metastases was performed using standard and immuno-
chemistry techniques. Tumor histological classification and staging 
were performed according to the period of enrolment: FIGO 1988 and 
2009 criteria. The primary endpoint was estimation of sensitivity and 
negative predictive value (NPV) of sentinel node biopsy. Data were 
presented in accordance with the requirements of the STARD State-
ment for Reporting Studies of Diagnostic Accuracy.
Results No severe complications occurred during or after the injec-
tion or during surgical SLN biopsy. In 76/80 (95%) patients, the SLN 
was correctly identified. In three patients we failed to detect the SLN 
because of calibration probe failure. In one patient lymphadenectomy 
was suspended after sentinel node removal due to major vascular com-
plication during complete para-aortic dissection. Fourteen cases were 

man albumin colloid (18-22 MBq, intradermal injection around the 
scar); dynamic and planar images (anterior, posterior and lateral) were 
acquired immediately after the radiopharmaceutical injection using a 
dual-head gamma camera. On the same day, SNs were located intra-
operatively, using a hand-held Scintiprobe MR-100 (Pol-Hi-Tech S.r.l 
– Carsoli, AQ – Italy) and sentinel node biopsy (SNB) was performed.
Results Sixty-one UnSLNs were found and removed in 54 of the 
483 patients. 4/61 were located in the popliteal area (6.5%), 2/61 in 
the epitrochlear region (3.2%), 10/61 in the scapular region (16.4%), 
12/61 in the lateral-dorsum region (19.7%), 9/61 in the iliac region 
(14.8%), 6/61 in the occipital region (9.8%), 2/61 in the paravertebral 
region (3.2%), 6/61 in the retroauricular region (9.8%), 1/61 in the jug-
ular region (1.6%), 4/61 in the parasternal region (6.5%), and 5/61 in 
the intramammary region (8.2). Of these UnSLNs, 13/61 (21.3%) were 
positive for metastasis: 11/13 were positive for micro-metastasis and 
2/13 were positive for macro-metastasis. According to literature data, 
the most common locations of these UnSLNs are the scapular region 
and the flank for trunk melanomas and the occipital and retroauricular 
region for head-neck melanomas.
Conclusions Lymphoscintigraphy is an essential tool in identifying 
one or more SNs. Sometimes the lymphatic pathway is unusual and not 
predictable on the basis of clinical or instrumental (ultrasonography, 
MRI) findings. Lymphoscintigraphy remains the most reliable tech-
nique for the detection of SNs, early staging of melanoma and clini-
cal and surgical management of melanoma patients, allowing the type 
of surgical approach and treatment to be decided on the basis of the 
results of histological examination of SLNs. If the UnSLNs had been 
missed at the time of lymphoscintigraphy and escaped SNB, these 
patients would have been under-staged and the residual tumor would 
have remained, posing a high risk of a worsening prognosis.
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Background From 1998 to 2002, in Italy, skin melanoma accounted 
for 1.6% of all cancers diagnosed among males and 2.1% of those 
diagnosed among females; it was responsible for 0.9% of all cancer 
deaths among males and 1.0% among females. Early melanoma is 
highly curable, but once the disease has spread, it is nearly always 
fatal. Survival rates are 85% for stage I and 60% for stage II, and, if 
a sentinel node (SN) is positive for metastasis, the stage becomes III, 
with a 20% survival rate at 10 years. As a consequence, correct staging 
is pivotal to determine prognosis and treatment.
Aim The purpose of this study was to assess the diagnostic added 
value in terms of precise anatomical localization and clinical benefit of 
single-photon emission computed tomography/computed tomography 
(SPECT/CT) images vs planar ones in SN mapping.
Methods Twenty-one consecutive patients (8 females and 13 male; 
mean age: 62 years) with histologically confirmed cutaneous malig-
nant melanoma and scheduled for SN biopsy were enrolled in a pro-
spective study in our center. Eleven primary tumors were located in the 
trunk, 5 in the lower limb and 5 in the head/neck district. Planar images 
was acquired using a single headed gamma camera 60 minutes after 
injection using 99mTc-colloid-albumin (Nanocoll® ; mean administered 
activity: 76 MBq; mean number of injections: 3.3). Planar images were 
followed by hybrid SPECT/CT performed on Infinia Hawkeye (Gen-
eral Electric Company; 128x128 matrix, 60 frames, 15 s/frame; 3° an-
gular steps in a 15-s time frame; CT: 140 kV, 2.5 mAs, 5-mm slices). 
SPECT/CT images were reviewed using the Volumetrix for Hawkeye 
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99mTc-ECD was not significantly influenced by dilution of eluate. 
99mTc-MIBI was affected only when the interval of time between elu-
tions was experimentally prolonged to 72 hours (24 hours interval: 
98.9±2.3%; 72 hours interval: 97.7±2.1%). With 99mTc-albumin mac-
roaggregates, 99mTc-albumin nanocolloids and 99mTc-DMSA, labeling 
yield was not compromised by any of the studied parameters.
Conclusions Long before the Italian radiopharmaceutical requirements 
came into force (July 1st, 2011), results from our experience led to the 
adoption of standard operating procedures (SOPs) to ensure standardi-
zation of labeling and quality control instructions. These SOPs gave 
rise to a marked improvement in radiopharmaceutical quality.
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Purpose Nuclear medicine (NM) involves, as its distinctive feature, the 
preparation and use of radiopharmaceuticals for diagnostic and thera-
peutic purposes. The mission of NM must be to provide effective and 
prompt performances according to validated procedures, in compliance 
with both regulations on radiation protection of patients and operators 
and quality requirements. In other words, it must work in a way that 
is both safe and efficient. The S. Anna University Hospital of Ferrara 
has provided its NM unit with a software package (the Polaris® RIS 
system) that, already in use in the radiology area, could help to ensure 
proper tracking of all steps in the process of radiopharmaceutical prepa-
ration and dispensing, in compliance with Italian law. The aim of this 
study was first to adjust the mentioned application in order to achieve 
more precise recording of operations within the NM unit and ensure 
compliance with the relevant legislation, and second to draft a standard 
operating protocol (SOP) handbook for staff training and work.
Materials, methods and results The upgrade of the Polaris® soft-
ware and the subsequent drafting of the SOP handbook were based on 
a thorough study of current legislation and a period of observation of 
the radiopharmaceutical production workflow. Within the NM panel of 
the Polaris® application the following sections, relating to the various 
activities that must be recorded, have been developed and optimized: 
(Section 1) “Store”: this now contains the following six sub-sections 
for material loading management and production/quality control of ra-
diopharmaceutical preparations: ready-for-use radiopharmaceuticals; 
cold kits; Technetium-99m generators; Technetium-99m elutions; re-
constituted radiopharmaceuticals; radioactive waste disposal. (Section 
2) “Quality Control Worklist”: once the production, quality control and 
related report (QC report) stages are complete, preparations are auto-
matically enterd into this section pending validation of the following 
entries: Production (P), Quality Control (Q) and Release (R). (Section 
3) “Main Worklist”: after Release (R) validation, radiopharmaceuticals 
can be dispensed to the admitted patients, whose names are displayed 
in this section. Mandatory data fields are color marked (green) but it is 
important to fill in all fields. In order to allow proper documentation, 
after radiopharmaceutical preparations have been completed and vali-
dated by the appointed managers (technicians and/or physicians), the 
radiology technician in charge of the procedures prints the records relat-
ing to each validated preparation through the “Print Batch Record” item 
in the “Quality Control Worklist” section of Polaris®. The daily printouts 
are then put in a special folder in the reporting room ready for the man-
ager’s signature. The signed reports, properly stored, must be retained 
for at least one year. All these operations are described in a detailed SOP 
handbook drawn up by personnel involved in the work here presented. 
Adjustment of the Polaris® application took almost a year, and has re-

excluded due to non performance of lymphadenectomy according to 
our protocol (9 cases IA and 5 IBG1 FIGO 1988 stage). Furthermore, 
two cases were excluded due to insufficient number of harvested lymph 
nodes after the lymphadenectomy. In total 59 cases were included to 
evaluate the diagnostic accuracy of the procedure. Ten patients (17%) 
had node metastases. Metastatic nodes were found with standard H&E 
in the pelvic basin in two patients and in the para-aortic region in one 
patient, while the use of CK evaluation in 6 more patients also led to 
detection of positive sentinel nodes were detected. One of them had 
an associated positive para-aortic sentinel node while in 1 patient an 
isolated positive para-aortic sentinel node was recorded. In 33 patients 
(56%), the SLN was localized in the para-aortic region. NPV was 98% 
(95% CI 95–100) and sensitivity 90% (63–100). 
Conclusions SLN detection after hysteroscopic injection of 99mTc-
albumin nanocolloid in patients with early-stage endometrial cancer 
shows high diagnostic accuracy and detection rate. The occurrence of 
56% of sentinel node in paraaortic area may suggest a better sensitiv-
ity in this area using hysteroscopic injection compared to cervical one. 
The study was partially supported by a grant from the Min. of Health 
(5 per mille) and Italian Association of Cancer (AIRC).
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Background and aim Since 2004, a full quality system operated by 
the pharmacy unit has ensured, in our nuclear medicine department, 
complete traceability of all radiopharmaceutical labeling and quality 
control procedures from precursors to patient administration. After 
nine years of quality assurance, we assessed the parameters that most 
influenced radiochemical purity and stability of 99mTc-labeled radiop-
harmaceuticals.
Materials and methods We analyzed data from 2,880 preparations 
and about 50% preparations were tested for radiochemical purity. The 
following radiopharmaceutical kits were studied: HDP (hydroxymeth-
ylendiphosphonate) kit, MAG3 (mertiatide) kit, ECD (ethylcysteinate 
dimer) kit, MIBI (methoxyisobutylisonitrile) kit, albumin macroaggre-
gates, albumin nanocolloids and DMSA (dimercaptosuccinic acid) kit. 
Radiochemical purity, determined by thin layer chromatography, was 
evaluated according to: the time elapsed between generator elutions, 
the time from elution to labeling, and labeling procedures (eluate dilu-
tion, pH and temperature).
Results Every radiopharmaceutical showed a different sensitivity to 
the studied parameters. 99mTc-HDP and 99mTc-MAG3 radiochemical 
purity were only slightly influenced by dilution of eluate before labe-
ling (99mTc-HDP: pure eluate 97.8±2.1% vs diluted eluate 97.5±2.3%; 
99mTc-MAG3: pure eluate 94.5±2.1% vs diluted eluate 95.1±4.0%). 
99mTc-MAG3 labeling requires heating and radiochemical purity was 
influenced by cooling (at room temperature: 93.5±1.8% vs cold water: 
96.6±1.9%). 99mTc-ECD labeling yield was minimally lower when the 
interval of time between elutions was experimentally prolonged to 72 
hours (24 hours interval: 97.3±1.1%; 72 hours interval: 96.5±1.7%). 
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9001 European standard
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1Nuclear Medicine Unit, Department of Radiology, AO S. Croce e 
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The UNI EN ISO 9001 (ISO 9001) standard defines the quality man-
agement system (QMS) requirements that must be met by organiza-
tions that need to demonstrate their ability to consistently provide 
products and services that meet customer needs and regulatory re-
quirements. The Italian “Norme di Buona Preparazione dei Radio- 
farmaci per Medicina Nucleare” law (NBP-MN) specifies the QMS 
requirements that must be met by a nuclear medicine department that 
needs to demonstrate its ability to consistently provide radiophar-
maceuticals that meet customer needs and regulatory requirements.  
The incorporation, as from July 1st, 2011, of the NBP-MN into our 
QMS, required comparison of the two regulations with regard to : A – 
documentation requirements (quality manual, control of documents, 
control of records); B – responsibility and authority (top management 
shall ensure that responsibilities and authorities are defined and com-
municated within the organization); C – human resources (compe-
tence, training and awareness); D – infrastructure; E – work environ-
ment (to achieve conformity to product requirements); F – product 
realization (planning of product realization); G – purchasing; H – pro-
duction and service provision (control of production and service pro-
vision, validation of processes for production and service provision, 
identification and traceability, preservation of product, control of mon-
itoring and measurement equipment); I – measurement, analysis and 
improvement (customer satisfaction, internal audit, monitoring and 
measurement of processes, monitoring and measurement of product, 
control of nonconforming product, review of input, analysis of data); 
J – improvement (indicators, corrective actions, preventive actions); 
and K – outsourced processes (control over outsourced processes).  
In our nuclear medicine department the QMS was modified in order 
to: (1) include, in the organization chart, the subdivision and specifica-
tion of responsibilities and authorities in compliance with NBP-MN;  
(2) publish a quality manual, also covering radiopharmaceutical 
management; (3) make batch records to keep note of all information 
regarding every preparation; (4) train staff in the new requirements 
adopted in the NBP-MN; (5) renovate the radiopharmaceutical prepa-
ration rooms; (6) purchase or upgrade isolators, shielded cells and 
other instruments; (7) introduce several new procedures for: raw ma-
terial management, out-of-limits results management, management of 
stability evaluation of radiopharmaceuticals, process validation and 
validation of aseptic processing, changes and risk management. An 
internal audit and audits from the quality department and from ex-
ternal certification bodies verified that the new QMS complies with 
the NBP-MN requirements. We therefore demonstrated that the NBP-
MN can easily be integrated into an existing QMS, modifying the 
procedures in use to meet radiopharmaceutical security and potency 
requirements.
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Evaluation of different stationary phases as replacements for 
instant thin layer chromatography silica gel impregnated glass 
fiber (ITLC-SG) for radiochemical purity (R.P.) determination on 
radiopharmaceuticals from cold kits

M. Di Franco1, T. Scotognella1, E. Martinengo2, T. Angusti2,  
A. Skanjeti2,3, C. Rabbia1, V. Podio2

sulted in the implementation of an adequate system of documentation.
Conclusions Accurate and complete record keeping and documenta-
tion is essential to ensure continued good radiopharmacy practice.
Starting from direct observation of the whole radiopharmaceutical 
workflow, taking into account the necessary legal requirements, and 
thanks to the shared commitment of NM technicians and physicians, 
the Polaris® platform was adjusted, resulting in the achievement of 
more precise record keeping of procedures relating to radiopharmaceu-
ticals. The new Polaris® system makes it possible to record all stages 
in the process of preparation (including raw material loading), quality 
control, dispensing and administration of radiopharmaceuticals, in full 
compliance with relevant regulations. Furthermore the availability of 
a detailed SOP handbook has made the learning process, for NM staff, 
easier and more complete.
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Introduction The GMP rules in the field of nuclear medicine were 
introduced in Italy in July 2011. The law concerns the organizational 
and technical aspects of all ‘hot’ labs. The most important requirement 
is traceability of products.
Aim The aim of this study was to realize a database in order to al-
low traceability of information and avoid the presence of paper in the  
‘hot’ lab.
Materials and methods In order to fulfil the requirement of trace-
ability of doses, nine forms are filled in by the technologist responsible 
for radiopharmaceutical (RF) preparation and fractionation, in which 
the following are reported: QC of hot cells (3), automatic dispensing 
system data (1), generator elution (2), % of Mo-99 in the eluate (1), 
alumina test (1), and QC of RF (1). We created an SQL database in 
Visual Basic (MS Access) to collect data without the use of paper.
Results Twenty-nine tables were created. The input was made easier 
by the creation of 22 templates split into two parts (input and con-
trol).  Several constraints were introduced for quality control fields 
with error messages to guarantee the minimum quality standard. A 
specific report template for each ‘hot’ lab device, related to statistical 
evaluation of performed quality controls, was introduced. This made 
it possible to collect the percentage of quality control failures in order 
to take corrective actions. Twenty-six query schemes were introduced 
to interrogate the database. The preliminary tests on the database high-
lighted the possibility of saving more information than in the past. The 
database also allowed the creation of a complete batch record with 
information on lot numbers, expiry dates, and so on. Two worksheets 
were introduced into the database in order to assist the technologist 
coordinator and operators. The first concerned statistical operations 
relating to hot lab working days and 18F-FDG fractionation activity 
for each operator and messages about “out of tolerance limits” of the 
nuclear medicine devices; the second concerned the standard oper-
ating procedures for radiopharmaceutical preparation. The statistical 
operations were introduced to obtain updated data and to control and 
monitor possible errors due to unknown shift changes or unresolved 
“out of tolerance” events, occurring in nuclear medicine devices. The 
second worksheet was introduced to assist the daily activity of the hot 
lab technologist.
Conclusions The main advantage of the database is that it offers the 
opportunity to trace information about all the materials used. There-
fore, it is possible to control the storage and guarantee the traceability 
of the different steps in the patient dose preparation procedure.
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kits, radiochemical purity (RCP) testing must be carried out just before 
administration of the preparation to the patient [NBP-DM 30.3.2005], 
in accordance with the manufacturer’s instructions. The purpose of this 
study was to evaluate, over a period of one year, the RCP of radiophar-
maceutical preparations labeled with 99mTc.
Materials and methods The following radiopharmaceutical prepara-
tions were tested (trade name in parentheses): albumin nanoparticles 
(NANOCOLL®)(n=122), HDP (Technescan®HDP) (n=256), HM-PAO 
(CERETEC®) (n=85), SESTAMIBI (CARDIOLITE®) (n=31), MAA 
(Technescan®LyoMAA) (n=33), TETROFOSMIN (MYOVIEW®) 
(n=216), DTPA (Technescan®DTPA) (n=91), and DMSA (RENO-
CIS®) (n=4). Lyophilized radiopharmaceuticals were reconstituted 
with fresh [99mTc] generator eluate (Drytec GE) by qualified tech-
nologists, under the supervision of a nuclear medicine physician, fol-
lowing ISO 9001-certified quality procedures. RCP procedures were 
performed using ITLC-SG chromatography and measurements were 
done according to the “cut-and-count” technique, using a dose cali-
brator (l’ACN Isodose) or a gamma counter (COBRA Auto Gamma 
Perkin-Elmer).
Results The results for the conforming preparations (% mean±s.d.) 
were: [99mTc]Nanocoll RCP = 98.6±1.04, (limits:>95%), [99mTc]HDP 
RCP = 98.92± 0.8 (limits ≥95%), [99mTc]HMPAO RCP = 88.6± 3.55 
(limits:≥80%), [99mTc]Sestamibi RCP = 97.91 ±1.46 (limits:≥94%), 
[99mTc]MAA RCP = 98.9±1.02 (limits≥90%), [99mTc]Tetrofosmin RCP 
= 97.21±0.95 (limits≥90%), [99mTc]DTPA RCP = 99.24±1.12 (lim-
its≥95%), [99mTc]DMSA RCP = 99.83±0.26 (limits≥95%). Of the 838 
RCP tests, three resulted in RCP values below the acceptable standard, 
i.e., one [99mTc]Nanocoll (RCP = 89.09%) and two [99mTc]Tetrofosmin 
(RCP = 11.32% and RCP = 74.5%) preparations. 
Discussion and conclusions These results demonstrate that our radio- 
pharmaceutical preparation process is strictly controlled: only three out 
of 838 preparations (0.358%) were non-conforming. However, these 
were due not to inappropriate preparation but to inappropriate RCP 
procedures, in two cases linked to initial inadequate training of tech-
nologists (use of incorrect solvents in two preparations of [99mTc]Tetro- 
fosmin). The time required for labeling with [99mTc]Nanocoll, accord-
ing to the kit manufacturer’s instructions, is 5-10 minutes. We verified, 
in our first preparation, that this time is insufficient for acceptable 
RCP and must be increased; we therefore set it at 60 minutes. In fact, 
since this radiopharmaceutical can be expected to remain stable for 
up to six hours after labeling, RCP testing can be performed even 
an hour after its preparation, i.e. just before administration. This en-
sures that the preparation quality is maintained right up to the time of 
administration. In conclusion, we collected a body of evidence that 
demonstrates the quality of our products; we also estimated that the 
risk of non-conforming preparations is zero. We noted the importance 
of staff training, to maintain the quality of the final product, and also 
that the specifications provided by the manufacturer should always be 
verified in the radiopharmaceutical quality control laboratory where 
the product is used and, if necessary, adjusted to maintain its safety 
for the patient. Our findings may allow us to decrease the frequency 
of testing in the future.
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Aim The European Pharmacopoeia and radiopharmaceutical manufac-
turers specify instant thin layer chromatography silica gel impregnated 
glass fiber (ITLC-SG) as the stationary phase for measuring the radio-
chemical purity (R.P.) of most radiopharmaceuticals from kits. During 
2008, Pall Corporation, at that time the world’s only producer of ITLC-
SG, stopped manufacturing this product. Existing stocks were set to 
run out in a few months, even before a satisfactory replacement could 
be identified. The objective of this work was to find an alternative and 
suitable stationary phase, to replace the Pall support. 
Materials and methods We tested supports with chemical features 
theoretically able to generate chromatographic separations similar to 
those obtained with Pall strips thanks to adsorption and partition mech-
anisms. Analyzed radiopharmaceuticals from cold kits were labeled 
with Technetium-99m (99mTc), Indium-111 (111In) and Yttrium-90 
(90Y). 99mTc-HDP (hydroxymethylendiphosphonate) and 99mTc-MAG3 
(mertiatide) were the first radiopharmaceuticals studied. We tested 
high performance thin layer chromatography (HPTLC) Lichrospher 
and HPTLC cellulose plates (Merck), traditional TLC and HPTLC 
(Merck), Wathman paper grade 1 Chr and Wathman paper grade 3MM 
Chr. Finally, we tested ITLC-SG manufactured by Varian (Agilent 
Technologies, USA), the new owners of Pall’s patent.
Results 99mTc-HDP analysis showed consistent tales of elution, es-
pecially for reduced hydrolyzed technetium (99mTcO

2
); another major 

problem was the long elution time (40-50 min). Only Varian ITLC-SG 
gave suitable separations for 99mTc-HDP in a few minutes. Separations 
were adequate for 99mTc-MAG3 (only 99mTcO

2 
could not be analyzed 

by Lichrospher because elution stopped at half run) but in all cases the 
elution time was too high. Wathman paper grade 1 Chr did not give 
clear results, while Wathman paper grade 3MM Chr was not able to 
separate either pertechnetate or 99mTcO

2
. Varian ITLC-SG gave suit-

able and reproducible separations both for 99mTc-HDP and for 99mTc-
MAG3, with less than 1% difference in 99mTcO

2 
determination and a 

maximum of +3% in pertechnetate determination with Varian supports 
compared to Pall results. We then compared Varian to Pall ITLC-SG 
also on other radiopharmaceuticals. 99mTc-ECD (ethylcysteinate dimer) 
and 90Y-ibritumomab tiuxetan were better separated respectively from 
pertechnetate and free Yttrium-90 by Pall strips (maximum difference 
1%). Results from 99mTc-albumin macroaggregates, 99mTc-albumin na-
nocolloids and 111In-pentetreotide showed total agreement between the 
two supports. 
Conclusions Even though the results from Varian strips were not com-
pletely satisfactory for all radiopharmaceuticals, Varian supports were, 
on the whole, the most satisfactory and their chemical characteristics, 
similar to those of Pall strips, resulted in quite comparable quantitative 
separation of impurities and elution times. For this reason, in 2010 we 
chose Varian ITLC-SG to replace Pall supports. 
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Introduction In the in vivo use of 99mTc-labeled radiopharmaceutical 
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allowed to proceed for 15 min. under stirring at 0 °C. MNPs were 
then extensively washed with water and saturated sodium phosphate 
solution before dialysis against distilled water. Particles were then 
functionalized with 3-aminopropyl-trietoxysilane in 0.1 M phosphate 
buffer 5mM EDTA, pH 8.0, followed by addition of a solution of 
3-iminothiolane under stirring for 1 hr at room temperature, and then 
washed by magnetic decantation with the same buffer solution. 2.5 mg 
thiolated MNPs in 1 ml of 0.1 M phosphate buffer, pH 8, were allowed 
to react for 1 hr with 444 MBq of 99mTc previously submitted to reduc-
tion with 10 mg of dithionite. The labeling yield was 70% and specific 
activity 124 MBq/mg. 
Adult Wistar rats were anesthetized by intraperitoneal injection. Two 
rats were fixed with tape to a wooden board and a Neodimio magnet 
was fixed firmly under the upper part of the right posterior leg of one 
of the two. Two hundred fifty microliters of a suspension of MNPs 
containing 74 MBq 99mTc, were slowly injected into the caudal vein 
of the animals.
A 30-min dynamic acquisition was performed by a gamma-camera 
equipped with a high-resolution collimator, followed by a static acqui-
sition at 45 min. The analysis of dynamic acquisition was performed 
by region of interest and relative time-activity curves over heart, liver, 
spleen, kidneys and the area subtended by the magnet. The percentages 
of total activity detected in each organ were also calculated from the 
45-min. static acquisition. 
In the rat with the magnet on the right posterior leg, the highest am-
plitude of the time-activity curves was noted over the area subtended 
by the magnet, while the liver and spleen curves showed a lower am-
plitude and a shape characterized by a slower rise, almost linear, up to 
30 minutes. In the control rat, liver and spleen curves were less high, 
but had a similar shape. The curves obtained over the heart showed a 
practically flat trend and an amplitude lower than that detected over the 
spleen and liver in both rats. The static acquisition at 45 min. showed 
20% of the injected radioactivity over the area subtended by the mag-
net. Liver and spleen were found to have a percentage of binding of 
9% and 4% respectively in the presence of the magnet and of 12% and 
3% respectively in the rat without the magnet. On the basis of these 
preliminary results, the application of an external magnetic field seems 
to be promising for the development of methods for confining to pre-
determined sites MNPs labeled with radioactive isotopes. 
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Aim Technetium-99m-d,l-hexameththylpropyleneamineoxime (99mTc-
d,l-HMPAO) is currently used to image regional cerebral blood flow 
and for in vitro leukocyte labeling. The lipophilic 99mTc-d,l-HMPAO 
complex is the species that rapidly diffuses across the blood brain bar-
rier or the cell membrane. Once deposited the major fraction of the 
chelate is retained at the target site due to slow conversion of the lipo-
philic species to hydrophilic products in the presence of glutathione. 
The yield of the lipophilic 99mTc-d,l-HMPAO complex plays an impor-
tant role in diffusion across the blood brain barrier and in cell labeling. 
Instability in the vial occurs relatively fast at room temperature and 
this can limit the use of 99mTc-d,l-HMPAO to only a short interval fol-

Aim Over the last two decades, the complexes of technetium-99m 
labeled with methylenediphosphonate and hydroxy-methylenediphos-
phonate, i.e., 99mTc-MDP and 99mTc-HMDP, have been widely used as 
radiopharmaceuticals for bone scanning in cases of metastatic bone 
disease and osteoporotic fractures. With these 99mTc-labeled bispho-
sphonates, however, an interval of 2-6 h is needed between injection 
and bone imaging. Reducing this interval would lessen the burden on 
patients in terms of total examination time and dose of radiation ad-
sorbed. To allow imaging at an earlier time after injection, a radiop-
harmaceutical with higher affinity for bone is required. Technetium-
99m, with its optimal nuclear properties, easy availability, low cost 
and favorable dosimetry, continues to be an ideal nuclide for imag-
ing applications in nuclear medicine. The present study focused on 
the preparation, characterization, and in vivo biological evaluation of 
a new class of high bone affinity 99mTc-labeled bisphosphonates-bile 
acid derivatives. In particular four different bile acids (chenodeoxy-
cholic, ursodeoxycholic, hydeoxycholic and cholic acid) conjugated 
with bisphosphonate were labeled with 99mTc and SPECT studies were 
carried out in normal mice with a weight range of 80-100 g.
Materials and methods The 99mTc complexes were prepared in the 
presence of the reducing agent stannous chloride, bile acid deriva-
tives, ascorbic acid, carbonate buffer 0.5 M pH=9.5 and the freshly 
eluted pertechnetate. The radiochemical yield was determined by TLC 
chromatography. SPECT studies and X-ray data acquisition were per-
formed using the integrated digital X-ray imaging system of the YAP-
(S)PET scanner. 
Results The radiochemical yield for the 99mTc- bisphosphonates based 
on TLC analysis, which identifies unbound 99mTcO

4
-, reduced hydro-

lyzed 99mTcO
2
 or other colloidal species if present, was always found to 

be in the range 94.5 ± 2.0. No purification of the radiolabeled products 
was undertaken. Radiolabeled products were injected into test animals 
immediately following synthesis and quality control assay. Imaging 
data indicate high activity concentration of the complex containing the 
ursodeoxycholic-bisphosphonate.
Conclusions We developed a novel 99mTc-labeled bisphosphonate with 
high affinity for bone. The new complex was prepared in high yield. 
The present findings indicate that 99mTc-ursodeoxycholic-bisphospho-
nate holds great potential for bone scintigraphy and may also be exam-
ined for its ability to bind 188Re with a view to developing a potential 
therapeutic agent. 
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Magnetic nanoparticles (MNPs) are of great interest in diagnostic 
imaging, biotechnology and biomedicine. Furthermore, the magnetic 
properties of these particles make it possible to hypothesize confine-
ment of MNPs in predetermined sites by external magnetic fields, 
which could be followed by controlled delivery of physical and/or 
chemical substances near to biological targets. It may be possible to 
monitor these processes by PET, MRI or planar scintigraphic imaging. 
The present study was undertaken to explore this last possibility using 
99mTc-labeled MNPs. 
A mixture of (Fe

2
(SO

4
)

3
) and (Fe(NH

4
SO

4
)

2
) in distilled water was 

dripped into a solution of ammonium hydroxide. The reaction was 
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Methods Autologous leukocyctes were separated and labeled in an un-
classified LFC and placed in a controlled area and in a lead-shielded 
(HC) with manipulator gloves according to Peters’ protocol and the 
HmPAO manufacturer’s instructions. In routine cleaning we used ster-
ile broad spectrum disinfectants alternating them every 14 days. An ex-
traordinary cleaning procedure using a second sporicidal disinfectant 
was carried out monthly. Walls, ceiling, and floor were decontaminated 
using the same products used for LFC and HC cleaning, but in the 
cheaper filtered form. Simulation test was carried out in the same areas 
listed in the SOP (LFC, HC) using, in place of actual product, Tryp-
tic Soy Broth (TSB), a sterile microbiological growth media which 
was subjected to exactly the same conditions as the product and by 
the same personnel. As positive control, an aliquot of TSB medium 
was added with a sample of 105 CFU Geobacillus stearothermophilus 
spores. The sterility of production line was checked (negative control) 
at every step in the process and for three times. The final vials contain-
ing the media of each processed step were incubated for 14 days at 
different temperatures (7 days at 32.5°C and 7 days at 22.5°C) and 
examined for evidence of microbial growth. Visible turbidity in the 
analyzed samples indicated that there had been a breach in the aseptic 
technique during the process and the challenge test was therefore con-
sidered positive. The solution moreover was plated over a Petri dish 
to quantitatively estimate the microbial growth. To validate operators 
we performed three consecutive satisfactory simulation tests, repeated 
at defined intervals (generally, twice a year) and after any significant 
procedure variation: eighteen production runs with six different opera-
tors were performed. 
Results No evidence of turbidity was observed in any of the steps 
evaluated by the media fill in the 18 production runs performed. These 
results show that the process used, combined with the ability of the 
operators, made it possible to obtain a final product without microbio-
logical contamination. 
Conclusions The media fill test, a critical requirement for sterility as-
surance, was used as a tool to validate the procedure. Our findings in 
radiolabeling of WBCs performed in laminar flow class II cabinet, not 
yet classified as required by GRMP-NM, demonstrated that the aseptic 
compounding process adopted, carefully monitored, can guarantee the 
desired final product quality.
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coated magnetic nanoparticles 

V. Megna1, P. D’Elia2, F. Nepi2, P. Scarpato1, A. Pala2, M. Barteri2,  
F. Monteleone1, G. De Vincentis1, M. Liberatore1

1Section of Nuclear Medicine, Department of Radiological, 
Oncological and Anatomo-Pathological Sciences
2Biophysical Chemistry Laboratory, Department of Chemistry, 
University ‘Sapienza’, Rome, Italy

Indium-111 or Technetium-99m-labeled leukocyte scans are widely 
employed as diagnostic tools in the study of several inflammatory and 
infectious diseases. These diagnostic tools, however, present some 
limitations due to the low resolution of gamma cameras and the lack 
of structural reference points allowing correct localization of the le-
sions. Within the wide range of nanomaterials designed for biomedical 
application, magnetic nanoparticles (MNPs) have attracted particular 
attention since, due to their inherent properties, they can be detected on 
magnetic resonance imaging. In the present study, labeling of granulo-
cytes through their engulfment with chitosan-coated magnetic 64Cu na-
noparticles (MNPs) was carried out in order to evaluate whether these 
labeled cells can be used as a suitable radiopharmaceutical for dual 
imaging (PET–MRI) of inflammatory/infectious diseases. Aliquots of 
5–20 mg MNPs were washed with saline–isotonic solution and recu-
perated by magnetic decantation. 15–58 µg Cu2+ (CuCl

2
·H

2
O) in 50 µl 

lowing its preparation. We studied the influence, on the radiochemical 
purity and stability of 99mTc-d,l-HMPAO, of different characteristics 
(pH, storage conditions – plastic ampoules stored away from light 
sources or glass ampoules) of the 0.9% NaCl sodium chloride used to 
dilute generator-produced sodium pertechnetate at 1, 2 , 5 mL for the 
reconstitution of Ceretec™. 
Material and methods 99mTc-d,l-HMPAO was prepared using com-
mercially available freeze-dried kits according to the procedure speci-
fied by the manufacturer. Kits were reconstituted with 1, 2 or 5 mL of 
fresh (not more than 2 h old) generator-eluted sodium [99mTc]pertech-
netate coming from a generator eluted no longer than 24h previously 
in 0.9% NaCl containing 0.074-0.22 GBq/mL. The radioactive con-
centration was obtained by diluting generator-eluted sodium [99mTc]
pertechnetate with 0.9% NaCl coming from plastic ampoules stored 
away from light sources and with sodium chloride from glass am-
poules. The radiochemical purity was measured at 0, 15 and 30 min 
after preparation and was determined by methods specified by the 
manufacture. 
Results We found that no influence, on radiochemical purity and stabil-
ity (at 30 min following preparation) of 99mTc-HMPAO, was exerted 
by the type and pH of sodium chloride injection used for pertechnetate 
diluting. RCP values   decreased proportionally with decreasing final 
volume of the preparation. In particular for 1 mL of diluted pertechne-
tate, the PCR at 30 minutes following the preparation was less than the 
required level (80%). Finally we found that the pH of 99mTc-d,l-HMPAO 
was, on average, lower than indicated by the manufacturer (9.0-9.8). 
Conclusions We found that instability of the neutral lipophilic 99mTc-
d,l-HMPAO complex develops more rapidly in reconstituted kits with 
pertechnetate volumes smaller than 2 mL, as occurs in routine prepa-
rations for in vitro leukocyte labeling, and in particular reconstituted 
kits with volumes of 1 mL cannot be used beyond 15 minutes after 
preparation. This suggests that any protocols that provide pertechne-
tate volumes smaller than 2 mL for Ceretec™ reconstitution should be 
carefully evaluated in terms of stability of the product. We also noted 
that the average pH for all categories of preparation was lower than 
indicated by the manufacturer (9.0-9.8). This does not seem to com-
promise the stability of the product.
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Validation of autologous leukocyte separation and labeling by 
99mTc-HmPAO by media fill test in the pre-GRMP-NM era

N. Urbano1, S. Modoni2, O.Schillaci3

1Nuclear Medicine Unit, Department of Biopathology and Diagnostic 
Imaging, University “Tor Vergata”, Rome, Italy
2Nuclear Medicine Unit, University Hospital of Foggia, Italy
3Nuclear Medicine Unit, Department of Biopathology and Diagnostic 
Imaging, University “Tor Vergata”, Rome, Italy and IRCCS Neuromed, 
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Aim The Good Radiopharmaceutical Manufacturing Practices in Nu-
clear Medicine (GRMP-NM) regulation, in force in Italy since July 1st, 
2011, modified requirements concerning the cabinet and environment 
to be used for radio-labeled leukocytes. Prior to the new rule, we per-
formed leukocyte separation and 99mTc-HmPAO radiolabeling proce-
dures in an unclassified laminar flow cabinet (LFC) and in a shielded 
hot cell (HC), using validated cleaning and disinfection practices and 
continuous and thorough monitoring of the production line. In this 
environment, according to the Italian Pharmacopoeia, we estimated 
potential microbial contamination (in order to ensure an acceptable 
process for a human-use product intended for intravenous administra-
tion) by media fill test, reproducing as closely as possible the routine 
aseptic production process with all the critical steps (including worst-
case situations), as they are described in the internal standard operating 
procedure (SOP).
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the 10-2000 keV energy range. A high-purity germanium detector, 
N-type, with a 15% relative efficiency and a resolution of 1.8 keV at 
1332 keV was used. An appropriate library was created for the spectra 
analysis on the basis of the knowledge of the irradiated materials: 
(p,n), (p,d), (p,a), (n,g) reactions on HAVAR, target body and silver 
chamber were taken into account to create a table of the possible ra-
dionuclides present in the samples measured. Samples were measured 
for 1800 seconds each. About 30 FDG cassettes were measured and 
150 spectra analyzed. 
All the significant peaks found in the spectra analyzed were identi-
fied. The radionuclides found were: 26Al, 51Cr, 52Mn, 56Co, 57Co, 58Co, 
95Tc, 96Tc, 181W, 181Re, 183Re for the QMA cartridge; 51Cr for the tC18 
cartridge; 51Cr for the Alumina cartridge; 51Cr and 96Tc for the OASIS 
cartridge; 51Cr, 96Tc for the reactor vessel. The mean activities found in 
the cartridges were: 1.37E+03 ± 8.48E+02 Bq for the QMA; 1.41E+01 
± 5.17 Bq for the tC18; 1.13E+01 ± 6.91 Bq for the OASIS; 2.98E+01 
± 1.36E+01 for the Alumina, and 2.03E+01 ± 8.63 for the reactor ves-
sel. The average activity found per cassette was 1.40E+03 ± 8.67E+02.
In conclusion, an extensive measurement campaign on the FDG cas-
sette was conducted. [18F]fluoride from the cyclotron goes through the 
QMA cartridge first and it is here that most impurities remain trapped. 
The activity level in the other cartridges was less than that in the QMA. 
Traces of impurities were also found in the reactor vessel because that 
is the place where synthesis reactions take place. The activity level of 
the cassette does not modify the classification of the area or the risk for 
radiochemistry laboratory personnel, but the presence of radionuclides 
with a half-life greater than 75 days means that the cassettes constitute 
radioactive waste and must be be treated in accordance with the rel-
evant Italian law (D.Lgs. 230/95).
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Evaluation and parameter optimization of an automatic module 
for on-column [11C]choline synthesis

F. Scopelliti, G. Benfatto, P. Di Raimondo, P. Ingargiola,  
A. Munzone, G. Petralia, M.A. Pometti, M. Sciortino, Sa. Baldari 
S. Cosentino, G. Murè, M.G. Sabini, L.M. Valastro, M. Ippolito

Nuclear Medicine Unit, Bioimaging Department, Cannizzaro 
Hospital of Catania, Catania, Italy

Aim [11C]choline is a useful tracer for studying prostate cancer as well 
as other types of tumor. Its synthesis involves different steps and is 
quite complicated because of the short half-life of the isotope (20.4 
minutes). In the vast majority of nuclear medicine institutes this tracer 
is produced in liquid phase, with subsequent purification by HPLC. In 
our lab we recently installed a module for on-column production of ra-
diopharmaceuticals, including choline. This is one of the few modules 
operating in Italy that uses disposable cassettes. Therefore no “clean-
ing” procedure is required after each synthesis. Parameters of this new 
module should be regulated in order to optimize the yield of the syn-
thesis and the quality of the final product. Some issues were identified 
and new diagnostic tests were introduced, to prevent synthesis failure.
Materials and methods Carbon dioxide (CO

2
) is produced by an IBA 

cyclotron; synthesis is performed using an E&Z module; dimethyleth-
anolamine (DMEA), hydriodic acid (HI), lithium aluminium hydride 
in tetrahydrofuran (LiAlH4/THF), water for injection and 0.9% saline 
were purchased from ABX; ethanol, ascarite and sicapent from Merck; 
and pharmaceutical grade cassettes (including reaction and purifica-
tion cartridges) from E&Z. CO

2
 is trapped in molecular sieves at room 

temperature. A subsequent temperature increase causes the release of 
the gas into a vial containing LiAlH

4
, where the reduction reaction 

occurs. Addition of HI produces methyl iodide (CH
3
I) which distills 

through an ascarite/sicapent cartridge and reaches a C18 cartridge, 
where precursor has been loaded. After washing with ethanol and wa-
ter, elution with saline provides the final product ready for use with an 

of acidified (pH 5.5) saline solution was added to the MNPs re-sus-
pended in saline–isotonic solution. Subsequently, 10 mg MNPs were 
allowed to react with 16 µg 64Cu [64Ni(p,n) at 12–9 MeV] and then sub-
mitted to anion exchange chromatography with a specific activity of 56 
MBq/µg. Pellets of granulocytes were obtained from peripheral blood. 
The engulfment of granulocytes with MNPs was obtained and granulo-
cyte-engulfed viability was assessed by the trypan blue exclusion test 
performed at 5 min, 2 h and 4 h after labeling. Furthermore, an assess-
ment of the release of 64Cu from labeled granulocytes in plasma was 
performed by measuring the radioactivity of both the cellular pellet 
and the supernatant solution. The results showed the binding capacity 
of chitosan-coated MNPs for cationic metal. The amount of chelated 
Cu2+ captured per milligram of MNPs was constant and independent 
of the reagent concentrations. In all cases, more than 90% of the en-
gulfed granulocytes were positive to the TBE test. The MNPs were 
localised within the cells. In our in vitro model, MNPs are taken up 
by granulocytes through phagocytosis, whereas previously described 
methods were based on the use of a chelating agent that permitted Cu 
to cross the cell membrane. Moreover, the 64Cu-engulfed granulocytes 
showed a high stability of up to 80% of retained radioactivity after 24 
h of incubation.
In order to reveal the difference in contrast between the images of 
free granulocytes (2.3×106/mL) and the same sample containing cells 
engulfed with MNPs, MRI measurements were performed. Engulfed 
cells were visualised by means of a 1H MRI instrument operating at 
9.4 T and equipped with a micro-imaging probe. MR images (obtained 
from T1, T2 and T*2 calculations) showed a high contrast of the la-
beled cells, due to the induced magnetic field and a much lower con-
trast of free granulocytes. 

157
Assessment of radionuclidic impurities in 2-[18F]fluoro-2-deoxy-
D-glucose ([18F]FDG) synthesis with the GE FASTlab synthesizer

C. Perinelli1, A. Infantino1, G. Cicoria2, D. Pancaldi2, M. Marengo2, 
D. Mostacci1

1Nuclear Engineering Laboratory of Montecuccolino, University of 
Bologna, Bologna, Italy
2Medical Physics Department, University Hospital “S. Orsola-
Malpighi”, Bologna, Italy

Fast and automated synthesis of 2-[18F]fluoro-2-deoxy-D-glucose 
([18F]FDG), the most important radiopharmaceutical used in positron 
emission tomography, has become, in recent years, a main requirement 
for hospitals and pharmaceutical industries. During the production of 
fluorine-18 in a cyclotron by the 18O(p,n)18F reaction, impurities can 
be produced by proton and secondary particles that hit materials sur-
rounding the target of enriched [18O]water. 
The aim of this study was to assess the radionuclidic impurities de-
posited, during the synthesis of [18F]FDG, in the FDG cassette of the 
GE FASTlab synthesizer and the characterization of the cassette as 
radioactive waste. 
[18F]fluoride was produced using a GE PETtrace cyclotron able to 
accelerate protons up to 16.5 MeV. The target system used was the 
standard GE high-yield assembly comprised of a silver chamber filled 
with [18O]water at a pressure of 30 bar (450 psi). The front of the 
target body is sealed with a 25 mm HAVAR foil. Typical production 
irradiations considered for this work were 100-120 min at a current 
of 35-38 mA with an [18F]fluoride activity, produced at the end of 
bombardment, of 168 GBq (about 4600 mCi). The four cartridges 
used in the FDG cassette (QMA, tC18, Alumina, and OASIS HLB 
®) and the reactor vessel were systematically measured in a gamma-
ray spectrometer after a waiting time of 24-72 hours from the end 
of synthesis to allow a sufficient decrease in radioactivity to bring 
the total counting frequency to less than 2000 counts per second in 
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M methylmagnesiumchloride as a precursor, through which [11C]CO
2
 

was bubbled at the end of bombardment. The reaction was quenched 
with 1 ml of 1mM acetic acid, and then allowed to pass through PS-H+, 
PS-Ag+ and SAX cartridges, connected in series. The SAX cartridge 
only was then washed using 10 ml of water, and the desired product 
was eluted with 10 ml of physiological saline, sterilized and collected 
in the final container. Radiochemical yield, not corrected, was in the 
range 25-30%, with a preparation time of 15 minutes, while radio-
chemical purity was always > 98%. Interestingly, in order to minimize 
moisture contamination, the Grignard reagent was used as such, in its 
original 2 ml vial packaging provided by ABX, which was connected 
with the by-pass teflon tubes for [11C]CO

2
 delivery, for transfer of the 

reaction mixture to the sep-pak cartridges, and for connection with the 
original module reactor, respectively. Thus, the [11C]acetate formation 
reaction takes place directly into the above vial, while the original 
module reactor is used only as a “buffer”, for inert gas exhausting and 
for acetic acid addition, followed by its transfer to the ABX vial. Fol-
lowing the above procedure, the original module reactor never came 
into contact with the Grignard reagent and the reaction mixture, thus 
minimizing the need for thorough cleaning of the reactor itself and 
of the vial/tubing assembly. Moreover, the “switch” between the two 
different module configurations was quite easy and straightforward, 
being accomplished in just a few minutes. Most of all, no cross con-
tamination between [11C]choline and [11C]acetate has ever been ob-
served, to date, thus allowing true routine preparation of the above 
radiopharmaceuticals using the same automated system.
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New “3+1” chelating system for the development of therapeutic 
agents labeled with rhenium-188

L. Uccelli, M. Pasquali, A. Boschi, M. Giganti, A. Duatti

Department of Morphology, Surgery and Experimental Medicine, 
University of Ferrara, Ferrara, Italy

Aim Radionuclide therapy remains, potentially, one of the most effec-
tive approaches for the treatment of cancer. Its most common applica-
tion involves the intravenous administration of a radiolabeled molecule 
designed to target cancerous tissue exploiting a specific biological 
mechanism selectively expressed by malignant cells. A common strate- 
gy entails the radiolabeling of an appropriate biologically active mole- 
cule (e.g. protein, peptide or drug) that is known to selectively target 
cancerous cells. The usual challenge derives from the need to incorpo-
rate the radioactive tag within the structure of the bioactive molecule 
without affecting its primitive biological properties. This problem 
is particularly marked with metallic radionuclides, which constitute 
the largest set of radioelements having suitable nuclear properties for 
therapeutic purposes. At present, the most popular method, dubbed the 
‘bifunctional approach’, consists of tethering a strong chelating group 
for the metal to a point of the bioactive molecule that is irrelevant for 
preserving its biological properties. The resulting bifunctional ligand 
is thought to act as a bridging backbone between the biomolecule and 
the metal. The ß-emitting radionuclide Re-188 is considered a very 
attractive candidate for the development of therapeutic radiopharma-
ceuticals. This nuclide decays through the emission of a beta particle 
(E

ßmax
= 2.1 MeV, t

1/2
 = 16.9 h) with high penetration for killing tu-

mor cells. An additional advantage is that Re-188 also emits a gamma 
photon (Eγ 

= 0.155 MeV) that can be conveniently used to image the 
exact localization of the radiotherapeutic agent soon after its admini- 
stration to the patient and the response to therapy. Studies have been 
conducted to find strong chelating systems capable of conferring high 
in vivo stability on the resulting Re-188 complexes. Our group focused 
on the study of five-coordinated complexes characterized by the pre- 
sence of a terminal [188Re=N]2+ multiple bond. The aim of this study 
was to develop the mixed-ligand [188Re (N)(SNS)(PCN)] complex 

average yield of 30%, not corrected. Synthesis time is 15 minutes after 
unloading the target.
Results Problems with cassette were the most important reason for 
synthesis failure. Incorrectly assembled tubes in the HI vial (33.3%) 
and obstructed tubes in the reactor vial (33.3%) were the most frequent 
causes. Failure of molecular sieve heating to release CO

2
 (20.0%) and 

not perfectly closed reactor vial cap (13.4%) were also recorded as 
main problems. Moreover a high amount of precursor DMEA was 
found in the final batch ready for use (0.07-0.08 mg/mL).
Conclusions Part of the solution of our problems was down to the 
manufacturing company, which performed an internal inspection in 
order to ensure proper assembly of every single cassette. In addition, 
a new material for reactor septa was used to avoid tube obstruction 
when assembling the cassettes. Our team was responsible for verifying 
cassette assembly and for performing some additional tests (after the 
recommended conditioning of sieves and tightness test) before each 
use of the kits. The aim of these tests was to verify heating of the 
molecular sieves, correct closure of the reactor vial cap, patency of the 
tubes (both for the HI vial and the reactor vial), and correct assembly 
of the HI vial. Increasing the amount of ethanol reduces the presence 
of precursor in the final solution, being 6.5 mL a sufficient amount to 
diminish DMEA quantity up to 0.04 mg/mL. This allowed to scan 2-3 
patients per PET/CT camera. Finally, correct setting of opening times 
of all the valves reduces synthesis time, so that an increase in the yield 
is obtained due to less decay time.
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Fast, reliable, high-purity production of [11C]acetate using a 
Tracerlab FxC-Pro automated synthesis module

S. Stucchi1,2, L. Giuliano1, E.A. Turolla1,2, S. Todde1,2, C. Messa1,2

1Tecnomed, Foundation of the University of Milano-Bicocca, Monza, 
Italy
2Department of Health Sciences, University of Milano-Bicocca, 
Monza, Italy

[11C]acetate is a well-established PET radiopharmaceutical, originally 
developed to assess regional myocardial blood flow, that has recently 
gained a “new lease of life” as a marker for tumor growth. Indeed, fatty 
acid synthetase (FAS), which is overexpressed in cancer cells, converts 
most of the acetate to fatty acids. [11C]acetate is typically prepared 
by reacting cyclotron-produced [11C]CO

2
 with a suitable Grignard 

reagent, such as methylmagnesiumbromide, which gives the desired 
product in high yield and a very short reaction time. Although the 
chemistry is inherently simple, the automated preparation procedure 
usually requires more or less extensive modification of the standard 
module setup, as the commercially available systems are configured 
to perform the radiosynthesis of 11C-labelled compounds via the use-
ful intermediate [11C]CH

3
I, which involves a different radiochemical 

pathway. Considering that the above automated devices are typically 
multi-purpose and used for the preparation of different radiopharma-
ceuticals, the continuous module setup “switch” from the configura-
tion used for e.g. [11C]choline preparation to the configuration required 
by [11C]acetate radiosynthesis may be not trivial, and a detrimental 
effect on the system performance may be expected. Recently, A. Runk-
le and co-authors reported the automated preparation of [11C]acetate 
using a Tracerlab FxC-Pro synthesis module. The authors proposed 
a significant series of modifications to the basic configuration of the 
module, such as additional molecular sieve traps, changing the func-
tion of valves originally set up for other purposes, modifying part of 
the tubing assembly, and introducing extra valves controlled via exter-
nal additional switches. 
In contrast, this paper proposes a method for the high-yield, high-puri-
ty preparation of [11C]acetate using a slightly modified Tracerlab FxC-
Pro module. The title compound was prepared starting with 2 ml of 0.1 
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ples obtained by a 1:100 dilution of the preparation in saline solution, 
to obviate to high sensitivity of the beta counter. In autoradiochroma-
tographic analysis phosphor screen was impressed by TLC samples 
for one minute, scanned by laser system and finally a high-resolution 
digitized image was created as an image file, quantitatively analyzed 
by OptiQuant™ software.
Results Our results using the storage phosphor system and beta counter 
produced a maximum difference of 0.7% between arithmetic means. In 
general, the precision of TLC analysis is in the order of 1.0%, the limit 
for defining equivalence between two TLC methods for R.P. determi-
nation. Consequently, the two methods of detection analyzed can be 
considered equivalent and interchangeable.
Conclusions In this study, an alternative detection method in R.P. 
analysis of 90Y-ibritumomab tiuxetan, safer for operators, was found. 
Direct detection of Yttrium-90 β- radiation, employing very toxic scin-
tillation liquid, can be replaced by indirect autoradiochromatographic 
analysis, which offers advantages in terms of safety and accuracy in 
quantitative analysis and is also less time consuming.
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90Y and 177Lu labeling of targeting molecules at high specific 
activity

S. Papi, L. Garaboldi, A. Carollo, A. Cascio, G. Paganelli, M. Chinol

Nuclear Medicine Division, European Institute of Oncology, Milan, 
Italy

Introduction The pure β¯ emitter 90Y is widely used in nuclear medi-
cine therapeutic applications, and since it is generator produced it can 
be considered carrier free. The clinical use of the β,γ emitter 177Lu 
for internal radiotherapeutic agents is growing thanks to its favorable 
physical-chemical properties. Nevertheless, it can be produced by neu-
tron irradiation of 176Lu or 176Yb, with different amounts of chemical 
contaminants and/or metal carriers. 
Aim In this work we summarize the results of radiolabeling at high 
specific activities of peptides and antibodies with 90Y and 177Lu in dif-
ferent conditions.
Materials and methods Several radiolabeling tests were performed on 
DOTA-somatostatin analogs (namely DOTA-TOC and DOTA-TATE) 
and the reference monoclonal antibody for RIT ibritumomab-tiuxetan. 
For peptides, the buffering system was gentisic acid/sodium acetate 
or ascorbic acid at pH 4.5 – 5.0. For MoAbs sodium acetate provided 
in the radiolabeling kits was used. Peptides were dissolved in MilliQ 
water at 1mg/mL and mixed with buffer system in the same volume 
of radionuclide. Ibritumomab tiuxetan was used and mixed with the 
buffer following the original leaflet from the kit for radiolabeling of 
90Y-Zevalin®. 90YCl

3
 or 177LuCl

3
 were provided dissolved in 0.04N HCl 

with a radioactive concentration greater than 18.5GBq/mL for pep-
tides, and at 1.85GBq/mL for MoAbs labeling. For 177Lu, both direct 
and indirect routes of production were tested to check the maximum 
achievable radiolabeling specific activity (A

S
). Different tests were car-

ried out with increasing A
S
 in the same experimental setting. For pep-

tides, tested A
S
 ranged from 1 to 5 mCi/µg; for MoAbs the range was 

between 5 and 30 mCi/mg.
Results DOTA-TOC and DOTA-TATE were successfully radiolabeled 
with 90Y at A

S
 as high as 2.5 mCi/µg, with a radiochemical purity 

(RCP) greater than 95% routinely achieved. When 177Lu was tested, for 
176Lu production route the max A

S
 obtained was 2 mCi/µg with fresh 

177Lu, for the 176Yb route a radiolabeling A
S
 of 4 mCi/µg was reached 

as maximum. As regards ibritumomab tiuxetan, 90Y labeling was suc-
cessfully carried out up to 25 mCi/mg (RCP above 95%), whereas at 
30 mCi/mg the RCP was slightly above 80%. Moreover, high activi- 
ty labeling was carried out, since up to 7.4 GBq of 90Y-ibritumomab 
tiuxetan were successfully labeled with high RCP at 20 mCi/mg A

S
. 

When 177Lu radiolabeling of MoAbs was tested, the highest achieved 

[PCN = P(CH
2
CH

2
CN)

3
;
 
SNS= 2-2’-dimercaptodiethylamine, H

2
SN

S
 

=NH(CH
2
CH

2
SH)

2
] and evaluate its stability, an essential pre-requisite 

for the development of target-specific agents for molecular therapy. 
Materials and methods Reagents required for the preparation of the 
mixed-ligand complex [188Re (N)(SNS)(PCN)] were provided through 
a two-vial freeze-dried kit formulation (vial A and B). The preparation 
involves two steps: (1) formation of the [188Re =N]2+ core (Vial A), 
(2) reaction of this “core” with the H

2
SNS derivative and the mono-

phosphine to afford the “3+1” nitrido complex [188Re(N)(SNS)(PCN)] 
(vial B). The complex was purified of excess reagents and free ligand 
by passing the activity through a reversed-phase SepPak cartridge. 
Results The radiochemical yield determined by HPLC chromatogra-
phy was found to be in the range 95.2 ± 3.0. Evaluation of stability 
of the whole complex in serum and towards transchelation with GSH 
and cysteine revealed no change in radiochemical purity after 48 h of 
incubation at 37°C. 
Conclusion The new “3+1” complex [188Re(N)(SNS)(PCN)] has been 
prepared and fully characterized. The new ”3+1” chelating system 
studied is very stable and obtained in high yield through a lyophilized 
formulation. The structural characteristics of the new category of com-
pounds could provide a convenient chemical platform for developing 
new therapeutic agents labeled with rhenium-188. In fact, the relative 
flexibility of the coordination environment might allow a fine tuning 
of the biological properties of the resulting radiopharmaceuticals and 
essential prerequisites for the development of target-specific agents for 
molecular imaging. 
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Validation of autoradiochromatography as a safe alternative 
technique to beta counting for determination of radiochemical 
purity of 90Y-ibritumomab tiuxetan 

M. Di Franco1, T. Scotognella1, E. Martinengo2, T. Angusti2,  
A. Skanjeti2,3, C. Rabbia1, V. Podio2

1Hospital Pharmacy, San Luigi Gonzaga Hospital, Orbassano, Italy
2Nuclear Medicine Unit, San Luigi Gonzaga Hospital, University of 
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3Medical Science Department, University A. Avogadro, Novara, Italy

Aim 90Y-ibritumomab tiuxetan (Zevalin®; Bayer, Germany) is a mu-
rine monoclonal antibody conjugated to the pure beta minus emitting 
radionuclide Yttrium-90; it is approved for radioimmunotherapy in pa-
tients with relapsed or refractory follicular non-Hodgkin’s lymphoma. 
90Y-ibritumomab tiuxetan labeling is a safe procedure, involving com-
plex activity determination (bremsstrahlung component and geome- 
tric corrections) and sequential addition of various reagents. Hema-
tological toxicity due to beta minus radiation can occur after Zevalin 
administration if the radiochemical purity (R.P.) is too low (95% as 
minimum acceptable level). All these variables make R.P. control of 
Zevalin mandatory. The use of thin-layer chromatography silica gel 
impregnated glass fiber (ITLC-SG) revealed by beta counter is the 
analytical method recommended by the manufacturer. Scintillation 
liquid (a mixture of aromatic hydrocarbons) is added to samples be-
fore analysis, with dangerous exposure of operators to carcinogenic 
exhalations. This study aims to validate autoradiochromatography as a 
safe alternative technique for determining the R.P. of 90Y-ibritumomab 
tiuxetan.
Materials and methods Eight preparations were checked for labeling 
yield by ITLC-SG (Varian; Agilent Technologies, USA) using saline 
solution as mobile phase. Detection by beta counter was compared to 
detection by a storage phosphor system (Cyclone Plus; PerkinElmer, 
USA) able to perform filmless autoradiography of ITLC samples. 
Three R.P. tests were performed for each preparation and the arith-
metic mean was calculated for every set of measures from the same 
labeling and detection system. All R.P. tests were performed on sam-
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of 177Lu/90Y peptides can be considered safe from a pharmaceutical 
viewpoint. Process validation through the media fill approach allows 
preparations to be released for injection before sterility tests of each 
batch that require to wait for complete decay of the product. Moreover 
the validation extends not only on the product, but also to the opera-
tors involved, as the safety and quality of the drug can be affected by 
different operators.

PHYSICS, INSTRUMENTATION  
AND RADIOLOGICAL PROTECTION
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Fusing distrectual whole-body and anatomical body vectorial 
profiles for lymphoscintigraphy and nuclear medicine functional 
imaging

F. Antonica, A. Niccoli Asabella, M.A. Renna, C. Altini, E.P. Mossa, 
G. Rubini

Nuclear Medicine Unit, D.I.M., University of Bari “Aldo Moro”, 
Bari, Italy

Aim Biomolecular imaging and traditional nuclear medicine diagno- 
stics highlight the function of organs and tissues, but cannot provide 
anatomical structural detail of the involved organ or tissue. Only an 
expert, specialized and well-trained physician can mentally integrate 
anatomical references with the scintigraphic image. Our aim was to 
present the first, fully digital, top quality and standardized method of 
creating and fusing anatomical references (using a vectorial image) to 
lymphoscintigraphy, sentinel lymph node research, and radio-guided 
surgery.
Materials and methods We realized a set of vectorial, multilayered 
and scalable anatomical templates showing different standard patient 
positions and common regions studied with lymphoscintigraphy in 
Adobe Illustrator. Lymphoscintigraphic images were acquired using a 
standard protocol. Patient scan data were exported from the worksta-
tion as DICOM file and then placed in a Photoshop Layer of an empty 
document. In a new Photoshop layer we placed the vector template of 
the involved region. Scans and vectors were treated as Smart Objects. 
We corrected and tuned scans using Photoshop built-in features, ap-
plying every filter to a different layer. We arranged vector profile di-
mensions with the “Transform tool” and then we adjusted the standard 
vector profile to patient anatomy, position and attitude using the Pup-
pet Warp editing tool. Vector profiles had a different color and trans-
parency factor to allow visibility of the underlying pixel scan parts. We 
then fused the first acquisition to the arranged profile and printed on 
coated paper or on single or separate films with common dye-diffusion 
medical printers.
Results This new technique is fully digital, easy to perform, and cost-
less. Requiring only a short training time, it is also very fast. Vector 
templates are the best choice because they make it possible to increase 
or decrease the level of detail, making it easy to show less or more or-
gans and anatomical structures. We produced traditional lymphoscin-
tigrams with added topographic information thanks to anatomical 
vector models. Our vector-based models are fully adaptable to every 
patient profile and they always provide maximum quality and resolu-
tion. Thanks to the quality of the software we were able to minimize 
artifacts and hidden scintigraphic image parts. Photoshop keeps image 
quality high; Smart Objects, Adjustment Layers gave us the possibility 
to tune images without degrading the diagnostic scans.
Conclusions This technique has been greatly appreciated because it 
adds valuable topographic information in an easy and precise way, and 
this increases diagnostic data and scan readability. It does not require 

A
S
 was 10 mCi/mg with both sources, whereas at 20 mCi/mg the RCP 

was unsatisfactory.
Conclusions DOTA-somatostatin analogs can be safely labeled with 
both 90Y and 177Lu at a reasonably high A

S
, as required for peptide re-

ceptor radionuclide therapy. When increasing the radiolabeling A
S
, the 

effect of dilution and trace metal contaminants becomes stronger and 
prevents the increase of the metal/peptide ratio. Ibritumomab tiuxetan 
can be successfully labeled at high activities but keeping the radiola-
beling A

S
 around 20 mCi/mg, whereas the shift from 90Y to 177Lu is not 

straightforward and further development is required. These results are 
in accordance with other published papers, which report that DOTA-
MoAbs are better candidates for high radiolabeling A

S
 especially with 

177Lu.
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Introduction Therapeutic radiopharmaceuticals need to be tested 
for sterility. However, because of their short half-lives, sterility tests 
cannot be performed prior to their release. For this reason, so-called 
parametric release, based on previous validation of the process through 
media fill tests, is generally accepted. An automatic synthesis module 
was installed in our laboratory in order to reduce operator exposure 
during radiopharmaceutical preparation. The new procedure needed to 
be tested in order to guarantee asepticity throughout all the synthesis 
steps. 
Aim The aim of this study was to validate, by means of dedicated me-
dia fill tests, the sterile preparation of [177Lu]DOTATATE utilizing the 
automatic synthesis module. 
Materials and methods The PharmTracer synthesis module (Eckert 
& Ziegler) was used for the routine preparation of [177Lu]DOTATATE, 
carried out using a disposable sterile cassette kit provided by the man-
ufacturer and comprising all the reagents, vessels and tubing required 
for the synthesis. In order to validate the process, it was first closely an-
alyzed after which simulations were performed recreating all the criti-
cal steps where contamination can occur. To apply this method, each 
operator simulated each step of the process using a growth medium 
(tryptic soy broth, TSB) in place of all the cold and radioactive liquids 
that run through the cassette. The media fill test was subdivided into 5 
phases: - simulation of reagent preparation; - radiopharmaceutical pro-
duction using the automatic synthesis module and disposable cassette 
system; - quality control analysis; - dispensing operations; - delivery 
to patients. In each phase different critical points where contamination 
can occur were identified and a suitable amount of TSB was collected. 
The sample was incubated at 35 °C for 14 days inside a thermostatic 
oven to promote possible bacterial growth. After incubation, the mi-
crobiology laboratory evaluated the presence of microbial contamina-
tion by analyzing any detectable turbidity of the sample. In doubt, the 
sample was plated on a Petri dish for a more accurate determination.
All the media fill test procedures were repeated three times for every 
operator involved.
Results Microbiological analyses, carried out on all vials obtained at 
the end of each step, showed no microbial growth in any cases. For this 
reason, the media fill test was considered passed.
Conclusions The preparation of 177Lu/90Y DOTA-peptides can be con-
sidered similar to the media fill procedure as the manipulation involved 
is the same in each case. Therefore, on the basis of the results of the 
media fill tests performed, the automatic synthesis module preparation 
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Introduction The metabolic rate of glucose (MRglu), in ml/min/100g, 
provides the best estimate of real glucose consumption, but it is rarely 
used in clinical practice due to its computational complexity. Non-
linear regression (NLR) is the gold standard method for calculating 
MRglu from the rate constants (k1, k2, k3) or from their combination 
(Ki, the influx constant). The NLR method requires a dynamic PET 
acquisition, and determination of the “input function” by serial arterial 
blood sampling; therefore it is complex, relatively invasive and unsuit-
able in clinical practice. Other, simpler methods of analysis have been 
developed, such as the linear regression (Rutland-Patlak) and the “sim-
plified” methods (Sadato, Wakita, Hunter) that allow determination of 
Ki and consequently MRglu. The aim of this study was to compare Ki 
and MRglu obtained using the linear regression method and three sim-
plified methods of analysis with Ki and MRglu obtained using NLR 
(gold standard) in patients with lung cancer, to verify which of these 
methods is most useful in clinical practice.
Materials and methods Twenty-one patients (13 males, mean age 
69.9±8.8 years) with lung cancer underwent 18F-FDG PET/CT study 
for staging. Thorax dynamic acquisition, lasting 60 minutes, was -  per-
formed using 25 frames: 9 frames of 5 seconds each, 1 frame of 15 
seconds, 4 frames of 60 seconds each, and 11 frames of 300 seconds 
each. Images were analyzed drawing two ROIs including the five “hot-
test” pixels: one over the tumor (tissue response) in the last frame; the 
other one over the descending aorta (input function) in the first 30 sec-
onds summed frames. The ROIs were super-imposed on all frames and 
time-activity curves were generated. Data were analyzed using the fol-
lowing methods: (1) NLR; (2) Rutland-Patlak; (3) Sadato; (4) Hunter; 
5) Wakita.
Results The analysis methods provided the following Ki val-
ues: Ki=0.0401±0.0206 for NLR; Ki=0.0365±0.0183 for Patlak; 
Ki=0.0404±0.0184 for Sadato; Ki=0.0355±0.0155 for Hunter; 
Ki=0.0323±0.0149 for Wakita. The percentage difference between 
Ki obtained using the different methods of analysis and Ki obtained 
with NLR was: -9.2% for Patlak; +0.5% for Sadato; -11.7% for Hunt-
er; -19.6% for Wakita. Only Ki obtained with Sadato method did not 
show any significant difference (p=0.07) versus Ki obtained with NLR; 
consequently, MRglu values were also almost identical: MRglu from 
NLR= 4.72±2.58, MRglu from Sadato= 4.70±2.49. On the contrary, 
Ki values obtained using Patlak, Hunter and Wakita were significantly 
different from Ki values obtained using NLR: p=0.0014; p=0.00004;  
p=0.0001, respectively. Correlation between the analysis different 
methods and NLR gave the following intraclass correlation coefficients: 
0.96 for Patlak; 0.93 for Sadato; 0.80 for Hunter; 0.82 for Wakita.
Conclusions From our results, we can conclude that the Sadato meth-
od provides the best estimate of Ki, and consequently of MRglu. It can 
be used in clinical practice because it does not require any dynamic 
acquisition or blood arterial samples. The Patlak method provides the 
best correlation with NLR even though it gives a Ki value slightly 
lower than Ki obtained using the NLR method. Underestimation of 
Ki is greater with Hunter and Wakita methods, which also have lower 
correlation coefficients. 
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PET imaging protocol variations in international clinical practice 
in lymphoma patients 
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specific software but common commercial programs and general pur-
pose computers. It can also be done with free/open-source software. 
It does not change acquisition times or protocols. In our experience 
trained operators can print high-quality images in less than a minute. 
The technique we here propose can be used in many other applications 
and studies.
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Aim The aim of this study was to compare different acquisition time 
protocols for low-dose 18F-FDG time-of-flight PET/CT in overweight 
patients.
Materials and methods Forty consecutive overweight patients (BMI> 
25), with different types of tumors, underwent a whole-body 18F-FDG 
PET/CT. In accordance with our low-dose protocol, each patient was 
injected with 3 MBq/kg of 18F-FDG; images were acquired by a GE 
Discovery 690 TOF scanner in list mode using a 3 min/bed acquisition 
time. Acquisitions at 2.5 min/bed, 2.0 min/bed and 1.5 min/bed were 
extrapolated from the 3 min/bed list data. All images were processed 
with a FOV of 70 cm and a matrix size of 256x256 pixels. The numbers 
of iterations and subsets were the same. The maximum standardized 
uptake value (SUVmax) of all lesions and mean standardized uptake 
value (SUVmean) of their neighboring background were registered us-
ing standardized volumetric regions of interest (VOI). The tumor/non 
tumor (T/NT) ratio was calculated for all lesions. T/NT ratios at the 
different acquisition times were compared using the Kruskal-Wallis 
test with Dunn’s multiple comparisons test.
Results The patients’ average BMI was 32.1 (range 25.4-39.4). A total 
of 80 lesions were identified: 3 in the head and neck district, 24 in the 
thorax, 41 in the abdomen, 6 in the pelvis and 6 bone lesions. Lesions 
were appreciable at every acquisition time. The average global size of 
lesions was 14.2 mm (range 3 - 58, median 12). The average global 
T/NT was 3.2 (range 1.2-15.1), 3.0 (range 1.2-14.5), 3.0 (range 1.1-
14.2) and 2.9 (range 1.1-13.5) for the 3, 2.5, 2 and 1.5 min/bed acqui-
sition times respectively; differences were not statistically significant 
(p=0.63). The average size of the 20 liver lesions was 13.7 mm. The 
average T/NT ratio for liver lesions was 2.7, 2.6, 2.6 and 2.5 for the 
3, 2.5, 2 and 1.5 min/bed acquisition times respectively; differences 
were not statistically significant (p=0.81). In 7/20 subcentimeter liver 
lesions the T/NT ratio was 2.5, 2.3, 2.3, 2.1 for the 3, 2.5, 2 and 1.5 
min/bed acquisition times respectively; differences were not statisti-
cally significant (p=0.81)
Conclusions Using a TOF PET/CT scanner, it is possible to obtain 
diagnostic images in patients with high BMI and low-dose injected 
18F-FDG, also with acquisition times of less than 3 minutes. 
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were analyzed to retrieve SUV and SUL information in the liver and 
MBPS. SUV and SUL mean and max were calculated in a 3 cm di-
ameter ROI in the central portion of the liver and in a ROI completely 
encompassed in the lumen of a large vessel belonging to the MBPS.
The coefficient of variation (CV) for liver SUV max and mean meas-
urements carried out by the same readers three times in 20 patients 
acquired in the same scanner was 0.02 and 0.03. The CV for 3 inde-
pendent readers in 20 consecutive scans acquired on the same scanner 
was 0.03 and 0.07 respectively. The liver SUV in the three different re-
gions of the liver (superior, middle and inferior) was respectively 1.84, 
1.84 and 1.83 (SUV mean), and 2.64, 2.68 and 2.51 (SUV max); CV 
showed p-values ranging from 0.27-0.98 for SUV mean and max. The 
intrinsic variability of the SUV, expressed as the standard deviation of 
the voxel SUV, in the 20 patients was 0.25 SUV units. The normalized 
variability of the SUV in the liver in all 468 patients was 0.38 and 0.58 
for SUV mean and max, respectively. The SUV mean and max for all 
patients was 1.86±0.48 and 2.63±0.69, respectively. No relationship 
was found between liver SUV and injected activity, patient weight or 
height. There was a significant difference in SUV mean and max for 
subjects with BMI >25 compared to <25 (p<0.05).
A strong correlation (p<0.01) was found between mean and max SUV 
in the liver and uptake time. SUV mean and max showed a decreasing 
trend in time, especially at very short and long times, remaining more 
a less stable in a time frame between 60 and 90 minutes. SUV mean 
and max for scans of ≤75 minutes were 1.76±0.45 and 2.75±0.65, re-
spectively, while the corresponding values for those > 75 minutes were 
1.98±0.49 and 2.75±0.50 respectively. There was a strong correlation 
between SUV mean (R2=0.55) and max (R2=0.62) in liver and MBPS. 
In conclusion, the liver and MBPS are reliable reference organs for 
response assessment. Moreover, SUV mean is less variable than SUV 
max. Finally SUV in the liver and MBPS are strongly correlated.
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Changes of Standardized Uptake Values (SUVs) in 
Fluorodeoxyglucose (FDG) Positron Emission Tomography/
Computed Tomography (PET/CT) with High Definition 
technology
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Aim The aim of the present study was to evaluate the effects on SUVs 
of a new PET methodology called High Definition (HD).
Material and methods We studied PET/CT scans of 100 patients (51 
females and 49 males) with various types of cancer, using both standard 
method and a new method of PET image reconstruction called High 
Definition (HD, Siemens Medical System). In HD millions of measured 
point spread functions (PSF) are incorporated into the reconstruction 
algorithms. The SUVs were calculated both using a previous method 
(OSEM 2D), called “OLD”, and using the new method, HD. Using a 3D 
isocontour method (isocontour cut-off SUV value = 2.5) for drawing 
the region of interest (ROI), we obtained the SUVmax and SUVmean 
values of 88 oncologic lesions (T), most frequently lung nodules and 
lymph nodes. Moreover, we calculated SUVmax and SUVmean values 
of liver, mediastinal blood-pool structures (MBP), spleen and muscle 
(left gluteus maximus) utilizing a spherical region of interest with the 
maximum achievable diameter. The scans were acquired employing a 
dedicated PET/CT tomograph (Biograph 16, Siemens), 71±11 min after 
the 18F-FDG injection (2.8-3 MBq/kg of body weight). 
Results For the T, the mean value of SUVmax was 8.08±6.53 and 
11.57±8.11 for OLD and HD, respectively (p<0.001). For liver, spleen, 
MBP and muscle, the SUVmax values were 3.74±0.79 vs 4.87±0.97; 
2.70±0.63 vs 3.46±0.76; 2.78±0.55 vs 3.61±0.69; and 1.35±0.33 vs 
1.80±0.41, respectively for OLD and HD (p<0.001 for every site). The 
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The use of PET biomarkers in clinical trials, in particular when semi-
quantitative methods are utilized, and their subsequent clinical imple-
mentation, are potentially obstructed by the requirement for standardi-
zation of PET methods across centers using different imaging protocols. 
The IVS is a retrospective review that analyzed 520 (baseline and in-
terim) PET/CT scans of 260 patients provided by 17 centers in Aus-
tralia, Denmark, France, Israel, Italy, Poland, UK and US. These scans 
were performed between January 2002 and December 2009 according 
to the routine local PET/CT protocol. 
Through these 520 assessable scans, DICOM header data were con-
firmed for patient weight (n=443), height (n=272), uptake time 
(n=482) and injected activity (n=488). 
The study observed that the injected activity ranged between 48 and 
756 MBq, due to the fact that some centers scaled it to body weight, 
while others used a fixed activity. The mean value and the standard 
deviation were calculated and found to be (360±88) MBq. The effec-
tive dose, calculated from ICRP, was (6.85±1.58) mSv. Uptake time 
mean value and standard deviation, obtained from a range value of 21-
179 minutes, were (79±24) min. A normal distribution of uptake time 
over the 55-100 min range was found; adherence to EANM guidelines 
for PET scanning (uptake time of 60±10 min) was confirmed only 
in 142 (27%) PET scans. Liver SUV mean and max for all patients 
were (1.86±0.48) g/ml and (2.63±0.69) g/ml, respectively, while SUV 
mean and max for the mediastinal blood pool structures (MBPS) were 
(1.36±0.38) g/ml and (1.85±0.45) g/ml respectively. No relationship 
was found between liver SUV and injected activity, patient weight or 
height. There was a significant difference in SUV mean and max for 
subjects with BMI >25 compared to BMI< 25 patients (p<0.05).
A strong correlation (p<0.01) was found between liver mean and max 
SUV and uptake time. 
Scans with a time of ≤ 75 minutes had SUV mean and max of 1.76±0.45 
and 2.75±0.65 respectively; instead, SUV mean and max in scans with 
time >75 minutes were 1.98±0.49 and 2.75±0.50 respectively.
This study demonstrated that there is a wide variation in clinical prac-
tice regarding administered activity for PET applications in lymphoma 
patients. A significant percentage of scans did not have DICOM header 
information which is essential for measuring SUV (18%) and SUL 
(49%) and for reviewing the images in a consistent way using an SUV 
scale. The publication of the EANM guidelines for tumor imaging, rec-
ommending standardization of PET methods, is timely (Boellard 2010). 
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Liver and mediastinal blood pool structure (MBPS) uptake is an im-
portant reference background in the assessment of response according 
to the PERCIST and the Deauville criteria. 
A total of 520 PET scans coming from 17 imaging centers worldwide 
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model, we found the best regression equation for calibration curve that 
describes the threshold (T(%)) as function of V, AT and TBR. The t-test 
for coefficient was performed with the aim of assessing whether every 
term in the regression model was significant. We demonstrated that 
the AT is not a significant predictor of the percentage threshold, while 
the dependence of the threshold on the sphere volume was found to be 
slightly lower than that of the TBR, throughout the range of analyzed 
sphere sizes. Only the TBR of the lesion, measured from the PET im-
age, and a calibration curve are needed. The volume estimations, de-
rived during the validation procedure, demonstrate that the application 
of this iterative algorithm yields reliable results, with the exception of 
the smallest volumes, at low TBR. Application of the iterative algo-
rithm yields reliable results when volume is greater than 2.5 mL at all 
TBRs, with a percentage volume discrepancy < 20%.

171
Influence of acquisition time on PET image quality: analysis of 
contrast, noise, background variability and recovery coefficient
 
L. Lorenzon1, A. Fracchetti2, M. Bonelli2, M. Farsad3, A. Golemi3,  
T. Schwarz3, L. Osele3, M. Haller2

1Faculty of Mathematical, Physical and Natural Sciences, University 
of Trento, Trento, Italy
2Health Physics, S. Maurizio Hospital, Bolzano, Italy
3Nuclear Medicine Department, S. Maurizio Hospital, Bolzano, Italy

Aim Several factors, such as noise, contrast degradation, background 
variability, and target-to-background activity concentration ratio 
(TBR) may influence the quality of PET images. The aim of this study 
was to calculate the recovery coefficient (RC), which transforms the 
TBR measured on images into the nominal TBR (TBR

true
) and to in-

vestigate the influence of acquisition time (AT) on RC, noise, contrast 
and background variability.
Methods Measurements were performed on the NEMA IEC Body 
Phantom using three different activity concentration ratios (2:1, 4:1 
and 9:1) between the volumes of the internal spheres and the external 
surrounding background. The RC values at different ATs were calcu-
lated and the values quantified from 4-min acquisition were compared 
with those quantified from 3-, 2- and 1-min acquisitions, respectively. 
Noise is here defined as the ratio between the expected value of the 
sample standard deviation (SD) of the count number in the background 
and the mean value of the background (N). The SD as a function of N 
was also analyzed, with the aim of determining the fitting function that 
best models the data. The image contrast and background variability 
definitions were derived from the NEMA NU2-2002 recommenda-
tions. Statistical analysis was performed, using a paired samples t-test. 
All data were acquired using the GEMINI TF PET/CT scanner (Philips 
Medical Systems, Cleveland, OH) in list mode.
Results For TBR = 9:1, AT did not significantly influence the RC va- 
lues; also for TBR 4:1, the 4-min frame time did not show a statistical-
ly significant difference in RC values with respect to the 3- and 2-min 
ATs, while for the 1-min frame acquisition, a statistically significant 
difference was found. Finally, taking into account TBR 2:1, only the 
4- and 3-min ATs did not seem to be statistically significantly different. 
In the case of variability, if acquisition time increases, the variability 
lessens: we did not find a significantly different variability between 
AT 4 and 3 min, with TBR 9:1 and 4:1. For shorter ATs, the difference 
was statistically significantly different from zero. With regard to image 
contrast, no significant difference in contrast was found with decreas-
ing AT (for lesions greater than 0.5 mL). This fact was confirmed by 
statistical analysis, performed using paired samples t-test. As regards 
noise, we studied the trend of SD with respect to N using a theoreti-
cal model with three terms: the first term varies directly as N and is 
related to random coincidences and tends to zero as TBR increases 
(in this case TBR is inversely proportional to activity concentration); 

mean value of SUVmean in T was 4.27±2.05 vs 4.93±2.08 (OLD vs 
HD; p<0.001). For liver, spleen, MBP and muscle, the mean values 
were respectively 2.36±0.49 vs 2.54±0.50; 1.66±0.40 vs 1.87±0.41; 
1.64±0.30 vs 1.82±0.32; and 0.68±0.17 vs 0.83±0.20 (OLD vs HD; 
p<0.001 for every site). For T, percentage increases from OLD to 
HD in the mean values were 33±11% and 15±11% for SUVmax and 
SUVmean, respectively. For the other sites, the difference in increase 
varied from 22% to 25% for SUVmax, and from 7% to 18% for  
SUVmean.
Conclusions The HD technique is said to correlate with an improve-
ment in signal-to-noise ratio and a uniform resolution in the whole 
field of view. In this study, we evaluated the effects of this new tech-
nique on SUVs in both pathological and physiological sites. The SUVs 
were significantly higher in HD images vs those reconstructed with the 
OLD method: the increase was about 30% for SUVmax in pathologi-
cal sites and about 22-25% in non-pathological ones. In our opinion, 
it seems important to consider this aspect, in particular when compar-
ing SUVs from different nuclear medicine services as, for example, in 
multicenter trials when semi-quantification is required. 
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Aim From a technical point of view, PET-based volume delineation is 
essentially an image segmentation process. The purpose of the present 
work was to determine a calibration curve for the implementation of 
an automatic iterative 2D thresholding algorithm based on target-to-
background activity concentration ratio (TBR) for PET lesion delinea-
tion. Furthermore, we analyzed the calibration curve in relation to the 
volume of the spheres, TBR and acquisition time (AT). 
Materials and methods A phantom study, employing well-defined vol-
umes and activity distributions, was used to determine the calibration 
curve, which describes the relationship between the optimal threshold 
(in order to delineate a spherical lesion) and a set of independent vari-
ables: sphere volume, TBR and AT. Measurements were performed on 
the NEMA IEC Body Phantom Set and with three different TBRs (2:1, 
4:1 and 9:1) between the volumes of the internal target and the exter-
nal surrounding background. All data were acquired using the GEMINI 
TF PET/CT scanner (Philips Medical Systems, Cleveland, OH) in list 
mode. A multi-variable approach was employed to analyze the depend-
ence of the threshold on AT, target size and TBR. The calibration curve 
was used in the iterative process to estimate the size of the lesion. The 
thresholding algorithm was coded using Wolfram Mathematica 8.0 and 
organized in different steps, chained in an iterative procedure. After cal-
culating the measured TBR of the lesion, the algorithm finds a starting 
point, defined as a threshold value T

1
. By applying the threshold T

1
 with 

respect to the gray scale of the image, a first estimate of the volume 
is obtained. The estimated volume is used, in the calibration curve, to 
determine a new threshold T

2
. If the difference between T

2
 and T

1
 is 

significant then a second volume V
2
 is obtained. The iteration ends at 

step n, when the iteration condition becomes false (T
n
-T

n-1
 < 10−3). The 

iterative thresholding algorithm was applied to the validation phantom 
to obtain the volume of interest. The optimal threshold was calculated 
using a multi-linear fit with the iterative procedure and the absolute and 
percentage volume discrepancy were determined. 
Results and conclusions Implementing a multiple linear regression 
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constant bpm during the examination. The time spent on training en-
sured good patient collaboration, reducing positioning and immobili-
zation management by 4-7 minutes during the examination procedure. 
Consequently the radiation dose to technicians was reduced.
Conclusions Respiratory motion management, optimized through a 
training session, is becoming an important aspect of both diagnostic 
and RT applications. 4D-PET/CT allows compensation of degradation 
and artifacts induced by respiratory movements. In addition, 4D-PET/
CT provides information on target motion, which can be used to per-
sonalize RT treatment planning.
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an experimental benchmark for a mini gamma camera
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Background Sentinel lymph node biopsy (SLNB) is a standard pro-
cedure for staging melanoma based on intraoperative detection of tis-
sues labeled by a radioactive tracer. Gamma probes are the standard 
well-established equipment for melanoma sentinel node detection, but 
portable gamma cameras are also available to acquire real-time images 
of radioactive nodes. Sentinella 102 (Oncovision/GEM Imaging) is a 
mini gamma camera, based on a 4 cm x 4 cm CsI(Na) scintillation 
crystal and equipped with a position-sensitive photomultiplier and a 
pinhole collimator. The purpose of this study was to test the detection 
performance of Sentinella 102 for melanoma SLNB in a realistic sce-
nario, obtained under prescribed laboratory conditions.
Methods Measurements were made to characterize the efficiency of 
Sentinella 102 in different geometrical and physical conditions. Small 
spherical distributions of low activity 99mTc radiotracer were used to 
simulate lymph node radio-emittance. The efficiency of Sentinella was 
expressed as ratio between the counts per minute (cpm) in a ROI de-
limiting the source image and the activity of the source itself. This 
quantity was first assessed in air at different distances from the source. 
The in-air efficiency curve was then used to measure the activity of 
95 excised nodes, from a set of ex vivo images acquired during the 
surgical sessions. Based on this statistical sample, a range of likely 
activity values was established (10-200 kBq), and used for further 
tests. The efficiency in detecting single nodes in the human body was 
evaluated setting a small hollow sphere filled with 99mTc in a water 
phantom under different conditions, such as sphere volumes, source 
depths, collimator-to-surface distances (CSD), and off-axis positions 
within the field of view. A specific modular phantom was also designed 
to test the ability of Sentinella to resolve a couple of nodes with differ-
ent activities (ratio 10:1). This phantom was made using mini bricks of 
solid water in which the hot nodes were obtained from hemispherical 
cavities filled with the radiotracer. The bricks were carefully arranged 
to provide a range of specific separations between the sources. Finally, 
a study was carried out to assess the level of uncertainty in ROI defi-
nition for low-active sources exploring statistical counting variations, 
post-processing imaging, and inter-observer variability.
Results The Sentinella showed remarkable sensitivity in all examined 
conditions. The measured in-air efficiency at 3.0 cm CSD was about 15 
cpm/kBq. The efficiency decreases, as expected, in water as a function 
of source depth and CSD, from a maximum of ~25 cpm/kBq (superfi-
cial position, CSD=2 cm) to a minimum of ~1 cpm/kBq (4 cm depth, 
CSD=6 cm). This result suggests that acquiring images from multiple 
angled views can be very helpful when managing deep nodes. A pre-
dictable significant off-axis variation of ROI cpms was found, due to 
the pinhole parallax effect (up to -25% @ 2 cm from the FOV center). 
The uncertainties in ROI definition can be truly significant, especially 
for less active nodes and larger depths. A more accurate evaluation is 

the second one varies with the square root of N and may partly be at-
tributed to Poisson fluctuation; the third one is independent of N and 
can be attributed to the reconstruction algorithm that tends to optimize 
the image contrast.
Conclusions The analysis, for the above range of TBRs, showed that 
short acquisition times (down to 1 min) do not entail a degradation of 
contrast (for lesions greater than 0.5 mL), however, the related images 
are subject to higher levels of noise and background variability. On the 
other hand acquisition times greater than 3 min do not significantly 
improve variability and noise.
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Introduction Using positron emission tomography/computed tomog-
raphy (PET/CT) it is possible to obtain anatomical and functional stu- 
dies in a single session, without moving the patient from the scanner 
bed. This diagnostic imaging system has significantly contributed to 
more accurate tumor localization and characterization. Furthermore, 
PET/CT improves the definition of target volumes for radiotherapy 
(RT). Respiratory position management (RPM) systems have also 
been developed for use with PET/CT scanners, allowing both acquisi-
tion of 4D imaging for diagnostic use and for breathing-synchronized 
RT delivery planning, thereby increasing the radiation dose to the tar-
get volume and reducing exposure of healthy tissue. Reproducibility 
of the patient’s breathing performance is therefore very important in 
diagnostic procedures as well as during RT treatment.
Materials and methods At the Nuclear Medicine Unit at Verona Uni-
versity Hospital, 4D imaging is obtained using a PET/CT Gemini Big 
Bore system with time-of-flight (TOF) reconstruction and a Varian 
RPM respiratory synchronization system. An identical system, Var-
ian DHX, is available at the linear accelerator for RT treatment. The 
RPM system, consisting of camera, device with reflectors and control 
software, is calibrated before PET/CT studies, which are performed 
in the same position as in training: patient supine on a bed with arms 
raised. A 6-point reflector device is positioned on the point (chest or 
abdomen) of greatest respiratory excursion, evaluated during a training 
session. Through Varian RPM, the respiratory cycles monitored can be 
evaluated. 4D-PET/CT with 2-deoxy-2-[fluorine-18] fluoro-D-glucose 
(FDG) is performed once the planned amplitude and regularity of res-
piration have been achieved.
CT parameters 120 kV, 150 mAs (chest region) or 300 mAs (abdomi-
nal region), collimation 16x1.5 mm, matrix 512x512 pixels, FOV 600 
mm. Pitch is adapted to number of breaths per minute. PET parameters: 
dose activity (3MBq/kg), time of dose dispensing, nominal phase 25%, 
2 minutes per phase, matrix 512x512 pixels, FOV 576 mm. Retrospec-
tive reconstruction is used for each respiratory cycle phase. The breath 
curve is analyzed considering the respiratory cycle amplitude. Twenty 
patients were studied with 4D-PET/CT, of whom only 10 had a respira-
tory training session. For 4D PET/CT studies and RT treatment, com-
plete collaboration of patients is essential. Therefore it was decided to 
perform a training session to obtain a regular and reproducible respirato-
ry condition. Simulation was performed in a dedicated room before the 
diagnostic study. The trainer is a technician who calculates free breaths 
for 5 minutes, assessing the number per minute. The average score ob-
tained will be kept by the patient during PET/CT and RT treatment.
Results In the 10 patients who underwent the training session we ob-
tained good collaboration during the image acquisition and 8/10 held a 
constant breath for one minute (bpm) during the CT and PET acquisi-
tion. Only 4/10 patients who did not perform training session held a 
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Material and methods A SYMBIA-S γ-camera (Siemens) was used 
for data acquisition. SPECT patient examination was simulated using 
an Alderson phantom containing lungs, heart, liver and 8 spherical in-
serts reproducing tumor foci: 2 thorax, 4 external wall of the liver, 2 
abdomen. The mediastinum and abdomen were filled with 111In water 
solution with 0.59kBq/ml, and the liver with 5.2 kBq/ml. Five lesions 
(volumes 1÷2 ml) were filled with 74 kBq/ml and the smallest (0.5 ml) 
with 444kBq/ml. SPECT phantom acquisitions were performed by cir-
cular-orbits (CO) and body-contour (BC). The iterative algorithms im-
plemented in SYMBIA are: Osem-2D and Flash-3DTM. The reconstruc-
tion parameters were 20 sub-sets combined respectively with 5, 10, 15, 
20, 30 iterations (IT) and Gauss post-filtering. The images were evalu-
ated by two observers who detected the lesions and assigned each of 
them a score on a 5-point scale, to grade the detectability from 1(doubt-
ful) to 5(very good). Having fixed the orbits to analyze differences be-
tween Osem-2D and Flash-3DTM with the same iterations, a paired t-test 
(PT1) was performed between correspondent scores of each lesion. The 
differences between OC and BC studies were examined with a paired 
t-test (PT2) between correspondent scores of each lesion for the sets of 
images reconstructed, with the same algorithm and number of IT. The 
mean value of scores assigned to each detected lesion were summarized 
as a figure of merit (MSC) calculated as the mean of the scores of each 
lesion detected for each set of images reconstructed. 
Results The observers detected 6 out of 8 foci for all sets of images for 
both the algorithms and both orbits. Two out of three 0.5 ml lesions, 
adherent to the liver, were not recognized, while one close to the liver 
but not adherent was identified. PT1 was significant (p<0.05) for all 
the sets of images considered while PT2 was significant only for im-
ages reconstructed with 20 IT and 30 IT. The lesions with volumes 
between 1÷2 ml were always detected. The ranges of MSC values for 
images reconstructed with different numbers of iterations with Osem-
2D were: 4÷4.2 for OC, and 3.7÷3.8 for BC, while for Flash-3DTM the 
values were: 4.7÷4.8 for OC and 4.0÷4.5 for BC. The highest values of 
MSC both for OC(4.2) were reached for Osem-2D with 20IT while for 
Flash-3DTM with 10IT OC(4.8).
Conclusions Flash-3D showed better lesion detectability than OSEM-
2D. SPECT examination with circular orbit and Flash-3D are pref-
erable for somatostatin receptor detection; optimization of iterations 
is mandatory to achieve the best image quality. Further increase of 
iterations for both algorithms and particularly for Flash-3DTM and BC 
creates important artefacts.
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In this work we developed a Monte Carlo (MC) model of the Sedecal 
Argus pre-clinical PET tomograph, using GATE (Geant4 Application 
for Tomographic Emission). This is a dual-ring scanner which features 
DOI compensation by means of two layers of detector crystals (LYSO 
and GSO). Geometry of detectors, gantry elements, sources, energy 
resolution, pulse readout and coincidences trigger were modeled with 
GATE, while a separate code was developed in order to emulate the 
acquisition and processing of digitized data. In this way, several fea-
tures of the electronic processing chain could be modeled, including 
the resolution of position-sensitive PMTs, the dead times of custom-
ized ADCs, and data flow saturation and individual time coincidence 
windows for each combination of detector layers. This was done by ex-

possible optimizing acquisition time and geometry.
Conclusions The Sentinella 102 shows high imaging potential in de-
tection of sentinel nodes in cutaneous malignancies, especially when 
used for locating clusters of close lymph nodes in different basins. It 
can facilitate intraoperative detection of nodes and be of real assistance 
to conventional gamma probes.
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Purpose To compare the amplitude of lung tumor motion assessed by 
respiratory gated positron emission tomography (4D-PET) and by re- 
spiratory gated computed tomography (4D-CT).
Methods Five patients with lung lesions who underwent 4D-CT and 
4D-PET scans for radiotherapy planning were studied. All scans were 
performed on an integrated scanner (Discovery LS, GE Medical Sys-
tems, Milwaukee, WI, USA) using the Real-time Position Manage-
ment (RPM) System (Varian Medical Systems, Palo Alto, CA, USA) 
to monitor the patient’s respiratory motion. The PET scan was acquired 
in 4 equally spaced breathing phases. The 4D-CT was divided into 
the same breathing phases using Advantage4D software (GE Medical 
Systems, Milwaukee, WI, USA). For each phase, in both 4D-CT and 
4D-PET, the center of mass of the tumor was determined by gray value 
weighted averaging of the coordinates of all pixels within a volume 
centered around the lesion. The amplitude of tumor motion was calcu-
lated along three axes, cranial-caudal (C-C), anterior-posterior (A-P), 
and right-left (R-L) as maximum difference in tumor position for the 
4 phase-binned image sets. The maximum dimension of the lesion and 
its volume was measured on the end-inspiration phase of the CT.
Results The maximum dimension and the volume of the studied le-
sions ranged from 1.9 cm to 3.6 cm and from 1.5 cm3 to 21.2 cm3 
respectively. The observed lesion motion ranged from 0.0 cm to 3.4 
cm (C-C), 0.1 cm to 1.3 cm (A-P), and 0.1 cm to 0.9 cm (R-L) in the 
4D-CT scan, and from 0 cm to 3 cm (C-C), 0 cm to 1 cm (A-P), and 0 
cm to 1 cm (R-L) in the 4D-PET scan.
Discussion and conclusions The pulmonary lesions examined were 
clearly visible on CT images, therefore their dimensions and volume 
could be assessed from the CT data set to overcome the limited spatial 
resolution of PET. The spatial resolution of a CT scanner (about 1 mm) 
is indeed far superior to that of a PET scanner (about 6-8 mm). The 
lesion positions in CT and in PET images differed less the PET resolu-
tion and lesion motion assessed in PET images was consistent with CT 
data. 4D CT provided a precise localization of the lesion and 4D CT 
data were utilized for radiotherapy planning. 4D PET correlated with 
4D anatomical information.
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Somatostatin receptor detectability with SPECT acquisition: 
comparison of two iterative reconstruction algorithms
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Aim The choice of algorithm used for SPECT image reconstruction 
may be crucial for lesion detectability. The aim of this work was to 
evaluate the performance, in terms of somatostatin receptor lesion de-
tectability, of two iterative algorithms.
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3 (50%), 1.5 (25%) and 0.8 (12.5%) Mcounts, respectively, using: 
matrix=64x64, pixel size=about 6.5mm, step angle=3°. At the Novara 
site, new collimators (SMARTZoom, Siemens) were used instead of 
standard ones (low energy, high resolution). For each nuclear medicine 
center and each scan, three sets of SPECT images were reconstructed 
with: (1) FBP (Butterworth filter, cut-off=0.5, order=10); (2) standard 
IR (OSEM: 2 iterations, 8/10subsets); (3) the new IR algorithm availa- 
ble: Evolution for cardiac (GE) in Monza, Astonish (Philips) at the 
San Paolo hospital, and Flash 3D (Siemens), at the Varese and Novara 
centers, and Wide beam reconstruction, WBR (UltraSPECT) at the S. 
Maugeri Foundation. In the third case, the SPECT images were cor-
rected for attenuation phenomena (AC), scatter phenomena (SC), or 
both (ACSC). After reconstruction, all studies were centrally evaluated 
using a JETStream workstation (Philips) at the University of Milan. 
To date, the image sets from the S. Maugeri Foundation have been 
analyzed in order to evaluate: (a) PD contrast in the LV wall on the LV 
short-axis images; (b) Degradation of the LV wall (evaluation of the 
FWHM of the medial section of the LV short axis).
Results These first results, from the S. Maugeri Foundation, showed 
that PD contrast in the LV wall values for WBR-ACSC and WBR-SC 
were always (all counting statistics) higher than FBP and OSEM. FBP 
and OSEM were superior to WBR at 1.5 and 0.8 Mcounts in AC and 
uncorrected images. The FWHM of the LV wall for all WBR image 
sets (AC, SC, ACSC and uncorrected images) increased with decreas-
ing statistical counting, being found to be comparable to or worse than 
FBP and OSEM at 12.5% of the standard dose.
Discussion and conclusions The performance of WBR-ACSC in ima- 
ge quality was superior to that of FBP and OSEM up to 25% of the 
standard counting statistics dose administered to patients in SPECT 
MPI. Analysis of the SPECT image sets of the other nuclear medicines 
are ongoing in order to confirm the results obtained from the first center.

178
Evaluation of finger exposure during manual and automatic 
177Lu-DOTATATE radiolabeling

L. Garaboldi1, S. Papi1, A. Carollo1, A. Rossi2, G. Paganelli1, 
M. Chinol1

1Nuclear Medicine Division, European Institute of Oncology, Milan, 
Italy
2Health Physics, European Institute of Oncology, Milan, Italy

Introduction Handling of β-emitters in nuclear medicine can be poten-
tially dangerous for operators due to the high LET (linear energy trans-
fer) of these particles. 177Lu-DOTATATE is one of the most widely used 
radiopharmaceuticals for PRRT. For many years, it has been manually 
prepared in our hospital radiopharmacy by a small group of experienced 
operators. Although personal radiation protection devices are used, fin-
ger exposure can sometimes be quite high. Therefore, we installed an 
automatic synthesis module in order to reduce operator exposure. In this 
study, we compared the average normalized finger exposure (µSv/GBq) 
obtained with the two different handling procedures.
Materials and methods Radiolabeling was carried out in two ways: 
manually and with an automatic synthesis module. In the first case the 
handling consisted of: measuring activity in a dose calibrator, placing 
it in a Plexiglas shield, adding the buffered peptide to the 177Lu vial, 
heating the mixture in a thermostatic bath at 90°C for 30 min, transfer 
back to the shield, drawing of an aliquot for QC in a 1mL shielded 
syringe, radiochemical purity (RCP) testing by SepPak, filtration and 
dilution by means of a set of tubing into a larger vial, activity counting 
and dispensing by means of a manually operated shielded dispenser. 
In the automatic procedure, radiolabeling was carried out inside a pre-
assembled sterile cassette. The operator steps were only: measuring 
activity in the dose calibrator, placing it in a Plexiglas shield, punch-
ing, with a needle, the 177Lu vial for activity transfer, and removal of 

ploiting the ROOT output format provided by GATE, which is essen-
tially a list-mode format, thus the data flow coming from the detectors 
could be emulated in the separate software. Since the history of each 
event is stored by GATE, a selection of scatter/random coincidences 
was also included and used in the subsequent validation. The binning 
of the lines of response was performed in the final step of the sequence, 
in order to reproduce the data output format of the scanner’s acquisi-
tion software, which was used for image reconstruction.
Validation of the model was performed by modeling several phantoms 
used in experimental measures, in order to compare the results of the 
simulations. Spatial resolution, sensitivity, scatter fraction, count rates 
and NECR were tested. Plus, the NEMA NU-4 phantom was modeled 
in order to check for the image quality yielded by the model. Noise, 
contrast of cold and hot regions and recovery coefficient were calculated 
and compared using images of the NEMA phantom acquired with our 
scanner. The energy spectrum of coincidence events originating from 
the presence of 176Lu in the detectors, which was opportunely included 
in our model, was also compared with experimental measurements.
Spatial resolution, sensitivity and scatter fraction showed an agree-
ment within 7%. Comparison of the count rates curves was found to 
be satisfactory, the values being within the uncertainties, in the range 
of activities practically used in research scans. Calculations on the im-
ages of the NEMA phantom also showed a good agreement, within 9% 
for all the tested parameters.
This work shows that an accurate MC modeling of this kind of sys-
tem is possible using GATE as a base platform, which can be suitably 
extended through customized code for better pulse-processing emula-
tion, thus providing a powerful tool for a wide range of research ap-
plications.
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Introduction Recent clinical studies have highlighted the ability of the 
new iterative reconstruction (IR) algorithms to halve the patient dose 
in SPECT myocardial perfusion imaging (MPI), while retaining the 
same diagnostic accuracy and image quality as the standard procedure 
(standard dose and filtered back projection, FBP).
Aim This study set out to establish the lowest limit of radioactivity that 
can be administered to patients in SPECT MPI, independently of the 
equipment/new IR algorithm used and preserving diagnostic accuracy. 
This limit could be used for revising the diagnostic reference levels of 
MPI studies.
Materials and methods An anthropomorphic phantom of the chest, 
with inserts simulating the liver, left ventricle (LV) wall, inner cham-
ber, and one perfusion defect (PD), was used. In five different nuclear 
medicine centers, the phantom was filled with the same radioacti- 
vity concentrations used in clinical practice: about 110kBq/ml in the 
LV wall, 40kBq/ml in the inner chamber, 45kBq/ml in the liver, and 
4kBq/ml in the chest. In each center, two sets (with and without PD) 
of five separate scans were acquired with total counts of 6 (standard 
in vivo counting statistics), 4 (75% of standard counting statistics), 
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the irradiation conditions. Scoring of the neutron dose was performed, 
over the entire volume of the bunker, by the cards AUXSCORE and 
USRBIN with a 5 cm step Cartesian mesh. To produce good statistics, 
1.00E+09 primaries were simulated. Results were processed with Flair 
(FLUKA Advanced Interface, version 1.0-1).
To validate the Monte Carlo model, measurements were taken of en-
vironmental dose equivalent H*(10) from thermal and fast neutrons in 
12 points located along 8 directions: a set of 3 dosimeters for fast neu-
trons (CR-39) and 3 for thermal neutrons (GR-200 and GR-207), all 
provided by ENEA, was used at each measurement point, to improve 
measurement statistics.
In conclusion, a highly detailed Monte Carlo model of the bunker, 
the cyclotron and the target assembly used in the S. Orsola-Malpighi 
Hospital in Bologna was created. The model was validated through 
a neutron environmental dose measurement campaign that confirmed 
the results of the Monte Carlo simulation.
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Aim The gamma photons produced by the annihilation event (511 
keV) have a penetration capacity 10 times greater than the 140 keV 
gamma rays emitted by 99mTc. The resulting increased radiation risk 
for technical staff is sometimes underestimated. We compared the 
whole-body and extremities exposures of the technical staff employed 
in conventional nuclear medicine before the introduction of PET/CT 
(period 2003-2006) with those recorded for the same technologists in 
2006-2010; after installation of PET/CT, some technologists worked 
both with conventional nuclear medicine and with PET, while others 
continued to work with conventional nuclear medicine only. 
Methods Whole-body and extremities exposures (measured every 4 
months with chest and with wrist film dosimeters, respectively) were 
stratified as Group A (2003-2006, conventional nuclear medicine only, 
6 technologists), Group B (2006-2012, both conventional nuclear 
medicine and PET/CT, 4 technologists), and group C (2006-2012, 
conventional nuclear medicine only, 2 technologists). In the period 
2003-2006 (Group A) exposure from conventional nuclear medicine 
activity was due to 99mTc, 131I, 123I and 111In; this activity remained virtu-
ally unchanged between the periods 2003-2006 and 2006-2012 (about 
1000 scans/year per technologist); conversely, the number of PET/CT 
examinations increased from 322 scans/year in 2006 to 733 scans/year 
per technologist in 2012. 
Results The whole-body and extremities average dose for technolo-
gists working with conventional nuclear medicine only did not in-
crease significantly between 2003-2006 (Group A, respectively 8.7 and 
0.98 mSv) and 2006-2012 (Group C, 12 and 0.99 mSv). Instead, the 
average dose for technologists working with either modality (Group 
B) increased respectively from 8.7 mSv in 2003-2006 to 16.7 mSv in 
2006-2012, and for the extremities from 0.98 mSv to 5.7 mSv. The 
maximum dose to any technologist in a year was 44.95 mSv for ex-
tremities, and 13 mSv for the whole body, still well below the maxi-
mum permissible limits of 500 and 20 mSv, respectively. 
Conclusions Radiation exposure of technologists working with PET/
CT is higher than for those working in conventional nuclear medicine 
only, and is correlated with the number of examinations performed. 
Additional radiation safety standards seem to be necessary in order to 
keep the average dose accumulated by Group B technologists within 
acceptable limits. To this purpose, optimal environmental conditions 

the final product vial already purified, diluted and filtered. The step 
comprising QC and dose dispensing was the same. Before installation 
of the module finger exposure was estimated using a set of thermolu-
minescent dosimeters (TLDs) worn on each finger (26 procedures). 
When using the automatic system, dosimetry was initially evaluated 
with two different sets of TLDs, one for the radiolabeling step and 
one for the QC and dispensing step (13 procedures). Afterwards, we 
used only one set (21 procedures) for the entire process. Dosimetric 
values were normalized towards handled activity (µSv/GBq) and for 
each procedure maximum and average exposures were considered. For 
manual and automatic procedures the average value and the range of 
variability were compared. 
Results In the manual procedure average finger exposure was 83.0 µSv/
GBq (range 37.4-399 µSv/GBq); in the automatic procedure it was 83.7 
µSv/GBq (range 17.1-153.5 µSv/GBq). In particular, in the first step of 
the automatic synthesis minimum and maximum values were 2.0 and 
9.1 µSv/GBq; in the second step they were 31.1 and 67.5 µSv/GBq.
Conclusions Although the total finger exposure was quite similar in 
the manual and automatic procedures, a discrete analysis showed that 
most of radiation exposure comes from the QC and dispensing step, 
which is the same for manual and automatic set up. Nevertheless using 
the manual procedure the range of variability was greater than with 
automatic synthesis. Therefore, the introduction of an automatic syn-
thesis module constitutes an improvement in terms of operator safety. 
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Cyclotrons are used in nuclear medicine to produce short-lived radio-
nuclides of biomedical interest, especially for positron emission to-
mography. Knowledge of the radiation field around these devices is 
necessary for the design of shieldings, the classification of areas, and 
the protection of workers. 
In this study, a detailed Monte Carlo model of the bunker, the cyclotron 
and the target assembly used at the S. Orsola-Malpighi Hospital in 
Bologna, was created and validated with an environmental dose rate 
measurement campaign.
A highly detailed model of the cyclotron bunker was created using the 
Monte Carlo FLUKA code (version 2011.2.14). FLUKA is a general 
purpose code for modeling particle transport and interaction with mat-
ter; it covers a wide range of applications, from proton and electron 
accelerator shielding to calorimetry, dosimetry, detector design, radio-
therapy and others. The cyclotron used in the irradiation tests and to 
which our simulation setup refers is a PETtrace (GE Medical System), 
a compact cyclotron with vertical acceleration plane, capable of ac-
celerating H-ions and D-ions up to an energy of 16.5 and 8.4 MeV, re-
spectively. The target system modeled was the standard GE high-yield 
assembly comprised of a silver chamber filled with [18O]water, the in-
terest being in simulating the production of fluorine-18 by (p,n) reac-
tion. The front of the target body is sealed with a 25 mm HAVAR foil, 
an alloy of cobalt (42.5%), chromium (20%), nickel (20%) and traces 
of manganese, molybdenum, iron and others. The interior dimensions 
of the bunker are: 650 cm by 535 cm for a height of 350 cm; it has 
concrete walls, 200 cm thick. Data on the dimensions and characteri- 
stics of the bunker, the cyclotron and its components were taken from 
technical sheets and project drawings of the nuclear medicine depart-
ment. A proton beam of 16.5 MeV with an elliptical shape was simu-
lated. IRRPROFI and RADDECAY cards were activated to reproduce 
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Introduction 131I has been administered to hyperthyroid patients for 
decades. Recently, the MIRD committee proposed OLINDA/EXM 
software for computing the required activity for the target dose in hy-
perthyroid patients. As input, the software requires the residence time 
of iodine within the thyroid. The radioiodine uptake test (RIU) is usu-
ally used to evaluate iodine metabolism and in particular residence 
time. The RIU involves multiple measurements of the patients’ neck 
activity. The number of these measurements is debated; more meas-
urements gave more a precise outcome, but are time consuming. On 
the other hand, the accepted uncertainty in an individual dose estimate 
should range between 10% and 20%. The aim of this study was to 
evaluate the precision of a three-point RIU sampling schedule for cal-
culation of residence time.
Materials and methods Twenty-five consecutive hyperthyroid pa-
tients were included in this study. RIU based on 18 measurements to 
evaluate iodine metabolism was taken as gold standard. In order to 
estimate residence time for each patient, the iodine system was stud-
ied according a bi-compartmental model and fitted with the equation: 
U

pt(t)
/U

ca(t=0)
=(e-a*t-e-b*t)* (U*a)/(b-a); where U

pt(t)
/U

ca(t=0)
 is the patient’s 

thyroid uptake at time t normalized for capsule uptake at time 0; U, a 
and b were estimated by the function fit. Residence time was equal to 
area under the curve (integral from 0 to infinity). A three-point sam-
pling schedule with measurements at 4, 24 and 96 hours was used 
to estimate residence time following the same protocol used for full 
18-measurement data. Differences were compared using paired Stu-
dent’s t-test. 
Results The mean residence time according to the RIU three-point 
sampling schedule was 99% of the gold standard residence time. 
Paired Student’s t-test showed no significant differences, although the 
standard deviation was 9% with a range of differences from -18% to 
19%.
Conclusions Residence time can be accurately estimated using a 
three-point sampling schedule. This estimation is quite precise, given 
that in this field there is frequently some uncertainty in thyroid mass 
estimation. On the other hand, this study underlines that, despite the 
use of a multicompartmental model, a time-efficient RIU (three-point 
sampling) can be a good compromise, although it constitutes “a walk 
on the thin ice” of accepted uncertainties. 
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I-131 dose selection in AFTN treatment: what is still debated?
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F. Ticconi, F. Ugolini, T. Montesano, G. Ronga

Nuclear Medicine Unit, Departments of Internal Medicine and 
Medical Specialties, University of Rome “Sapienza”, Italy

Purpose of the Report Radioiodine administration is generally con-
sidered the first-line therapeutic approach for autonomously function-
ing thyroid nodules (AFTN). However, 131I dose selection may vary 
between centers, with many authors administering calculated doses 
and others opting for a fixed regimen. The aim of this study was not 
only to investigate the long-term outcome in patients treated with 131I 
calculated doses in our department, but also to identify possible “size-
tailored” fixed dose.
Materials and methods We retrospectively analyzed 1402 cases of 
AFTN treated over a period of around 50 years with 131I calculated 

should be developed to ensure an adequate distance between the in-
jected patient and the technologists. This may be achieved, for exam-
ple, by adopting automatic fractionation and injection systems, and 
locating waiting rooms away from workers.
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Introduction of a monitoring system for radioactive waste:  
the experience of Legnano Hospital

R. Stoico, P. Baruzzi, F. Leoni, G. Gianduia, K.D. Siczek, L. Maffioli

Nuclear Medicine Unit, Legnano Hospital, Legnano, Italy

The aim of the present study was to describe the experience of radioac-
tive waste management at Legnano Hospital following the introduction 
of radioactivity monitoring portal system. 
The Brumola portal system for the monitoring of radioactivity was 
installed in October 2010 close to the hospital’s temporary storage. 
A 6-mm-thick lead wall was made in order to store radioactive waste 
exceeding the alarm threshold. The alarm threshold was defined by the 
use of radioactive sources 137Cs and 99mTc. New alarm thresholds for 
low energies were defined in January 2011. Daily registration began 
in February 2011. An intra-hospital waste management procedure was 
established. A temporary store in clinical departments for at least 3 
days was defined. All the cleaning workers involved in waste collec-
tion in medical departments attended a training course. An external 
team of workers is responsible for collecting and transporting the con-
tainers (halipacks) to the storage room.
Data on the use of the radioactive waste monitoring portal system were 
collected from February 2011 until September 2012. The number of 
halipacks exceeding alarm thresholds was recorded each month. The 
medical departments involved in the production and detention of hali-
packs were identified. These were related to the number of patients 
submitted to nuclear medicine examination.
A cut-off was defined in order to identify the medical departments best 
applying the radioactive waste management program. The program 
was about the detention of halipack in due time for 99mTc decay. 
Halipack/month collection showed a decrease of detention during the 
time. The clinical departments involved in detention of radioactive 
waste containers were the neurosurgery, general surgery, intervention-
al cardiology, vascular surgery, day surgery, neurology, orthopedics, 
emergency unit, oncology, urology, infectious diseases and general 
medicine departments. A mean ratio of 1 halipack/5 patients was calcu-
lated across all the clinical departments. A new 1:20 ratio was defined 
as cut-off. The neurology, general surgery, oncology and B general 
medicine were required to be strictly close to new cut-off. No contami-
nated halipacks were registered from the nuclear medicine department.
In conclusion, the systematic control of halipacks reduces the risk to 
discharge contaminated waste to the environment. A lower number of 
contaminated halipacks was recorded until August 2012. In September 
2012 a new increase of contaminated halipacks was observed. This 
demonstrates that periodic retraining of cleaning workers is needed to 
maintain good application of the procedures and improve waste man-
agement. The introduction of radioactive waste monitoring portal sys-
tem allowed control of the radioactive waste flux. It removed the risk 
of discharge waste stop to the incinerator. 

RADIONUCLIDE THERAPY  
AND DOSIMETRY 1
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How many measurements for good estimation of thyroid iodine 
metabolism: are three enough?
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6, 24 and 48 hours, assuming a 131I half-life of 5 days. The mean RTU 
was 55.97% (range 16-98), and the administered activity range was 
158-1100 MBq (mean value 541.33 MBq). Three hundred and sixty 
of the 650 patients (55.4%) received anti-thyroid drug (ATD) treat-
ment, withdrawn 2-3 weeks before RTU measurement and radioidoine 
therapy (RIT). No side effects were observed within 4 weeks of RIT. 
A total of 330 patients [95 males and 235 females, F:M 2.5 : 1; age 
68.3 + 10 years; GD, n = 22 TA, n = 199, TMG, n= 109; RTU mean 
value 55.9%, range 15-97; administered dose range 158-1110, mean 
value 545.5 MBq ] were followed up for a maximum of 12 years (mean 
duration of follow-up, 16.9 months). Thirty-one patients needed two 
(n= 29) or three (n = 2 ) 131I treatments. 
Final functional state was as follows: 230/330 patients (69.7%) be-
came euthyroid, 68/330 (20.6%) became hypothyroid and 32/330 
(9.7%) remained hyperthyroid. The change of functional state from 
hyperthyroidism to euthyroidism was observed after a mean of 3.2 
months, whereas the change from hyperthyroidism to hypothyroidism 
occurred after an average of 11 months. The cumulative incidence of 
hypothyroidism was 11.2% at 1 year, 14.8% at 2 years, 18.2% at 5 
years, and 20.6% at 10 years.
None of the 23 patients who were followed up for five or more years 
developed cancer of the bladder or stomach.
We found a cure-rate of 69.7% (euthyroid patients) when treating toxic 
thyroid nodules and/or GD with 131I. The cure-rate was higher (90.3%) 
if the hypothyroidism was considered a goal rather than a side effect. 
After 12 years of follow-up, side effects are few and consist of hy-
pothyroidism in 20.9% of the patients treated. Moreover, our retro-
spective study revealed no increase in cancer diagnoses or deaths in 
patients with a quite long follow-up.
Our data confirm that radioiodine therapy is effective and safe for the 
treatment of hyperthyroidism. 
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Hyperthyroidism treatment with calculated activity of  
131–radioiodine
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Aim Radioiodine treatment (RIT) is a well-established method for 
treating hyperthyroidism due to Graves’ disease (GD), toxic adenoma 
(TA), and toxic multinodular goiter (TMG). The optimal 131I activity to 
be administered is still debated. We report our experience with calcu-
lated activity of radioiodine.
Material and methods Fifty-eight patients with GD (n=13), TMG 
(n=10) or TA (n=35) [39 females and 19 males; mean age 63 years, 
standard deviation (SD) 12.6, range 41-87] were enrolled. All but thir-
teen patients (22.4%) were overtly hyperthyroid and 34/58 (59%) had 
received anti-thyroid drugs, withdrawn 5-10 days before RIT. Seven-
teen patients were anti-thyroid antibody positive (13 with GD). All pa-
tients underwent: a) thyroid scintigraphy and radioiodine thyroid up-
take (RTU) measurements from 3 to 168 hours after 131I administration 
(1.8 MBq); b) thyroid ultrasonography (TU), to calculate the volume 
of the “hot” thyroid nodule(s) or of the whole gland. In TMG and TA 
patients, the “effective” volume of the hot nodule(s) was calculated 
taking into account the presence of involved area(s) [(whole nodule(s) 
volume – involved area(s) volume)]. Mean RTU was 50% (SD 13.7, 
range 24-85%). Therapeutic activity was calculated using the Snyder 
formula modified according to the “effective” volume. In seven pa-
tients with TMG the activity was calculated for both “hot” nodules. 
Mean administered activity was 297 MBq (SD 137.4, range 60-600) 

doses. The radioiodine treatment was always administered on an out-
patient basis, with variable doses of up to 30 mCi. In order to assess 
the opportuneness of simplifying procedures through fixed doses and 
considering that the Italian maximum outpatient allowed limit is cur-
rently 16.2 mCi (i.e 600 MBq), outcome was evaluated dividing pa-
tients into subgroups by administered doses (<10 mCi, 11-16 mCi, 
>16 mCi) and nodular size (small, medium, large i.e. nodules with 
maximum diameter less than 3 cm, between 3 and 5 cm, greater than 
5 cm). All patients were re-evaluated 3-6 months after 131I therapy by 
clinical examination, TSH and thyroid hormone serum levels, US and 
131I scintigraphic scan. The patients with reappearance of extra-nodular 
tissue on 131I imaging with normal serum TSH values were classified 
as “cured”. Hypothyroidism, even if not desired, was considered a 
successful treatment endpoint. Patients with persistent ‘‘hot nodules’’ 
(partially or totally inhibiting) on scans and suppressed TSH values 
were considered “non-responders”.
Results 131I therapy was effective in the vast majority of patients with 
a single administration (93%). In the smallest nodules (50.1% of our 
population), 92.2% of patients treated with doses <10 mCi (mean dose: 
8.24 mCi + s.d. 1.66) recovered, with a recurrence incidence no higher 
than the average recorded by our population. In medium size nodules 
(30.8%), a similar result (92.3%) was achieved with doses of between 
11 and 16 mCi (mean dose: 13.37 mCi + s.d. 1.71). In the largest nod-
ules (19.1%) an acceptable successes rate (89.6%) was obtained only 
with higher doses (mean dose: 19.61 mCi + s.d. 2.38). As for smaller 
nodules, even though some authors state that nodules <4 cm can be 
resolved by fixed doses of 13 mCi, our extensive review suggests that 
it is possible to propose treating nodules <3 cm with fixed doses of 10 
mCi, reducing individual and environmental exposure to radiation: the 
rate of unsuccessful treatments (non-responders) is comparable to that 
reported by other authors.
Conclusions All “hot nodules” could be eligible for radioiodine treat-
ment. On the basis of the findings of the present study it is possible 
to claim that, if fixed doses were preferred, the outpatient limit dose 
in Italy (16 mCi) could prove to be effective in the vast majority of 
medium-small nodules (<5cm). It has to be noted that the smallest ones 
(<3cm, half of our population) nowadays account for vast majority 
of observed AFTN cases: a fixed dose of 10 mCi could resolve these 
cases, with not negligible economic and environmental advantages. 
For nodules >5cm surgery is advisable.
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Radioiodine therapy is a well-established method for the treatment of 
hyperthyroidism due to Graves’ disease or uninodular and multinodu-
lar toxic goiter.
To investigate the long-term effects of radioiodine 131I on thyroid func-
tion in hyperthyroid patients, we reviewed the records of 650 patients 
[192 males and 458 females, age 68.93 +11.11 years] who had re-
ceived radioiodine treatment for Graves’ disease (GD; n = 68), toxic 
adenoma (TA; n= 339) or toxic multinodular goiter (TMG; n= 243) 
at our institution over a 20-year period (from May 1993 through May 
2012). The activity was calculated taking into account: i) the num-
ber of the “hot” nodule(s) in TA and TMG (evaluated by ultrasound); 
ii) the thyroid scintigraphy (TS), which in GD patients allowed us to 
verify whether or not the gland distribution of 99mTc-pert. (111 MBq) 
was homogeneous; iii) radioiodine thyroid uptake (RTU), measured at 
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Results For each group, the following median values are reported: 
target dose (TD), theoretical dose/mass (D/m

teor
), administered dose/

mass (D/m
adm

), uptake (U
max

), effective half-life (T
1/2eff

). G1-102 pa-
tients 23 became euthyroid (TD:96Gy, D/m

teor
:4Gy/g, D/m

adm
:3Gy/g, 

U
max

:35%, T
1/2eff

:6.1d); 60 became hypothyroid (TD:107Gy, D/m
teor

= 
D/m

adm
:5Gy/g, U

max
:38%, T

1/2eff
:5d); 19 had a relapse of hyperthyroid-

ism (TD:91Gy, D/m
teor

= D/m
adm

:3Gy/g, U
max

:40%, T
1/2eff

:6d). G2-131 
patients in 102 the adenoma disappeared with normalization of thy-
roid function (TD 167Gy, D/m

teor
:14Gy/g, D/m

adm
:11Gy/g, U

max
:16%, 

T
1/2eff

:5.9d); 26 became hypothyroid (TD:167Gy, D/m
teor

:15Gy/g, D/
m

adm
:12Gy/g, U

max
:18%, T

1/2eff
:4.9d); in 3 hyperthyroidism persisted 

(TD:108Gy, D/m
teor

:4Gy/g, D/m
adm

:2Gy/g, U
max

:36%, T
1/2eff

:5.3d). 
G3-109 patients 86 became euthyroid with thyroid mass reduction 
(median mass reduction 40%, TD:82Gy, D/m

teor
:3Gy/g, D/m

adm
:2Gy/g, 

U
max

:23%, T
1/2eff

:6.3d); 11 became hypothyroid with thyroid mass re-
duction (median mass reduction 44%, TD:105 Gy, D/m

teor
:4Gy/g, D/

m
adm

:3 Gy/g, U
max

:32%, T
1/2eff

:7.2d); 12 became hyperthyroid with 
thyroid mass reduction (median mass reduction 15%, TD:48Gy, D/
m

teor
:2Gy/g, D/m

adm
:1Gy/g, U

max
:24%, T

1/2eff
:7.5d).

Conclusions The response to treatment is not predictable in all clini-
cal conditions. It is to be noted that all positive responses, especially 
in G2 and G3, were obtained by administering a dose lower than that 
calculated in the preliminary dosimetry. This suggests that it may be 
possible to reduce the therapeutic dose/mass and evaluate the response 
at 12 months.
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Purpose Hyperthyroidism due to autonomously functioning thyroid 
nodules (AFTN) and Graves’ disease is, more and more, successfully 
treated with radioiodine. Hypothyroidism, even if not pursued, is an 
expected outcome after 131I therapy and is commonly considered to 
show a cause–effect relationship with radioiodine administered dose. 
Nevertheless its time of onset may be very different from patient to 
patient, ranging from a few weeks to several years. The aim of our 
study was to evaluate the incidence and time of onset of hypothyroid-
ism after radioiodine treatment comparing AFTN and Graves’ patients 
in order to establish whether there are significant differences related to 
the two diseases. 
Materials and methods From a population of 2041 consecutive pa-
tients, 992 cases of overt thyrotoxicosis at diagnosis were selected: 
353 affected by AFTN and 639 by Graves’ disease. All patients were 
treated with antithyroid drugs, which were discontinued 25-30 days 
before 131I therapy in AFTN cases and 2-5 days before treatment in 
Graves’ cases. Thus, all patients were administered a 131I calculated 
dose in euthyroid status. Follow-up began two months after radioio-
dine administration. Patients with clearly and / or persistently high 
TSH levels were classified as hypothyroid and replacement therapy 
with L-thyroxine was started. 
Results Among the 353 AFTN patients (mean age 52.2 ± s.d. 14.2 
years; M/F ratio 1:2.5), who were administered a mean 131I dose of 19.6 
± s.d. 4.5 mCi, hypothyroidism occurred in 7.1% (25/353). Among the 
639 Graves’ patients (mean age 45.3 ± 10.8 years; M/F ratio 1:2.8), 
who received a mean 131I dose of 9.6±s.d 3.4 mCi, hypothyroidism was 
shown in 23.2% (148/639). Comparing the incidence, there emerged a 
significant difference between the two groups (chi square, p = 0.000). 
Within the first year, the percentage of hypothyroidism onset was 

and mean absorbed dose was 225 Gy (SD 48.8, range 93-325). Mean 
follow-up was 25 months (SD 14.5, range 2-47). A female patient with 
overt hyperthyroidism due to TA (50 mm in maximum diameter) was 
hospitalized and treated with 934 MBq of 131I.
Results Forty-six patients became euthyroid within a mean of 2.9 (SD 
1.5, range 2-8) months after RIT. Ten patients (8 with GD) developed 
overt hypothyroidism within a mean of 5.9 months after RIT (SD 6.2, 
range 2-22 months). A female patient affected by TMG developed 
subclinical hypothyroidism twelve months after RIT, while in another 
female patient affected by GD, the recurrence of hyperthyroidism was 
observed two months after RIT. The patient underwent a second RIT 
(with standard radioiodine activity). The patient treated with high radi-
oiodine activity (934 MBq) developed hypothyroidism 3 months after 
RIT. Thyroid scintigraphy was performed about 3 months after RIT, 
in 28 TMG or TA patients, demonstrating partial (18 patients) or total 
(10 patients) ablation of the “hot” area. In seven patients with TA, TU 
performed about four months after RIT, showed a significant reduction 
of the nodule volume (t= 2.43, p 0.03). No side effects were observed 
during the follow-up in any of the patients.
Conclusions The calculated activity of 131-iodine made it possible to 
obtain euthyroidism in 46/58 (79%) patients; considering only TA and 
TMG, patients euthyroidism was obtained in 41/45 (91%). The cure 
rate was higher (98%) if we considered hypothyroidism as a successful 
outcome. In another experience with standard activity of 131-iodine, 
we found lower cure rates (69.6% and 90.2%, respectively). Our data 
confirmed RIT as an effective and safe treatment of hyperthyroidism. 
Calculated activity allows a higher cure rate compared with standard 
activity, even though the administered activity was significantly lower 
(mean 297 MBq, range 60-600, vs 541 MBq, range 185-1110; p<0.05). 
Thus, the dose absorbed by “critical organs” (stomach, bladder) will 
also be correspondingly lower. Finally, the lower administered activity 
will result in decreased radiation exposure to family and population.
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Twelve months follow up after 131Iodine treatment in 342 patients 
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Aim of the work To evaluate patient outcome after 131I therapy consid-
ering different types of hyperthyroidism.
Materials and methods A total of 450 patients with benign thyroid 
disease were enrolled in the study and divided into three groups ac-
cording to the following criteria: G1-Graves (low TSH, increased 
TRAb levels, and diffuse thyroid uptake scan); G2-autonomous 
thyroid adenoma (low TSH levels and autonomous nodule at scin-
tigraphy); G3-hyperfunctioning diffuse or multinodular goiter with 
low TSH. 342 patients completed a 12-month follow-up period after 
the administration of a therapeutic dose of 131I. Dosimetry and thy-
roid volume were performed by means of a tracer dose of 123I. MIRD 
formalism was used to estimate therapeutic 131I dose (G1:100 Gy; 
G2:200 Gy; G3:150 Gy), but radioiodine activity was always limited 
to 600 MBq (the legal limit for outpatient treatment). Follow-up was 
performed with laboratory examinations (at 1, 3, 6 and 12 months) 
and 123I scintigraphy was performed at 12 months. G1 response 
was considered positive in the presence of normal thyroid function 
or hypothyroidism, but negative if TSH was low or suppressed. G2 
response was positive if the autonomous area disappeared on scin-
tigraphy with normalization of TSH serum levels. G3 response was 
considered positive in presence of mass reduction and/or normaliza-
tion of TSH serum levels.
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further decreased to 25 ± 12% six days later. Residual activity was, on 
average, 404 ± 127 MBq at the time of discharge, decreasing to 132 
± 77 MBq after 6 days. 
Conclusions The method developed in this study provides an accurate 
tool both for performing a reliable assessment of patient residual ac-
tivity at discharge and for verifying the fulfillment of legal constraints 
on activity. An important finding was the high variability patient re-
sidual activities, linked to different individual radioiodine uptake and 
effective half-life. This aspect should be not neglected if considering 
the need for different discharge times, for both outpatient treatment 
and, particularly, therapies requiring hospitalization. The method can 
also allow the real-time monitoring of patient residual activity and, 
as a result, allow appropriate radioprotection actions. Moreover, the 
method is applicable under normal operating conditions and can be 
extended, after customized adjustments, to radioisotopes other than 
131I-iodide.
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Low-dose (< 1850 MBq) 131I thyroid remnant ablation in low-risk 
patients: why give more?

M. Chianelli, R. Guglielmi, F. Graziano, L. Petrucci, R. Rinaldi,  
I. Misischi, E. Papini, V. Todino

Departments of Endocrinology and of Nuclear Medicine, Regina 
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There is still uncertainty as regards the optimal activity to adminis-
ter for post-surgical thyroid remnant ablation in low-risk patients. In 
our department 119 consecutive low-risk [88 pT1 (m or s, or b) and 
31 pT2] patients (97 female and 22 male; mean age: 49±13 yrs) who 
underwent total thyroidectomy and lymphadenectomy of the central 
compartment for differentiated thyroid cancer underwent low-dose 
(<1850 MBq) 131I thyroid remnant ablation after l-thyroxin withdraw-
al. All patients underwent measurement of TSH, fT4, Tg and TgAb, 
neck ultrasound (US), cervical 131I uptake and thyroid scintigraphy on 
the day of administration of 131I therapeutic activity; 6-12 months after 
treatment patients were studied off-T4 with whole-body scan (WBS), 
neck US, TSH, fT4, Tg and TgAb. Patients were prospectively studied 
and successful ablation, defined as Tg values < 1 ng/ml and undetect-
able thyroid remnants at control scintigraphy, was calculated. Patients 
positive for TgAb, with lymph node metastases or staging > pT2, were 
excluded from the study.
In all patients a significant reduction of Tg levels was observed at con-
trol compared to baseline; in particular 107 pts showed successful ab-
lation as defined by negative WBS and Tg values lower than 1 ng /ml. 
No correlation was found between stimulated Tg values and the extent 
of thyroid remnants as measured by pre-therapy 131I neck uptake. In 
some patients Tg levels were undetectable but neck scintigraphy was 
clearly positive. No significant side effects were registered. 
Low-dose 131I ablation of thyroid patients is feasible, safe and effective. 
It does not require overnight stay in hospital. Undetectable Tg levels 
cannot be taken as a marker of absence of thyroid remnants.
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differentiated thyroid cancer: what is the best activity? 

A. Campennì1, S. Castorina1, A. Sindoni1, E. Amato1, R.M. Ruggeri2, 
S. Baldari1

1Nuclear Medicine Unit, Department of Biomedical Sciences and of 
Morphological and Functional Images, University of Messina, Italy
2Department of Clinical and Experimental Medicine and 
Pharmacology, Section of Endocrinology, University of Messina, 
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similar in the AFTN and Graves’ patients (36.0% and 42.3%, respec-
tively). Among the AFTN patients, the vast majority of hypothyroid-
ism diagnoses (23/25, i.e. 92.0%) were made within 5 years of 131I 
therapy, while in the Graves’ hypothyroid cases a similar percentage 
was achieved only after 15 years (133/148, i.e. 89.9%). Comparing the 
hypothyroidism onset curves obtained for the two groups, a significant 
difference was observed (log rank test, p = 0.000). 
Conclusions The cumulative incidence of hypothyroidism in hyper-
thyroid patients treated with 131I therapy was significantly lower in 
the AFTN than in the Graves’ cases. Early hypothyroidism appears at 
similar times in both diseases, while late hypothyroidism in Graves’ 
disease shows a prolonged time of onset, despite a lower mean 131I 
administered dose: this confirms that in these cases hypothyroidism 
is related to the natural history of the disease beyond the 131I therapy 
outcome. 
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A method of residual activity evaluation in patients undergoing 
radioiodine therapy
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Aim 131I-iodide is currently the treatment of choice for hyperthyroid-
isms and thyroid carcinomas. Relevant radioiodine activities are often 
administered to patients, causing significant residual intakes during 
the post-treatment period. The consequent undesirable exposure of 
patients’ bystanders has become a critical concern in the radiation pro-
tection field. An experimental study was developed in order to evaluate 
residual activities in patients undergoing hyperthyroidism therapy with 
radioiodine and to obtain a method of assessing compliance with dose 
constraints, in the case of patient discharge from nuclear medicine 
clinics or specially protected rooms.
Materials and methods For the experimental measurements on pa-
tients, a plastic scintillation detector was chosen for its performance 
characteristics. It was characterized by both absolute dose reading 
and response linearity versus radiation field intensity. A specific math-
ematical model based on in vivo radiometric external measurements 
was implemented in order to evaluate the amount of radioiodine in 
patients. By applying specific correction factors, the residual activ-
ity was then calculated by measuring H*(10) rates. The mathemati-
cal model adopted considered both the principal variables affecting 
the experimental data and the theoretical assumptions underlying the 
physical events. Prior to the clinical study start-up, a validation test of 
the whole approach was carried out through documented and repro-
ducible patient activity measurements during hyperthyroidism treat-
ment. Finally, H*(10) rates were measured according to the reproduc-
ible acquisition modalities (times, measurements settings, etc.) and 
specific geometries (at distances of 1 m, 3 m and 4 m from patients). 
All patients were monitored at three different time points: after radi-
oiodine administration, at hospital discharge (3 - 4 hours later) and 
six days later.
Results The investigated sample consisted of 50 patients affected by 
Graves’ disease (55%), uninodular toxic goiter (19%) or multinodular 
(26%) toxic goiter. The initial validation test first confirmed the reli-
ability of the method, as the mean difference between administered 
and measured activities was found to be about 1 ± 4%, with a re-
gression coefficient R2 = 0.98. The analysis of experimental measure-
ments through application of the chosen mathematical model allowed 
us to assess the decrease in residual activity percentage owing to both 
physical and biological decay. On the average, about 82 ± 12% of 
the administered activities remained at 3-4 hours after administration, 
corresponding to the time of hospital discharge time. This percentage 
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to the blood as a surrogate for the red marrow.
In our center patients are usually given a standard fixed activity reflect-
ing the physician’s estimation of the patient’s tumor burden or type, 
age group, etc. 
We perform individualized pre-therapeutic dosimetry, according to the 
EANM SOP, only in selected patients belonging to critical groups de-
fined by age (20-40 years, long life expectancy; above 70 years, modi-
fied renal iodine clearance) or by lymph node positivity.
In 10% of cases, patients return for a second treatment. A limited num-
ber of them has undergone up to six treatments with a cumulated activ-
ity of up to 25 GBq.
The aim of this work was to compare the iodine retention curves in 
blood and in the whole body in a young female patient affected by 
DTC, before and four months after radioiodine treatment (adminis-
tered activity 3145 MBq, serum Tg=4.4, TSH 43, FT3=0.96, FT4<0.3 
ng/ml), prior to a second treatment, in order to verify whether the pre-
therapeutic dosimetry data could be used as a reference also for suc-
cessive treatments and to determine the activity to be administered in 
a single cycle delivering a blood absorbed dose equivalent to several 
treatments. 
Whole body probe measurements and whole blood collections (2 mL-
samples) were conducted 2, 6, 24, 96 and 120 hours after 131I (10 MBq) 
administration to obtain time-activity curves on the patient after com-
plete thyroid hormone withdrawal.
The values obtained in the first probe count, nominally 2h after admin-
istration with no interim excretion, were used to normalize all succes-
sive measurements (activity at 2 h = 100%).
Post-therapy dosimetry (serum Tg=0.88, FT3/FT4 withdrawal) 
showed a 35% reduction in blood retention after 24 hours, which cor-
responds to a reduction in the blood equivalent dose (0.057 Gy/GBq 
vs 0.087 Gy/GBq).
This result shows that dosimetry is necessary before each one of sev-
eral treatments and it confirms the higher effectiveness of a single 
high-dose treatment in reducing the cumulated administered activity 
compared with repeated, limited dose schedules.
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Dialysis during hospitalization for radioiodine therapy
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Aim Ablative radioiodine therapy is the standard treatment for thy-
roid carcinoma, but as 131I is predominantly cleared by renal excretion 
(about 90%) its clearance will be reduced in patients with chronic kid-
ney disease, particularly in anuric patients on dialysis. The high dose 
of therapeutic radioactivity in these patients results in an increased risk 
of radioactive internal exposure of patients themselves, as well as in-
creased exposure of the dialysis staff and the machinery. We therefore 
set out to obtain dosimetric data from 7 patients with thyroid cancer 
simultaneously undergoing hemodialysis, so as to determine the ap-
propriate amount of 131I activity to be applied therapeutically to mini-
mize the appearance and severity of the most likely side effects in these 
patients, such as sialoadenitis, xerostomia and gastritis, and to estimate 
the absolute safest administrable activity, without the risk of severe 
medullary depression. 
Materials and methods We studied 7 patients with kidney failure, 
referred to our center from April 2008 to June 2012 for the ablation 
of the remnant thyroid tissue after thyroidectomy or for treatment of 
metastases. All patients (M:F = 1:1.5; mean age 49.4, ranging from 

Aim In patients affected by differentiated thyroid cancer (DTC), the 
role of radioiodine therapy (RIT) in thyroid remnant ablation (TRA) is 
well established. At present, agreement is lacking on: a) choice of the 
ablative activity; b) choice between hypothyroidism and recombinant 
human TSH (rhTSH) for TRA. We evaluated the ablative efficacy of 
four different activities: 555 MBq, 1110 MBq, 2220 MBq, 3700 MBq 
administered in hypothyroidism or after rhTSH stimulation.
Material and methods We reviewed the records of 343 patients (282 
females and 61 males) with DTC: 280/343 (82%) had the papillary 
histotype (PTC) and 63/343 (18%) the follicular histotype (FTC). All 
patients except 121 (treated after rhTSH administration) underwent 
radioiodine thyroid uptake (RTU) measurement 24 hours after ad-
ministration of Na 131I (1.8 MBq) and RIT after conventional L-T4 
withdrawal (TSH ≥ 25 mUI/ml). The patients, all without locoregional 
and/or distant metastases at the time of recruitment, were subdivided 
into six groups based on histotype, pT-staging (pTNM sixth edition) 
and RIT modalities. RTU ranged from 1 to 32% of the administered 
tracer activity. Hospitalization was not necessary only in the Group A 
patients. The patients in Groups C(r) and D(r) were treated after rhTSH 
stimulation. Group A: 19 PTC patients (12 F, 7 M) treated with 555 
MBq; hTg ranged from 1.6 to 33.9 ng/ml. Group B: 59 patients (48 
F, 11 M; 38/59 PTC, 21/59 FTC) treated with 1110 MBq; hTg ranged 
from 1.5 to 75.7 ng/ml. Group C(h): 57 patients (49 F, 8 M; 51/57 PTC, 
6/57 FTC) treated with 2220 MBq; hTg ranged from 1.5 to 39.6 ng/ml. 
Group C(r): 50 patients (43 F, 7 M; 44/50 PTC, 6/50 FTC) treated with 
2220 MBq after rhTSH administration (standard protocol); hTg ranged 
from 1.5 to 35.6 ng/ml. Group D(h): 88 patients (69 F, 19 M; 68/88 
PTC, 20/88 FTC) treated with 3700 MBq; hTg ranged from 1.5 to 38.7 
ng/ml. Group D(r): 70 patients (51 F, 19 M; 65/70 PTC, 5/70 FTC) 
treated with 3700 MBq after rhTSH administration; hTg ranged from 
1.5 to 80.3 ng/ml. Anti-thyroglobulin antibodies (Tg-Ab) were positive 
in 30 patients. TRA was examined six-twelve months later. The treat-
ment was considered successful when RTU was <1% (Groups A, B) 
and/or Tg was undetectable (<1.6 ng/ml) in hypothyroidism (Groups 
A, B) or after rhTSH administration (Groups C and D). 
Results TRA was achieved in: 11/19 (58%) in Group A, 48/59 (81%) 
in Group B, 56/57 (98%) in Group C(h), 48/50 (96%) in Group C(r), 
88/88 (100%) in Group D(h), and 70/70 (100%) in Group D(r), re-
spectively.
Conclusions Our data demonstrate that 2220 and 3700 MBq of radi-
oiodine are significantly more effective than 555 or 1110 MBq in TRA 
(98-96% and 100-100% of patients versus 58 and 81%, respectively), 
without significant differences between 2220 and 3700 MBq (p= n.s.) 
or between hypothyroidism and rhTSH (p= n.s.). Thus our data suggest 
that 2220 MBq of 131I aided by rhTSH is better than 3700 MBq (both 
in hypothyroidism than after rhTSH) for TRA because the whole-body 
radiation exposure (in particular stomach and bladder) is lower and the 
hospital stay is shorter (mean 2 and 3 days, respectively) and therefore 
less costly in public health terms. 
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In patients with advanced differentiated thyroid carcinoma (DTC), 
therapy with the highest safe 131I activity is desirable to maximize tu-
mor radiation dose and yet avoid severe myelotoxicity.
The European Association of Nuclear Medicine (EANM) published a 
standard operational procedure (SOP) for pre-therapeutic dosimetry in 
DTC patients incorporating the safety threshold of 2 Gy absorbed dose 
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(mGy/MBq) in the organs. The percentage of injected activity in the 
critical organs was included in an exponential model in order to obtain 
residence times. Urinary excretion was estimated as the difference be-
tween whole-body total counts of the first and second acquisition, the 
latter corrected for decay. The remainder-of-the-body absorbed dose 
was calculated as the difference between whole-body and other organs. 
The effective dose/injected activity (mSv/MBq) was calculated by the 
use of weighting factors of ICRP 103. The Kruskall-Wallis test was 
performed to look for statistically significant differences in absorbed 
dose in critical organs and in effective dose between the patients with/
without carbidopa pretreatment. 
Results The mean absorbed dose/injected activity (mGy/MBq) in pa-
tients with/without carbidopa pretreatment was 5.27E-03/7.86E-03 
for the pancreas; 6.01E-02/9.36E-02 for the bladder wall; 8.09E-
03/7.27E-03 for the liver and 5.22E-03/4.15E-03 for the remainder 
of the body. The K-W test showed p<0.05 for absorbed dose in the 
remainder of the body and the pancreas, p=0.09 in bladder wall and 
p=0.08 in liver. The mean effective dose (mSv/MBq) in patients with/
without carbidopa pretreatment was 8.02E-03/8.37E-03. No statisti-
cally significant difference (p=0.52) in effective dose was found.
Conclusions The carbidopa pretreatment showed a slight increase in 
the absorbed dose in the remainder of the body, most likely correlated 
to activity carried out by hematic processes. However, this was com-
pensated by a statistically significant decrease of uptake in the pan-
creas, allowing better metastasis detection. The bladder wall was con-
firmed as the most irradiated organ. Our study showed that carbidopa 
pre-treatment does not affect mean effective dose. 
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Aim In the last two decades peptide receptor radionuclide therapy 
(PRRT) has grown in importance as an alternative or complementa-
ry tool in the treatment of neuroendocrine tumors (NETs) and other 
somatostatin receptor-positive (SSTR+) tumors. Many experiences 
of PRRT using different radiopharmaceuticals, mainly 90Y and 177Lu 
(β-emitters) labeled peptides are reported in the literature. 177Lu-la-
beled somatostatin analogs seem to be more effective because of their 
favorable physical properties and the better objective response. There 
are few reports on PRRT using 111In-pentetreotide, an Auger emitter. 
The aim of our study was to evaluate the usefulness of 111In-pentetreo-
tide therapy in patients with SSTR+ inoperable benign intracranial tu-
mors in which the use of β-emitting radiopharmaceuticals (character-
ized by significantly higher penetration range) seemed to be unsafe and 
questionable since lesions were close to critical anatomical structures, 
such as the optic chiasm or medulla oblongata.
Materials and methods We retrospectively reviewed clinical records 
of 9 patients affected by SSTR+ benign intracranial tumors (7F and 
2M, mean age 58.4 years, range 50-81): 8 patients had meningiomas/
meningiomatosis and 1 patient had a pituitary macroadenoma. A pre-
vious diagnostic scintigraphy with 111In-pentetreotide showed high in-
tralesional radiotracer accumulation. All patients had been treated with 
high therapeutic activities of 111In-pentetreotide (1-7 cycles, median 
4 cycles, activity per cycle 3.7-7.5 GBq, median activity per cycle 7 
GBq, cumulative activity range 13.7-66 GBq). The efficacy of PRRT 
was evaluated according to the RECIST criteria. Toxicity was also 
assessed considering hematological parameters and GFR value esti-
mated by renal dynamic scintigraphy.

25 to 60 years) underwent a dosimetric study before therapeutic ad-
ministration. On day 1, the patients underwent dialysis and soon af-
ter administration of tracer activity of 131I; three blood samples were 
collected and counted in a calibrated well gamma counter at 30 min 
from injection, just before and just after the first dialysis. At the same 
times, the patients’ whole-body activities were estimated through ex-
ternal measures by means of a high-sensitivity environmental ioniza-
tion chamber. Thyroid uptakes were evaluated before and after the first 
dialysis, taking into account the patients’ different background iodine 
distributions. Different dialysis timetables were tested and compared: 
we evaluated the possibility of forcing their rate to minimize the red 
marrow dose and then, possibly, of delivering a higher activity. Every 
dialysis treatment was performed in a metabolic radiotherapy unit.
Results 6/7 patients referred to our Center for ablation of the remnant 
thyroid tissue after thyroidectomy; they were all affected by papillary 
carcinoma, and were treated with activities ranging from 1001 to 1097 
MBq. Five of them reached complete ablation with only one admin-
istration, and one showed decreased thyroglobulin values after three 
months. One patient was affected by papillary carcinoma, and came 
for a second radioiodine treatment for biochemical presence of illness. 
He was treated with 5063 MBq of 131I. None of the patients who came 
for ablation of the remnant thyroid tissue showed any of the most com-
mon side effects of radioiodine therapy, with the sole exception of the 
patient submitted to a second treatment, who showed mild gastritis 
(successfully treated with medical therapy).
Conclusions Renal failure does not represent a contraindication for 
radioiodine therapy. In such patients, a dosimetric study is necessary 
to reduce the appearance and severity of the most likely side effects 
(sialoadenitis, xerostomia and gastritis), to respect the red marrow lim-
it, and to find the best dialysis timetable to ensure the treatment goal 
without overstressing the patients; in fact, despite some differences in 
discharge percentages, probably due to differences in renal functional-
ity, our patients were treated with the necessary activity of radioiodine, 
making it possible to force at 24 hours only the first dialysis.

RADIONUCLIDE THERAPY  
AND DOSIMETRY 2
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The effects of carbidopa pretreatment in 18F-DOPA PET: 
dosimetric analysis
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L. Lorusso, L. Maffioli
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Aim The aim of this study was to evaluate the effects of carbidopa 
pretreatment on absorbed dose in 18F-DOPA PET studies of the most 
critical organs.
Materials and methods Thirty-one patients were recruited on the 
basis of US, MR and CT diagnostic studies and blood analysis. PET 
scans for assessment of neuroendocrine disease were performed after 
administration of 4 MBq/kg of 18F-DOPA. Whole-body PET studies, 
5 min and 1 h post injection, were performed in all patients. 2mg/kg 
of carbidopa was administered to 12 patients, 1h before the injection. 
PET scans were acquired using the Philips Gemini TF PET system. 
Liver, bladder, pancreas and remainder-of-the-body absorbed doses 
were investigated by the use of analysis software, provided by Philips. 
Manual ROIs were drawn on two PET imaging datasets. The percent-
age of injected activity in each organ was calculated by the organ up-
take to injected activity ratio. The well-known and validated OLINDA 
software was used to calculate the absorbed dose/injected activity 
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evaluated after the 4th cycle, indicates an efficacy threshold of about 
100 Gy provided in the first two cycles, which roughly corresponds to 
a total of 200 Gy on 4 cycles. 
Discussion Patients with provisional kidney BED exceeding the 
threshold of 45 Gy

BED
 for radio-induced toxicity are kept under closer 

observation and, in the event of extremely high values, 90Y administra-
tions are suspended, under the therapist’s judgment. Follow up is still 
too short to observe potential kidney impairment. The accuracy of the 
dosimetric method influences the BED evaluation, since its quadratic 
dependence on the absorbed dose amplifies under- or over-estimations 
of dose. 
Conclusions The clinical decision on whether to proceed with or to 
interrupt the sequence of treatments should be taken with prudence 
until a clear correlation between the dosimetric data, obtained with a 
defined method, and the clinical outcome has been demonstrated.
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Long term follow-up of renal function in patients who underwent 
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Purpose Patients with neuroendocrine tumors (NETs) are often 
treated with peptide receptor radionuclide therapy (PRRT) using high 
doses of beta-emitting and/or Auger electron-emitting radiopharma-
ceuticals, which may induce renal impairment. Renal function has to 
be evaluated when PRRT is considered since therapeutic administered 
activities should be adjusted according to the glomerular filtration rate 
(GFR), i.e. the lower GFR, the lower the treatment dose. We monitored 
GFR with renal dynamic scintigraphy (RDS), which is neither an inva-
sive nor an expensive procedure, in patients who underwent repeated 
PRRT. The aim of this study was to evaluate renal function modifica-
tions as assessed by RDS in NET patients treated with PRRT.
Materials and methods We retrospectively reviewed the clinical re-
cords of 31 patients with a diagnosis of NET (15 F and 16 M, mean 
age 59.8 years, range 37-79) referred to the Nuclear Medicine Unit at 
our University Hospital for PRRT. Histological diagnosis was as fol-
lows: pancreatic neuroendocrine carcinoma in 10 cases, ileal neuroen-
docrine carcinoma in 4 cases, neuroendocrine carcinoma of unknown 
origin in 4 cases, duodenal neuroendocrine carcinoma in 1 case, me-
diastinal neuroendocrine carcinoma in 1 case, thymic neuroendocrine 
carcinoma in 1 case, mesenteric neuroendocrine carcinoma in 1 case, 
lung carcinoid in 2 cases, carcinoid of unknown origin in 2 cases, pan-
creatic carcinoid in 1 case, ileal carcinoid in 1 case, medullary thyroid 
carcinoma in 1 case, and intracranial meningiomatosis in 2 cases. All 
patients had been treated with high therapeutic activities of 111In-pente-
treotide (1-7 cycles, median 4 cycles, activity range per cycle 1.1-7.5 
GBq, median activity per cycle 5.5 GBq, mean cumulative activity 
16.2 GBq) and/or 90Y-DOTATOC/DOTATATE (1-7 cycles, median 
3 cycles, activity range per cycle 0.74-2.6 GBq, median activity per 
cycle 1.9 GBq, mean cumulative activity 10.3 GBq) and/or 177Lu-DO-
TATATE (1-4 cycles, median 2 cycles, activity range per cycle 3.7-
7.0 GBq, median activity per cycle 5.5 GBq, cumulative activity 11.9 
GBq). Each patient underwent 1-13 PRRT cycles. Intravenous amino 
acid administration was always performed prior to PRRT to reduce 
tubular peptide uptake and minimize renal damage. Nineteen patients 
had comorbidity factors (diabetes, hypertension, dyslipidemia). Renal 
function was evaluated by RDS before each PRRT cycle; creatinine 
and azothemia serum levels were also recorded.
Results Baseline GFR ranged between 58 and 129 ml/min/1.73 m2. 
GFR decrease ranged between 4 and 52.4% (mean: 22.7%). A statisti-

Results No patient had acute damage. Complete response was ob-
served in 1 patient (11.1%). Partial response was observed in 2 patients 
(22.2%); stable disease was observed in 5 patients (55.6%) and pro-
gressive disease in 1 case (11.1%). In 2 patients, PRRT is still ongoing. 
Mild hematological toxicity (transient leucopenia and/or thrombocy-
topenia grade I WHO) was observed in 4 patients (44.4%). No impair-
ment of renal function was observed.
Conclusions Our data show that PRRT with 111In-pentetreotide is safe, 
well tolerated and effective on disease control in patients with SSTR+ 
benign intracranial lesions. Because of the short range of penetration 
of Auger electrons and the modest edemigenous effect, 111In-Pentetre-
otide should be considered a valid alternative therapy in SSTR+ be-
nign intracranial tumors not responsive to other medical approaches or 
without any other therapeutic options.
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Aim Dosimetry of healthy organs and of lesions was performed in 
order to optimize patient management during a sequence of tandem 
treatments of neuroendocrine tumors with 177Lu-DOTATATE and 90Y-
DOTATATE. 
Methods Six therapeutic administrations are planned, at six week in-
tervals, alternating the two isotopes: 5.5 GBq of 177Lu and 2.6 GBq of 
90Y. Dosimetry is performed on a regular basis after the first adminis-
tration of 177Lu-DOTATATE and extrapolated to 90Y-DOTATATE. Two 
series of patients were studied for 4 days with daily planar whole-body 
multistep scans and different energy window settings and scan speeds: 
(a) 14 patients, two emission energy windows centered at 113 and 208 
KeV, without scatter correction, 100 s per FOV; (b) 12 patients, one 
peak window centered at 208 Kev, with an adjacent scatter window 
with the aim of improving quantification accuracy using dual window 
scatter correction, 200 s per FOV. Preliminary phantom calibrations 
were performed to obtain the calibration factor and the effective linear 
attenuation coefficient for 177Lu for three different objects: a 2 L plastic 
bottle to simulate the liver, a cardiac insert filled with activity in the 
external region to simulate renal cortex uptake, and 37-mm diameter 
hollow sphere to simulate small lesions. Attenuation correction was 
measured with a 57Co flood source blank and transmission scan. Indi-
vidual organ and lesion masses were measured on CT scans in 20/26 
patients. Absorbed doses and kidney BED were calculated. 
Results Twenty-six patients were studied (liver, spleen, kidneys, total-
body dose and kidney BED) and 20 lesions. The radiological response 
was available for 12 of these. On the whole set, kidney absorbed dose 
per unit activity was median 0.85, range [0.19, 1.36] Gy/GBq and me-
dian 3.6, range [0.86, 5.7] Gy/GBq for 177Lu and 90Y respectively. For 
177Lu, the two dosimetric methods provided non-significant differences 
in median Gy/GBq and BED values, but for 90Y the one-tailed Mann-
Whitney p value was close to significance (p=0.08) for Gy/GBq, and 
it was statistically significant (p=0.05) for BED from 90Y only: median 
28, range [6, 37] Gy

BED
 without scatter correction, median 46 range 

[10, 65] Gy
BED 

with scatter correction. Considering the total 177Lu + 
90Y kidney BED, the threshold of 45 Gy was exceeded in 4/14 without 
scatter correction (median BED 39, range [5, 55] Gy

BED
), and in 7/12 

with scatter correction (median 61, range [3, 92] Gy
BED

). For lesions, 
the relationship between absorbed dose and radiological response, 
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dose-response correlation was r= 0.6, with p<0.0001, the median dose 
of responding and non-responding lesions was 490 Gy versus 275 Gy 
(p=0.0001). The ROC AUC was 0.79 and the TCP (50%) was 563 Gy. 
The TCP (50%) for lesion smaller than 10 cc was at about 300 Gy, 
while for tumors between 10 and 60 cc it was at about 600 Gy. For 
the second series, treated according to the new dosimetric treatment 
planning method, in 44% of patients the administered activity was on 
average 71% higher than that which would have been prescribed ac-
cording to Therasphere user manual, in 40% it was the same, and in 
16% it was reduced (average -16%). After a short median follow-up 
period of 6 months, among the subgroup (44%) of the second series 
with increased administered activity, only 3/18 (17%) Child A5 pa-
tients showed liver decompensation, while the same basal Child class 
for the first series had exhibited 12/43 (28%) radioinduced toxicity. 
Response evaluations are ongoing.
Discussion These results are applicable only to our administration 
conditions: glass spheres after a decay interval of 3.75 days. 
Conclusions For clinical and ethical reasons, radioembolization with 
glass microspheres should be performed using a treatment planning 
method that allows for separate parenchyma and tumor absorbed dose 
forecasts.

198
Intrahepatic treatment of advanced hepatocellular carcinoma 
with 90Y Sirtex or 131I Lipiodol: preliminary results of a case-
control study 

R.E. Pellerito2, A. Codegone2, M. Tabone3, E. Richetta1, A. Miranti1, 
M. Stasi1

1Medical Physic Unit, AO Ordine Mauriziano of Turin, Turin, Italy
2Nuclear Medicine Unit, AO Ordine Mauriziano of Turin, Turin, Italy
3Gastroenterology Unit, AO Ordine Mauriziano of Turin, Turin, Italy

Aims Hepatocellular carcinoma (HCC) is a major health concern 
worldwide. Several therapeutic options are available but transplanta-
tion is the only curative option. For the vast majority of patients, the 
remaining alternative is palliative care. In this scenario transarterial 
therapies are rapidly gaining acceptance as a potential therapeutic ap-
proach. In the period 2005-2009 we performed 131I Lipiodol injections 
into the hepatic artery. 131I Lipiodol remains concentrated in the liver 
and specifically within the malignant tumor for a long period of time. 
Since 2010 we have been performing radioembolization with 90Y Sir-
tex. Radioembolization is a catheter-based liver-directed therapy that 
involves the injection of micron-sized embolic particles loaded with 
a radioisotope by use of percutaneous transarterial techniques. To 
compare the effectiveness of these two treatments a preliminary case-
control study is reported.
Methods From 2010 to 2012 15 patients underwent radioembolization 
with 90Y Sirtex (case group). A control group of 30 patients was ex-
tracted from the total number (76) submitted to 131I Lipiodol treatment; 
these patients had the same staging and pathological conditions as the 
controls (sex M, BCLCC Child-Pugh A). To evaluate differences be-
tween these two radioisotopic treatments a preliminary Kaplan-Meier 
survival curve was obtained for the two groups (2 years of follow-up 
for the control group, ongoing follow up for case group).
Results In the control group (30 patients mean age 66 y) the activity of 
131I Lipiodol was adminstered according to pharmaceutical indications 
[mean 1.11 (0.93 – 1.3) GBq]. In the case group (15 patients mean age 
67 y) the activity of 90Y Sirtex was adminstered according to the BSA 
method [mean 1.7 (1.8 – 1.5) GBq]. Gastroenterological examination 
and CT were performed as follow-up every 2 months. The preliminary 
survival curve showed non-significant differences between the two 
groups. Percent overall survival at 6, 12 and 18 months post adminis-
tration were similar: in the case group treated with 90Y Sirtex (93.3%, 
57.6%, 38.4%, median survival 12.2 months) and in the control group 

cally significant correlation between GFR percentage reduction and 
cumulative administered activity of 90Y-DOTATOC/DOTATATE was 
found (Spearman test: R=0.4818, p=0.0232); no statistically signifi-
cant correlations between GFR percentage reduction with cumulative 
administered activity of 111In-Pentetreotide or 177Lu-DOTATATE were 
found. On the other hand, creatinine and azothemia values did not show 
such a statistical correlation. In 11 patients (35.5 %) the finding of a 
decreased GFR led to adjustment of the therapeutic activity and/or of 
the radiopharmaceutical used for PRRT; azothemia and/or creatinine 
serum levels were normal in 7 of the 11 patients with decreased GFR.
Conclusions Neither creatinine serum concentration nor azothemia se-
rum concentration can be recommended for evaluation of renal func-
tion in patients undergoing PRRT. RDS is a reliable and simple method 
for evaluating renal function, allowing PRRT to be managed in such 
a way as to achieve the therapeutic purpose, while inducing minimum 
renal function impairment. 
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Aim To develop a dosimetric treatment planning strategy in strict anal-
ogy with external beam radiotherapy. 
Methods Fifty-two patients (first series) had previously been treat-
ed for intermediated/advanced hepatocellular carcinoma with glass 
spheres, according to the Therasphere® prescription of a mean ab-
sorbed dose of 120 Gy averaged on the injected lobe. Clinical toxicity 
and efficacy outcome were available after a median 36-month fol-
low-up period. 99mTc-MAA pre-treatment SPECT was retrospectively 
evaluated using voxel dosimetry. Regions of interest on tumor and 
non-tumor parenchyma were drawn to determine the parenchyma ab-
sorbed dose, averaged also on non-irradiated voxels, and tumor dose. 
Normal tissue complication probability (NTCP) and tumor control 
probability (TCP) curves were obtained as a function of the mean 
dose. Using these curves, a second series of 66 patients was treated 
according to a new treatment planning method. Child B7 patients 
were excluded from radioembolization. A dose constraint of about 
70 Gy for the mean absorbed dose to parenchyma was assumed for 
Child-Pugh A5 patients, corresponding to a 14% risk of liver decom-
pensation. 
Results For Child-Pugh A5 patients belonging to the first series, me-
dian dose values were significantly different between toxic (median 
90 Gy) and non-toxic treatments (median 58 Gy) (p=0.033). Using 
parenchyma dose as a marker for toxicity, the separation of the two 
populations in terms of area under ROC curve (AUC) was 0.75. The 
NTCP 50% was at 100 Gy. For lesions, the non-parametric Spearman 
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volumes (e.g. hepatocellular carcinoma), although, from a theoretical 
point of view, there is nothing to prevent it from being applied to wide-
spread tiny tumors. As a consequence of this approach, the assessment 
of biological dose distributions and normal liver tolerance values be-
comes a key issue, especially with regard to criteria for liver residual 
functionality.
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Aim 153Sm-EDTMP is useful for metastatic bone pain relief. Ad-
ministrations are often based on the activity-per-kilogram criterion. 
99mTc-MDP prospective red marrow dosimetry correlates well with 
that of 153Sm-EDTMP (Bianchi et al, Eur J Nucl Med Mol Imaging 
2009;36:122-129), therefore administrations could be determined ac-
cording to the maximum tolerated dose (MTD) for red marrow. It could 
also be interesting to investigate the possible correlation between pro-
spective 99mTc-MDP and retrospective 153Sm-EDTMP 3D dosimetry, 
as this could open up more treatment planning possibilities. Moreover, 
as well as antalgic effects, 3D dosimetry studies would allow better 
investigation of therapeutic effectiveness. The aim of this work was 
to study the correlation between 99mTc-MDP and retrospective 153Sm-
EDTMP 3D dosimetry, also in terms of equivalent uniform biological 
effective dose (EUBED) (Ferrari et al, Eur J Nucl Med Mol Imaging, 
2012;39:1702-11). 
Materials and methods Dose distributions were evaluated by 99mTc-
MDP and 153Sm-EDTMP 3D dosimetry for 54 metastases in 10 pa-
tients treated for metastatic bone pain: 33 on vertebrae, 9 on ribs, 5 
on sternum, 2 on clavicles, 2 on scapulas, 2 on ilia, 1 on femur. 153Sm-
EDTMP administrations were tailored to individual skeletal uptake and 
red marrow MTD on the basis of prospective 99mTc-MDP dosimetry. 
SPECT studies were acquired with the GE Infinia Hawkeye 4 SPECT/
CT system, and reconstructed with OSEM, including scatter and CT-
based attenuation corrections. The 99mTc and 153Sm SPECT sensitiv-
ity factors (counts/MBq) were previously measured and also recovery 
coefficients were evaluated, even though at this stage partial volume 
effects were not yet corrected. SPECT images were analyzed with 
RIThM, a semi-automatic segmentation method for identifying the 
threshold outlining the lesion (Pacilio et al, Med Phys 2011;38:3050-
61). Physical decay was assumed for the biokinetics. An IDL-based 
software (Torres Aroche et al, ALASBIMN Journal 2011;54:276) was 
used to perform 3D dosimetry using the MIRD methodology at voxel 
level. The voxel S values for compact bone, from www.medphys.it 
(Lanconelli et al, Phys Med Biol 2012;57:517-533), were used for do-
simetric estimations. Comparison between prospective and retrospec-
tive 3D dosimetry was performed on cumulative DVHs, considering 
the doses associated with several percent values of the volume (D95%, 
D80%, D50%, D40%, D20%). Moreover, EUBEDs were also calcu-
lated with tumor-typical radiobiological parameters, and assuming al-
pha/beta=3 Gy or 10 Gy.
Results Cumulative DVHs referred to pre- and post-treatment dosim-
etry often showed substantial agreement. Some the dosimetric results 

treated with 131I Lipiodol (83.3%, 40%, 10%, median survival 9.2 
months), p-test on the means p=0.27.
Conclusions The non-significant difference between the two groups 
could be due to an insufficient follow-up period in the 90Y Sirtex pa-
tients. Future analysis could show clearer results. Optimization of ad-
ministered activity through personalized voxel dosimetry (performed 
on the perliminary 99mTc MAA acquisition) could allow a dose escala-
tion and improve overall survival.
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Aim SIRT is a targeted treatment for inoperable liver tumors that deliv-
ers millions of tiny radioactive beads, loaded with 90Y, directly to the 
lesions. Although it is gaining favor, the methods most widely em-
ployed for dose and activity evaluation are far from satisfactory. Both 
the well-known body surface area and partition model methods lack 
accuracy when it comes to heterogeneous biodistribution and volumet-
ric structuring. These draw backs are largely overcome with a voxel 
dosimetry approach. This provides a more reliable 3D dose evaluation, 
consequently leading to a wider spectrum of therapeutic possibilities 
(e.g. dose escalation, more selective lesion treatments, organ at risk 
sparing and radiobiological modeling). In this regard, a code was de-
veloped able to take the above into account.
Materials and methods A PC-based code was implemented in a 
MatLab© environment, outlining the operative work flow. SIRT treat-
ment was simulated through an angiographic procedure infusing into 
the liver 99mTc-labeled MAAs as a surrogate for 90Y-spheres. Then, a 
CT scan and a SPECT acquisition followed, allowing estimation of 
microsphere distribution as well as hepatic vasculature and possible 
shunts. CT images provided adequate texture for ROI contouring with 
proper geometrical resolving power. Moreover, the code matched CT 
and SPECT images in order to obtain an overall consistent spatial ref-
erence frame which was tested through a phantom simulation under 
the same clinical set-up. On the grounded assumption, within certain 
constraints, of a suitable superposition between 90Y-spheres and 99mTc-
labeled MAA distributions, and taking advantage of the simplified 
biokinetics of 90Y-spheres, which involves only physical decay, dose 
calculations were performed by voxel convolution of 90Y-S values ker-
nel with registered SPECT image arrays. 
Results The code computed activity distributions at CT anatomical 
level, achieving the objective of obtaining satisfactory patient-specific 
dosimetry. Code output consisted of determining the activity to be ad-
ministered in order to deliver a prescribed dose to a target ROI, and the 
resulting dose values in any other given ROI. Graphic visualization of 
isodose levels, dose-volume histograms and 3D dose representations 
were also obtained. Among the code tools, an automatically generated 
pdf report (containing relevant patient information and a selection of 
the above-mentioned dosimetry values and graphic charts) was made 
available. 
Conclusions This computational procedure greatly improves the ac-
curacy in the evaluation of 3D dose distributions, with relatively low 
demands in terms of input data and reasonable processing time. Trans-
ferring all this to a clinical level, a large increase in the planned activity 
to be delivered, compared with the one obtained through BSA calcula-
tion, was often detected. This is not surprising if one considers how 
the physical dose distributes at voxel level and the prescription of the 
target dose in terms of mean dose. The 3D calculation procedure works 
properly when dealing with lesions with well-defined and localized 
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Results In all 20 patients we observed a reduction of pain; 15 patients 
showed mild reversible myelotoxicity. In 5 patients there was no my-
elotoxicity. Three patients repeated the therapy several times: 1 patient 
(73 y) repeated the treatment five times (three of these five treatments 
were performed at 4-month intervals); the other two patients (respec-
tively 72 and 92 y) repeated the therapy twice, once every 12 months.
In all these patients there was no evidence of myelotoxicity. The pa-
tients died of the consequences of malignant disease and not because 
of myelotoxicity.
Conclusions Administration of 153Sm to prostate and breast cancer 
patients with painful bone metastases offered clinically relevant pain 
relief with mild reversible or absent myelotoxicity. The therapy is re-
peatable.
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Aim Voxel dosimetry by MIRD formalism requires extensive calcula-
tions of voxel S-values (VSVs), due to different possible geometries, 
reconstruction matrices and zoom factors. Alternatively to Monte Car-
lo simulation, it is possible to adopt dose-point kernel (DPK) convolu-
tion or analytical models (AMs) for calculation of VSVs. Local energy 
deposition (LED) can also be assumed to simplify calculations, even 
though this could result in differences with respect to MIRD voxel 
dosimetry according to spatial resolution and beta emissions. The aim 
of this study was to investigate the influence, on 3D dosimetry, of the 
method used to calculate VSVs.
Materials and methods VSVs were calculated for soft tissue by DPK 
convolution using published data for water (Cross, AECL–Report 
1992; Furhang et al, Med. Phys 1996;23:759-64) and adopting the 
Cross scaling factor method. VSVs were also calculated by analytical-
ly modeling the deposited energy as a function of the distance divided 
by the voxel size (Amato et al, Med Phys 2012;39:6808-17), or as-
suming LED. Soft tissue spheroidal clusters with various masses (7g, 
35g and 116g) were simulated by CALDOSE software (Pacilio et al, 
Med Phys 2009;36:1543-52), assuming uniform distributions of 131I, 
188Re or 90Y. Moreover SPECT images from five SIRT and five IART 
treatments (both using 90Y, voxel size: 4.42 mm) were considered, as-
sessing biokinetics by planar images (IART), or assuming physical 
decay (SIRT). An IDL-based software package (Torres Aroche et al, 
ALASBIMN Journal 2011;54:276) was used for 3D dosimetry. Dosi-
metric results obtained with VSVs from the website www.medphys.it 
(Lanconelli et al, Phys Med Biol 2012;57:517-33) were used as refer-
ence data. Comparison between the reference data and the DPK, AM, 
and LED results was performed on: (1) cumulative DVHs considering 
the difference between the doses associated with 95%, or 50% of the 
volume (D95%, or D50%), and (2) dose profiles. For clinical cases, 
volumes of interest (VOIs) were defined by isocount levels of 10%, 
30% and 50% of the maximum count.

(median[range]) for 99mTc-MDP are reported below: D95%=2.2[0.7-
4.4]Gy; D50%=3.1[0.9-6.0]Gy. Analogously, for 153Sm-EDT-
MP (median[range]) the results were: D95%=2.4[0.7-5.0]Gy; 
D50%=3.1[0.9-6.4]Gy. Differences between 99mTc-MDP and 153Sm-
EDTMP, referred to the abovementioned dosimetric indicators on 
DVHs, were between +/-30%. 99mTc-MDP EUBEDs (median[range]) 
were: EUBED=3.2[1.0-6.1]Gy; EUBED=3.1[1.0-6.0]Gy; for alpha/
beta=3 Gy or alpha/beta=10 Gy, respectively. 153Sm-EDTMP EUBEDs 
(median[range]) were: EUBED=3.2[1.0-6.6]Gy; EUBED=3.2[1.0-6.5]
Gy

10
; for alpha/beta=3 Gy or alpha/beta=10 Gy, respectively. EUBED 

differences also ranged from about -30% to 30%. A preliminary analy-
sis of dosimetric uncertainty was performed, arguing that most of the 
observed dosimetric differences can be explained analyzing the experi-
mental errors.
Conclusions 99mTc-MDP seems to have an appreciable prospective 
ability for 153Sm-EDTMP 3D dosimetry of metabolic radiotherapy of 
bone metastases, but more effort should be made to improve dosimet-
ric accuracy.
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Aim Prostate and breast cancers are considered the most frequent 
tumors associated with skeletal metastases. Although bone metasta-
ses are often clinically silent, they can lead to serious sequelae, such 
as pain, fractures and hypercalcemia. These complications often re-
duce performance status and decrease quality of life. Pharmaceutical 
therapy of bone pain includes non-steroidal analgesics and opiates. 
External beam radiation therapy remains the mainstay of pain pal-
liation of solitary lesions to reduce or remove the pain in metastatic 
disease. In patients suffering from multifocal mainly osteoblastic le-
sions and pain syndrome, radionuclide therapy can be used for pain 
palliation. The low-energy beta-emitting radionuclide 153Sm-EDTMP 
delivers high radiation doses to bone metastases and micrometastases 
in the bone marrow, but only low doses to the hematopoietic marrow. 
The purpose of this study was to demonstrate the presence of mild 
and reversible myelotoxicity in patients after treatment with 153Sm-
EDTMP. 153Sm is a nuclide with a physical half-life of 1.9 d, which 
decays by β-emission. The β-particle has a maximum energy of 0.81 
MeV, a mean energy of 0.23 MeV, and an average soft-tissue range of 
0.6 mm. The β-ray is accompanied by a 103-KeV γ-ray, which is 28% 
abundant. 153Sm is complexed with ethylene diamine tetramethylene 
phosphonic acid to form 153Sm-EDTMP. This phosphonate complex 
concentrates in the skeleton, in proportion to osteoblastic activity. 
After intravenous injection, <1% remains in the blood at 5 h. About 
65% of the dose remains in the skeleton. Urinary excretion is nearly 
complete by 6 h. The distribution of 153Sm-EDTMP is identical to that 
of bone-seeking radiopharmaceuticals such as 99mTc-MDP (99mTc-
methylene diphosphonate).
Methods We evaluated, in a retrospective study, 44 patients treated 
from 2008 to 2012. The first results regard 20 patients: median age 73 
years, 15 M and 5 F; all these patients had metastases in more than one 
anatomical region, documented on a bone scan. All the patients failed 
to respond to standard treatment of pain. Blood counts were evaluated 
in all patients prior to their inclusion in the study. All the patients re-
ceived a bolus infusion of 153Sm (37 MBq/kg). 
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macroscopic volumes, covering the range of practical interest for inter-
nal dosimetry and microdosimetry in nuclear medicine applications, as 
well as in radiological protection estimations of doses from an internal 
contamination.
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Introduction 123I-β-CIT and 123I-FP-CIT are the most commonly used 
clinical tracers for differential diagnosis between degenerative Parkin-
son’s disease and other parkinsonisms or essential tremor: 123I-labeled 
methyl 3β-(4-iodophenyl)tropane-2β-carboxylate (β-CIT) has better 
affinity and worse selectivity than 123I-FP-CIT for dopaminergic sys-
tem study but SPECT acquisitions have limits intrinsically related to 
spatial resolution and the sensitivity of the technique. For this reason 
124I-β-CIT, a b+ emitter, could solve the problem through PET acqui-
sition, but no human dosimetry or biodistribution has yet been per-
formed with this tracer. The aims of the present work were to perform a 
dosimetric study (phase I trial was already approved by the competent 
authorities) for main organ dose evaluation and effective dose calcu-
lation after 124I-β-CIT intravenous administration in six Parkinson de 
novo patients, besides assessment of local and general tolerability to 
radiopharmaceutical.
Materials and methods Comparative experiments in rats showed 
equivalent biodistribution after injection of 123I-β-CIT and 124I-β-
CIT, while in humans uptake data with 123I-β-CIT are available only 
for a few organs (lungs, liver, intestine and brain): for this reason, a 
preliminary dosimetric estimation with 124I-β-CIT was performed in 
these organs using Olindaâ software and considering 123I-β-CIT uptake 
curves. From this, it was found to be reasonable to inject an activity 
of less than 37 MBq of 124I-β-CIT in order to meet patient radiopro-
tection constraints; in particular, our six patients were injected with 
this radiopharmaceutical at an activity between 14 and 35 MBq. For 
each patient, five whole-body acquisitions were performed after 124I-β-
CIT administration, ranging from 30-60 minutes after injection up to 
8-9 hours later, using a Philips Gemini TFÒ PET/CT scanner. Before 
patient acquisitions, quality controls were done with 124I in suitable 
phantoms (30 cm cylinder and sphere phantom) in order to check SUV 
(counts-activity calibration) and image quality. The brain, thyroid, 
lungs, heart, spleen, liver, gallbladder, kidneys and urinary bladder 
were chosen as regions of interest in order to derive time-course ra-
dioactivity accumulation curves in each organ of interest and obtain 
specific organ absorbed dose and effective dose.
Results and conclusions The image quality was satisfactory thanks 
to the use of a scanner with high sensitivity (8060 cps/MBq) and op-
timized reconstruction protocols for 124I. Dosimetric calculations per-
formed using Olinda in six de novo Parkinson patients injected with 
124I-β-CIT resulted in an effective dose ranging from 6 up to 22 mSv 
(i.e. from 0.4 up to 0.62 mSv/MBq), while the lungs were confirmed 
to be one of the most irradiated organs (0.45-0.94 mSv/MBq) together 
with the spleen (0.42-1.06 mSv/MBq), heart wall (0.48-0.78 mSv/
MBq), and kidneys (0.34-0.96 mSv/MBq); brain and basal ganglia 
uptake was remarkable only on late acquisitions. Finally, taking into 
account these results, and despite already satisfactory image quality 
due to scanner sensitivity and acquisition parameter setup, the injected 
activity could be increased up to 37-74 MBq to improve diagnostic 
accuracy in Parkinson’s disease, remaining within patient radioprotec-
tion constraints.

Results For system models, the Cross-Furhang DPK method showed 
D95%

,
 D50% and Dmax differences in the ranges: -1.5%÷-1.0%, 

-0.3%÷0%, and -1.5%÷-0.9% for 131I, 188Re, and 90Y, respectively, al-
ways negative because the Cross DPKs do not account for bremsstrahl-
ung. Differences in ranges observed for the AM were: -3.4%÷-2.0%, 
0%÷0.2% and 1.5%÷4.4% for 131I, 188Re, and 90Y, respectively. For 
IART, D95% and D50% differences were down to -1.7% for DPK, 
-3.5% for AM and up to 2.7% for LED. Almost systematic dose  
profile differences appeared for DPK and AM (down to about -1.7% 
and -3.5%), whereas LED yielded steeper dose gradients, with dif-
ferences ranging from -17% to 7% for doses >5Gy. For SIRT, D95%  
and D50% differences were down to -1.6% for DPK, -3.5% for AM, 
and up to 3.4% for LED. Systematic dose profile differences were 
down to about -1.6% and -3.4% for DPK and AM, whereas LED 
steeper dose gradients yielded differences from -13% to 8% for 
doses>10Gy.
Conclusions Dosimetric estimate was scarcely affected by the use of 
either the DPK or the AM method. For clinical cases, the LED as-
sumption leads to more consistent differences, at least for 90Y. Further 
investigation would be desirable to identify the most accurate method.
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We present an analytical formulation for calculating radiation ab-
sorbed doses from alpha particles uniformly emitted in ellipsoidal vol-
umes of soft tissue.
We applied a Monte Carlo simulation in Geant4 in order to calculate 
the absorbed fractions for monoenergetic alpha particles in the energy 
interval between 100 KeV and 10 MeV, uniformly distributed in soft-
tissue ellipsoids. For each volume, we simulated a spherical shape, 
four oblate and four prolate ellipsoids, and one scalene shape. Spheri-
cal radii between 1 ?m and 1 cm were considered, corresponding to 
volumes ranging between about 4⋅10-12 cm3 and 4 cm3.
For each energy and for every geometrical configuration, an analytical 
relationship between the alpha particle absorbed fraction and a “gener-
alized radius” as introduced in our previous studies was found, and the 
dependence of its parameters on the energy of the primary particle was 
discussed and fitted by proper parametric functions. 
We validated the outcomes of our Monte Carlo simulation by compar-
ing the absorbed fractions with reference data for monoenergetic alpha 
particles in spheres or cylinders. With the proposed formulation, the 
absorbed fraction for alpha particles in the energy ranges studied can 
be calculated for all volumes and for every ellipsoidal shape of practi-
cal interest. 
This method can be directly applied to the evaluation of absorbed frac-
tion from the radionuclide emission of alpha particles, since the energy 
range studied encompasses all possible natural decay alpha emissions.
The dose contribution coming from other electron or photon emissions, 
such as Auger, conversion or beta electrons, or X or gamma photons, 
can be accounted for by exploiting the previously published models of 
absorbed fraction calculations for electrons and photons.
As an example of application, the absorbed fractions for 223Ra in el-
lipsoids is presented and discussed in comparison with the available 
literature data.
This approach allows a comprehensive treatment of absorbed fractions 
from alpha sources uniformly distributed in ellipsoidal microscopic to 
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Background Glioblastoma (GBM) is the most common and aggres-
sive primary brain tumor. Patients diagnosed with GBM have a poor 
prognosis, not with standing all the advances made in radio- and chem-
otherapy.The cancer stem cell theory postulates that a small population 
of tumor-initiating cells (TICs) are responsible for the development, 
progression, and recurrence of several malignancies, including GBM. 
Fromthis perspective, TICs represent the most important target for 
obtaining effective cancer treatment. Metformin, a first-line drug for 
type II diabetes, was reported to possess anticancer properties affect-
ing the survival of TICs in breast cancer models. Our aim was to verify 
whether metformin selectively affects the biology of TICs and mature 
cells in a model of GBM. 
Materials and methods Cancer cells were obtained from tumor 
specimens surgically harvested from GBM patients who had never 
received therapy. GBM cells were expanded in vitro in stem cell me-
dium according to a previously validated procedure to obtain TICs or 
differentiated cell populations, respectively. TICs were enriched by 
culture in stemcell-permissive medium. Neurosphere formation oc-
curred within 2 weeks of culture. Routinely, primary spheres were 
harvested and dissociated into single cells to verify thesphere-form-
ing efficiency of each culture and to determine the expression of neu-
ral stem cell markers, multilineage differentiation and tumorigenicity. 
To induce GBM cell differentiation, TIC cultures were shifted to a 
medium deprived of growth factors and supplemented with 10% fetal 
bovine serum for at least 2 weeks. In vitro glucose consumption was 
evaluated by incubating 106 cells with 1 ml of saline containing 148 
KBq of 18F-FDG. Tracer exposure was maintained for one hour at 
37° C before measurement of labeling yield with a gamma-counter. 
Evaluations were performed under control conditions and after 24 
hours of exposure to different concentrations of metformin (1, 5 and 
10 and 20mM).
Results While basal FDG uptake was significantly higher in TICs than 
in differentiated cells (24 ± 3% vs 7 ± 1% respectively, p<0.01), met-
formin increased this value only in the latter (to 14 ± 2% respectively, 
p<0.01 vs untreated cells) with a dose-dependent effect. By contrast, 
it did not affect glucose uptake in TICs. This difference in metabolic 
response to the biguanide was paralleled by a significant difference in 
cell biology: analyzing by FACS the antiproliferative effects of met-
formin, a higher reduction of proliferating activity was observed in 
CD133+TICs as compared to CD133- cells.
Conclusions Altogether, these data suggest that metformin exerts anti-
proliferative activity on GBM cells showing a higher specificity toward 
TICs. Evaluating glucose metabolism by in vitro assessment of FDG 
uptake can facilitate the identification of this effect.

MISCELLANEOUS
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Introduction Radiolabeled somatostatin (SST) analogs are highly 
specific probes for the detection and treatment (with peptide radio-
receptor therapy, PRRT) of somatostatin receptor (SSTR) expressing 
tumors. The aim of this study was to evaluate the biological effects of 
a new SST analog, DOTA-peptide 1, with high affinity for SSTR2, as 
compared to two other SST analogs that have proven to be success-
ful for clinical use, DOTA-tyr3-octreotide and DOTA-tyr3-octreotate 
(DOTA-TOC and DOTA-TATE), now under phase III clinical evalu-
ation.
Materials and methods The DOTA-conjugate peptides were radiola-
beled with 111In and tested in vitro on the AR4-2J cell line expressing 
SSTR2. In particular, internalization, efflux and fate of the ligand-re-
ceptor complex on cellular membrane were evaluated (the latter using 
immunofluorescence techniques to follow the fate of the ligand-recep-
tor complex within cells). For this reason AR4-2J cells were incubated 
with a fixed level of DOTA-peptide 1, DOTA-TOC and DOTA-TATE, 
then processed for immunofluorescence microscopy using SSTR2 and 
mannose 6-phosphate receptor (M6-PR) specific antibody as primary 
antibodies. In vivo biodistribution with 111In-DOTA-peptide-1 at 0.5, 
1, 4, and 24 hours was evaluated in male balb-c mice, to estimate the 
absorbed radiation doses to the organs of interest (mGy/MBq) using 
specific S-factors for the mouse. 
Results Quality controls demonstrated 92% radiochemical purity of 
111In-DOTA-peptides. The uptake of 111In-DOTA-peptide-1 by AR4-
2J cells showed a time-dependent pattern with a high and specific 
internalization rate, equal to 6.59±0.92% and 27.23±1.6% of the add-
ed tracer at 4 and 24 hours of incubation, respectively. These results  
are virtually superimposable on those obtained with the other SST 
analogs (15.91±1.87% for 111In-DOTATATE and 6.09±0.83% for 
111In-DOTATOC of internalized fraction at 4-hour time point). The 
efflux experiment showed a time-dependent externalization pattern,  
the AR4-2J cells retaining >50% of 111In-DOTA-peptides after 4 
hours of incubation (62.75±3.04%, 63.81±2.12% and 54.74±1.98% 
for 111In-DOTA-peptide 1, 111In-DOTATOC and 111In-DOTATATE 
respectively). Immunofluorescence demonstrated that SSTR2 inter-
nalization in AR4-2J cells is time-, temperature- and concentration-
dependent, consistent with the established mechanism of SSTR2  
internalization via clathrin-coated vesicles and localization in man-
nose 6-phosphate receptor-positive intracellular compartments. Dosi-
metric evaluations demonstrated that kidneys are the critical organs, 
receiving the highest radiation dose corresponding to 50.20 mGy/
MBq.
Conclusions These results indicate that 111In-DOTA-peptide 1 is a 
promising new SST-based radioligand for possible diagnosis of tumors 
specifically expressing SSTR2.
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Purpose The thyroid scan is the elective tool in the diagnosis of au-
tonomously functioning nodules (AFTN), with or without suppressed 
TSH levels. Moreover, it is also considered, with TSH dosage, a reli-
able tool in the assessment of the outcome of 131I therapy. The aim 
of our study was to evaluate the role of the thyroid scan and TSH in 
AFTN with a view to simplifying follow-up procedures. 
Materials and methods From a population administered therapeutic 
doses of 131I for solitary AFTN, detected on thyroid scanning, 1193 
consecutive patients were analyzed comparing thyroid scan and TSH 
resultsbefore and after treatment. In our department, the effective-
ness of 131I therapy is usually assessed by thyroid scan and TSH at 3-6 
months. A cut-off of 0.5 µIU/ml was chosen in order to indicate sup-
pressed TSH, considering the wide variability in the sensitivity of the 
assay kits for TSH determination, given data spanning over a long pe-
riod of time. Reappearance of activity of extranodular tissue, partially 
or totally inhibited on the pre-treatment scan, and normal TSH levels 
were considered the therapeutic goal. Patients were considered hypo-
thyroid when serum TSH values were high. Hypothyroidism, even if 
not desired, was considered a successful treatment endpoint. Patients 
with persistent ‘‘hot nodules’’ (partially or totally inhibiting) on 131I im-
aging with suppressed TSH values were considered “non-responders”. 
Cases in which either a positive scan for AFTN was associated with 
TSH <0.5, or reappearance of extranodular tissue on post-therapy scan 
was related to TSH >0.5,were defined as “concordant”. The other cases 
were considered “not-concordant”.
Results Before 131I therapy, TSH >0.5 was associated with a scan diag-
nostic for AFTN in 28.8% of patients (“not-concordant” cases). After 
a single dose of 131I, 88.9% of resolved cases showed “concordance” 
between reappearance of thyroid gland at scan and normal TSH values 
3 months after treatment,a percentage that rose to 93.1% at 6 months 
due to slower normalization of TSH in a few cases. A persistent sup-
pressed TSH level, indicative of unsuccessful treatment, associated 
with a persistent AFTN thyroid scan pattern was observed in 1.4% of 
patients. There remained a “gray zone” of “non-concordance”in 5.5% 
of patients, in whom absence of TSH suppression was associated with 
a persistent hot nodule on the thyroid post-treatment scan; none of 
these patients showed clinical evidence of disease during follow up. 
Conclusions Thyroid scan is still a fundamental tool in the diagnostic 
phase to identify patients with AFTN, independently of TSH levels, 
but it no longer has a role in the evaluation of 131I therapy outcome. 
The discordance between TSH values and thyroid scan from an initial 
28.8% became 5.5%: in our opinion, such a mild discrepancy does 
not, for economic and radioprotection reasons, justify a further thyroid 
scan in the entire population. Thus, TSH is a sufficient parameter to 
evaluate the outcome.
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Introduction Sporadic primary hyperparathyroidism is the most com-
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Background In patients under metformin treatment, interpretation of 
18F-fluorodeoxyglucose (FDG) PET images is often hindered by the 
presence of increased bowel radioactivity that can either mimic patho-
logical uptake or mask malignant lesions located within or in proxim-
ity to the gut. The present study set out to elucidate the determinants of 
high intestinal FDG radioactivity content in mouse models of long- or 
short-term metformin treatment and to verify the underlying molecular 
mechanisms.
Methods A total of 53 mice were submitted to dynamic acquisitions 
of FDG kinetics under fasting condition. Three micro-PET scans 
were performed over a 4-month study period. Animals were subdi-
vided into 4 groups according to metformin administration proto-
col: untreated mice (n=15), animals exposed to metformin treatment  
(750 mg/kg/day) for the 48 hours before each PET study (“pulsed”, 
n=10), mice treated for the whole study period (“prolonged”,  
n=10), and mice in which prolonged treatment was interrupted 48 
hours before PET imaging (“interrupted”, n=8). FDG uptakerate 
constant was estimated by Patlak analysis. At the end of the study, 
the ileum and colon were harvested and washed. Thereafter, both tis-
sues and contents were counted in vitro. Two further groups, of five 
animals each, were included to evaluate the effect of prolonged met-
formin treatment on phosphorylated AMP-activated protein kinase 
(pAMPK) and gene expression for thioredoxin-interacting protein 
(TXNIP).
Results Pulsed treatment did not modify gut tracer retention with re-
spect to the untreated group. Conversely, prolonged treatment induced 
a significant and progressive increase in FDG uptake that selectively 
involved the colonic wall, without any significant contamination of 
bowel content. This effect persisted after a complete drug washout in 
the interrupted group. These responses were paralleled by increased 
pAMPK availability and by reduced expression of TXNIP mRNA in 
colon enterocytes as opposed to the opposite responses displayed by 
the ileum.
Conclusions Metformin causes a selective increase in colonic FDG 
uptake. This effect appears after a relatively long period of treatment 
and persists soon after drug washout. Accordingly, the increased bowel 
glucose metabolism reflects a biological response to chronic metform-
in treatment characterized by increased levels of pAMPK and reduced 
levels of TXNIP. The differences in molecular signaling and metabolic 
patterns displayed by ileum and colon enterocytes are coherent with 
the largely divergent availabilities of alimentary sugar in the bowel lu-
men. The biological nature of this response indicates that heuristic at-
tempts to improve FDG distribution by colonic lavages are most likely 
ineffective and that a relatively long withdrawal period is needed to 
this end.
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Case report A 19-year-old woman with a known history of genetically 
confirmed Alagille syndrome was referred to our institution because of 
nocturnal dyspnea in the supine position. She had multiple hospitali-
zations since her birth and her medical history included hepatopathy, 
central pulmonary artery stenosis, hypertension, tubular acidosis and 
right hemiparesis following a cerebral thromboembolism that occurred 
during a cardiac catheterization at 19 months of age. The patient un-
derwent chest radiography once a year, which showed no abnormalities 
except for enlarged heart shape. Because of the appearance of dyspnea, 
she was submitted to pulmonary function tests which revealed restric-
tive lung disease but it was impossible to determine diffusing capac-
ity of the lung for carbon monoxide (DLCO) because of the patient’s 
inability to perform the DLCO test correctly. Chest radiography was 
still quite normal; in order to exclude a pulmonary embolism and to 
assess lung function, a lung perfusion scintigraphy with 99mTc-MAA 
was performed. The scan showed multiple and extended perfusion de-
fects in both lungs, with segmental and non-segmental distribution, 
the larger one in the lateral basal segment of the right lower lobe. The 
cardiac silhouette was very enlarged. On the basis of this scintigraphic 
pattern and of the clinical history, the patient was submitted to a com-
puted tomographic pulmonary angiography (CTPA) in order to obtain 
a morphological evaluation of the anatomy of pulmonary vascular bed. 
The CTPA showed diffuse hypoplasia of pulmonary vessels, multiple 
stenosis of lobar, segmental and subsegmental arteries in both lungs 
(in particular the lateral basal artery in the right lower lobe) with post 
stenotic dilatation, multiple diffuse areas of hypodensity, and no signs 
of pulmonary embolism. 
Discussion and conclusions Alagille syndrome (or arteriohepatic dys-
plasia) is a multisystem autosomal dominant disorder, due to defects 
in the Notch signaling pathway, which can affect the liver, heart, skel-
eton, eyes, kidneys, and central nervous system. A structural heart de-
fect is one of the diagnostic criteria for Alagille syndrome and the most 
commonly seen problem is peripheral pulmonary arterial stenosis. 
Lung perfusion scintigraphy is a widely known and helpful diagnostic 
tool that can be easily performed in children or non-cooperative adults 
since, unlike most traditional lung function tests, it requires little or no 
co-operation. To our knowledge, there are no studies concerning the 
evaluation of lung perfusion in patients with Alagille syndrome, either 
in childhood or in adulthood. In this patient the lung scan modified the 
clinical management, which suggests that this simple test can also be 
useful in this syndrome, in which lung disease can be silent, progres-
sively worsen and suddenly manifest itself with severe impairment.
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Background Acute pulmonary embolism (PE) is the third leading 
cause of cardiovascular disease after acute myocardial infarction and 
stroke. The clinical diagnosis is associated with a high number of false 
positives / negatives (about 70%) and under “typical” characterized by 
dyspnea, tachypnea, chest pain, hypoxia with hypocapnia is present 
only in 20% of cases. Perfusion scintigraphy, historically considered 
the first test in the diagnostic algorithm for acute pulmonary embolism, 
is now being used less and less due to the high percentage (about 75%) 
of studies showing indeterminate or low interobserver reproducibility.
With the new hybrid methods for capturing images, does pulmonary 
scintigraphy still have a key role in the diagnostic algorithm?
Aim The objective of this study was to evaluate the diagnostic accura-
cy of lung perfusion scintigraphy assessed by planar images only ver-

mon cause of hypercalcemia in the outpatient population. The diagnosis 
of hyperparathyroidism is usually based on the finding of an inappro-
priately elevated parathyroid hormone level compared to the simultane-
ously measured serum calcium level. In 80% - 85% of patients, primary 
hyperparathyroidism is caused by one or more parathyroid adenomas.
Aim To correlate PTH and serum calcium levels with planar (dual 
phase + subtraction) and with SPECT-CT scintigraphy sensitivities.
Materials and methods We retrospectively evaluated 15 patients who 
underwent parathyroid scintigraphy study and surgical treatment; all 
patients underwent planar and SPECT-CT studies. Four groups of 
patients were defined according to type of acquisition -Planar (p) or 
SPECT (s)-, and biochemical calcium serum level:
- Group 1p - 9.5 mg/dL < calcium < 10.6 mg/dL with PTH > 90 pg/mL
- Group 2p - calcium >10.6 mg/dL with PTH > 90 pg/mL
- Group 1s - 9.5 mg/dL < calcium < 10.6 mg/dL with PTH > 90pg/mL
- Group 2s - calcium >10.6 mg/dL with PTH > 90 pg/mL
All groups were submitted toplanar anterior scan imaging of the neck 
and thorax with 99mTc Sestamibi dual phase+ additional 99mTc pertech-
netate (Group p) and SPECT-CT imaging of the neck and thorax im-
mediately after the planar thyroid phase (Group s). Planar imaging: 
i.v. administration of 400+ 80 MBq of 99mTc Sestamibi; matrix size, 
256×256; supine position. Images were obtained at 10 min (thyroid 
phase) and 120-150 min (parathyroid phase) using a large field-of-
view gamma camera equipped with a high-resolution collimator. An 
additional planar thyroid scan with 99mTc pertechnetate following the 
administration of 80 + 20 MBq of 99mTc pertechnetatewas performed 
for comparison with earlier parathyroid images. 
SPECT-CT acquisition The SPECT-CT imaging (Symbia-Siemens- 
Germany) was performed with a dual-head gamma camera with vari-
able angle and multislice spiral CT. SPECT images were corrected for 
attenuation and scattering before fusion with CT images. The SPECT 
component of the study was obtained immediately after first planar 
imaging in 120 projections, with a 3° angle step, in a 128×128 matrix, 
and with 25 s per view. Reconstruction was performed iteratively us-
ing the ordered subsets expectation maximization technique (OSEM).
Results The scintigraphy results were compared with the histological 
findings of parathyroid hyperplasia or adenoma (all 15 patients); the 
scintigraphy imaging outcome of patients with parathyroid adenoma 
was defined as positive and that of patients without evidence of ad-
enoma as negative. Group 1p, 7 patients: 5 positive; 2 negative. Group 
2p: 8 patients: 6 positive; 2 negative. Group 1s: 7 patients: 6 positive; 1 
negative. Group 2s: 8 patients: 8 positive; 0 negative. Sensitivity Group 
1p = 71%; Sensitivity Group 2p = 75%; Sensitivity Group 1s = 85%; 
Sensitivity Group 2p = 100%; Global sensitivity of planarscintigra-
phy= 73%. Global sensitivity of SPECT-CT scintigraphy = 93%.
Conclusions SPECT-CT was found to be more sensitive than planar 
imaging for the detection of parathyroid adenomas or hyperplasia, es-
pecially in patients with ectopic localization or in small adenomas; 
furthermore, SPECT-CT provided superior topographic information 
facilitating a surgical approach by providing anatomical mapping prior 
to exploration. In addition, the sensitivity of the 99m-Sestamibi in-
creases in relation to the hypercalcemia values.

210
The “dear old” lung perfusion scan: does it still have a role?  
A complex case of Alagille syndrome

M.F. Villani1, M. Pizzoferro1, A. Secinaro2, V. Nobili3,  
S. Chiapparelli1, M.C. Garganese 1

1Nuclear Medicine Unit, Department of Diagnostic Imaging, IRCCS 
Pediatric Hospital “Bambino Gesù”, Rome, Italy
2Department of Diagnostic Imaging, IRCCS Pediatric Hospital 
“Bambino Gesù”, Rome, Italy
3Hepatometabolic Unit, IRCCS Pediatric Hospital “Bambino Gesù”, 
Rome, Italy



Clin Transl Imaging (2013) 1 (Suppl 1):S39–S140 S133

(ICC) was used to evaluate the inter-operator reproducibility.
Results Submandibular gland uptake showed a good correlation with 
diagnosis (AUC=0.79, p=0.0001) as did submandibular gland excre-
tion fraction (AUC=0.73, p=0.005). Data from parotid glands were far 
less relevant: only uptake appeared weakly correlated with diagnosis 
(AUC=0.69, p=0.025). The best cut-offs were 0.2%, 47% and 0.18% 
for submandibular gland uptake, submandibular gland excretion and 
parotid gland uptake, respectively. These thresholds yielded an accu-
racy of 72%, 74% and 72% respectively. ICC showed a significant 
correlation (p<0.0001) among all operators with all coefficients in the 
range 0.87-0.96; however, in all cases reproducibility was better for 
gland uptake than for excretion fraction.
Conclusions This study highlighted good, although not excellent, 
performances of quantified SGdS in pSS identification. In particular, 
semi-quantitative uptake data from submandibular glands predicted di-
agnosis with quite good accuracy. On the other hand, semi-quantitative 
uptake data from parotid glands were more weakly related to diagno-
sis, probably due to the delayed and less severe involvement of these 
glands and/or different physiology. Finally, the quantification of this 
examination was highly reproducible. Therefore, this study suggests 
that some indices such as submandibular glands semi-quantitative data 
could be used to reliably diagnose pSS, while with other data more 
caution should be used. 
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Aim Dysphagia has a significant impact on quality of life after radia-
tion therapy and surgery in patients with head and neck cancer. It may 
be acute (starting in direct association with treatment) or late (starting 
months to years after treatment). Oro-pharyngo-esophageal scintigra-
phy (OPES) allows not only an overall functional evaluation of swal-
lowing, but also a detailed semi-quantitative evaluation of the various 
stages of swallowing. In this study, we evaluated the use of OPES in 
patients with head and neck cancer to characterize dysphagia and bet-
ter define the pathophysiological patterns of these patients.
Methods Fifteen patients (10 men and 5 women, mean age 68 years) 
with head and neck tumor (2 tongue, 2 retromolartrigone, 1 soft pal-
ate, 1 upper lip, 2 thyroid, 1 esophagus, 3 larynx, 1 rhinopharynx, 2 
tonsil), underwent OPES postsurgery (6), post radiotherapy (3), post 
combined surgery and radiotherapy (5) or during radiotherapy (1). For 
OPES we used 99mTc-nanocolloid administering a liquid bolus first, 
followed by a semi-solid bolus. We evaluated the following param-
eters: oral, pharyngeal and esophageal transit times (TT), oro-phar-
yngeal and esophageal retention index (RI), pre-swallow falling, and 
presence of aspiration. In 9 patients, we compared the OPES results 
with videofluoroscopy (VFS).
Results 1 patient (with thyroid cancer) presented a normal pattern of 
OPES, both on qualitative and on semi-quantitative evaluation. Re-
garding the liquid bolus, we found delayed TT in 1; abnormal oro-
pharyngeal RI in 8 and abnormal esophageal RI in 4 (2 patients pre-
sented alterations in both) with delayed swallowing onset in 2, double 
swallow in 1, multiple swallow in 1, and pre-swallow falling in 1. With 
the solid bolus we observed delayed TT in 1, abnormal oro-pharyngeal 
RI in 12, abnormal esophageal RI in 11 (10 pts presented alterations in 
both) with delayed swallowing onset in 2, double swallow in 1, multi-
ple swallow in 3, and no pre-swallow falling. We also found, on both 

sus integrated planar imaging and single-photon emission computed 
tomography (SPECT/CT). 
Methods Between September 2011 and September 2012, 29 patients (11 
men and 18 women) with suspected pulmonary embolism prospective-
ly underwent pulmonary perfusion scintigraphy, with acquisition of six 
planar projections (ANT, POST, OAR, OAL, APR, OPL) and SPECT/
CT. The images were acquired on a gamma camera (GE® HAWKEYE 
II). The acquisition parameters were as follows: planar: (ANT-POST 0°, 
OAR-OPL 315°, OAL-OPR 45°, LEHR collimator, matrix 256x256, 
zoom 1.3-1.6, stop on counts 1000 kcts); SPECT/TC: (total angular 
range 360°, total projection 60, time frame 12-15 sec., 128x128 ma-
trix, zoom 1.5-1.6; voltage 140 KV, current 2.5 mA, velocity 2.6 RPM, 
matrix 256x256). For diagnosis, both planar images and SPECT-CT 
were used. A second nuclear physician, blind to SPECT/CT data, sepa-
rately evaluated the planar images of the each case. The definitive di-
agnosis of presence or absence of PE was based on clinical follow-up.  
Results If, in the evaluation of scintigraphic planar images of pulmo-
nary perfusion, patients with normal or nearly normal scintigraphy 
(low probability) are considered not to present PE, while patients with 
intermediate or high probability are deemed to be affected by PE, we 
find that, of the 29 patients, 15 were positive for PE (7 high probability, 
8 intermediate probability) and 14 were negative or about to search for 
pulmonary embolism. On this basis, the sensitivity of the method was 
100% and the specificity was 63%, with a PPV of 46% and a NPV of 
100%. On SPEC/CT evaluation of the 29 patients, 8 were positive for 
PE (7 high-probability scintigraphic and 1 doubtful due to the presence 
of perfusion defects that did not find a clear consideration TC), and 21 
were negative for PE. It follows that the sensitivity of the method in 
this case is 100%, but the specificity is significantly increased to 95% 
with a PPV of 87% and a NPV of 100%.
Conclusions The integration of the scintigraphic study of pulmonary 
perfusion with SPECT/CT images can significantly reduce the number 
of studies with doubtful results on planar images only, leading to a sig-
nificant improvement in specificity while maintaining high sensitivity.
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Background Salivary gland dynamic scintigraphy (SGdS) contributes 
to the diagnostic definition of patients with suspected primary Sjögren 
syndrome (pSS). Several quantitative indices have been proposed for 
an accurate diagnosis, however, the use of these parameters is a subject 
of intense debate: some indices are not widespread, while other factors 
yield an overlap between xerostomic patients and normal controls. The 
aim of this study was to assess the accuracy and reproducibility of 
quantified SGdS analysis (uptake and excretion fraction for subman-
dibular and parotid glands, respectively) in the diagnosis pSS. 
Materials and methods Thirty-nine consecutive patients (4M, 35F; 
age 59±13 y mean±SD) with suspected pSS were included; the dis-
ease was definitively diagnosed in 13 of them according to American-
European Consensus Classification Criteria. Dynamic salivary gland 
scintigraphy was qualitatively and semi-quantitatively assessed by 
three operators, independently, in order to establish inter-operator re-
producibility and to study whether uptake and excretion fraction, for 
both parotids and submandibular glands, were correlated with the final 
diagnosis. ROC curve analysis of these semi-quantitative data were 
used to establish accuracy. Finally, the intraclass correlation coefficient 
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percholesterolemia has been reported as the presenting manifestation 
of eosinophilic gastroenteritis. The pathophysiological mechanisms 
responsible for the development of dyslipidemia in protein-losing en-
teropathy remain ill defined. On the basis of data obtained in nephrotic 
syndrome it has been suggested that reduced serum albumin levels 
and/or decreased plasma oncotic pressure may lead to a coordinated 
increase in the synthesis of albumin and other proteins by the liver, 
including lipoproteins VLDL and LDL. In contrast to this assump-
tion, the vast majority of more recent studies have reported that the 
dyslipidemia in protein-losing diseases is primarily a result of defec-
tive lipoprotein catabolism and may be due to the reduction of both 
the hepatic LDL receptor and HDL scavenger receptor, thus leading 
to a limited uptake of plasma lipoprotein cholesterol by the liver. En-
doscopic evaluation may demonstrate changes in the gastrointestinal 
mucosa varying from near-normal appearance to severe inflamma-
tion, with erosions, exudates, furrowing polyps, mucosal rings, and 
stricture formation. Biopsies generally demonstrate eosinophil-rich 
inflammation, sometimes with extracellular eosinophilic granules. In 
the patients with mucosal eosinophilic gastroenteritis a protein-losing 
enteropathy should be taken into consideration. Even though there 
are several different methods for evaluating protein loss from the gut, 
99mTc-labeled human serum albumin scintigraphy with serial imaging 
for up to 24 hours is considered the most suitable procedure for its 
localization. 
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Background In the follow-up of hepatoblastoma (HB) a rising of level 
of serum alpha-fetal protein (α-FP) is associated with tumor recur-
rence. Conventional imaging (CI) techniques such as CT, MRI and 
ultrasonography may localize the neoplastic mass. However, a nega-
tive investigation does not exclude the presence of recurrent disease. 
Objectives In this study we retrospectively evaluated whether FDG-
PET/CT provided incremental diagnostic information over CI in a 
group of hepatoblastoma patients undergoing restaging after surgical 
resection or liver transplantation.
Methods Nine hepatoblastoma patients (mean age: 5.9 years; range: 
3.1-12 years) in follow-up were evaluated by serum α-FP monitoring 
and ultrasonography. Seven of the nine patients were treated with sur-
gery and 2 with chemotherapy because of non-resectable tumor. CI and 
PET/CT were performed to better assess the disease extent in cases of 
suspected relapse. Fine-needle aspiration biopsies (FNABs) were per-
formed to confirm recurrence. Results were analyzed for comparison 
purposes.
Results α-FP level was suggestive of recurrence of disease in 8/9 pa-
tients. All the patients underwent CI and PET/CT. Biopsy was per-
formed in 8/9 cases. CI and PET/CT were found to be concordant in 

evaluations, uncoordinated esophageal movements in 2, laryngeal as-
pirations in 2 (1 after liquid, 1 after solid bolus) and tracheo-bronchial 
aspirationin 1 (after liquid bolus, a patient with laryngeal cancer). All 
patients exhibited more abnormal patterns in swallowing of solid with 
respect to liquid bolus, with major involvement in the anatomical part 
in which the tumor was localized. Moreover, in 7/9 cases the OPES 
findings were concordant with VFS.
Conclusions By defining the pathophysiological patterns of dysphagia 
in patients with head and neck cancer, OPES could be proposed for 
routine use in patients before or after treatment. Dysphagia in cancer 
patients may result in poor nutrition or dehydration, aspiration and, 
in general, poor quality of life. The information provided by OPES 
may help to better tailor treatments for individual patients, considering 
that dysphagia is a limiting factor for further intensification of head 
and neck radiotherapy. Furthermore, the good concordance with VFS 
suggests that OPES provides critical functional information comple-
mentary to that provided by other commonly employed invasive pro-
cedures.
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A 28-year-old man was referred in May 2006 with recent-onset hy-
percholesterolemia (total cholesterol [TC] = 507 mg/dl). The patient, 
a blood donor, had normal lipid levels in previous laboratory tests 
carried out twice yearly. He was asymptomatic, had no family his-
tory of hypercholesterolemia or coronary heart disease, and he had not 
recently changed his dietary habits. The patient had not shown food 
allergies. A fasting blood sample showed elevated levels of TC (507 
mg/dL) and of low-density lipoprotein cholesterol (LDL-C = 427 mg/
dL), whereas high-density lipoprotein cholesterol was normal (HDL-
C = 55 mg/dL) and triglycerides were only moderately increased (TG 
= 177 mg/dL). Laboratory data were normal, in the absence of hypere-
osinophilia. Thoracic X-ray and CT scan of the abdomen were nor-
mal. The presence of low serum albumin and hypercholesterolemia 
prompted the suspicion of gastrointestinal disease. Esophagogas-
troduodenoscopy (EGD) demonstrated mild erythema of gastric mu-
cosa with millimetric nodules and multiple biopsies of the duodenum 
showed abundant eosinophilic infiltration of the lamina propria and 
muscolaris mucosae. These findings were consistent with eosinophilic 
gastroenteritis. 99mTc-DTPA scintigraphy was performed to identify 
possible protein-losing enteropathy. Anterior abdominal imaging was 
obtained after i.v. administration of 370 MBq 99mTc-DTPA. Dynamic 
images were acquired every minute for 30 minutes, using a large-
field dual detector gamma camera equipped with LEHR collimators. 
Additional delayed images were obtained 2, 4, 8 and 24 hours after 
injection. The 99mTc-DTPA scintigram showed protein loss from the 
intestinal tract. The patient was first treated with prednisone for four 
months and thereafter the dose was tapered. In 2008 he had a relapse 
which required a long course of oral steroid therapy associated with 
budesonide. In 2011 the prednisone was tapered and then stopped, 
whereas the treatment with budesonide has been continued. At the last 
follow-up visit (April 2012) the patient was in good health and albu-
min and lipids were in the normal range (TC = 226 mg/dL, HDL-C 
= 61 mg/dL, TG = 150 mg/dL, LDL-C = 145 mg/dL, and albumin 
= 4.3 g/dL). Moreover, an EGD with duodenal biopsies and 99mTc-
DTPA scintigraphy showed resolution of the eosinophilic infiltration 
and of the protein loss. To our knowledge this is the first time that hy-
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Results The presence of the pediatric metabolic physician and the 
pediatric anesthetist allowed us to perform all PET/CT scans safely, 
without emergencies. In 5 of 29 (17%) pts, PET/CT scan showed a 
focal uptake of 18F-DOPA in the pancreatic area (3 in the head, 1 in the 
body and 1 in the tail). To date, four of these patients have undergone 
partial pancreatectomy; the results of all four PET/CT studies with re-
gard to diagnosis, site and extension of the lesion were pathologically 
confirmed. The lesions were surgically resected, resulting in complete 
remission of hypoglycemia until the last follow-up.
Conclusions A multidisciplinary approach in CHI diagnosis and treat-
ment involving different areas of expertise is feasible, allowing the 
CHI affected child to be managed safely and properly, within a single 
team.
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Introduction Acute pyelonephritis (APN) and acute pyelitis (AP) are 
very common infections due to bacterial or fungal pathogens (Escheri-
chia coli is the most common). In the United States they cause about 
100,000 hospitalizations per year, mainly among young women. After 
an adequate antimicrobial treatment, a rapid recovery without renal 
damage is often observed; however, some patients present high fre-
quency of both recurrences and complications. The pathogenesis of 
APN and AP is usually related to risk factors such as vescico-urethral 
reflux, stone disease, urinary tract obstructions, congenital anatomical 
abnormalities and pregnancy. However, in many patients, the occur-
rence of APN is not associated with any of these risk factors. The aim 
of this study was to evaluate whether dynamic renal scintigraphy with 
99mTc-MAG3 could be useful in this setting, both in detecting unex-
pected abnormalities and in the assessment of risk factors for recur-
rence and/or complications.
Materials and methods From January 2008 to September 2012, 83 
women (mean age 37 years) with a recent APN or AP were consecu-
tively studied with 99mTc-MAG3 dynamic renal scintigraphy after a 
mean time of 4 months from hospital admission. A static post-mictu-
rition acquisition in orthostatism and a study of urethral kinetics were 
performed in all patients. A magnetic resonance imaging (MRI) study, 
obtained during hospitalization, was available in all patients.
Results In 30/83 patients (36%) renal scintigraphy was normal. In 
13/83 patients (16%) the scan showed cortical deficits (all lesions were 
in agreement with MRI and were interpreted as scars) and/or signifi-
cant monolateral reduction of kidney function. In 40/83 patients (48%) 
scintigraphy identified one (18 patients) or more (22 patients) non-
parenchymal abnormalities, in particular: 28 patients presented urinary 
stasis with dilatation, 35 patients urethral dyskinesia and 21 patients 
renal ptosis.
Conclusions In 48% of patients 99mTc-MAG3 dynamic renal scintig-
raphy detected unexpected non-parenchymal abnormalities. 99mTc-
MAG3 dynamic renal scintigraphy seems to be a useful tool in the 
evaluation of patients after APN or AP, allowing the identification of 
patients who could benefit from a closer follow up or who need further 
nephro-urological evaluation or treatment.

5/9 patients (CI identified recurrence of disease but FDG PET/CT pro-
vided a better definition of disease extent); in 4/9 cases CI diagnostic 
information resulted in negative findings, whereas PET/CT correctly 
detected recurrence of disease. FDG PET/CT showed 100% (8/8) 
agreement with FNAB results, while CI findings were confirmed by 
FNAB in 4/8 patients.
Conclusions 18F-FDG PET/CT scan seems to asses HB patients better 
than conventional imaging does, and may provide incremental diag-
nostic value in the restaging of this group of patients.
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Aim Congenital hyperinsulinism of infancy (CHI) is a life-threatening 
condition characterized by severe and recurrent episodes of hypogly-
cemia. The management of CHI is challenging as each form of CHI – 
focal, diffuse, atypical – requires its own therapeutic strategy. In focal 
forms, partial pancreatectomy is the treatment of choice and successful 
surgery is strongly dependent on accurate preoperative assessment (ge-
netic analysis and PET/CT scan), reliable intraoperative histological 
analysis and a meticulous surgical technique. We reviewed our experi-
ence in which a multidisciplinary approach (pediatric metabolic pa-
thology, nuclear medicine, radiology, genetics, anesthesia, pathology, 
and surgery) in CHI patients was used to distinguish focal from diffuse 
disease, localize focal lesions, and treat focal disease with partial pan-
createctomy.
Methods To identify the focal form of CHI, we developed a multidis-
ciplinary protocol, approved by the ethics committees of our institu-
tions, for diagnosis and treatment of CHI. From November 2008 to 
June 2012, 29 children (age range 1 month-14 years; median age, 42 
months) with clinical and genetic diagnosis of CHI were referred for 
a 18F-DOPA PET/CT scan to distinguish between the focal and dif-
fuse forms. The 18F-DOPA PET/CT investigation followed a standard 
protocol and 4 MBq/kg of 18F-DOPA were intravenously administered 
45 minutes before PET/CT acquisition. PET/CT scan was always per-
formed under general anesthesia (except in 3 older collaborating chil-
dren) and with the continuous assistance of pediatric metabolic physi-
cian. The images were first analyzed visually; when a focal area of in-
tense uptake in the pancreas was detected, a sequentially co-registered 
contrast-enhanced CT was performed to localize the focal lesion more 
accurately on the basis of the vascular map. To confirm the visual iden-
tification of the focus, a standardized uptake value (SUV) was obtained 
and a SUV ratio (focal area of uptake versus normal pancreas) >1.2 
was considered indicative of a focal lesion. In the case of a PET/CT 
scan indicative of focal CHI, a team conference based on a meticulous 
inspection of the PET/CT was planned, and surgery was performed 
supported by a pathologist. All children were submitted to periodic 
clinical evaluation.
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difficulty in running and jumping. He denied myalgia, sensory dis-
turbances and incontinence. Neurological examination showed a mild 
impairment in getting up from a sitting position on the floor and in 
jumping. Nerve conduction studies and electromyogram were normal. 
Biochemical investigations showed hypophosphatemia, increased se-
rum alkaline phosphatase and hyperphosphaturia, while calcium, PTH 
level, creatinine, beta-2-microglobulin and vitamin D3 were normal, 
thus excluding both primary and secondary hyperparathyroidism. 
Radiography of the hands and ankles showed diffuse decreases in ra-
diodensity and widened growth plates. Bone MRI was inconclusive. 
Bone marrow biopsy was negative for malignancy. A chest computed 
tomography revealed a tumor in the soft tissue of the posterior chest 
wall, which was surgically excised; the intraoperative histological ex-
amination was not diagnostic, but there was evidence of malignancy. 
Therefore, a whole-body bone scintigraphy with 99mTc-MDP was per-
formed and showed: multiple areas of both focal and diffuse increased 
uptake in the ribs, left scapula, both humeri, both sacroiliac joints, 
right femur and tibiae; there was increased uptake throughout the 
sternum and in the costochondral junctions and very faint radiotracer 
uptake in the kidneys with increased uptake in the axial skeleton. The 
coexistence of multiple “hot spots” (suggestive of “pseudo-fractures”) 
and of scintigraphic signs of a metabolic disorder suggested a diagno-
sis of osteomalacia. The final histopathological examination revealed 
a phosphaturic mesenchymal tumor of mixed connective tissue type 
with high mitotic activity, vascular invasion and cellular atypia, signs 
of malignancy. Resection of the mass resulted in resolution of the 
symptoms and in a complete biochemical response within 2 weeks. 
Considering the malignant nature of the lesion, the patient undergoes a 
monthly clinical and biochemical evaluation.
Discussion and conclusions Oncogenic osteomalacia or tumor-in-
duced osteomalacia is a rare paraneoplastic syndrome of acquired hy-
pophosphatemic osteomalacia, characterized by rickets or osteomala-
cia occurring in association with concomitant renal phosphate wasting. 
It usually occurs in the third or fourth decade and in the literature only 
fifteen children under than 18 years of age have been reported. Resec-
tion of the tumor usually results in complete resolution of the clinical 
and biochemical abnormalities; in the presence of signs of malignancy, 
long term follow-up is required. Despite of its rarity, osteogenic osteo-
malacia should be considered in all children who present with acquired 
hypophosphatemic rickets, or hypophosphatemic osteomalacia in the 
absence of family history of rickets; in these patients, whole-body bone 
scintigraphy has a role in the detection of osteomalacia, showing a sug-
gestive pattern of metabolic disorder together with pseudo-fractures.
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Introduction The Italian Association of Nuclear Medicine (AIMN) 
has long been committed to improving the quality of clinical practice 
in nuclear medicine and indeed issued its first procedural guidelines 
back in 2002. These guidelines have recently been reviewed and made 
available through the AIMN website. With the aim of reaching a wider 
professional audience, the AIMN board of directors, in 2011, decided 
to launch an accreditation of excellence program.
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Introduction Reflex sympathetic dystrophy or complex regional pain 
syndrome-1 (CRPS-1) is mainly a post-traumatic or post-surgical clin-
ical syndrome, usually characterized by intense locoregional pain, mo-
tor and sensory dysfunctions and cutaneous dystrophy. It is due to an 
altered neurovegetative balance, with consequent hyperemia linked to 
reduced peripheral resistance. The evolution of the syndrome includes 
several phases, from inflammation-like to tissue atrophy. The diagno-
sis is based mainly on clinical signs. The specificity and sensitivity 
of diagnostic tests, such as bone scan and X-rays, are variable. The 
sensitivity of triphasic bone scanning can exceed 90%, particularly if 
performed at an early stage.
Aim The purpose of this case report is to highlight a possible role for 
bone scanning in pre-clinical diagnosis of reflex sympathetic dystrophy.
Case report X-rays revealed a suspected fibroma of the left distal fe-
mur in a 19-year-old boy. He then underwent triphasic bone scanning 
of the knees with 700 MBq 99mTc hydroxymethylene diphosphonate. 
His medical history also revealed a traumatic event that had caused a 
non-compound fracture in the right hand 18 months before, immedi-
ately treated non-surgically. At the time of our scanning there was no 
pain, edema or cutaneous dystrophy in the fractured upper limb. How-
ever, total body scintigraphic examination, performed three hours af-
ter intravenous radiopharmaceutical injection, documented increased 
osteometabolic activity in almost every skeletal segment of the right 
hand, and in the ipsilateral wrist and elbow, as well as a concomitant 
high radiopharmaceutical concentration in the contiguous soft tissues, 
pointing to a diagnosis of CRPS-1.
Discussion and conclusions Our results show that bone scanning can 
allow a pre-clinical diagnosis of reflex sympathetic dystrophy. The 
medical history of this patient was negative for post-traumatic persist-
ing pain or other clinical signs that might have indicated a possible 
complication of his traumatic event and prompted further diagnostic 
investigations. On the other hand, bone scintigraphy confirmed its 
high sensitivity for this syndrome, offering the possibility of obtain-
ing a diagnosis at an early and non-symptomatic stage of pathology. 
Therefore, in cases like this, pertinent anamnestic data could justify 
total-body or other district scans, in addition to previous triphasic or 
segmentary bone scintigraphy. All these elements show that it is pos-
sible to optimize diagnostic resources by using whole-body scanning, 
in addition to three-phase scintigraphic evaluation initially aimed at 
investigating another pathology; it opens the way for a timely and ap-
propriate diagnostic approach.
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Case report An 8-year-old boy presented with a 1-year history of 
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cord patient personal data and medical history, as well as materials 
used (technetium generator, needles, syringes, drugs) and their expiry 
date, radioactivity and time of injection. We periodically verify the 
correct application of the complete procedure through random checks.
Discussion and conclusions This work shows that it is possible to 
apply best practices in a nuclear medicine unit with low financial re-
sources, thanks to efficient reorganization of the working hours and 
specific job assignments. Daily use of best practices is a good guar-
antee of patient safety. Thanks to this kind of working organization 
we have been able to maintain the same standard of production and at 
the same time to apply the required best practices, all without specific 
software but using traceable paper/computer mixed media, which does 
not constitute an important extra cost for the hospital. 

223
Application of lean thinking for optimization of the Department 
of Nuclear Medicine at the INM Neuromed

L. Armisi1, F. Sebastiano1, F. Calabria2, O. Schillaci2,3

1Clinical Engineering Service, Technical Division, Istituto 
Neurologico Mediterraneo Neuromed, Pozzilli (IS), Italy
2Department of Nuclear Medicine, Istituto Neurologico Mediterraneo 
Neuromed, Pozzilli (IS), Italy
3Department of Biopathology and Diagnostic Imaging, University of 
Tor Vergata, Roma, Italy

Objective Starting from the need to meet the requirements of good 
manufacturing practice of radiopharmaceuticals (GMP), the processes 
in place at the Department of Nuclear Medicine (NM) at the Istituto 
Neurologico Mediterraneo Neuromed were revised, with the aims of: 
optimizing the operating procedures, in reference to clinical risk man-
agement and health worker safety; ensuring compliance of the NM 
department with GMP; reducing the waiting list for PET/CT examina-
tions; reducing the costs related to execution of tests. The multidis-
ciplinary team responsible for the project (made up of scientific-ac-
ademic representatives, nuclear physicians, medical radiology health 
technicians, clinical engineers) focused mainly on the procedures of 
molecular imaging, characterized by greater criticalities and areas for 
improvement, leaving, as a first step, SPECT procedures. 
Methods The project is based on the principles of lean thinking, a 
management technique created in the industrial sector and designed 
to minimize waste and achieve maximum control of the production 
process. The principal steps in the project were: detailed mapping of 
the processes and procedures (Current State Map) applied in the NM 
department; identification of the main elements of waste, inefficiency 
and non-compliance with statutory requirements and scientific good 
practices; design of appropriate corrective and improvement actions 
and foreshadowing of the future ideal state (Future State Map); defini-
tion of a plan for the implementation of these actions; verification of 
the results, review of the action planning and objectives. The following 
corrective and improvement actions were identified and implemented: 
provision of the NM department with two administrative assistants to 
carry out critical tasks such as booking of tests, verification of patient 
satisfaction of the minimum requirements for the NM test, management 
of clinical records; review of supply procedures (orders, timing, storage 
and order) of radiopharmaceuticals; acquisition of equipment necessary 
for the completion of the radiopharmacy; adjustment of the architec-
tural layout of the NM department, to clearly distinguish the reporting 
room, exam acquisition room, administration area, radiopharmacy, fil-
ters, quality control room; structuring of a Quality Management System 
(QMS) for the entire NM department, covering all aspects related to the 
clinical activities, with particular attention to the processes of prepara-
tion of radiopharmaceuticals, based on the GMP requirements.
Results After a trial period of 6 months, in comparison with the same 
period the previous year, the following results were obtained: an about 

Aim The aim of this project is to define technical and professional 
standards of clinical practice in nuclear medicine that, if universally 
applied, would make it possible to assure any stakeholder that the qual-
ity of diagnostic imaging, therapy, radiochemistry and radiopharmacy 
is verified and homogeneous across the nation’s different centers. 
These standards should specifically address issues relating to safety, 
both of patients undergoing diagnostic imaging or therapy and of per-
sonnel. The standards should be implemented on a voluntary basis and 
may be pursued by any nuclear medicine facility.
Materials and methods A series of general rules and principles was 
established: (a) the accreditation model must comply with the ISO9001 
standard and be based on the Plan-Do-Check-Act (PDCA) method; (b) 
the model should, in an achievable and gradual manner, promote the 
highest quality of care in nuclear medicine practice, defining a mini-
mum level of quality that should be met by all centers (standard level) 
and a higher level aimed specifically at centers wanting to be awarded 
accreditation of excellence; (c) the standards of practice must be devel-
oped within the profession; (d) the nuclear medicine community will 
be encouraged to adopt the standards voluntarily; (e) a certification 
body responsible for the certification process should be identified. 
Results This endeavor has resulted in the creation of a set of standards 
which provide a robust template for quality care and risk management 
in nuclear medicine practice. The accreditation model covers docu-
ment management (with a view to defining a common template for 
reporting the results of examinations), resource management, service 
supply, and appropriateness of diagnostic imaging and therapy. Qual-
ity indicators have been defined, both for the entry level and for the 
level of excellence. Bureau Veritas, a global certification leader that of-
fers a broad range of customized certification and audit services in the 
health and safety field, has been identified as the certification body that 
will assist AIMN in the audit process. Two nuclear medicine centers 
in Italy have already been audited and found to comply with the pro-
posed accreditation model. Ten more centers have been selected by the 
AIMN board, and are expected to be audited in the next few months. 
The results of these audits will be presented at the XI AIMN congress.
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Introduction Following the entry into force, in July 2011, of Ministe-
rial Decree DM 30/3/2005, all working steps must be traceable in all 
nuclear medicine units. We set up a working group to conform to the 
new requirements, even without the availability, at present, of specific 
software.
Aim Our purpose is to show that best practices in a nuclear medicine 
unit can be applied with paper/computer mixed media, even without 
specific software.
Materials and methods Pending complete computerization of the 
system, our staff currently use paper/computer mixed media. In our 
particular case, we created different types of examination reports, to 
be archived at the end of the work cycle. This system became operative 
on 01/07/2011, after a trial period of six months, and it is currently 
in use. There are three parts to our traceability report: 1 - The first 
tracks the operational activity performed in the radiopharmaceutical 
laboratory, providing a complete description of every step: from col-
umn elution to radiopharmaceutical reconstitutions. 2 - The second in-
cludes radiopharmaceutical preparation, followed by validation steps 
and quality control activities. It is currently compiled at every change 
of technetium generator, as well as of radiopharmaceutical batch and 
TSRM operator on shift in the laboratory. 3 – In the third part we re-
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Aim The aims of this work were the implementation of an incident 
reporting system in the Nuclear Medicine Unit of Alessandria Hospital 
and its permanent inclusion in the hospital’s quality system. The sys-
tem will meet the patients’ health needs and lead to health services of 
verifiable quality. 
Materials and methods 1- Creation of the incident reporting form: 
a questionnaire was given to the nuclear medicine staff, asking them 
to indicate incidents and near misses in the past 5 years. 2- Incident 
categories: Five incident categories were detected and identified by the 
working area in which the incidents happened: administrative, radiop-
harmacy, administration room, imaging (examination) area, reporting 
area. These areas correspond to well-defined phases in the diagnostic 
pathway. 3- Filling in, collecting and analyzing. The forms were avail-
able for the staff in each working area and were voluntarily filled in 
from July 2011 to July 2012. 
Results Ninety-six forms were collected and 121 events or near misses 
emerged. The analysis highlighted the working areas and phases re-
quiring most attention and consequently allowed appropriate correc-
tive actions to be taken. 
Areas and activities The reported events in the different areas oc-
curred in the following proportions: administrative (16.5%), radiop-
harmacy (32.2%), radiopharmaceutical administration room (24%), 
examination area (20.7%), reporting area and other activities (6.6%).
Causes Inaccuracies – meaning deviations from the proper perfor-
mance of a procedure – were the prevailing causes (41.3%). Then 
came malfunctioning of devices (35.5%), omissions – meaning failure 
to deliver a planned health service (17.4%) –, delays with respect to 
scheduled procedure performance times (3.3%), and others (mixed) 
(2.5%).
Factors Human errors were the prevailing factors (36.8%), followed 
by organizational errors (23.6%), patient factors (18.4%), and finally 
technological factors (21.2%). 
Conclusions The incident reporting system allowed us to categorize 
the systematic bias, which otherwise would have been reported as 
sporadic. The implementation of this system has helped to change 
the cultural mindset of the staff who are now motivated to “learn 
from mistakes”. The reporting of incidents was largely accurate, even 
though in our opinion there is a tendency not to report one’s own 
mistakes, while it is easier to report mistakes due to technological 
problems or to other professionals. For the most significant events, 
some corrective actions were taken: revision of the Quality Manual, 
the reporting system, and the Procedure Handbook. This survey will 
be repeated after a year, in order to evaluate the effectiveness of the 
corrective measures.
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National legislation on radiation protection, regional legislation on the 
accreditation of health care facilities, and standards and quality certifi-

12% increase in tests carried out; an about 23% reduction of the quan-
tity of radiopharmaceutical orders; an about 40% reduction of the 
maximum activity of the source handled the by staff; an about 46% 
reduction of canceled tests; adaptation of the department to the GMP; 
better job quality, as perceived by medical and paramedical staff of the 
NM department. The application of the QMS and lean thinking there-
fore represented the basis for a process of continuous improvement 
of the NM department, with the aim of better achieving the clinical, 
legislative and directional goals.
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Application of the rules on good preparation of radiopharmaceuticals 
in nuclear medicine (NBP) as stipulated by Italian ministerial decree 
of 30/03/2005, besides being obligatory, offers an opportunity for 
achieving better management of the risks associated with the use of 
radiopharmaceuticals, improving their impact and guaranteeing great-
er safety for patients, personnel and sanitary organizations. Positive 
effects have been obtained, especially, in terms of greater detectabil-
ity ofpotential damage to the health of the patient as a result of the 
administration of unnecessary doses and drugs not guaranteeing the 
necessary standards of sterility and apirogenicity (radionuclidic pu-
rity and radiochemistry purity). Greater detectability and control of 
the critical elements mentioned above have made it possible to greatly 
reduce risks and/or potential consequential damage, as described by a 
risk analysis on the introduced change.
It is obvious the positive return for organizations, in facing a smaller 
number of legal arguments, the majority due to the traceability of the 
whole process, a standardization of the diagnostic investigation further 
to a great overburdened personnel. This process has a cost that, as it re-
gards structures and equipment, can be previously analytically valued.
Conversely, before the real implementation of the quality system, it is 
more difficult to provide a reliable assessment of the economic impact 
of some activities, such as the purchase of the necessary chemical rea-
gents to the quality controls, the training of the personnel, the neces-
sary man-hours for performing the quality controls, the drawing up of 
the relative forms and the possible expenditure of drugs not complying 
to the specific applications.
The aim of this study is to provide, on the basis of a first period of 
application of NBP in a department of Nuclear Medicine, a representa-
tion of all the necessary costs with the purpose of guaranteeing greater 
quality of the radiopharmaceuticals and the positive impact to the pa-
tient and the sanitary organization on the risk evaluation.
The related data can represent a guideline for structures that must cross 
similar experiences.
They will highlight the real costs involved in achieving compliance 
with the best practice, comparing them to the overall management 
costs of a Nuclear Medicine department, thereby offering a tool  
that can facilitate a more punctuale valuation of economic impact. 
Moreover, they will also underline the incidence on the business cost 
of the single performance, following the introduction of a quality  
system.
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562 pts in the two years before the implementation of our prepara-
tion protocols and 151 pts in the subsequent two years. We found that 
the application of our preparation protocols improved on-time perfor-
mance and diagnostic accuracy, increasing patient compliance. Before 
the implementation of our preparation protocols, 562/6236 pts (9%) 
presented with occasional, acute, or chronic hyperglycemia (57%), or 
diabetes (43%), and had their examinations rescheduled to a later date. 
In 17 pts (0.27%) the examination was not executed because blood glu-
cose was above 200 mg/dl for several days; 16 pts (0.26%) proceeded 
with 18F-FDG injection, due to the clinical urgency, despite high blood 
glucose. Although recommended by EANM and SNM guidelines, in 
our experience with the new preparation procedures, the administra-
tion of insulin was not necessary, because, through the preliminary 
visit and good preparation of the patients before scheduling, we re-
duced the number of hyperglycemic pts. With the application of prepa-
ration protocols, 151/6827 pts were rescheduled (2.2%), of whom 82 
pts (1.2%) had hyperglycemia (acute or temporary) and 62 (0.9%) dia-
betes. 7 pts (0.1%) did not proceed with the examination because of 
chronic high blood glucose. The hyperglycemia observed during the 
examination was caused by not fasting or using corticosteroid drugs 
for fear of adverse reactions.
Conclusions This solution has improved the PET/CT service, increas-
ing the compliance of pts with diabetes and hyperglycemia (acute, 
temporary and chronic), increasing the total number of examinations 
performed, allowing full use of 18F-FDG delivered, and improving the 
efficiency of the PET/CT centers. 
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Introduction Health care demand has change dradically in recent 
years. A higher level of education and easier access to health infor-
mation, through the internet and radio/TV, have transformed the atti-
tudes, inclinations and expectations of Italians towards health, making 
them well-informed and demanding potential patients. The opinions 
and evaluations of patients therefore represent a key asset for verify-
ing the degree of efficiency achieved. This justifies and requires the 
development of customer satisfaction surveys in the health sector in 
order to listen to and understand the needs of the patient, and develop 
and improve the capacity for dialogue and relationships. The Division 
of Nuclear Medicine of the University Hospital of Bari decided to con-
duct a customer satisfaction survey of the PET/CT service as a better 
indicator of the ability of the organization to meet patient expectations 
and needs. Currently the PET/CT service is provided in a mobile unit.
Aim To evaluate patient satisfaction in relation to socio-demographic 
factors such as gender, age and level of education; to assess the level 
of satisfaction with various aspects of the service, both the different 
stages (pre-exam, exam, post-exam) and overall; to identify aspects of 
the service that, more than others, affect patient satisfaction.
Materials and methods A self-administered questionnaire was pre-
pared and proposed to patients, presenting for PET/CT in the first week 
of each month in the period January 2008-December 2010. The ques-
tionnaire is structured as follows: socio-demographic section; 15 ques-
tions about various aspects of the service; 1 open-ended question for 
comments and suggestions. To rate the various aspects of the service, 
patients had to give a score from 1 to 10 (1 worst, 10 best).
Results A total of 836 patients (40.4%) filled in the questionnaire. 
45% of the sample was women and 55% men, ranging from 11 to 85 
years of age, with a high level of education. The patients came mainly 

cation schemes are all elements that affect and influence the organiza-
tion of a health care organization and, as a result, of a department of 
nuclear medicine.
The increased level of patient expectations in terms of quality of ser-
vice and clinical results, sometimes distorted by lack of filters and 
therefore of adequate awareness of the value of information found in 
the media, forces a defense that seems to know only increasing levels 
of conflict. In a complex system, it can be easy to lose your way and, 
considering the times, even dangerous for its economic consequences.
The introduction of Quality Standards as endorsed by the definition of 
the organization of care processes, diagnosis and treatment, however, 
can reduce the risks associated with the daily activities of a depart-
ment. This is expressed in a more immediate satisfaction among pa-
tients, as well as better management of the available resources.
Comparison of the requirements of the law, the patterns of regional 
accreditation, and certification schemes, both based on the ISO 9001 
quality rules and on the Joint Commission International (JCI) stand-
ards, offers interesting insights for simplification and rationalization.
The aim of the present work isto propose the “state of the art” analysis 
we have taken into our organization, able to provide a reference tool 
for remarking and assessing opportunities to streamline the processes 
typical of a nuclear medicine service. The re-engineering of process-
es and available tools, paper or software, can be effectively guided 
through tools that simplify the road ahead, if properly used.
This rationalization process has become essential for various reasons, 
linked to economic considerations, disputes by patients, regulations 
and, not least, the competition between organizations, which is no 
longer limited to the traditional competition between public and pri-
vate, but now sees the various players involved in a comparison of “all 
against all”.
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Aim To propose different procedures for managing patients (pts) pre-
senting with a hyperglycemic state (acute, temporary or chronic) or 
diabetes (type 1 or 2) at the time of 18F-FDG injection, with the aim of 
improving the diagnostic scheduling of 18F-FDG PET/CT.
Materials and methods We evaluated a sample of 13063 pts, exam-
ined in two different PET/CT centers, one with a fixed scanner (94.4%) 
and the other with a mobile one (5.6%). 1698 pts (13%) presented a 
hyperglycemic state at the time of 18F-FDG injection (hyperglycemia 
was deemed present when fasting blood glucose was greater than 200 
mg/dl). Of these, 653 pts were insulin-dependent diabetics, 914 pts 
were non-insulin-dependent diabetics, treated with oral anti-diabetic 
drugs, and 131 pts presented hyperglycemia in the absence of diabetes 
(1% chronic hyperglycemia and 0.4% temporary hyperglycemia). We 
considered 18F-FDG PET/CT examinations performed over a period of 
4 years. In the first 2 years (6236 examinations), the scheduling was 
performed directly by the administrative secretary. In the next two, 
6827 pts had a preliminary visit to assess the need for the examina-
tion, their medical history, therapy and pre-examination preparation. 
We evaluated different preparation protocols for hyperglycemic or dia-
betic pts, especially those recommended in the guidelines of European 
Association of Nuclear Medicine (EANM) and Society of Nuclear 
Medicine (SNM). 
Results The rescheduled pts in the four-year period numbered 698: 
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rating of 7 to 10 (for the service received as a whole), with an average 
score of 7.67.
Conclusions The mobile PET/CT unit has certainly been a good means 
of satisfying rapidly the demand for PET/CT exams in our country, but 
it cannot be considered the definitive solution. Performance of the ex-
amination in a mobile unit was the main cause of patient discomfort. 
Patients need a welcoming environment, created both by the place it-
self and by the presence of friendly, attentive and professional staff. 
They need to see that their needs are met quickly and without bureau-
cratic obstacles. This is the direction in which we plan to move when 
the PET/CT service is brought inside the hospital.

from Puglia, in particular from Bari and the surrounding area. The 
patients’ evaluation of the different aspects of the service was gener-
ally positive, in particular, mean scores were very high, even greater 
than 9, for the kindness and professionalism of the technical, medi-
cal and nursing staff. As regards waiting times (for examination and  
for reporting), the mean score was 7. Patients also reported no par-
ticular difficulty getting to the mobile unit and gave a mean score 
of between 7 and 8 for the bureaucratic aspects of the reservation 
procedure. Patients gave more critical judgments of the environment, 
assigning a mean score of around 5 for the waiting room outside the 
mobile unit and for the toilets. About 80% of patients gave an overall 




