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Editorial

I would like to announce the fi rst issue of “Nuclear Medicine 
Review” in 2019. The fi rst chapter consists of six original articles. 
It opens with an article written by Polish colleagues who con-
fi rm that somatostatin receptor scintigraphy (SRS) with 99mTc 
HYNIC-TOC in SPECT or SPECT/CT techniques is an excellent tool 
for detection of primary neuroendocrine neoplasms G1/G2, as-
sessment of the clinical stage of disease and follow up after treat-
ment. The second article — by Greek researchers — shows that 
rheumatoid arthritis patients with atypical cardiac complaints are 
at higher risk of cardiovascular disease. Then, there are two 
papers from Poland. The fi rst one indicates that PET/CT imag-
ing with 18F-fl uoroethyl-L-tyrosine seems to have an additional 
value in the detection of recurring brain tumors and may be 
helpful in advanced radiation therapy planning. The second one 
shows that positive scintigraphy result depends on parathyroid 
histopathology and gland volume and does not depend on the 
presence of oxyphil cells. 

From Egypt, we received a paper concluding that 18F-FDG-PET/CT 
is a useful tool for disease extent evaluation of pediatric Lympho-
blastic Lymphoma. It could provide a diagnostic hint for BM involve-
ment. 18F-FDG-PET/CT done after induction therapy has a good 
negative predictive value with higher specifi city than CT alone, but 
is not an indication for treatment intensifi cation due to false positive 
results. The next article is from Poland again. The authors indicate 
that the problem with heart mispositioning during imaging on the 
cadmium-zinc-telluride (CZT) camera affects less than 1% of all 
performed studies and morbid obesity is not a contraindication 
to perform myocardial perfusion scintigraphy with the use of such 
a camera.

The Clinical Vignette section includes four very interesting case 
presentations sent by our colleagues from the United Kingdom, 
Turkey, Iran and Poland.

At the end of my letter I would like to wish all of you, dear friends, 
a Happy New Year!

Yours faithfully,
Grzegorz Kamiński

Editor-in-Chief 
Nuclear Medicine Review

 Dear Sirs and Madams,
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Abstract

BACKGROUND: Neuroendocrine neoplasms of the pancreas (p-NEN) are common gastro-entero-pancreatic neuroendocrine 
neoplasms (GEP-NENs). The aim of this retrospective study was to review the value of Somatostatin Receptor Scintigraphy 
(SRS) in initial detection of p-NEN, evaluation of tumour extent and as imaging follow-up after radical surgery in patients with 
confirmed well (NETG1) or moderately (NETG2) differentiated p-NEN based on pathological WHO 2017 classification.
MATERIAL AND METHODS: Overall 281 patients with confirmed p-NEN were enrolled. The SRS was performed to evaluate 
primary p-NEN, to assess clinical stage of disease, based on current World Health Organization (WHO) classification and during 
clinical follow-up. A total of 829 examinations were performed over time in these 281 patients using 99mTc HYNICTOC. Images 
were acquired between 1–3 h after i.v. injection of radiotracer. Initially whole body WB-SPECT and then WB-SPECT/CT with 
standard iterative reconstruction were used.
RESULTS: There were 159 patients with NETG1 (57%) and 122 subjects with NETG2 (43%). The female to male ratio was 1.1:1. 
In 68 patients (22%) with NETG1/G2 eighty-seven SRSs (10%) were performed to confirm initial diagnosis. SRS results were as 
follow: true positive (TP) = 84 (97%), false negative (FN) = 3 (3%), no true negative (TN) or false positive (FP) results of SRS 
examination (sensitivity of SRS per patient was 96%). In 198 subjects (66%) SRS was used in evaluation and re-evaluation of 
the clinical stage. A total of 661 (80%) examinations were carried out in these patients. There were TP = 514 (77%), TN = 136 
(21%), FN = 7 (1%) and FP = 4 (1%) results. The sensitivity and specificity per patient were: 96% and 95%. The sensitivity and 
specificity per study were: 98% and 97%. In 35 patients (12%) SRS was used as imaging follow-up after radical surgery; there 
were overall 81 examinations (10%) performed. There were 76 (91%) TN results of SRS examinations and in 4 patients we 
identified recurrence (TP). In total, which consists of initial diagnosis/staging and patient follow-up, the sensitivity of SRS was 
96% and specificity 97% per patient and per study sensitivity and specificity was 98%.
CONCLUSIONS: SRS using 99mTc HYNICTOC acquired in WB-SPECT or WB-SPECT/CT techniques is an excellent imaging 
modality in detection of primary NETG1/G2 p-NEN. Our study confirms that SRS has high sensitivity and specificity, as a result 
has tremendous value as an examination method to assess clinical stage of disease and as an imaging follow-up after radical 
treatment.

KEY words: neuroendocrine neoplasms of the pancreas, p-NENs, gastro-entero-pancreatic neuroendocrine 
neoplasms, GEP-NENs, Somatostatin Receptor Scintigraphy, SRS
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BACKGROUND: Neuroendocrine neoplasms of the pancreas (p-NEN) are common gastro-entero-pancreatic neuroendocrine 
neoplasms (GEP-NENs). The aim of this retrospective study was to review the value of Somatostatin Receptor Scintigraphy 
(SRS) in initial detection of p-NEN, evaluation of tumour extent and as imaging follow-up after radical surgery in patients with 
confirmed well (NETG1) or moderately (NETG2) differentiated p-NEN based on pathological WHO 2017 classification.
MATERIAL AND METHODS: Overall 281 patients with confirmed p-NEN were enrolled. The SRS was performed to evaluate 
primary p-NEN, to assess clinical stage of disease, based on current World Health Organization (WHO) classification and during 
clinical follow-up. A total of 829 examinations were performed over time in these 281 patients using 99mTc HYNICTOC. Images 
were acquired between 1–3 h after i.v. injection of radiotracer. Initially whole body WB-SPECT and then WB-SPECT/CT with 
standard iterative reconstruction were used.
RESULTS: There were 159 patients with NETG1 (57%) and 122 subjects with NETG2 (43%). The female to male ratio was 1.1:1. 
In 68 patients (22%) with NETG1/G2 eighty-seven SRSs (10%) were performed to confirm initial diagnosis. SRS results were as 
follow: true positive (TP) = 84 (97%), false negative (FN) = 3 (3%), no true negative (TN) or false positive (FP) results of SRS 
examination (sensitivity of SRS per patient was 96%). In 198 subjects (66%) SRS was used in evaluation and re-evaluation of 
the clinical stage. A total of 661 (80%) examinations were carried out in these patients. There were TP = 514 (77%), TN = 136 
(21%), FN = 7 (1%) and FP = 4 (1%) results. The sensitivity and specificity per patient were: 96% and 95%. The sensitivity and 
specificity per study were: 98% and 97%. In 35 patients (12%) SRS was used as imaging follow-up after radical surgery; there 
were overall 81 examinations (10%) performed. There were 76 (91%) TN results of SRS examinations and in 4 patients we 
identified recurrence (TP). In total, which consists of initial diagnosis/staging and patient follow-up, the sensitivity of SRS was 
96% and specificity 97% per patient and per study sensitivity and specificity was 98%.
CONCLUSIONS: SRS using 99mTc HYNICTOC acquired in WB-SPECT or WB-SPECT/CT techniques is an excellent imaging 
modality in detection of primary NETG1/G2 p-NEN. Our study confirms that SRS has high sensitivity and specificity, as a result 
has tremendous value as an examination method to assess clinical stage of disease and as an imaging follow-up after radical 
treatment.

KEY words: neuroendocrine neoplasms of the pancreas, p-NENs, gastro-entero-pancreatic neuroendocrine 
neoplasms, GEP-NENs, Somatostatin Receptor Scintigraphy, SRS

Nucl Med Rev 2019; 22, 1: 1–7

Ark.4 Front, Cyfra - czasopisma - NMR_2019_1 (rkaminska), 2019-04-05 10:00:42, 



Nuclear Medicine Review 2019, Vol. 22, No. 1

www.journals.viamedica.pl/nuclear_medicine_review2

Original

Introduction

Neuroendocrine neoplasms (NENs) are a relatively rare, 
heterogeneous group of various neoplasms which develop from 
highly specialized neuroendocrine cells located in the entire 
body. Gastro-entero-pancreatic neuroendocrine neoplasms/tu-
mours (GEP-NENs/NETs) comprise about 70% of all NENs, and 
about 2% of all neoplasms of the digestive system [1–3].

Neuroendocrine neoplasms of the pancreas (p-NEN) 
are common gastro-entero-pancreatic neuroendocrine neo-
plasms (GEP-NENs), which are clinically and functionally hetero-
geneous [4, 5]. Those tumours derive from the diffuse endocrine 
system (DES) cells which exist in the gastro-intestinal tract and in 
the pancreas [3]. According to the latest analysis of the Surveil-
lance, Epidemiology, and End Results (SEER) database an annual 
incidence of p-NEN is 0.48 per 100,000 population and appears to 
be increasing in the new millennium, probably as a consequence 
of using high quality imaging techniques which lead to better and 
earlier detection of p-NEN [6, 7].

Pancreatic NENs can be functional and non-functional tu-
mours. This classifi cation of p-NENs is based on the presence or 
absence of clinical symptoms caused by hormonal over-secretion. 
It has been reported that 60–90% of p-NENs are non-functional 
(depending on which database is used) and as a result of their 
clinical silence they are usually diagnosed at more advanced clinical 
stages (CS) than those which present with a hormonal syndrome. 
In the case of metastatic disease at the time of initial diagnosis the 
possibility of a curative resection is limited, but still be considered 
even advanced disease [4, 5, 8].

The majority of p-NENs occur sporadically, as non-inherited 
tumours. However, a signifi cant minority are associated with genetic 
syndromes such as multiple endocrine neoplasia type 1 (MEN1), 
von Hippel Lindau disease (VHL), von Recklinghausen’s syn-
drome (neurofi bromatosis 1), and tuberous sclerosis. Of those 
tumours which produce detectable hormones multiple insulino-
mas are less than 5%, gastrinomas from 20% up to 30% are associ-
ated with MEN1. In comparison to gastrinomas, glucagonomas and 
somatostatinomas, well-differentiated insulinomas show benign 
clinical behaviour and have a notably good prognosis in most of 
cases. More malignant insulinoma is seen in approximately 10% 
of cases [4, 5, 9, 10].

The majority of NENs have specifi c tissue characteristics which 
include expression of somatostatin receptors (SSTR). Numer-
ous pNENs, including non-functional tumours except insulinomas, 
have high-level expression of SSTR among which SSTR subtype 

2 is mainly expressed by -cells with a slightly lower expression of 
SSTR5 mostly by -cells [4, 7]. 

This means that p-NENs can be targeted by molecular imag-
ing using somatostatin receptor imagining (SRI) and, as a result, 
SRS using 99mTc HYNICTOC has positive uptake for visualizing 
p-NENs [4, 5, 11–13].

When looking at the prognosis of any p-NEN, the histopatho-
logical grade (G) is vital. This grading divides NENs into three 
groups: tumours of low (G1), moderate (G2), and high (G3) 
malignancy. The criteria for the assessment of the “G” grading 
were fi rstly specifi ed by European Neuroendocrine Tumour Soci-
ety (ENETS) in 2006 [14] and then were supported by the World 
Health Organization (WHO). Currently the new pathological clas-
sifi cation of NETG1 and NETG2 is used based on UICC/AJCC, 
which is a new version of previous one based on ENETS/WHO 
classifi cation from 2010 [15]. The new classifi cation of NENs, 
including p-NENs is presented in Table 1. Histological malignancy 
grading was based on two criteria, the fi rst was number of mitotic 
fi gures and the second was Ki-67 proliferation index determined 
by immunohistochemical analysis of expression of MIB1 antibody 
provided in percentages. If there were differences using both 
criteria, Ki-67 was used as a preferential one [16]. According to 
the above classifi cation, two main categories of GEP-NENs were 
distinguished. The fi rst group includes well-differentiated neo-
plasms NETG1 and NETG2 with Ki-67 below 20%; the second 
group consists of poorly-differentiated NET G3 or neuroendocrine 
carcinomas (NEC) with Ki-67 above 20%.

Various imaging techniques such as computed tomography 
(CT), magnetic resonance imaging (MRI), ultrasonography (US), 
endoscopic ultrasonography (EUS), positron emission tomography 
(PET) and somatostatin receptor scintigraphy (SRS) are performed 
to localize primary pNENs, assess clinical stage (CS) of disease 
and also as imaging follow-up.

The following factors including: initial histological grade of 
p-NEN cells, secretion and presence of local and distant metasta-
ses are important in evaluation of clinical stage of disease and help 
multidisciplinary team (MDT) to plan further treatment of p-NEN [4].

Aim of the study

The aim of this retrospective study was to evaluate whether 
Somatostatin Receptor Scintigraphy (SRS) using whole body (WB) 
SPECT or WB-SPECT/CT techniques are effective tools in initial 
detection of p-NEN, evaluation of tumour extent and alters clini-
cal management during clinical follow-up after radical surgery in 

Table 1. Proposed NEN classification according to AJCC/UICC and WHO 2017

NEUROENDOCRINE NEOPLASMS, NEN 

Ki-67 < 20% Ki-67 > 20%

NET G1 NET G2 NET G3 NEC

Well-differentiated tumours Neuroendocrine cancers 

Ki-67 < 3% Ki-67

from 3% to 20%

Ki-67 > 20%, usually between 21% 

a 55%

Ki-67 > 21%, usually > 55%

— large-cell cancers 

— small-cell cancers 
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patients with well (NETG1) or moderate (NETG2) differentiated 
p-NEN confi rmed by pathology.

Material and methods

The protocol for this retrospective study was accepted by the 
institutional ethics committee. A total of 281 patients with confi rmed 
neuroendocrine neoplasms of the pancreas were included. There 
were 148 females and 133 males (ratio 1.11:1). In all cases a pa-
thologist specialized in NEN reported and verifi ed the histology 
results, in each case. The histopathology reports comprised 
histological grade and the stage of the neuroendocrine neoplasm 
(TNM) according to AJCC/UICC 2017 classifi cation. Patients and 
tumour characteristics are presented in Table 2.

In all subjects, diagnosis, treatment and further diagnostic/im-
aging approaches were discussed within a multidisciplinary team 
(MDT).

Somatostatin receptor scintigraphy (SRS) was performed to 
evaluate primary p-NEN, to assess clinical stage of disease, based 
on current AJCC/UICC classifi cation, and during clinical follow-up. 
Overall 829 SRS examinations were performed. 

In each case 550-740MBq of 99mTc HYNICTOC (Tektrotyd®; 
National Centre for Nuclear Research — Polatom, PL) was used. 
The detailed method of kit labelling with 99mTc has been described 

previously [17, 18]. Briefl y, the peptide conjugates [HYNIC, Tyr3] 
octreotide was synthesized by standard F-moc solid-phase syn-
thesis [19] and used for kits manufacturing under aseptic condi-
tions. The labelling yield exceeded 90% in all cases with the free 
pertechnetate content in the range of 3.63 ± 1.67% (TLC). 

SRS images were acquired between 1 and 3 h after i.v. injec-
tion of radiotracer. Initially SRS was performed using a whole-body 
(WB) SPECT (Single Photon Emission Computed Tomography) 
method using Symbia-E gamma camera (Siemens Healthcare, 
IL; USA). Reconstruction algorithms were based on the ordered 
subset expectation maximization (OSEM), iterative reconstruction 
software (3D fl ash) on e-soft workstation. In each case using 
30 iteration and 16 subsets, with standard Gaussian fi lter 9.0, 
recommended by manufacturer. In each case 128 x 128 matrix 
with approximately 64 projections (20 seconds per projection) 
over an 360º rotation were utilized, there was no attenuation 
correction (non AC). 

Then SRS was performed using Discovery 670 Pro SPECT/CT 
system (GE Healthcare, WI, USA), based on WB-SPECT/CT method 
of examination. SPECT data was acquired using 128 x 128 matrix 
with approximately 60 projections (25 seconds per projection) 
over an 360º rotation. Computed tomography (CT) was performed 
without i.v. contrast enhancement. Reconstruction algorithms were 
based on iterative reconstruction algorithm: Evolution — OSEM 

Table 2. Patients and tumour characteristics in well (G1) and moderate (G2) differentiated pNENs

ALL, n = 281 NETG1, n = 159 NETG2, n = 122

Female to male ratio 1.11 1.01 1.26

Mean age (range) in initial diagnosis 54.86 (17-87) 55.23 (17-86) 54.29 (20-87)

Size of the tumour (pathology) mean (SD), mm 33.88 ( ± 26.22) 27.34 ± 23.62 43.21 ± 28.84

Ki-67 (mean, standard deviation) 4.17 ± 4.60 1.39 ± 1.28 7.89 ± 5.33

pT (initial), n = 281 n = 281 n = 159 n = 122

pT1 (%) 73 (26) 65 (41) 8 (7)

pT2 (%) 71 (25) 48 (30) 23 (19)

pT3 (%) 61 (22) 16 (10) 45 (37)

pT4 (%) 40 (14) 9 (6) 31 (25) 

pTx or no data (%) 36 (13) 21 (13) 15 (12)

N base on surgery, n = 281 n = 281 n = 159 n = 122

N0 (%) 126 (45) 95 (60) 31 (25)

N1 (%) 122 (43) 37 (23) 85 (70)

Nx or no data (%) 33 (12) 27 (17) 6 (5)

M base on surgery/follow-up/imaging, n = 281 n = 281 n = 159 n = 122

M0 (%) 139 (49) 97 (61) 42 (34)

M1 (%) 102 (36) 32 (20) 70 (57)

Mx or no data (%) 40 (14) 30 (19) 10 (8) 

CS (initial), n = 281 n = 281 n = 159 n = 122

I — IIIa — local (%) 145 (52) 115 (72) 30 (25)

IIIb — regional (%) 33 (12) 13 (8) 20 (16)

IV — distal (%) 103 (37) 31 (19) 72 (59)

Metastases

Liver (%) 97 (35) 26 (16) 71 (58)

Bones (%) 13 (5) 4 (3) 9 (7)

Lungs (%) 5 (2) 2 (1) 3 (2)
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(with resolution recovery) including 4 iterations and 10 subsets with 
standard Gaussian fi lter using in each case a Xeleris workstation.

Each SRS was defi ned as pathological if any focal or diffuse 
non-physiological accumulation was recognized during examina-
tion. Diffuse low-activity intestinal uptake on SRS was defi ned 
as non-specifi c, physiologic bowel uptake. Lesions were assessed 
due to their intensity of accumulation using the Krenning scale, 
similar to the standard SRS using Octreoscan™ evaluation. In 
each case, the Krenning extension of disease was used to classify 
the extension of the tumour, both methods have been described 
previously [18–20]. 

SRS was read by two specialists in nuclear medicine and 
was interpreted as true positive (TP) when the patient had histo-
logically confi rmed p-NEN and there were at least Krenning 2 focal 
pathologically high uptake of radiotracer. True negative (TN) result 
was associated with no focal uptake of radiotracer on SRS and 
no evidence of the presence of disease during at least 12-month 
follow-up, clinically and on other imaging techniques, including 
endoscopic ultrasound (EUS), CT and magnetic resonance imaging 
(MRI) before and after i.v. contrast administration. A false positive 
(FP) was reported when there was focal high uptake on SRS (at least 
Krenning 2), but there was no evidence of p-NEN on other imaging 
techniques, clinically and during clinical and imaging follow-up. 
A false negative (FN) study was defi ned when there was confi rm-
able tumour (p-NEN) which was not seen in SRS.

Histological and clinical information including assessment of 
tumour type based on ACJJ/UICC 2017 classifi cation, including 
Ki-67 and the initial clinical stage (CS) of disease were available 
for analysis. 

Statistical analysis

The standard statistics using sensitivity, specifi city PPV and NPV 
were used based on pathology reports as gold standard. If no speci-
men of tumour was available, clinical, biochemical and structural 
imaging were used to assess fi nal results of examination. In case 
of negative SRS study and presence of any suspected lesions, 
patients were evaluated based on clinical follow-up. Differences be-
tween groups were assessed using non-parametric Mann-Whitney 
U test. In each case P < 0.05 was defi ned as signifi cant. 

Results

There were 159 subjects with NETG1 (57%) and 122 sub-
jects with NETG2 (43%). In patients with NETG1 the mean age 
was 55.23 years (range 17–86) and in subjects with NETG2 the 
mean age was 54.29 (range 20–87). The mean size of the tumour 
(based on histopathology) were as follows: in NETG1 — 27.34 mm 
(SD ± 23.62), in NETG2 — 43.21 mm (SD ± 28.84). The mean Ki-67 
proliferation index was 1.39 % (SD ± 1.28) in patients with NETG1 
and 7.89 % (SD ± 5.33) in those with NETG2. In 54 cases there were 
no data regarding Ki-67 index and in 103 subjects no information 
about size of the tumours was available in histopathology reports; 
in those patients tumour size evaluation was based on structural 
imaging CT/MRI or EUS.

The image quality of SRS using 99mTc HYNICTOC was deter-
mined by both readers (JRB & JBC) to be excellent or very good; 

in the cases with small tumours the visualization was diffi cult but 
still clear enough to make a diagnosis of p-NET.

The analysis shows that tumours of pT1 and pT2 were usually 
identifi ed in subjects with NETG1. We detected pT1 tumours in 65 
cases with NETG1 (41%) and only 8 with NETG2 (7%) (P < 0.05), 
pT2 in 48 subjects with NETG1 (30%) and in 23 with NETG2 (19%) 
(P > 0.05). In comparison, pT3 and pT4 tumours most frequently 
occurred in patients with NETG2. We noted pT3 tumours in 45 
cases with NETG2 (37%) and in 16 with NETG1 (10%), pT4 in 
31 subjects with NETG2 (25%) and in 9 with NETG1 (6%) (Table 2). 

The analysis of regional lymph nodes metastasis in patients af-
ter surgical treatment revealed no lymph nodes involvement in 126 
cases, including 95 with NETG1 (60%) and 31 with NETG2 (25%). 
There were 122 subjects with metastasis in a single regional lymph 
(N1), in 37 patients with NETG1 (23%) and in 85 with NETG2 (70%). 
There were 33 (12%) patients in whom regional lymph nodes could 
not be assessed (Table 2). 

Distant metastasis (M) were noted in 102 patients, in 32 
with NETG1 (20%) and in 70 with NETG2 (57%). There were 139 
cases with no evidence for metastases. In 40 subjects metasta-
ses could not be assessed. There were 97 (35%) patients with 
metastasis to the liver, including 71 with NETG2 (58%) and 26 with 
NETG1 (16%). Thirteen subjects (5%) had bone metastases and in 
5 (2%) patients we detected lung metastasis (Table 2). 

The assessment of clinical stage (CS) revealed that there were 
145 patients (52%) with I-IIIa CS, 115 with NETG1 (72%) and 30 with 
NETG2 (25%). In 33 cases (12%) we noted IIIb CS, in 13 with NETG1 
(8%) and in 20 with NETG2 (16%). There were 103 subjects (37%) 
with IV CS, which included 72 (59%) patients with NETG2 and rest 
with NETG1 (19%) (Table 2).

In 68 patients (22%) SRS was used to confi rm the initial diag-
nosis and 87 (10%) SRS were carried out. In this group of patients, 
the results were as follows: true positive (TP) = 84 (97%), false 
negative (FN) = 3 (3%), no true negative (TN) or false positive (FP) 
results of SRS examination (sensitivity of SRS per patient was 96%). 
In 198 subjects (66%) SRS was used in evaluation of the clinical 
stage and overall 661 (80%) examination were performed. The fol-
lowing results were obtained: TP = 514 (77%), TN = 136 (21%), 
FN = 7 (1%) and FP = 4 (1%). 

The sensitivity and specifi city per patient were: 96% and 95%. 
The sensitivity and specifi city per study were 98% and 97%. In 35 
patients (12%) SRS was used as imaging follow-up after radical 
surgery; a total of 81 examinations (10%) were carried out. There 
were 76 (91%) TN results of SRS and in 4 patients we identifi ed 
recurrence (TP). In total, which consists of initial diagnosis/stag-
ing and follow-up, the sensitivity was 96% and specifi city 97% per 
patient and per study sensitivity and specifi city was 98%. Summa-
rized SRS results in all groups of patients are presented in Table 3.

Discussion

As a consequence of recent advances in imaging technology 
and having better knowledge of p-NENs, the diagnosis and treat-
ment approaches of asymptomatic and symptomatic pNENs have 
improved. Various structural imaging such as CT, MRI and endo-
scopic ultrasound (EUS), as well as functional techniques such 
as somatostatin receptor imaging are currently utilized to localize 

Nuclear Medicine Review 2019, Vol. 22, No. 1

www.journals.viamedica.pl/nuclear_medicine_review4

Original

(with resolution recovery) including 4 iterations and 10 subsets with 
standard Gaussian fi lter using in each case a Xeleris workstation.

Each SRS was defi ned as pathological if any focal or diffuse 
non-physiological accumulation was recognized during examina-
tion. Diffuse low-activity intestinal uptake on SRS was defi ned 
as non-specifi c, physiologic bowel uptake. Lesions were assessed 
due to their intensity of accumulation using the Krenning scale, 
similar to the standard SRS using Octreoscan™ evaluation. In 
each case, the Krenning extension of disease was used to classify 
the extension of the tumour, both methods have been described 
previously [18–20]. 

SRS was read by two specialists in nuclear medicine and 
was interpreted as true positive (TP) when the patient had histo-
logically confi rmed p-NEN and there were at least Krenning 2 focal 
pathologically high uptake of radiotracer. True negative (TN) result 
was associated with no focal uptake of radiotracer on SRS and 
no evidence of the presence of disease during at least 12-month 
follow-up, clinically and on other imaging techniques, including 
endoscopic ultrasound (EUS), CT and magnetic resonance imaging 
(MRI) before and after i.v. contrast administration. A false positive 
(FP) was reported when there was focal high uptake on SRS (at least 
Krenning 2), but there was no evidence of p-NEN on other imaging 
techniques, clinically and during clinical and imaging follow-up. 
A false negative (FN) study was defi ned when there was confi rm-
able tumour (p-NEN) which was not seen in SRS.

Histological and clinical information including assessment of 
tumour type based on ACJJ/UICC 2017 classifi cation, including 
Ki-67 and the initial clinical stage (CS) of disease were available 
for analysis. 

Statistical analysis

The standard statistics using sensitivity, specifi city PPV and NPV 
were used based on pathology reports as gold standard. If no speci-
men of tumour was available, clinical, biochemical and structural 
imaging were used to assess fi nal results of examination. In case 
of negative SRS study and presence of any suspected lesions, 
patients were evaluated based on clinical follow-up. Differences be-
tween groups were assessed using non-parametric Mann-Whitney 
U test. In each case P < 0.05 was defi ned as signifi cant. 

Results

There were 159 subjects with NETG1 (57%) and 122 sub-
jects with NETG2 (43%). In patients with NETG1 the mean age 
was 55.23 years (range 17–86) and in subjects with NETG2 the 
mean age was 54.29 (range 20–87). The mean size of the tumour 
(based on histopathology) were as follows: in NETG1 — 27.34 mm 
(SD ± 23.62), in NETG2 — 43.21 mm (SD ± 28.84). The mean Ki-67 
proliferation index was 1.39 % (SD ± 1.28) in patients with NETG1 
and 7.89 % (SD ± 5.33) in those with NETG2. In 54 cases there were 
no data regarding Ki-67 index and in 103 subjects no information 
about size of the tumours was available in histopathology reports; 
in those patients tumour size evaluation was based on structural 
imaging CT/MRI or EUS.

The image quality of SRS using 99mTc HYNICTOC was deter-
mined by both readers (JRB & JBC) to be excellent or very good; 

in the cases with small tumours the visualization was diffi cult but 
still clear enough to make a diagnosis of p-NET.

The analysis shows that tumours of pT1 and pT2 were usually 
identifi ed in subjects with NETG1. We detected pT1 tumours in 65 
cases with NETG1 (41%) and only 8 with NETG2 (7%) (P < 0.05), 
pT2 in 48 subjects with NETG1 (30%) and in 23 with NETG2 (19%) 
(P > 0.05). In comparison, pT3 and pT4 tumours most frequently 
occurred in patients with NETG2. We noted pT3 tumours in 45 
cases with NETG2 (37%) and in 16 with NETG1 (10%), pT4 in 
31 subjects with NETG2 (25%) and in 9 with NETG1 (6%) (Table 2). 

The analysis of regional lymph nodes metastasis in patients af-
ter surgical treatment revealed no lymph nodes involvement in 126 
cases, including 95 with NETG1 (60%) and 31 with NETG2 (25%). 
There were 122 subjects with metastasis in a single regional lymph 
(N1), in 37 patients with NETG1 (23%) and in 85 with NETG2 (70%). 
There were 33 (12%) patients in whom regional lymph nodes could 
not be assessed (Table 2). 

Distant metastasis (M) were noted in 102 patients, in 32 
with NETG1 (20%) and in 70 with NETG2 (57%). There were 139 
cases with no evidence for metastases. In 40 subjects metasta-
ses could not be assessed. There were 97 (35%) patients with 
metastasis to the liver, including 71 with NETG2 (58%) and 26 with 
NETG1 (16%). Thirteen subjects (5%) had bone metastases and in 
5 (2%) patients we detected lung metastasis (Table 2). 

The assessment of clinical stage (CS) revealed that there were 
145 patients (52%) with I-IIIa CS, 115 with NETG1 (72%) and 30 with 
NETG2 (25%). In 33 cases (12%) we noted IIIb CS, in 13 with NETG1 
(8%) and in 20 with NETG2 (16%). There were 103 subjects (37%) 
with IV CS, which included 72 (59%) patients with NETG2 and rest 
with NETG1 (19%) (Table 2).

In 68 patients (22%) SRS was used to confi rm the initial diag-
nosis and 87 (10%) SRS were carried out. In this group of patients, 
the results were as follows: true positive (TP) = 84 (97%), false 
negative (FN) = 3 (3%), no true negative (TN) or false positive (FP) 
results of SRS examination (sensitivity of SRS per patient was 96%). 
In 198 subjects (66%) SRS was used in evaluation of the clinical 
stage and overall 661 (80%) examination were performed. The fol-
lowing results were obtained: TP = 514 (77%), TN = 136 (21%), 
FN = 7 (1%) and FP = 4 (1%). 

The sensitivity and specifi city per patient were: 96% and 95%. 
The sensitivity and specifi city per study were 98% and 97%. In 35 
patients (12%) SRS was used as imaging follow-up after radical 
surgery; a total of 81 examinations (10%) were carried out. There 
were 76 (91%) TN results of SRS and in 4 patients we identifi ed 
recurrence (TP). In total, which consists of initial diagnosis/stag-
ing and follow-up, the sensitivity was 96% and specifi city 97% per 
patient and per study sensitivity and specifi city was 98%. Summa-
rized SRS results in all groups of patients are presented in Table 3.

Discussion

As a consequence of recent advances in imaging technology 
and having better knowledge of p-NENs, the diagnosis and treat-
ment approaches of asymptomatic and symptomatic pNENs have 
improved. Various structural imaging such as CT, MRI and endo-
scopic ultrasound (EUS), as well as functional techniques such 
as somatostatin receptor imaging are currently utilized to localize 
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the primary tumour, assess clinical stage (CS) of disease and also 
as follow-up imaging after radical surgery [2–5]. 

CT and MRI have a relatively low sensitivity in detecting of 
low volume disease or multifocality of disease, both of which are 
common in patients with MEN1 syndrome associated with pNENs. 
Whilst EUS, which is currently the best method for detection of any 
focal pancreatic lesions, has a better resolution and sensitivity, it 
has a limited fi eld of view. It provides very good visualization of the 
head and body of the pancreas, but the distal part of the pancreatic 
tail could be problematic in detection of small tumours. Local clini-
cal staging only can be achieved using EUS; therefore, it should 
be combined with other tests. 

In the last 2 decades it has been found that functional imaging 
of p-NEN plays a key role in evaluation of patients with suspected 
or confi rmed NEN. Numerous studies have demonstrated that the 
current signifi cance of somatostatin receptor imaging, including 
SRS, especially using SPECT/CT or PET/CT [4, 17–24]. In our 
data sets we indicated high accuracy of both the WB-SPECT 
or WB-SPECT/CT techniques in detection of active disease in 
patients with p-NEN. To our knowledge, it is the largest series of 
patients with confi rmed NETG1 and NETG2 p-NENs, based on new 
classifi cation ACJJ/UICC. It has been our standard clinical practice 
to perform SRS (WB-SPECT/CT) using 99mTc HYNICTOC as the main 
imaging technique used for detection of primary p-NENs, staging 
of disease and in subjects who had previously undergone radical 
surgery. This approach has been explored by our team for at least 
previous 14 years [25–27].

Various studies indicated that PET/CT with 68Ga labelled 
somatostatin analogues is immensely sensitive and has a high 
specifi city for localizing p-NENs [4, 28–29]. Generally, when per-
forming PET/CT using 68Ga SST analogues in greater number of 
studies for p-NENs, the sensitivity varies from 86% up to 100% and 
the specifi city from 79% up to 100% and is superior to MRI with DWI 
[30]. But this technique has a limitation which is the detection of 
insulinomas — the sensitivity decreases to 25% [31]. In addition, 
access to PET/CT and the 68Ga analogues may be limited.

Most comparative studies used planar 111In pentetreotide and 
compare to tomographic 68Ga PET/CT, which is methodologically 
incorrect, because these studies do not compare like with like. Only 
a few reports compare SRS using 99Tc HYNICTOC vs. 68Ga DOTA-
TOC/TATE/NOC. In all these studies SPECT was compared to PET, 
but SPECT was not performed using current state-of-the-art imaging 
techniques such as iterative reconstruction and WB-SPECT/CT at-
tenuation correction reconstruction technique, except single recent 
study which indicated clinical decision change in the one third of 
cases [32]. However, the authors did not use optimized reconstruc-
tion methods with the SPECT/CT. 

Compared to previously published studies using 68Ga DOTA-
TOC/TATE PET/CT the results of our study, showing a sensitivity 
and specifi city which was always equal or greater than 95% in all 
group of patients with confi rmed p-NETs, shows that, if optimized, 
the SPECT/CT-based agents compare well with PET. This is par-
ticularly true in our study because we have the results of a large 
number of studies performed in in a large cohort of pNET patients. 
This clearly indicated the high level of accuracy of SRS using 99mTc 
HYNICTOC in this patient group. However, the high prevalence of 
disease means we can be more certain of the sensitivity than the 
specifi city. 

The approach described in our study using 99mTc HYNICTOC 
is also cheaper than using PET/CT and can be performed on 
any working day in most Nuclear Medicine departments. Thus, 
this technology seems to have a practical advantage compared 
to quite complicated and expensive PET/CT using 68Ga SST 
analogues The authors acknowledge that although 68Ga DOTA-
TOC/TATE PET/CT is currently is the best functional methods in 
detection p-NEN, its utility is restricted not just by cost but the 
need to access a PET/CT scanner and the current shortage of the 
required gallium/germanium generators.

The results of our study show that SRS with 99mTc HYNICTOC 
using the best in SPECT/CT is a highly sensitive and specifi c imag-
ing technique. According to our results, the high sensitivity of the 
test per patient was noted in the group of subjects in whom SRS 

Table 3. Results of Somatostatin Receptor Scintigraphy examinations in diagnosis group, staging group and follow-up group

Results of SRS SRS studies Diagnosis group, n = 68 Staging group, n = 198 Follow-up group, n = 35

NET G1 NET G2 NET G1 NET G2 NET G1 NET G2

TP 602 (73%) 69 (80%) 15 (17%) 216 (33%) 298 (45%) 0 4 (5%)

TN 212

(26%)

0 0 102 (15%) 34 

(5%)

51 (63%) 25

(31%)

FN 11

(1%)

2 

(2%)

1 

(1%)

6 

(1%)

1 (< 1%) 0 1 (1%)

FP 4 

(< 1%)

0 0 3

( < 1%)

1 

(< 1%)

0 0

All 829 (100%) 71 (82%) 16 (18%) 327 (49%) 334 (51%) 51 (63%) 30 (37%)

87 (10%) 661 (80%) 81 (10%)

  Diagnosis (n) Staging (n) Follow-up (n) All (%)

NETG1 54 92 13 159 (56.6)

NETG2 15 102 5 122 (43.4)

NETG3 0 0 0 0

SUMA 69 194 18 281
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the primary tumour, assess clinical stage (CS) of disease and also 
as follow-up imaging after radical surgery [2–5]. 

CT and MRI have a relatively low sensitivity in detecting of 
low volume disease or multifocality of disease, both of which are 
common in patients with MEN1 syndrome associated with pNENs. 
Whilst EUS, which is currently the best method for detection of any 
focal pancreatic lesions, has a better resolution and sensitivity, it 
has a limited fi eld of view. It provides very good visualization of the 
head and body of the pancreas, but the distal part of the pancreatic 
tail could be problematic in detection of small tumours. Local clini-
cal staging only can be achieved using EUS; therefore, it should 
be combined with other tests. 

In the last 2 decades it has been found that functional imaging 
of p-NEN plays a key role in evaluation of patients with suspected 
or confi rmed NEN. Numerous studies have demonstrated that the 
current signifi cance of somatostatin receptor imaging, including 
SRS, especially using SPECT/CT or PET/CT [4, 17–24]. In our 
data sets we indicated high accuracy of both the WB-SPECT 
or WB-SPECT/CT techniques in detection of active disease in 
patients with p-NEN. To our knowledge, it is the largest series of 
patients with confi rmed NETG1 and NETG2 p-NENs, based on new 
classifi cation ACJJ/UICC. It has been our standard clinical practice 
to perform SRS (WB-SPECT/CT) using 99mTc HYNICTOC as the main 
imaging technique used for detection of primary p-NENs, staging 
of disease and in subjects who had previously undergone radical 
surgery. This approach has been explored by our team for at least 
previous 14 years [25–27].

Various studies indicated that PET/CT with 68Ga labelled 
somatostatin analogues is immensely sensitive and has a high 
specifi city for localizing p-NENs [4, 28–29]. Generally, when per-
forming PET/CT using 68Ga SST analogues in greater number of 
studies for p-NENs, the sensitivity varies from 86% up to 100% and 
the specifi city from 79% up to 100% and is superior to MRI with DWI 
[30]. But this technique has a limitation which is the detection of 
insulinomas — the sensitivity decreases to 25% [31]. In addition, 
access to PET/CT and the 68Ga analogues may be limited.

Most comparative studies used planar 111In pentetreotide and 
compare to tomographic 68Ga PET/CT, which is methodologically 
incorrect, because these studies do not compare like with like. Only 
a few reports compare SRS using 99Tc HYNICTOC vs. 68Ga DOTA-
TOC/TATE/NOC. In all these studies SPECT was compared to PET, 
but SPECT was not performed using current state-of-the-art imaging 
techniques such as iterative reconstruction and WB-SPECT/CT at-
tenuation correction reconstruction technique, except single recent 
study which indicated clinical decision change in the one third of 
cases [32]. However, the authors did not use optimized reconstruc-
tion methods with the SPECT/CT. 

Compared to previously published studies using 68Ga DOTA-
TOC/TATE PET/CT the results of our study, showing a sensitivity 
and specifi city which was always equal or greater than 95% in all 
group of patients with confi rmed p-NETs, shows that, if optimized, 
the SPECT/CT-based agents compare well with PET. This is par-
ticularly true in our study because we have the results of a large 
number of studies performed in in a large cohort of pNET patients. 
This clearly indicated the high level of accuracy of SRS using 99mTc 
HYNICTOC in this patient group. However, the high prevalence of 
disease means we can be more certain of the sensitivity than the 
specifi city. 

The approach described in our study using 99mTc HYNICTOC 
is also cheaper than using PET/CT and can be performed on 
any working day in most Nuclear Medicine departments. Thus, 
this technology seems to have a practical advantage compared 
to quite complicated and expensive PET/CT using 68Ga SST 
analogues The authors acknowledge that although 68Ga DOTA-
TOC/TATE PET/CT is currently is the best functional methods in 
detection p-NEN, its utility is restricted not just by cost but the 
need to access a PET/CT scanner and the current shortage of the 
required gallium/germanium generators.

The results of our study show that SRS with 99mTc HYNICTOC 
using the best in SPECT/CT is a highly sensitive and specifi c imag-
ing technique. According to our results, the high sensitivity of the 
test per patient was noted in the group of subjects in whom SRS 

Table 3. Results of Somatostatin Receptor Scintigraphy examinations in diagnosis group, staging group and follow-up group

Results of SRS SRS studies Diagnosis group, n = 68 Staging group, n = 198 Follow-up group, n = 35

NET G1 NET G2 NET G1 NET G2 NET G1 NET G2

TP 602 (73%) 69 (80%) 15 (17%) 216 (33%) 298 (45%) 0 4 (5%)

TN 212

(26%)

0 0 102 (15%) 34 

(5%)

51 (63%) 25

(31%)

FN 11

(1%)

2 

(2%)

1 

(1%)

6 

(1%)

1 (< 1%) 0 1 (1%)

FP 4 

(< 1%)

0 0 3

( < 1%)

1 

(< 1%)

0 0

All 829 (100%) 71 (82%) 16 (18%) 327 (49%) 334 (51%) 51 (63%) 30 (37%)

87 (10%) 661 (80%) 81 (10%)

  Diagnosis (n) Staging (n) Follow-up (n) All (%)

NETG1 54 92 13 159 (56.6)

NETG2 15 102 5 122 (43.4)

NETG3 0 0 0 0

SUMA 69 194 18 281
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was performed to assess initial diagnosis. As a consequence, 99mTc 
HYNICTOC SRS helped correctly identify those patients without the 
disease. Therefore, this method can be used to assess the localiza-
tion and extension of tumour when functional p-NENs are suspected 
but tumours cannot be detected on cross-sectional images such 
as CT or MRI. Our data also confi rm that 99mTc HYNICTOC SRS 
is an appropriate tool in evaluation of clinical stage of disease and 
in follow-up of pNENs. 

A further advantage in using 99mTc HYNICTOC is the lower 
radiation exposure compared to standard 111In-pentetreotide 
(Octreoscam®). The agent is cleared rapidly from the blood; most 
of the activity is eliminated entirely through the kidneys (64% of the 
injected dose within 12 h). The effective dose is 0.005 mSv/MBq, 
which for a patient receiving the recommended maximum admin-
istered activity of 740 MBq is only 3.8 mSv [33].

This compares favourably to 111In-pentetreotide which is also 
cleared rapidly from the blood, with excretion almost entirely through 
the kidneys giving an effective dose is 0.054 mSv/MBq. For a pa-
tient recommended maximum administered activity of 222 MBq 
is 12 mSv, which is over 3 times higher than with 99mTc HYNICTOC 
[34]. The radiation dose in 70 kg patient from 68Ga-DOTATOC/TATE 
is approximately 2.9–3.2 mSv, which is similar to radiation dose of 
99mTc HYNICTOC [35, 36]. A modern CT used as part of the PET/CT 
or SPECT/CT will contribute an additional 2mSv to the total effec-
tive dose. [34].

Conclusions

The results from this study show the SRS using 99mTc HYNIC-
TOC acquired in WB-SPECT or WB-SPECT/CT techniques deliv-
ers high-accuracy results in the detection of primary well (NETG1) 
and moderate (NETG2) differentiated p-NEN. It is more widely 
available than 68Ga-DOTATOC/TATE PET but yields similar results at 
a lower cost. Furthermore, it is excellent method for the assessment 
of clinical stage of pNEN and in imaging follow-up in patients after 
radical surgery.
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was performed to assess initial diagnosis. As a consequence, 99mTc 
HYNICTOC SRS helped correctly identify those patients without the 
disease. Therefore, this method can be used to assess the localiza-
tion and extension of tumour when functional p-NENs are suspected 
but tumours cannot be detected on cross-sectional images such 
as CT or MRI. Our data also confi rm that 99mTc HYNICTOC SRS 
is an appropriate tool in evaluation of clinical stage of disease and 
in follow-up of pNENs. 

A further advantage in using 99mTc HYNICTOC is the lower 
radiation exposure compared to standard 111In-pentetreotide 
(Octreoscam®). The agent is cleared rapidly from the blood; most 
of the activity is eliminated entirely through the kidneys (64% of the 
injected dose within 12 h). The effective dose is 0.005 mSv/MBq, 
which for a patient receiving the recommended maximum admin-
istered activity of 740 MBq is only 3.8 mSv [33].

This compares favourably to 111In-pentetreotide which is also 
cleared rapidly from the blood, with excretion almost entirely through 
the kidneys giving an effective dose is 0.054 mSv/MBq. For a pa-
tient recommended maximum administered activity of 222 MBq 
is 12 mSv, which is over 3 times higher than with 99mTc HYNICTOC 
[34]. The radiation dose in 70 kg patient from 68Ga-DOTATOC/TATE 
is approximately 2.9–3.2 mSv, which is similar to radiation dose of 
99mTc HYNICTOC [35, 36]. A modern CT used as part of the PET/CT 
or SPECT/CT will contribute an additional 2mSv to the total effec-
tive dose. [34].

Conclusions

The results from this study show the SRS using 99mTc HYNIC-
TOC acquired in WB-SPECT or WB-SPECT/CT techniques deliv-
ers high-accuracy results in the detection of primary well (NETG1) 
and moderate (NETG2) differentiated p-NEN. It is more widely 
available than 68Ga-DOTATOC/TATE PET but yields similar results at 
a lower cost. Furthermore, it is excellent method for the assessment 
of clinical stage of pNEN and in imaging follow-up in patients after 
radical surgery.
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Abstract

BACKGROUND: Non-specific cardiac symptoms in female patients with rheumatoid arthritis (RA) could indicate early cardio-
vascular disease. 
MATERIALS AND METHODS: Myocardial perfusion imaging (MPI), with 99mTc tetrofosmin stress–rest single photon emission 
computer tomography (SPECT), in 13 RA female patients with atypical cardiac symptoms, was compared to 44 weight- and 
age-matched females with similar cardiac complaints (control group). Smoking, hypertension, diabetes mellitus, dyslipidemia, 
obesity and cardiac heredity were recorded and compared between the study and control group. MPI was assessed using 17 
segment polar map and with a scale of 0 to 5 scoring. 
RESULTS: Patients with RA demonstrated higher cardiovascular risk (46%) compared to control individuals (17%). In addition, 
patients with RA had more irreversible myocardial ischemic abnormalities in their MPI than the control group. Dyslipidemia and 
obesity was found more frequent in RA patients with MPI SSS  4.
CONCLUSION: RA patients with atypical cardiac complaints are at higher risk for cardiovascular disease; early detection and 
monitoring of this patient group could potentially reverse or successfully manage the consequences of the upcoming cardio-
vascular disease.
KEY words: myocardial perfusion imaging, myocardial ischemia, tetrofosmin, risk factors, females, rheumatoid 
arthritis
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Introduction

Rheumatoid arthritis (RA) is an infl ammatory disease involving 
multiple systems that predominantly cause joint destruction but 
also affect extra-articular organs resulting in signifi cant functional 
disabilities and reduced quality of life [1–4]. Patients with either RA 
or other chronic infl ammatory rheumatoid diseases may develop 
progressive cardiovascular disease [5]. These cardiovascular 
complications consist of increased rate of coronary artery disease 
and systemic atherosclerosis [6].

Several cardiovascular imaging modalities exist, such as nu-
clear imaging, cardiac computed tomography and carotid ultra-
sonography, to evaluate patients with increased cardiovascular risk 
[7]. Myocardial perfusion imaging (MPI), employing single photon 
emission tomography (SPECT), is a highly reliable imaging method 
to assess myocardial ischemia. Its sensitivity has been reported 
to reach 85%, specifi city of 83%, positive predictive value of 66%, 
negative predictive value of 94% and accuracy of 84% [8]. Myocar-
dial perfusion imaging with pharmacologic stress may represent 
the imaging test of choice in female patients with reduced exercise 
capability such as the RA patients, reaching sensitivity of 80–85% 
and specifi city of 84–93% [9].

Several risk factors have been linked to coronary-artery disease 
in RA patients. Metabolic syndrome seems to exist in a higher rate 
in patients with RA, consisted of 31% in patients with early RA and 
42% in patients with long-standing RA, compared to only 11% in 
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the imaging test of choice in female patients with reduced exercise 
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matched control individuals [10]. Thus, early detection of metabolic 
syndrome and control of risk factors such as smoking, dyslipidemia, 
hypertension, and obesity is warranted in RA patients [6]. Traditional 
risk factors for cardiovascular disease seem to confer the same 
risk for either RA or non-RA patients [11, 12].

In this retrospective study, we evaluated the rate of myo-
cardial ischemia and the role of cardiac risk factors, after using 
–99mTc-TF-SPECT MPI in female patients with rheumatoid arthri-
tis and compared them to an age and weight matched control 
group.

Patients and methods

Study Participants
An extensive request in the medical records of the Nuclear 

Medicine Department of our University Hospital between 2011 
and 2016 has been achieved summing up patients with RA 
who were subjected to myocardial perfusion imaging with 99m 
Tc tetrofosmin in stress–rest single photon emission computer 
tomography (MPI – 99mTc-TF-SPECT). For retrieving specifi c 
data, inclusion criteria were applied such as no other disease 
existed than RA, atypical cardiac complaints such as chest wall 
pain, palpitations, without known cardiac disease, and negative 
electrocardiograph (ECG). We found 16 patients with RA who 
underwent the test, 13 females and 3 males. All patients followed 
one day protocol. The stress protocol was either pharmacologi-
cal or Bruce treadmill exercise test. Patients when subjected to 
99mTc-TF-SPECT MPI were routinely recorded with ECG at the 
beginning and continuously monitored during stress time. Any 
changes in ECG were noted in the medical charts. The imaging 
protocol used for 99mTc-TF-SPECT MPI has been described in 
our previous studies [13, 14] and performed according to pub-
lished guidelines [15]. According to our search, only three male 
patients were found and fi nally excluded from the study due to their 
minimal contribution to the whole dataset, and thus, only the 13 
females were evaluated. For the selection of the healthy individuals, 
120 female patients that underwent the same test without posi-
tive RA diagnosis were initially selected to form the control group. 
These females had the test for atypical cardiac complaints such 

as nonspecifi c chest pain or palpitations with no medical disease, 
negative history for cardiac disease, negative clinical evaluation 
and negative ECG prior to MPI. Among these females, 44 were 
age- and weight-matched with the RA patients and fi nally selected 
to form the control group. In both groups, major cardiovascular 
risk factors were recorded, including smoking when either active 
or ceased within the last 3 months prior to the test, hypertension 
and/or diabetes mellitus and/or dyslipidemia, obesity and family 
history of cardiovascular disease.

This retrospective study was performed after approval by the 
Hospital’s Clinical Research Committee. As a retrospective analy-
sis of MPI data, prior written patients consent was not obtained since 
it was not required by our Hospital’s Clinical Research Committee. 
All subjects were blinded during statistical analysis.

MPI evaluation
For MPI evaluation, two nuclear medicine physicians indepen-

dently evaluated the images, and a third nuclear medicine physi-
cian participated when a difference in MPI scoring among the two 
nuclear medicine physicians existed. Scoring was evaluated with 
a 17-segment polar map, [16] with a scale of 0 to 5, according to 
the severity of the myocardial perfusion defi cit. Thus, when there 
was normal isotope uptake by the total area of myocardium. the 
score was 0. When there was a mild decreased activity, the score 
recorded as 1. Mild to moderate decreased activity had a score of 
2. Moderately decreased myocardial activity was rated as 3. Score 
4 denoted a severely compromised myocardial isotope uptake, 
and score 5 characterized the lack of myocardial tracer activity. All 
segments were scored according to the grade of the defect seen 
and these individual scores were then summed to offer a measure-
ment of abnormality of the entire myocardium. Thus, stress and 
rest MPI was evaluated as the summed stress score (SSS) and the 
summed rest scores (SRS) of the 17-segment polar map. Myocar-
dial perfusion imaging scan was evaluated as abnormal when SSS 
was  4, with mild ischemia when SSS was graded from 4 to 8, 
moderate from 9 to 13, and severe when summed score was > 13. 
[17] The difference between the summed stress and summed rest 
scores (SSS-SRS) were refl ective of the burden and non-reversible 
nature of the existing ischemia [18].

Table 1. Characteristics of the patients (median, min-max), information concerning cardiac risk factors and myocardial perfusion imaging

Characteristics Patients (#13) Control group (#44) P

Age (median, ± SD) 67.8 ± 8.34 67.5 ± 7.53 NS

Weight 71.85 (53–90) 70.98 (54–93) NS

Smoking 3 (23.1%) 4 (9.1%) 0.038

Hypertension 10 (76.9%) 34 (77.3%) NS

Diabetes Mellitus 2 (15.4%) 10 (22.7%) NS

Dyslipidemia 9 (69.2%) 29 (65.9%) NS

Obesity 3 (23.1%) 11 (25.0%) NS

Cardiac Heredity 5 (38.5%) 16 (36.4%) NS

MPI  SSS < 4 7 (53.8%) 37 (84.1%) 0.022*

MPI  SSS  4 6 (46.2%) 7 (15.9%) 0.004*

MPI: myocardial perfusion imaging; b. SSS: summed stress score; c. NS: non-signifi cant; d. SD: standard deviation; e. * p  0.05 was considered to be statistically 

signifi cant
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Statistical Analysis
For statistical analysis and MPI evaluation, we used SPSS 

version 20 for windows (SPSS, Chicago, IL), and Microsoft Excel 
version 2013 (© Microsoft). Rheumatoid arthritis patients and 
control group were separately analyzed after splitting into two 
subgroups (one with SSS < 4 and another with SSS  4). Risk 
factors were evaluated in each group and each subgroup. Baseline 
characteristics were described using median and frequencies for 
categorical variables (using a �2 test for comparisons of discrete 
variables). P < 0.05 was considered signifi cant. Furthermore, due 
to the small number of RA patients, we evaluated the summed 
segments (basal, mid and apical segments) of anterior, anter-
oseptal, inferoseptal, inferior, inferolateral, anterolateral and apical 
cardiac wall.

Results

The characteristics and MPI of the 13 RA patients and 44 control 
females are shown in Table 1. Comparison of patients with RA and 
control females demonstrated a statistically signifi cantly higher 
number of patients in the RA group with a MPI value of SSS  4, 
(6/13, 46%) compared to control females 7/44 (16%) (P = 0.004), 
(Tab. 1). Among the RA patients, one had mild ischemia (1/6, 
16%), four had moderate ischemia (4/6, 68%) and one had severe 
ischemia (1/6, 16%). All patients with abnormal MPI test in the 
control group had only mild ischemia. 

Among all patients with RA, a total of 221 segments (17 x 13) 
were evaluated in MPI SSS and 221 segments in SRS. Of them, 
23 segments in SSS and 18 segments in SRS had at least 
a mildly decreased activity scored with 1. Total score in those seg-
ments were 69 in SSS and 34 in SRS. The difference SSS-SRS 
was 5 segments with total score of 35. Control females had 
748 segments (17 x 44) evaluated with 46 segments exhibiting 
decreased activity in SSS and 15 in SRS. Total score in those 
segments were74 in SSS and 26 in SRS. The difference SSS-SRS 
was 31 segments with total score of 48. Assessment of MPI in 
all 102 segments of the 6 RA patients with SSS  4 revealed 
16 segments that exhibited score1 in SSS and 14 segments with 
score 1 in SRS. Total score was 57 and 29 respectively. The dif-
ference SSS-SRS was 2 segments with total score of 28. Among 
the 119 segments of the 7 control females with SSS  4, 14 seg-
ments scored 1 in SSS and 5 segments similarly scored 1 in SRS. 
Total score was 35 in SSS and 8 in SRS. The difference SSS-SRS 
was 9 segments with total score of 27 (Table 2). 

Thus, among the RA patients, there were 5/23 (22%) myocar-
dial segments having 51% reversible abnormalities assessed by 
the SSS-SRS MPI. In the contrary, the control females had milder 
abnormalities consisting of 31/46 segments with 67% reversible 
abnormalities in their SSS-SRS MPI. Among those RA patients with 
a SSS  4, only 2/16 (13%) segments demonstrated changes in 
SSS-SRS MPI consisting with 49% reversibility. In the contrary, 
control females had 9/14 (64%) myocardial segments with 77% 
reversible lesions. These results suggest that patients with RA had 
more irreversible myocardial ischemic abnormalities in their MPI 
than the control group. 

An additional analysis has been performed based on the 
different cardiac segments. As shown in Table 3, although the 
anterolateral segment may be the most affected part of the 

myocardium in patients with RA, the results could be noted with 
skepticism due to the small number of RA patients. In the rest 
of myocardium, the number of segments with ischemia showed 
only a minor increase in the RA compared with the control group. 
However, this minor increase could be due to statistically insignifi -
cant variations secondary to small size of patients’ dataset. The 
cardiovascular risk factors in RA and control patients are shown in 
Table 4. It appears that more RA patients with SSS  4 compared to 
those with SSS < 4 had hypertension, dyslipidemia and obesity. In 
addition, more RA patients than control females with SSS  4 had 
dyslipidemia and obesity.

Limitations of the study
The limitations of the study included its retrospective nature 

and the small number of RA patients. In addition, limited data 
was available concerning disease activity and the anti-infl ammatory 

Table 2. Number of segments and total score evaluated in MPI 
(summed stress score, summed rest score and their difference) in RA 
patients and control females 

Individuals Segments/MPI Summed 
scores

Total 748/44

Control all SSS 46/44 74 

SRS 15/44 26 

Difference SSS-RSS 31/44 48

Total 221/13

RA all SSS 23/13 69 

SRS 18/13 34 

Difference SSS-RSS 5/13 35

Total 119/7

Control SSS  4 SSS 14/7 35 

 SRS  5/7 8

Difference SSS-RSS 9/7 27 

Total 102/6

RA SSS  4 SSS 16/6 57 

SRS 14/6 9 

Difference SSS-RSS   2/6 28 
a. RA: patients with rheumatoid arthritis; b. MPI: myocardial perfusion imaging; c. SSS: 
Summed stress score; d. SRS: Summed rest score

Table 3: Evaluation of the segments in MPI in patients and controls 
with SSS  4

Segments SSS ≥ 4/Segments SRS

MPI RA Controls 

anterior  8/4 8/2

anteroseptal 2/1 0/0 

inferoseptal 8/3 3/1 

inferior 11/8 4/1

inferolateral 0/0 3/0

anterolateral 20/8 10/5 

Apex 8/5 0/0 

a. MPI: myocardial perfusion imaging; b. SSS: summed stress score; c. SRS: summed rest 
score; d. RA: patients with rheumatoid arthritis
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drugs used for management. Furthermore, no body mass index 
could be calculated since only weight but not height was recorded 
in the medical charts of the patients. 

Discussion

In the present study, higher cardiovascular risk was found 
in RA patients with nonspecifi c cardiac symptoms compared to 
controls with similar symptoms. Specifi cally, in our study, 58% 
of RA patients had myocardial abnormalities in MPI, indicating 
ischemia. In accordance with our results, another study in 18 
RA patients without a known cardiac disease reported a rate of 
myocardial abnormalities of 45% [19]. However, in that study, only 
78% were females, and the imaging method performed was MRI. 
Asymptomatic RA patients may display myocardial ischemia at 
similar levels to DM patients [20]. In a study of 106 females with 
RA the incidence of coronary heart disease has been reported 
as 7 per 1000 patients-years [20]. Right and left ventricular di-
astolic dysfunction is diagnosed more frequently in patients with 
early stage RA, with left ventricular diastolic dysfunction linked to 
coronary heart disease [22]. 

This high rate of cardiac abnormalities in RA patients even 
without any clinical symptoms or ECG changes may be due to 
microvasculitic abnormalities [23]. When a systemic infl ammation 
is present in RA patients, the cardiac disease may be manifested 
with more clinical fi ndings and atherosclerosis might lead to in-
creased cardiovas cular morbidity [24]. Thus, apart from traditional 
risk factors, atherosclerosis in RA patients may be aggravated 
by disease activity, such as polymorphonuclear cell counts, ra-
diographic evidence of cumulative infl ammation, serum uric acid 
increased levels, hypothyroidism [25], and increased erythrocyte 
sedimentation rate [26]. However, another study reported no cor-
relation of coronary artery disease in RA patients with the titers of 
rheumatoid factor, body mass index and hypercholesterolemia [27]. 
In our study due to lack of detailed information about the disease 
activity of RA patients and mode of treatment we were not able to 
assess these parameters in relation to cardiovascular risk.

Overall in our study, the traditional cardiovascular risk fac-
tors were not signifi cantly different between patients and control 

females even though RA that exhibited an abnormal MPI had 
a higher rate of dyslipidemia and obesity compared to control 
individuals. However, diabetes mellitus and cardiac heredity were 
attributes seen at higher rates in controls than in RA patients in 
our study. In accordance with our study, previously published 
results indicate that the traditional cardiovascular risk factors in 
RA patients cannot entirely explain their increased incidence of 
coronary heart disease [28]. Although the traditional cardiovascular 
risk factors were similar in a group of 68 RA patients compared to 
64 controls, RA patients had the propensity to develop coronary 
artery disease twice as frequently as the control individuals [11]. 
In addition, another study indicated that RA patients develop car-
diovascular disease almost ten years earlier than their age- and 
sex-matched individuals and tend to suffer twice as frequently 
myocardial infarction compared to their counterparts [29]. Apart 
from myocardial infarction, heart failure due to left ventricular dias-
tolic dysfunction is linked to increased cardiovascular mortality in 
patients with RA. Thus, diagnosis of heart failure in early asympto-
matic stages is more likely to be treatable in RA patients [30, 31]. 
A study in 144 RA women, exhibiting low risk of cardiovascular 
disease as assessed by the Systematic COronary Risk Evaluation 
(SCORE), showed that one-third of them, experience high-risk 
atherosclerosis when age older than 49.5 years and/or cholesterol 
levels over 5.4 mmol/l suggest that they should be managed 
appropriately [32]. Similar conclusions of increased subclinical 
atherosclerosis were made in another prospective study in 71 RA 
patients  60 years old compared to 40 age- and sex-matched 
controls [33].

In conclusion, our results corroborate other studies that show in-
creased incidence of cardiovascular risk in RA female patients com-
pared to control individuals. The presence of increased risk even in 
patients with minimal or atypical cardiac symptoms indicates that 
early detection of the increased risk in RA patients is warranted in 
order to monitor or pharmaceutically reverse the indolent cardio-
vascular disease.
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Table 4. Risk factors in patients with rheumatoid arthritis and control individuals according to MPI summed stress score

Patients with Rheumatoid arthritis Control Group 

Risk factors SSS < 4 SSS ≥ 4 SSS ≥ 4

Total risk factors 12  16  18

Smoking 3/7 (43%)  0/6 (0%)  0/7 (0%)

Hypertension 4/7 (57%) 5/6 (83%) 6/7 (86%)

Diabetes Mellitus 1/7 (14%) 1/6 (17%) 3/7 (43%)

Dyslipidemia 4/7 (57%) 5/6 (83%) 3/7 (43%)

Obesity 0/7 (0%) 3/6 (50%) 2/7 (29%)

Cardiac Heredity  2/7 (28%) 2/6 (33%) 4/7 (57%)

With 1 risk factor  2/7(28%) 0/6 (0%) 2/7 (28%)

With 2 risk factors 3/7 (44%) 3/6 (50%) 1/7 (16%)

With 3 risk factors 2/7 (28%) 0/6 (0%) 2/7 (28%)

With 4 risk factors 0/7 (0%) 3/6 (50%) 2/7 (28%)
a. MPI: myocardial perfusion imaging; b. SSS: summed stress score
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relation of coronary artery disease in RA patients with the titers of 
rheumatoid factor, body mass index and hypercholesterolemia [27]. 
In our study due to lack of detailed information about the disease 
activity of RA patients and mode of treatment we were not able to 
assess these parameters in relation to cardiovascular risk.

Overall in our study, the traditional cardiovascular risk fac-
tors were not signifi cantly different between patients and control 

females even though RA that exhibited an abnormal MPI had 
a higher rate of dyslipidemia and obesity compared to control 
individuals. However, diabetes mellitus and cardiac heredity were 
attributes seen at higher rates in controls than in RA patients in 
our study. In accordance with our study, previously published 
results indicate that the traditional cardiovascular risk factors in 
RA patients cannot entirely explain their increased incidence of 
coronary heart disease [28]. Although the traditional cardiovascular 
risk factors were similar in a group of 68 RA patients compared to 
64 controls, RA patients had the propensity to develop coronary 
artery disease twice as frequently as the control individuals [11]. 
In addition, another study indicated that RA patients develop car-
diovascular disease almost ten years earlier than their age- and 
sex-matched individuals and tend to suffer twice as frequently 
myocardial infarction compared to their counterparts [29]. Apart 
from myocardial infarction, heart failure due to left ventricular dias-
tolic dysfunction is linked to increased cardiovascular mortality in 
patients with RA. Thus, diagnosis of heart failure in early asympto-
matic stages is more likely to be treatable in RA patients [30, 31]. 
A study in 144 RA women, exhibiting low risk of cardiovascular 
disease as assessed by the Systematic COronary Risk Evaluation 
(SCORE), showed that one-third of them, experience high-risk 
atherosclerosis when age older than 49.5 years and/or cholesterol 
levels over 5.4 mmol/l suggest that they should be managed 
appropriately [32]. Similar conclusions of increased subclinical 
atherosclerosis were made in another prospective study in 71 RA 
patients  60 years old compared to 40 age- and sex-matched 
controls [33].

In conclusion, our results corroborate other studies that show in-
creased incidence of cardiovascular risk in RA female patients com-
pared to control individuals. The presence of increased risk even in 
patients with minimal or atypical cardiac symptoms indicates that 
early detection of the increased risk in RA patients is warranted in 
order to monitor or pharmaceutically reverse the indolent cardio-
vascular disease.
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Table 4. Risk factors in patients with rheumatoid arthritis and control individuals according to MPI summed stress score

Patients with Rheumatoid arthritis Control Group 

Risk factors SSS < 4 SSS ≥ 4 SSS ≥ 4

Total risk factors 12  16  18

Smoking 3/7 (43%)  0/6 (0%)  0/7 (0%)

Hypertension 4/7 (57%) 5/6 (83%) 6/7 (86%)

Diabetes Mellitus 1/7 (14%) 1/6 (17%) 3/7 (43%)

Dyslipidemia 4/7 (57%) 5/6 (83%) 3/7 (43%)

Obesity 0/7 (0%) 3/6 (50%) 2/7 (29%)

Cardiac Heredity  2/7 (28%) 2/6 (33%) 4/7 (57%)

With 1 risk factor  2/7(28%) 0/6 (0%) 2/7 (28%)

With 2 risk factors 3/7 (44%) 3/6 (50%) 1/7 (16%)

With 3 risk factors 2/7 (28%) 0/6 (0%) 2/7 (28%)

With 4 risk factors 0/7 (0%) 3/6 (50%) 2/7 (28%)
a. MPI: myocardial perfusion imaging; b. SSS: summed stress score
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Abstract

BACKGROUND: The diagnostic efficacy of 18F-FDG-PET imaging in brain tumors is markedly reduced due to high glucose me-
tabolism in normal brain tissue. This requires further research for more sensitive and specific tracers. 18F-fluoroethylo-L-thyrosine 
(18F-FET) is an interesting PET radiotracer, which shows promising results in patients with brain tumors. The aim of this study was 
to compare 18F-fluoroethylo-L-thyrosine PET/CT and MRI in the diagnosis of primary brain tumors referred to radiation therapy.
MATERIAL AND METHODS: Thirteen patients (5M, 8F) with mean age of 56y ± 13 and histologically confirmed primary brain 
tumors were investigated. The MRI scans were performed on MRI 1.5T scanner with FSE, DWI method, T1, T2 and FLAIR se-
quence. The examination was performed using brain protocol for 35 minutes and prior to PET imaging. The PET scans were 
performed 20–40 min after intravenous injection of 160 MBq of 18F-FET. Scans were acquired on Gemini TF PET/CT scanner 
using 3D brain imaging protocol for 10 minutes acquisition time. The reconstructed PET images were evaluated on a dedicated 
EBW workstation with Time-of-Flight reconstruction algorithms. On reconstructed images, the tumor borders were drawn using 
dedicated software, based on various threshold values and tumor borders and volumes were calculated on each nuclear image 
and compared with the volume calculated on the diagnostic MRI. For statistical analysis the t-test was used. 
RESULTS: 18F-FET-PET imaging in total showed more abnormal lesions that MRI; however, the difference was not significant 
(p > 0.05). There were two patients with lesions detected only on the MRI study and 4 patients with abnormal tracer uptake 
within the brain in 18F-FET study with no correlation in the MRI study. 18F-FET-PET method showed 30 lesions in 11 patients 
with mean SUVmax value of 2.33 (range from 1.6 to 3.5). Based on 70% threshold cutoff value, the mean volume of brain focus 
was calculated on at 31.15 ± 26.89 mm3 and was in concordance with mean lesion volume measured on the MRI scan 31.51 
± 34.97 mm3. For radiation planning purposes other threshold values, as well as gradient based methods were evaluated on 
18F-FET-PET imaging.
CONCLUSION: PET/CT imaging with 18F-fluoroethylo-L-thyrosine is complementary to MRI in the diagnosis of primary brain 
tumors referred to radiation therapy.

KEY words: radiotherapy, brain tumor, positron emission tomography, 18F-fluoroethylo-L-thyrosine, magnetic 
resonance 

Nucl Med Rev 2018; 21, 1: 14–17

Introduction 

The most commonly used non-invasive methods of brain 
imaging include computed tomography (CT) and magnetic 

resonance (MR) which allow assessment of anatomical struc-
tures and are characterized by high sensitivity. The limitation in 
the application of these imaging methods are changes caused by 
the applied treatment (e.g. surgery, radiation-induced necrosis). 
In such cases, the nuclear medicine techniques, in particular 
positron emission tomography in combination with computed 
tomography (PET/CT) are helpful. The radiotracer most commonly 
used in the imaging of tumor metabolism is 2-deoxy-2-[18F]
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Abstract

BACKGROUND: The diagnostic efficacy of 18F-FDG-PET imaging in brain tumors is markedly reduced due to high glucose me-
tabolism in normal brain tissue. This requires further research for more sensitive and specific tracers. 18F-fluoroethylo-L-thyrosine 
(18F-FET) is an interesting PET radiotracer, which shows promising results in patients with brain tumors. The aim of this study was 
to compare 18F-fluoroethylo-L-thyrosine PET/CT and MRI in the diagnosis of primary brain tumors referred to radiation therapy.
MATERIAL AND METHODS: Thirteen patients (5M, 8F) with mean age of 56y ± 13 and histologically confirmed primary brain 
tumors were investigated. The MRI scans were performed on MRI 1.5T scanner with FSE, DWI method, T1, T2 and FLAIR se-
quence. The examination was performed using brain protocol for 35 minutes and prior to PET imaging. The PET scans were 
performed 20–40 min after intravenous injection of 160 MBq of 18F-FET. Scans were acquired on Gemini TF PET/CT scanner 
using 3D brain imaging protocol for 10 minutes acquisition time. The reconstructed PET images were evaluated on a dedicated 
EBW workstation with Time-of-Flight reconstruction algorithms. On reconstructed images, the tumor borders were drawn using 
dedicated software, based on various threshold values and tumor borders and volumes were calculated on each nuclear image 
and compared with the volume calculated on the diagnostic MRI. For statistical analysis the t-test was used. 
RESULTS: 18F-FET-PET imaging in total showed more abnormal lesions that MRI; however, the difference was not significant 
(p > 0.05). There were two patients with lesions detected only on the MRI study and 4 patients with abnormal tracer uptake 
within the brain in 18F-FET study with no correlation in the MRI study. 18F-FET-PET method showed 30 lesions in 11 patients 
with mean SUVmax value of 2.33 (range from 1.6 to 3.5). Based on 70% threshold cutoff value, the mean volume of brain focus 
was calculated on at 31.15 ± 26.89 mm3 and was in concordance with mean lesion volume measured on the MRI scan 31.51 
± 34.97 mm3. For radiation planning purposes other threshold values, as well as gradient based methods were evaluated on 
18F-FET-PET imaging.
CONCLUSION: PET/CT imaging with 18F-fluoroethylo-L-thyrosine is complementary to MRI in the diagnosis of primary brain 
tumors referred to radiation therapy.

KEY words: radiotherapy, brain tumor, positron emission tomography, 18F-fluoroethylo-L-thyrosine, magnetic 
resonance 
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Introduction 

The most commonly used non-invasive methods of brain 
imaging include computed tomography (CT) and magnetic 

resonance (MR) which allow assessment of anatomical struc-
tures and are characterized by high sensitivity. The limitation in 
the application of these imaging methods are changes caused by 
the applied treatment (e.g. surgery, radiation-induced necrosis). 
In such cases, the nuclear medicine techniques, in particular 
positron emission tomography in combination with computed 
tomography (PET/CT) are helpful. The radiotracer most commonly 
used in the imaging of tumor metabolism is 2-deoxy-2-[18F]

Ark.10 Back, Cyfra - czasopisma - NMR_2019_1 (rkaminska), 2019-04-05 10:00:46, 



15www.journals.viamedica.pl/nuclear_medicine_review

Paulina Cegła et al., Comparison of 18F-fl uoroethylo-L-thyrosine PET/CT

Original

fluoro-D-glucose (18F-FDG). It has been demonstrated that 
there is a relationship between histopathological diagnosis and 
18F-FDG uptake: high-grade tumors show hypermetabolism, 
while low-grade tumors — hypometabolism compared to gray 
matter. Low-grade astrocytomas had low 18F-FDG uptake, while 
astrocytomas and glioblastoma multiforme are characterized by 
increased uptake [1–3]. Due to high glucose uptake in healthy 
brain tissue, more sensitive and specifi c radiotracers are used in 
brain tumors imaging. 

18F-fluoroethylo-L-thyrosine (18F-FET) is an artificial amino 
acid showing increased uptake within malignant lesions and also 
allowing good differentiation in both high and low-differentiated 
tumors [4]. Differences in uptake of 18F-FDG and 18F-FET in primary 
brain tumor are shown in Figure 1.

The aim of this study was to compare 18F-fl uoroethylo-L-thy-
rosine PET/CT and MRI in the diagnosis of primary brain tumors re-
ferred to radiation therapy.

Material and methods 

Retrospective analysis was performed on a group of 13 pa-
tients (5M, 8F), with mean age of 56 ± 13y (range 35–77yrs) and 
histologically confi rmed primary brain tumors. Eleven of these 
patients had craniotomies prior to the study, 2 were without any sur-
gical intervention. The study has been approved by the Institutional 
Bioethical Committee and all subjects signed an informed consent 
form. All patients were qualifi ed for radiotherapy treatment and tu-
mors were located in frontal, parietal, temporal and occipital lobes.

The MRI scans were performed on MRI 1.5T scanner using the 
brain protocol for 35 minutes, with the FSE method in transverse, 
sagittal and frontal planes, T1- and T2 dependent time, FLAIR se-
quences and DWI, with intravenous administration of the contrast 
agent. The PET scans were performed 20–40 min after intrave-
nous injection of 160 MBq of 18F-fl uoroethylo-L-thyrosine on Gemini 
TF PET/CT scanner (Philips) using 3D brain imaging protocol for 
10 minutes acquisition time. The reconstructed PET images were 
evaluated on a dedicated EBW workstation with time-of-fl ight (TOF) 
reconstruction algorithms. On reconstructed images, using semi-
automatic dedicated software based on various threshold values, 
tumor borders and volume were calculated on each nuclear image 
and compared with the volume calculated on the diagnostic MRI. 
A 70% cutoff method was used to compare PET and MR images. 
All standardized uptake values (SUVs) used at work are maximum 
values (SUVmax). For statistical analysis the T-test was used.

Results 

The 18F-FET-PET study showed more lesions in the brain area than 
the MRI study; however, the difference was not statistically signifi cant 
(p > 0.05). There were two patients whose lesions were detected only 
in MRI, and 4 patients in whom PET imaging with tyrosine showed 
increased radiotracer uptake without reference to MRI (Tab. 1). 

Table 1. Sensitivity of MRI and 18F-FET-PET imaging

No. Diagnosis MRI 18F-FET-PET

N Scan results 
(positive/negative)

N Scan results 
(positive/negative)

SUVmax.

1 Glioblastoma multiforme 1  + 0 - -

2 Glioblastoma multiforme 1  + 1  + 1.7

3 Glioblastoma multiforme 4  + 4  + 1.9

4 Oligoastrocytoma Grade II 4  + 1  + 2.8

5 Astrocytoma Grade II 1  + 2  + 2.5

6 Oligoastrocytoma Grade II 0 - 1  + 1.6

7 Glioma Grade II 0 - 5  + 1.9

8 Astrocytoma Grade II 5  + 0 - -

9 Astrocytoma Grade III 1  + 1  + 1.9

10 Glioblastoma multiforme 4  + 4  + 3.5

11 Oligoastrocytoma Grade II 0 - 3  + 2.7

12 Astrocytoma Grade III 4  + 4  + 2.8

13 Astrocytoma Grade III 0 - 4  + 2.3

A B

Figure 1. Differences in uptake of 18F-FDG and 18F-FET in primary 
brain tumor
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18F-FET-PET showed 30 lesions in 11 patients with an average 
SUVmax of 2.33 (range 1.6–3.5), while the MRI examination showed 
25 lesions in 9 patients.

Based on 70% cutoff, the mean volume in the 18F-FET-PET study 
was 31.15  ± 26.89 mm3 and was comparable to the volume of 
changes measured in the MRI 31.51  ± 34.97 mm3.

An example of a patient who underwent left-sided frontal 
craniotomy is showed in Figure 2. In MRI images, after intrave-
nous administration of contrast medium on the back contour of 
the post-surgical cavity, 4 fi ne-grained regions of up to 10 mm3 
were found, which corresponded to the resumption of the malig-
nant process. In the 18F-FET-PET study, the area of non-uniformly 
increased 18F-FET accumulation along the side and rear walls of the 
post-surgical cavity. The most active focal points are visible at the 
rear wall and at the side wall. The image suggests an active prolif-
erative process in the left frontal lobe. As another example, a patient 
after left-sided occipital craniotomy with increased 18F-FET uptake 
in the lateral part of the post-surgical cavity. In MRI hyperintensive 
area in T2-weighted images caused by previous treatment which 
make some diffi culties in interpretation of the study (Fig. 3). 

An important aspect is the size of the observed lesions in this two 
studies. In both methods, the formula for the volume of the ellipse 
was used to assess the volume (V = 4/3* *a*b*c). In the case 
of 7 lesions, the volumes in MRI were higher than in 18F-FET-PET, 

while in 9 lesions volumes were higher in 18F-FET-PET than MRI. 
The mean of all lesions detected in the MRI (25) was 44.70 mm3 
while in the 18F-FET-PET (30) study it was 25.28 mm3. However, the 
differences were not statistically signifi cant (p > 0.05).

Discussion

Many authors point to the difficulty in differentiating the 
recurrence of the tumor from postoperative edema, occurring 
in the area of the post-surgical cavity. Using the PET imaging 
with18F-fl uoroethylo-L-thyrosine does not cause such a problem, 
because this radiotracer accumulates only in the areas of active 
proliferative process. This makes it easier to distinguish a tumor 
from healthy brain tissue, changes occurs postoperatively or 
under the infl uence of radiotherapy. Studies have shown that the 
18F-fl uoroethylo-L-thyrosine PET defi nes biological tumor volume 
(BTV) and refl ects brain tumor tissue more accurately than MRI [5,6]. 
Other studies on a small group of patients, suggest that the post-
operative 18F-FET-PET is a prognostic factor before radiotherapy 
[7–10]. This study on PET imaging with 18F-fl uoroethylo-L-thyrosine 
showed more lesions than MRI. The difference in the number of 
foci between 18F-FET-PET and MRI may result from the diffi culty 
in differentiating MRI lesions caused by the recurrence of the tu-
mor, from edema occurring after the surgical treatment. Similar 

Figure 2. Patient after left-sided craniotomy. (A) MRI images, (B) CT images, (C) 18F-FET-PET images

Figure 3. Patient after left-sided occipital craniotomy. (A) MRI images, (B) CT images, (C) 18F-FET-PET images
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studies were conducted by Grosu et al. where they compared 
18F-fl uoroethylo-L-thyrosine-based biological tumor volume for 
radiotherapy planning in high-grade glioma with conventional 
MRI–based gross tumor volume. They found that biological tumor 
volume and gross tumor volume were different in size and localiza-
tion in two thirds of the patients [11]. 

Because of specificity of 18F-fluoroethylo-L-thyrosine 
which does not accumulate in infl ammatory and reactive tis-
sues, imaging with this agent is more accurate in detection 
of tumor recurrence and gives a better defi nition of target vol-
umes prior to radiotherapy [12–13]. Kläsner et al. performed 
a study on a group of 25 patients where they investigated the 
value of early post-operative 18F-FET-PET to assess the resection 
status in comparison to intra-operative fi ndings, as well as MRI. 
They reported complete resection in 12 out of 25 (48%), in 6 out of 
25 cases (24%) incomplete resection and in 7 patients 18F-FET-PET 
showed discordant fi ndings [14]. In our limited study, in 85% PET 
showed positive scans results, while MRI only in 70%.

The major limitation of this study is a small group of patients and 
because of that the statistical analysis for sensitivity and specifi c-
ity was not performed. However even in spite of this, the study 
showed a comparable value of 18F-FET-PET/CT and MRI in the 
assessment of primary brain tumors. As a consequence of these 
observations 18F-FET-PET/MR should be considered as a method 
which provides better disease status evaluation of primary brain 
tumor. Another important limitation of this study is that not all le-
sions detected in both methods were verifi ed by histopathological 
examination, so false positive fi ndings could not be excluded.

Conclusions

18F-FET-PET/CT and MRI play complementary roles in the 
diagnosis of primary brain tumors referred to radiation therapy.
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BACKGROUND: A novel cardiac SPECT camera with cadmium-zinc-telluride (CZT) based technology has a fixed array of 
semiconductor detectors paired with pinhole collimators focused on the heart. Image acquisition in obese patients can be 
challenging because of much smaller detector field of view compared to conventional gamma cameras. The aim of this study 
was to evaluate the impact on high body mass on the feasibility of CZT myocardial perfusion imaging (MPI). The additional aim 
was to investigate the mechanism of the banana-shaped/obesity artifact, as referred to in literature, and to attempt at simulating 
it on a phantom study.

MATERIAL AND METHODS: Study group consisted of 43 patients with morbid obesity (BMI  40 kg/m2). All these patients 
underwent myocardial perfusion imaging on both CZT cardiac camera and general purpose SPECT/CT gamma camera. Control 
group consisted of all patients who underwent myocardial perfusion imaging on CZT camera throughout one calendar year 
and whose BMI was lower than 40 kg/m2. In this group, all repeated studies were re-analyzed for estimating the frequency of 
heart mispositioning in the camera field of view. The number of studies performed was 1180. A static cardiac phantom was 
used to simulate a banana-shaped artifact. A series of phantom acquisitions during which the phantom position was altered in 
the camera field of view was performed.

RESULTS: In control group, 3.7% of all cardiac scintigrams required repetition, 18.9% of which were repeated due to wrong 
heart positioning; median BMI in this group of patients was 36.0. A banana-shaped artifact was observed in one female patient 
with BMI 36.0. In morbid obesity group, 32.6% of the studies were non-diagnostic with “truncation effect” on Scan Quality 
Control (QC). Median BMI in patients with diagnostic scans was 42.0, while in patients with not acceptable quality control test 
it was 45.0 (p < 0.05). Banana-shaped artifacts were observed in 5 non-diagnostic studies. In a phantom study an artifact of 
banana shape was obtained when gantry was distant from the phantom and target was on the edge of the camera field of view 
and was slightly truncated.

CONCLUSIONS: Problem with heart mispositioning during imaging on the CZT camera affects less than 1% of all performed 
studies. Morbid obesity is not a contraindication to perform myocardial perfusion scintigraphy with the use of a CZT camera 
because over 2/3 of the studies of very obese patients is diagnostic.

KEY words: obesity, BMI, myocardial perfusion imaging, CZT, cardiac camera, image artifacts
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Introduction

Myocardial perfusion imaging (MPI) has an established posi-
tion in ischemic heart disease diagnostics. New generation of 

semiconductor gamma-cameras dedicated for cardiac imaging 
became a milestone in the way nuclear cardiac imaging is per-
formed. Novel cardiac camera designs have in common that all 
available detectors are focused to imaging myocardium. The GE 
Discovery NM 530c uses Alcyone technology, consisting of a fi xed 
array of solid-state cadmium-zinc-telluride (CZT) detectors paired 
with pinhole collimators simultaneously imaging the heart. With 
this camera SPECT acquisition is performed without detec-
tor’s motion [1]. Main advantages of these systems (compared to 
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semiconductor gamma-cameras dedicated for cardiac imaging 
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formed. Novel cardiac camera designs have in common that all 
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Discovery NM 530c uses Alcyone technology, consisting of a fi xed 
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conventional scanners) are physical parameters: higher sensitivity, 
higher energy resolution and better spatial resolution. The CZT 
technology has enabled reducing both administered activity and 
acquisition time with preserved high image quality [2], providing 
clinical information equivalent to conventional SPECT myocardial 
perfusion imaging [3].

Obtaining good quality, diagnostic myocardial perfusion SPECT 
images with use of semi-conductor systems and pinhole collima-
tors focused on heart requires heart positioning in the center of the 
fi eld of view. The volume in which the heart needs to be positioned 
to be imaged correctly is named the quality fi eld of view (QFOV). 
This is the volume that represents  the intersection of all the 19 
views from each pinhole [4]. Accurate reconstruction is performed 
only within this volume of interest. Due to signifi cantly smaller fi eld of 
view of Discovery NM 530c compared to conventional cameras ap-
propriate heart positioning could be challenging, especially in obese 
patients. Literature data indicates that image quality degradation 
from obesity in patients with BMI of 40 kg/m2 and above is so 
signifi cant that those patients should be scheduled for MPI scan-
ning on a conventional SPECT camera [5]. However, literature on 
the topic of MPI in morbidly obese patients is limited. Our seven 
years of experience with GE Discovery NM 530c indicate, that while 
correct heart positioning in patients with BMI  40 is indeed diffi cult, 
in most of cases results are diagnostically useful and imaging with 
conventional SPECT gamma-camera is not necessary.

The aim of this study was to present our experience and 
evidence that MPI in morbidly obese patients (BMI  40 kg/m2) 
performed with CZT scanner in most cases allows accurate di-
agnostics. The second aim was to determine the frequency of 
heart positioning outside the quality fi eld of view and compare it 
in groups of patients with BMI  40 kg/m2 and BMI < 40 kg/m2.

The additional aim was to investigate the mechanism of the 
banana-shaped/obesity artifact (Fig. 1), as referred to in literature 
[5], and to attempt at simulating it in a phantom study.

Materials and methods

Study population 
Study group consisted of 43 patients with morbid obesity 

(BMI  40 kg/m2), stage 3 according to WHO classifi cation (Tab. 1). 
Studies have been performed in three consecutive calendar years. 

All patients underwent MPI on both Discovery NM 530c and general 
purpose SPECT-CT GE Infi nia 3/8’’HWK.

Control group consisted of all patients who underwent MPI on 
Discovery NM 530c throughout one calendar year and whose BMI 
was lower than 40 kg/m2. In this group all repeated studies were 
re-analyzed for estimating the frequency of heart positioning 
outside the quality fi eld of view. The number of studies performed 
was 1180. The correctness of heart positioning was assessed with 
the Scan Quality Control (QC) tool and qualitatively with the use of 
Myovation application.

Phantom study
A series of acquisitions of static cardiac phantom was per-

formed (Fig. 2). Phantom equipped with reservoir fi lled with iso-
tope enables left ventricle imaging simulation. It was attached to 
the frame and placed in the cylindrical vessel fi lled with water. No 
external activity was simulated. To attain a banana-shaped artifact 
the phantom positioning in the fi eld of view was altered between 
consecutive acquisitions. Synchronous reallocation in x and y 
axis was accomplished with „camera out” function — automatically 
moving the gantry away from the phantom. The detector radius val-
ues were set as follows: 183, 185, 187, 191, 194, 214 and 221 mm.

Image acquisition and reconstruction
All patients underwent MPI scanning on GE Discovery NM 530c 

scanner in supine position with hands above the head. 76.7% of 
patients with morbid obesity and approximately 95% of patients be-
longing to the control group had additional imaging in prone posi-
tion. In case of non-diagnostic scans in cardiac-dedicated camera 

Figure 1. Male patient with BMI = 38. Banana-shaped artifact 
presented on polar map and short axis scans

Figure 2. Cardiac phantom positioned on the CZT scanner table

Table 1. WHO classification of obesity [6]

BMI [kg/m2] WHO classifi cation

< 18.5 underweight

18.5–24.9 normal weight

25.0–29.9 overweight

30.0–34.9 class I obesity

35.0–39.9 class II obesity

  40.0 class III (morbid) obesity
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conventional scanners) are physical parameters: higher sensitivity, 
higher energy resolution and better spatial resolution. The CZT 
technology has enabled reducing both administered activity and 
acquisition time with preserved high image quality [2], providing 
clinical information equivalent to conventional SPECT myocardial 
perfusion imaging [3].

Obtaining good quality, diagnostic myocardial perfusion SPECT 
images with use of semi-conductor systems and pinhole collima-
tors focused on heart requires heart positioning in the center of the 
fi eld of view. The volume in which the heart needs to be positioned 
to be imaged correctly is named the quality fi eld of view (QFOV). 
This is the volume that represents  the intersection of all the 19 
views from each pinhole [4]. Accurate reconstruction is performed 
only within this volume of interest. Due to signifi cantly smaller fi eld of 
view of Discovery NM 530c compared to conventional cameras ap-
propriate heart positioning could be challenging, especially in obese 
patients. Literature data indicates that image quality degradation 
from obesity in patients with BMI of 40 kg/m2 and above is so 
signifi cant that those patients should be scheduled for MPI scan-
ning on a conventional SPECT camera [5]. However, literature on 
the topic of MPI in morbidly obese patients is limited. Our seven 
years of experience with GE Discovery NM 530c indicate, that while 
correct heart positioning in patients with BMI  40 is indeed diffi cult, 
in most of cases results are diagnostically useful and imaging with 
conventional SPECT gamma-camera is not necessary.

The aim of this study was to present our experience and 
evidence that MPI in morbidly obese patients (BMI  40 kg/m2) 
performed with CZT scanner in most cases allows accurate di-
agnostics. The second aim was to determine the frequency of 
heart positioning outside the quality fi eld of view and compare it 
in groups of patients with BMI  40 kg/m2 and BMI < 40 kg/m2.

The additional aim was to investigate the mechanism of the 
banana-shaped/obesity artifact (Fig. 1), as referred to in literature 
[5], and to attempt at simulating it in a phantom study.

Materials and methods

Study population 
Study group consisted of 43 patients with morbid obesity 

(BMI  40 kg/m2), stage 3 according to WHO classifi cation (Tab. 1). 
Studies have been performed in three consecutive calendar years. 

All patients underwent MPI on both Discovery NM 530c and general 
purpose SPECT-CT GE Infi nia 3/8’’HWK.

Control group consisted of all patients who underwent MPI on 
Discovery NM 530c throughout one calendar year and whose BMI 
was lower than 40 kg/m2. In this group all repeated studies were 
re-analyzed for estimating the frequency of heart positioning 
outside the quality fi eld of view. The number of studies performed 
was 1180. The correctness of heart positioning was assessed with 
the Scan Quality Control (QC) tool and qualitatively with the use of 
Myovation application.

Phantom study
A series of acquisitions of static cardiac phantom was per-

formed (Fig. 2). Phantom equipped with reservoir fi lled with iso-
tope enables left ventricle imaging simulation. It was attached to 
the frame and placed in the cylindrical vessel fi lled with water. No 
external activity was simulated. To attain a banana-shaped artifact 
the phantom positioning in the fi eld of view was altered between 
consecutive acquisitions. Synchronous reallocation in x and y 
axis was accomplished with „camera out” function — automatically 
moving the gantry away from the phantom. The detector radius val-
ues were set as follows: 183, 185, 187, 191, 194, 214 and 221 mm.

Image acquisition and reconstruction
All patients underwent MPI scanning on GE Discovery NM 530c 

scanner in supine position with hands above the head. 76.7% of 
patients with morbid obesity and approximately 95% of patients be-
longing to the control group had additional imaging in prone posi-
tion. In case of non-diagnostic scans in cardiac-dedicated camera 

Figure 1. Male patient with BMI = 38. Banana-shaped artifact 
presented on polar map and short axis scans

Figure 2. Cardiac phantom positioned on the CZT scanner table

Table 1. WHO classification of obesity [6]

BMI [kg/m2] WHO classifi cation

< 18.5 underweight

18.5–24.9 normal weight

25.0–29.9 overweight

30.0–34.9 class I obesity

35.0–39.9 class II obesity

  40.0 class III (morbid) obesity
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we analyzed whether patient repositioning enabled obtaining diag-
nostic images. Injected radiopharmaceutical (99mTc-MIBI) activity 
in control group was determined empirically and ranged from 8 to 
20 mCi depending on body mass. Patients with BMI  40 kg/m2 
were scheduled for conventional gamma-camera imaging as well, 
therefore injected activity in this group was 25 mCi. For CZT camera 
time between injection and imaging was approximately 60 min. Two 
day Stress/Rest or, if feasible, Stress-only protocol were employed. 
Rest MPI was omitted in patients without perfusion abnormalities on 
stress supine and prone myocardial perfusion scintigraphy [7]. 
Acquisition time for both Stress and Rest study was 5 min. The im-
ages were reconstructed on a dedicated GE Xeleris 3 workstation 
applying a MLEM iterative reconstruction algorithm. The software 
GE Myovation for Alcyone was used for image reconstruction 
and a Butterworth fi lter (cut-off 0.37 cm-1, power value 7) for 
post-processing of the reconstructed axial slices was applied. All 
MPI scans were reconstructed in standard axes and polar maps of 
perfusion were generated using the software package [4, 5].

Phantom acquisitions were performed with standard myo-
cardial perfusion protocol. Digital reconstruction and image 
analysis was performed – like in patient studies – with dedicated 
software: GE Myovation for Alcyone.

Scan Quality Control and Image Analysis
In every study raw data projections from 19 detectors with the 

Scan QC tool supplied by the vendor of the CZT camera were 
analyzed. Scan QC enables to asses correctness of heart place-
ment in the fi eld of view. Patient’s heart (left ventricle) has to be 
positioned in the center of the QFOV without truncation. Scan QC 
image analysis is necessary element of cardiac imaging procedure 
and is performed by physician before patient is dismissed home to 
assure repositioning and re-imaging option if necessary.

Quality control with Scan QC tool was performed in all of morbid 
obesity patients. Scan QC in control group was reassessed only 
if re-imaging was necessary  — in that case both original study 
and repeated study were analyzed. Performing multiple acquisi-
tions in the same patient was caused by extra-cardiac activity 
denying appropriate perfusion assessment or heart positioning 
outside the quality fi eld of view. Scan QC analysis allowed the 
frequency of heart mispositioning to be determined and compared 
in both groups of patients. All studies with Scan QC assessment 
performed — regardless of the outcome — were post-processed 
using Myovation for Alcyone software. Images in short and long 
axis as well as polar maps were analyzed for visual assessment of 
banana-shaped artifact presence and truncation in VLA and HLA 
axis, which correspond to this phenomenon  [5].

In phantom study, both raw projections in Scan QC and 
reconstructed images presented in slices and polar maps were 
analyzed for verifi cation of phantom reallocation in the fi eld of view 
and truncation simulation.

Statistical analysis
Descriptive statistics (median, interquartile range [IQR]) as well 

as statistical tests were performed using Statistica software ver-
sion 12 (StatSoft). The Mann-Whitney U test was used to check for 
signifi cant differences in median BMI value between two patient 
groups (morbid obesity group and control group). A P-value of 
less than 0.05 was considered statistically signifi cant.

Results

Control group
In one calendar year (2017) total of 1180 MPI studies have 

been performed. Analysis revealed that 44 cases (17 stress MPI 
and 27 rest MPI) required repetition; that is 3.7% of all cardiac 
scintigrams in analyzed year. Thirty-seven studies (14 stress MPI 
and 23 rest MPI) were repeated due to extra-cardiac activity. In re-
maining seven (3 stress MPI and 4 rest MPI) the reason of repetition 
was heart positioning outside the quality fi eld of view or truncation. 
This represented 18.9% of repeated studies and 0.6% of all studies.

Among scans repeated due to heart mispositioning 3 single 
and 4 double repetitions have been noted. All single repetitions re-
sulted in acquiring diagnostic scans on Discovery NM 530c after 
repositioning. When multiple repetitions were required, in one case 
diagnostic scans on CZT camera were not achieved, due to dif-
fi culties in correct positioning in the fi eld of view. It was stress study 
in patient with BMI 34.4. Diagnostic study (although non-gated) in 
this patient was achieved in prone position.

Median BMI value in group of patients in whom repetition was due 
to heart mispositioning in the fi eld of view was 36.0 (IQR = 9.1). In 
3 patients BMI indicated 1st degree obesity, in 4 patients 2nd degree 
obesity.

In studies with negative Scan QC result banana-shaped artifact 
was observed in one patient (stress MPI) — a female with BMI of 
36.0. In additional scans of this patient (2 repetitions) the artifact 
was not present.

Morbid obesity group
The majority of 43 studies of patients with 3rd degree obesity 

were stress MPIs (74.4%). There were 29 (13M) technically correct 
scans with positive Scan QC in fi rst attempt, which represented 
67.4% of all studies in this group. Fourteen (9M) studies (32.6%) 
were non-diagnostic with “truncation effect” on Scan QC (Tab. 2).

Median BMI value in 3rd degree obesity group was 43.0 (IQR 
4.9). Median BMI in patients with diagnostic scans was signifi cantly 
lower than BMI of patients, whose study failed quality control test 
(42.0, IQR = 3.0 vs. 45.0, IQR = 7.0, p < 0.05).

Analysis of repeated studies in this group revealed that only 
four patients had additional scanning after repositioning on CZT 
camera. In the majority of cases (71.4%) patients were referred 
directly to conventional dual-head SPECT gamma-camera. Of four 
repeated studies on CZT scanner, in 1 case diagnostic images were 
acquired after repositioning.

Banana-shaped artifacts were observed in 5 non-diagnostic 
studies (4 stress MPI, 1 rest MPI): 4 original (fi rst attempt) scans and 
one repeated scan (in original scan in this patient artifact was not 
present).

Table 2. The numbers of diagnostic and non-diagnostic stress and 
rest studies on Discovery NM 530c

Stress study Rest study

Diagnostic MPI

(positive Scan QC)

23

(10M)

6

(3M)

Non-diagnostic MPI

(negative Scan QC)

9

(6M)

5

(3M)
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ages were reconstructed on a dedicated GE Xeleris 3 workstation 
applying a MLEM iterative reconstruction algorithm. The software 
GE Myovation for Alcyone was used for image reconstruction 
and a Butterworth fi lter (cut-off 0.37 cm-1, power value 7) for 
post-processing of the reconstructed axial slices was applied. All 
MPI scans were reconstructed in standard axes and polar maps of 
perfusion were generated using the software package [4, 5].

Phantom acquisitions were performed with standard myo-
cardial perfusion protocol. Digital reconstruction and image 
analysis was performed – like in patient studies – with dedicated 
software: GE Myovation for Alcyone.

Scan Quality Control and Image Analysis
In every study raw data projections from 19 detectors with the 
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positioned in the center of the QFOV without truncation. Scan QC 
image analysis is necessary element of cardiac imaging procedure 
and is performed by physician before patient is dismissed home to 
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obesity patients. Scan QC in control group was reassessed only 
if re-imaging was necessary  — in that case both original study 
and repeated study were analyzed. Performing multiple acquisi-
tions in the same patient was caused by extra-cardiac activity 
denying appropriate perfusion assessment or heart positioning 
outside the quality fi eld of view. Scan QC analysis allowed the 
frequency of heart mispositioning to be determined and compared 
in both groups of patients. All studies with Scan QC assessment 
performed — regardless of the outcome — were post-processed 
using Myovation for Alcyone software. Images in short and long 
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was heart positioning outside the quality fi eld of view or truncation. 
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36.0. In additional scans of this patient (2 repetitions) the artifact 
was not present.
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directly to conventional dual-head SPECT gamma-camera. Of four 
repeated studies on CZT scanner, in 1 case diagnostic images were 
acquired after repositioning.

Banana-shaped artifacts were observed in 5 non-diagnostic 
studies (4 stress MPI, 1 rest MPI): 4 original (fi rst attempt) scans and 
one repeated scan (in original scan in this patient artifact was not 
present).

Table 2. The numbers of diagnostic and non-diagnostic stress and 
rest studies on Discovery NM 530c

Stress study Rest study

Diagnostic MPI

(positive Scan QC)

23

(10M)

6

(3M)

Non-diagnostic MPI

(negative Scan QC)

9

(6M)

5

(3M)
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Median BMI of patients whose study was non-diagnostic 
due to mispositioning, with banana-shaped artifacts on polar 
maps was 49.0 (IQR = 4.1).

Phantom study
In a phantom study an artifact of banana shape was obtained 

when gantry was distant from the phantom (camera out) and tar-
get was on the edge of the camera fi eld of view and was slightly 
truncated.

Discussion

Fiechter et al. in their work showed that in patients with 
BMI  40 kg/m2, 81% of the CZT scans were non-diagnostic, 
mainly because the cardiac position was out of focus, causing 
truncation artifacts of the left ventricle [5]. Our results are differ-
ent – we demonstrate that over 2/3 of MPI scans of 3rd degree 
obese patients (BMI  40 kg/m2) performed with Discovery NM 
530c gamma-camera is diagnostic, provided correct positioning 
within the fi eld of view. BMI value and chest circumference are 
only approximate predictors of method feasibility in obese patient. 
Heart size and its location in chest are of signifi cance as well, which 
is indicated by the fact, that diffi culties in heart positioning in quality 
fi eld of view occur also in patients with 1st and 2nd degree obesity 
(control group results). We also believe that technicians’ experi-
ence is of great importance, which to some degree may explain 
discrepancies between different centers.

Limitation of our work is that out of 14 studies with negative 
Scan QC only, in 4 cases repositioning on CZT scanner was at-
tempted. In one case repositioning allowed obtaining diagnostic 

scans. Remaining 10 patients were referred directly to conventional 
SPECT system for cardiac imaging.

Interestingly, Gimelli et al. in their work “Evaluation of ischemia 
in obese patients: Feasibility and accuracy of a low-dose protocol 
with a cadmium-zinc telluride camera” highlight the aspect of high 
quality images obtained with GE Discovery NM 530c camera in 
obese patients [8]. Gimelli et al. point out that although the gantry 
size may represent a physical limit for obese patients who can-
not fi t inside the device, their patients did not experience such 
a problem and all the patients with BMI of > 35 kg/m2 were able 
to fi t inside the gantry [8]. These results are concordant with our 
observations.

Fiechter et al. stated that after application of AC, this rate of 
non-diagnostic studies (81%) signifi cantly decreased to 55% [5]. 
We state that CT-based attenuation correction use in a study that 
didn’t pass quality control is in principle incorrect because it doesn’t 
deal with source of the truncation artifact which is the incorrect heart 
position in the camera fi eld of view. In our work we didn’t analyze 
AC images, because attenuation correction has no infl uence on 
the study being diagnostic or not (of technical causes). Attenuation 
correction may only improve diagnostic value of already diagnostic 
MPI study, provided positive Scan QC result.

The banana-shaped artifact, sometimes visible on polar maps, 
is often associated in the literature with high BMI. Hence its other 
name is obesity artifact [5]. We believe that the artifact, although 
mostly seen in morbidly obese patients, is only indirectly connected 
to BMI itself. Our department’s experience show that it can be 
observed also in patients with BMI below 40 kg/m2, and it can be 
simulated with a cardiac phantom. Furthermore patient reposition-
ing may eliminate the artifact (Fig. 3A and 3B).

Figure 3A. Unacceptable Scan QC of patient whose polar map with banana-shaped artifact and short-axis slices were shown on Figure 1

Figure 3B. Correct Scan QC of the same patient after repositioning
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We believe that incorrect heart positioning in the fi eld of view is es-
sential for banana-shaped artifact presence. In all studies in which 
we observed this kind of artifact, there was a left ventricle truncation 
visible on some raw projections displayed with the Scan QC tool 
(Fig. 3A and Fig. 4). On the other hand, heart truncation present on 
raw projections does not always generate the banana-shaped artifact.

Phantom studies allowed simulation of an artifact of shape 
comparable to banana (Fig. 5). 

Our study indicates that banana-shaped artifacts are al-
ways correlated with negative result of quality control, which high-
lights importance of such control in a routine practice.

Conclusions

The problem with heart mispositioning during imaging on 
a semiconductor gamma-camera affects less than 1% of all per-
formed studies. High BMI is associated with diffi culties in imaging. 
Due to the fact that over 2/3 of MPI studies of patients with morbid 
obesity is diagnostic, imaging on the dedicated cardiac camera with 
CZT detectors should be attempted in this group, rather than send-
ing these patients directly to a general purpose gamma-camera 
for MPI scanning.
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Figure 4. Unacceptable Scan QC (male patient, BMI = 44 kg/m2, rest MPI); arrows indicate truncated projections (left) and banana-shaped artifact 
(right)

Figure 5. Scan QC of cardiac phantom, truncation on extreme projections visible (left) and banana-shaped artifact on planar map (right)
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Abstract

BACKGROUND: Lymphoblastic lymphoma (LL) comprises approximately 20% of childhood non-Hodgkin lymphoma (NHL); 
however, few studies had investigated the role of 18F-FDG-PET/CT in pediatric LL patients. We aim in this study to assess the 
role of 18F-FDG-PET/CT in the initial staging of newly diagnosed pediatric patients with LL as well as in the assessment of re-
sponse after induction chemotherapy.
PATIENTS AND METHODS: A prospective study enrolled biopsy proven newly diagnosed pediatric LL patients presenting 
in the Children Cancer Hospital Egypt (CCHE) during the period from October 2014 to October 2016. 18F-FDG-PET/CT was 
done initially before therapy and after induction chemotherapy in all patients. The patients were followed until the end of April 
2018 (mean 23.5 months). 
RESULTS: All lymphoma involvement lesions (n = 43) were FDG avid and the intensity of nodal FDG uptake was variable. 
Two patients (11%) had bone marrow (BM) involvement by < 25% blast cells with corresponding positive BM focal uptake in 
18F-FDG-PET/CT (SUVmax = 4 and 4.5). Evaluation post induction phase; CT detected 8 residual lesions in 8 patients (44.4%), 
while 18F-FDG-PET/CT detected only 3 Deauville-positive residual lesions in 3 patients (16.6%). No intensification of therapy was 
done in all post-induction positive patients. Repeated 18F-FDG-PET/CT at week 18 for post-induction patients revealed cleared 
all Deauville-positive residual lesions. On the other hand, repeated CT at week 18 detected regression but still residual in 4/8 
(50%) post-induction CT lesions with clearance of the rest (50%).
CONCLUSION: In initial staging, 18F-FDG-PET/CT is a useful tool for disease extent evaluation of pediatric LL. Moreover, it 
could provide a diagnostic hint for BM involvement. 18F-FDG-PET/CT done after induction therapy has a good negative predic-
tive value with higher specificity than CT alone, but is not an indication for treatment intensification due to false positive results. 
However, larger sample size is required for better conclusion. 

KEY words: pediatric lymphoblastic lymphoma, 18F-FDG-PET/CT, CCHE
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Background

Lymphoblastic lymphoma (LL) comprises approximately 
20% of childhood non-Hodgkin lymphoma (NHL) [1]. Precursor 
T-lymphoblastic (T-LL) subtype constitutes 75% of LL cases, with 
the remainder being precursor B-cell LL (B-LL) [2].

Clinical presentation of LL varies according to immune-phe-
notype. T-cell lymphoblastic lymphomas most commonly involve 

the supra-diaphragmatic lymph nodes, especially the anterior 
mediastinum [3]. On the other hand, B-LL are usually localized in 
peripheral lymph nodes and extra-nodal sites such as soft tissues, 
skin and bone [4]. 

18F-FDG-positron emission tomography/computed tomography 
(18F-FDG-PET/CT) is emerging as a potential non-invasive diagnos-
tic modality for initial staging as well as assessment of response 
to therapy and follow-up in pediatric oncology [5]. However, few 
studies had investigated its role in LL separately, especially in 
children [6]. 

The aim of this study was to explore the potential role of 
18F-FDG-PET/CT in the initial staging of newly diagnosed pediatric 
patients with lymphoblastic lymphoma (LL) as well as in the as-
sessment of response to therapy after induction chemotherapy.
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the remainder being precursor B-cell LL (B-LL) [2].
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the supra-diaphragmatic lymph nodes, especially the anterior 
mediastinum [3]. On the other hand, B-LL are usually localized in 
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Patients and methods

This prospect ive study included 18 pediatr ic pa-
tients (14 males and 4 females; median age, 13 years) who were 
diagnosed and treated for histopathologically confi rmed LL at the 
CCHE during the period from October 2014 to October 2016 and 
followed until April 2018.  

All Patients were treated according to St. Jude Children 
Research Hospital ALL Total Therapy XV protocol, standard risk 
arm [7]. Staging was done following Murphy’s classifi cation [8]
highlighting natural history, management, and end results, em-
phasizing dissimilarities from lymphomas occurring in adult years. 
Childhood will arbitrarily be defi ned as the period from infancy to 

adulthood, encompassing adolescence, rougly up until the fi fteenth 
to eighteenth years of life. The lymphomas typical of childhood 
naturally do not vanish at an arbitrary upper threshold in maturity 
but rather decline in frequency. A separate emphasis on childhood 
NHL is warranted for numerous reasons, not the least being that 
a better insight into ontogeny may be gained. Children experience 
a different spectrum of malignant disease than adults do, the 
common sites of origin typically being embryonal tissues of the 
hematopoietic system, central and sympathetic nervous system 
(including the eye and the adrenal. 

As part of the baseline staging work-up, all patients underwent 
whole-body 18F-FDG-PET/CT scanning; contrast-enhanced CT of 
the chest, abdomen, and pelvis; and bone marrow aspiration (BMA) 
and biopsy (BMB), cerebrospinal fl uid examination (CSF) and se-
rum lactate dehydrogenase (LDH) level measurement. Evaluation 
post-induction therapy was done by 18F-FDG-PET/CT, (+/- BMA 
and BMB which were repeated for initially positive patients only). 
18F-FDG-PET/CT was also repeated at week 18 maintenance for 
positive post-induction patients. 

Evaluation of treatment response post induction was done 
according to CT and BMB, 18F-FDG-PET/CT according to the 
International Pediatric NHL Response Criteria (IRC) [9].

18F-FDG-PET/CT procedure

Whole body 18F-FDG-PET/CT studies were conducted ac-
cording to the European Association of Nuclear Medicine (EANM) 

Figure 1. Correlation between results of post-induction 18F-FDG-PET 
compared to CT and the outcome at last time of follow up

Figure 2. Axial and MIP images of PET/CT and fused18F-FDG-PET/CT images of patient number 2 at initial staging showing: right mandibular mass 
lesion with SUVmax 4 associated with enlarged right cervical LNs with low grade FDG uptake
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procedure guidelines for FDG-PET/CT tumor imaging: version 
2.0 [10].

Children fasted no less than 4 hours before 18FDG injection 
dose and blood glucose level was controlled prior to the injection

The study was acquired on a Discovery LS PET/CT imaging 
system (GE Medical Systems) after intravenous administration 
of 5–7 MBq/kg of 18FDG or on a mCT Biograph imaging system 
(Siemens) following intravenous injection of 3 MBq/kg of 18FDG. 
The images were acquired from the skull to the mid-thigh ap-
proximately 60–80 min after 18FDG administration employing 3-D 
acquisition technique. Subsequent diagnostic CT images were 
used for attenuation correlation and production of fusion images. 
The images were reconstructed by ordered-subset expectation 
maximization (OSEM) iterative reconstruction algorithm with and 
without attenuation correction. 

18F-FDG-PET/CT analysis

 All 18F-FDG-PET/CT studies were reviewed by two nu-
clear medicine physicians using qualitative (visual) analysis and 
quantitative analysis using the maximum standardized uptakes 
(SUVmax) values. The SUV was calculated using the equation: 
SUV = mean activity [region of interest (ROI)] (MBq/ml) / injected 
dose (MBq) / total body weight (g). Among these SUVs from the 
targeted ROI, the SUVmax were considered as the highest SUVs of 
pixels in the ROI. Residual lesions in the 2nd 18F-FDG-PET/CT 
performed for assessment of response to therapy; are analyzed 
according to the 5 point scale as recommended by the Lugano 
criteria [11]staging, and response assessment of patients with 
Hodgkin lymphoma (HL.

The 5 point scale (5-p-s) is scored as follows: 1 = no uptake; 
2 = uptake < mediastinum; 3 = uptake > mediastinum and < liver; 
4 = uptake moderately higher than liver at any site; 5 = markedly 
increased uptake at any involved site. Scores of 4 and 5 are con-
sidered positive, while scores of 1–3 are considered negative [12].

Statistical methods
Categorical data were described as counts and percent-

ages while numerical data as SUVmax were reported as mean 
and standard deviation. Pearson’s Correlation was performed to 
examine the relationship between SUVmax and both tumor size 
and LDH level. Survival analysis was conducted by Kaplan-Meier 
method. The Overall Survival is defi ned as the duration from date 
of diagnosis to date of last contact or death date, while Event Free 
Survival is the duration from date of diagnosis to date of last contact 
or date of fi rst event. Events are: developing 2ry malignancy, death, 
progression, or relapse. P values less than 0.05 in any test were 
considered to be statistically signifi cant.

Results

Eighteen patients were included (14 males and 4 females; 
median age, 13 years), 11 had T-cell (61.1%) while 7 had B-cell 
lymphoblastic lymphoma (38.9%). Most common presentation site 
was mediastinal mass (55.5%) followed by head and neck (27.8%), 
bone marrow infi ltration by < 25% blasts (11.1%) and enlarged 
inguinal LNs (5.6%).

Evaluation of 18F-FDG-PET/CT in initial staging
All lymphoma involvement lesions (n = 43) were FDG-avid 

and the intensity of nodal FDG uptake was variable. Patients’ 

Figure 3. Axial and MIP images of PET/CT and fused18F-FDG-PET/CT images of the same patient’s post induction phase showing partial response 
of the mandibular lesion SUVmax 4 , the patient was scored according to 5-ps as score 4
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characteristics with involved areas and the highest SUVmax are 
shown in Table 1.

The mean SUVmax of the involved lesions was 5.5. The higher 
SUVmax at diagnosis was most commonly observed in involved 
mediastinal lymph nodes, with a mean SUVmax of 5.7.

Two patients (11%) had BM involvement by < 25% blast 
cells with corresponding positive BM focal uptake in FDG-PET/CT 
(SUVmax = 4 and 4.5).

There was non-signifi cant correlation between SUVmax of 
involved lesions and both tumor size (r = 0.356, p = 0.161) and 
LDH level (r = 0.347, p = 0.172). 

Evaluation of 18F-FDG-PET/CT during assessment of 
response after induction of chemotherapy

Comparison of 18F-FDG-PET/CT results and both CT and BMB 
was done post induction phase. CT detected 8 residual lesions in 
8 patients (44.5%), while FDG-PET/CT detected that only 3 of them 
(16.7%) considered Deauville-positive. 

Ten patients were in CR by CT and BMB (55.5%, n = 10) and all 
had negative 18F-FDG-PET/CT. On the other hand, 8 patients (44.5%) 
were in PR; 5 of them (27.8%) had negative 18F-FDG-PET/CT, while 
3 were positive (16.7%). No intensifi cation of therapy was done in 
all post-induction positive patients.  

Repeated 18F-FDG-PET/CT at week 18 for post-induction pa-
tients revealed cleared all Deauville-positive residual lesions. On the 
other hand, CT at week 18 detected regression but still residual in 
4/8 (50%) post-induction CT lesions with clearance of the rest (50%).

At the time of last follow-up (mean 23.5 months), 15/18 
patients (83.3%) were alive. No patient experienced relapse or 

progression. Two patients died out of progressive infection and 
sepsis during maintenance course of chemotherapy ALL Total 
Therapy XV protocol after week 22 and 55. One patient developed 
acute myeloid leukemia (AML) after 10 weeks of maintenance 
course of chemotherapy with poor response to therapy and died 
after 4 courses of AML chemotherapy protocol; none of these 
patients had positive Deauville score post induction.

We also calculated the sensitivity, specifi city, positive and nega-
tive predictive values of 18F-FDG-PET/CT in prediction of outcome 
using last clinical and radiological follow-up as control criteria. We 
found the specifi city of post-induction 18F-FDG-PET/CT was 81% 
while the negative predictive value was 87% compared to 50% and 
80% for post-induction CT respectively (Fig. 1).

Survival Analysis
The 2 years OS was 80.2% (95% confi dence interval 59.8% 

– 100.0%), similar to the 2 years EFS which was 80.2% (95% con-
fi dence interval 59.8% – 100.0%) (Fig. 2).

Discussion

In the present study, all disease sites detected by 18F-FDG-PET 
were concordant with CT and BMB. This was similar to adult stud-
ies on lymphoblastic lymphoma where all involved lymph nodes, 
bone marrow and extra-nodal lesions were FDG-avid [13].

In the current study 18F-FDG-PET/CT did not contribute in up- or 
down-staging of any of included patients. Similar results had been 
detected in Nakatani et al study which included 3 patients with LL 
[14]. Our results also were concordant to Park et al. study on nine 

Figure 4. Axial and MIP images of PET/CT and fused 18F-FDG-PET/CT images of the mentioned patient at W18 showing complete metabolic 
remission of the involved mandibular lesion
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Table 1. Patients’ characteristics and 18F-FDG-PET/CT findings at initial staging

Pt. Gender Age Histology LDH Area with the highest SUV SUVmax Other areas involved Stage

1 Male 13 T-LL 2942 Mediastinal adenopathy 6.9 Pleura III

2 Male 16 B-LL 349 Mandibular lesion 4.5 Cervical adenopathy II

3 Female 13 B-LL 556 Skull bone 8.6 Intracranial lesion IV

4 Male 6 B-LL 1232 Both femur bones 6.2 Nasopharyngeal mass and BM IV

5 Male 11 T-LL 442 Mediastinal adenopathy 8.7 Cervical, axillary, abdominal and inguinal 

adenopathy

III

6 Male 15 T-LL 6064 Mediastinal adenopathy 9.2 Cervical, axillary, abdominal, inguinal 

adenopathy and pleura

III

7 Male 15 T-LL 1269 Mediastinal adenopathy 5.2 Cervical and inguinal adenopathy, 

renal focal lesions and pleura

III

8 Male 11 T-LL 581 Mediastinal adenopathy 2.5 Cervical and axillary adenopathy III

9 Male 15 T-LL 1162 Mediastinal adenopathy 7.3 Cervical adenopathy and pleura III

10 Female 6 T-LL 663 Mediastinal adenopathy 2.7 Pleura III

11 Male 12 B-LL 605 Cervical adenopathy 2.3 Cervical adenopathy I

12 Male 18 T-LL 500 Cervical adenopathy N/A -- I

13 Male 3 B-LL 1512 Cervical adenopathy 7.8 Abdominal adenopathy III

14 Female 13 T-LL 861 Mediastinal adenopathy 7.3 Cervical adenopathy III

15 Male 11 T-LL 467 Inguinal adenopathy 3.7 Cervical, mediastinal and abdominal 

adenopathy

III

16 Male 16 T-LL 621 Mediastinal adenopathy 2.5 -- III

17 Female 8 B-LL 539 Abdominal adenopathy 3.8 -- III

18 Male 3 B-LL 1769 Cervical adenopathy 5.3 Mediastinal adenopathy and BM IV

T-LL: T-cell Lymphoblastic Lymphomas B-LL: B-cell Lymphoblastic Lymphomas, BM: Bone Marrow, LDH: Lactate Dehydrogenase

Table 2. Response criteria using CT, 18F-FDG-PET/CT and IRC 

Pt. Response to Induction Evaluation at Week 18 Relapse/Pro-
gression

Follow up duration (months) Fate

CT and BMB FDG-PET IRC Deauville 
Score

FDG-PET CT

1 CR Negative CR 0 -- -- No 37 A

2 PR Positive PR 4 Negative Positive No 15 A

3 CR Negative CR 0 -- -- No 30 A

4 CR Negative CR 0 -- -- No 21 D

5 PR Positive PR 4 Negative Negative No 29 A

6 CR Negative CR 0 -- -- No 18 D

7 PR Negative CRu 0 -- Positive No 25 D

8 CR Negative CR 0 -- -- No 24 A

9 PR Negative CRu 0 -- Negative No 17 A

10 CR Negative CR 0 -- -- No 18 A

11 CR Negative CR 0 -- -- No 18 A

12 CR Negative CR 0 -- -- No 18 A

13 PR Negative CRu 2 -- Positive No 24 A

14 PR Negative CRu 2 -- Negative No 26 A

15 CR Negative CR 0 -- -- No 31 A

16 PR Positive PR 4 Negative Positive No 31 A

17 PR Negative CRu 0 -- Negative No 17 A

18 CR Negative CR 0 -- -- No 24 A

CT: Computed Tomography FDG-PET: Fluorodeoxyglucose Positron Emission Tomography, BMB: Bone Marrow Biopsy, IRC: International Response Criteria, CR: Complete Remission, PR: 
Partial Response, CRu: Complete Remission Uncertain, A: Alive, D: Dead
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adult Korean patients with T-LL, where no difference in staging 
occurred between FDG-PET and CT [13].

In the current study, 2 patients had bone marrow infi ltration in 
both 18F-FDG-PET/CT and BMB while the other 16 patients had 
negative bone marrow in both modalities. In Park et al. study, 
eight of the studied patients were found to have bone marrow 
involvement and all had abnormal bone FDG uptake, indicating 
that 18F-FDG-PET may be useful for assessing the disease extent 
in T-LL [13].

In our study, all LL patients who did or didn’t have residual 
after induction therapy, in both 18F-FDG-PET and CT, didn’t show 
signs of progression or relapse. This was different than results by 
Jain et al. who found that all T-cell LL adult patients who had 
residual masses on PET-CT (3/22) relapsed during later phase of 
therapy (all within 6 months) and the authors concluded that such 
patients should be considered for treatment intensifi cation [15]. 

Another study that was done by the Swedish Lymphoma 
Registry included 39 adults with T-LL, of whom none had a PET 
scan at baseline but 13 had a PET scan at various times before 
consolidation. All 13 patients were negative, but seven relapsed 
(54%). Based on this, the authors concluded that PET was not 
predictive of survival, although there was limitations in their study 
as FDG-PET/CT was not performed in a uniform manner [16]. 

A recent retrospective study by Becker et al. on adult pa-
tients with T-cell LL concluded that the fi ve-point Deauville score 
of residual lesions after induction chemotherapy was not predic-
tive of the outcome — 7/20 of patients (35%) who had Deauville 
score  3 relapsed and in the same time 3/7 of patients (42.8%) 
had score 4–5 also relapsed [17]. 

In conclusion, in initial staging; 18F-FDG-PET/CT is a useful tool 
for disease extent evaluation of pediatric LL. Moreover, it could 
provide a diagnostic hint for BM involvement. 18F-FDG-PET/CT 
done after induction therapy has a good negative predictive value 
with higher specifi city than CT alone, but is not an indication for 
treatment intensifi cation due to false positive results. However, 
larger sample size is required for better conclusion.
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adult Korean patients with T-LL, where no difference in staging 
occurred between FDG-PET and CT [13].

In the current study, 2 patients had bone marrow infi ltration in 
both 18F-FDG-PET/CT and BMB while the other 16 patients had 
negative bone marrow in both modalities. In Park et al. study, 
eight of the studied patients were found to have bone marrow 
involvement and all had abnormal bone FDG uptake, indicating 
that 18F-FDG-PET may be useful for assessing the disease extent 
in T-LL [13].

In our study, all LL patients who did or didn’t have residual 
after induction therapy, in both 18F-FDG-PET and CT, didn’t show 
signs of progression or relapse. This was different than results by 
Jain et al. who found that all T-cell LL adult patients who had 
residual masses on PET-CT (3/22) relapsed during later phase of 
therapy (all within 6 months) and the authors concluded that such 
patients should be considered for treatment intensifi cation [15]. 

Another study that was done by the Swedish Lymphoma 
Registry included 39 adults with T-LL, of whom none had a PET 
scan at baseline but 13 had a PET scan at various times before 
consolidation. All 13 patients were negative, but seven relapsed 
(54%). Based on this, the authors concluded that PET was not 
predictive of survival, although there was limitations in their study 
as FDG-PET/CT was not performed in a uniform manner [16]. 

A recent retrospective study by Becker et al. on adult pa-
tients with T-cell LL concluded that the fi ve-point Deauville score 
of residual lesions after induction chemotherapy was not predic-
tive of the outcome — 7/20 of patients (35%) who had Deauville 
score  3 relapsed and in the same time 3/7 of patients (42.8%) 
had score 4–5 also relapsed [17]. 

In conclusion, in initial staging; 18F-FDG-PET/CT is a useful tool 
for disease extent evaluation of pediatric LL. Moreover, it could 
provide a diagnostic hint for BM involvement. 18F-FDG-PET/CT 
done after induction therapy has a good negative predictive value 
with higher specifi city than CT alone, but is not an indication for 
treatment intensifi cation due to false positive results. However, 
larger sample size is required for better conclusion.
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Abstract 

BACKGROUND: Mechanisms that are responsible for positive 99mTc-MIBI uptake in parathyroid glands are not clearly under-
stood, some authors suggest there is a correlation between 99mTc MIBI accumulation and oxyphil cell content or parathyroid 
gland volume. The aim of our work was to assess the relationship between the pathological structure of parathyroids, their 
volume, oxyphil cell content and parathyroid 99mTc-MIBI retention.
MATERIAL AND METHODS: A total of 62 hyperfunctioning parathyroid glands in 46 patients were retrospectively analyzed. 
Preoperative 99mTc-MIBI scintigraphy was performed according to the double-phase and subtraction protocol. After surgery 
all glands were evaluated histologically, oxyphil cell content was assessed and volume of each excised gland was calculated.
RESULTS: Scintigraphy was positive in 41 of 62 parathyroid glands (66%). The median volume of positive glands was larger 
than that of negative glands (1.33 ml vs 0.7 ml, p = 0.015). Of the parathyroid lesions, there were 14 (22.6%) cases of nodular 
hyperplasia, 23 (37.1%) cases of diffuse hyperplasia, and 25 (40.3%) cases of adenomas. A high ( 25%) oxyphil cell content was 
found in 16 glands (25.8%) and a low (< 25%) oxyphil cell content in 46 (74.2%) glands. Histopathology of parathyroid glands 
was related to the scintigraphy result (p = 0.002), but not to the 99mTc-MIBI uptake pattern (p = 0.868). The overall result of 
scintigraphy was not related to the oxyphil cell content (p = 0.797). 99mTc-MIBI uptake pattern wasn’t related to the oxyphil cell 
content (p = 0.833). In general, parathyroid lesions with low oxyphil cell content were larger than parathyroid glands with high 
oxyphil cell content (1.33 ml vs 0.5 ml, respectively; p = 0.01). The median volume of parathyroids containing a high number of 
oxyphil cells and having a prolonged 99mTc-MIBI retention was larger than those without prolonged 99mTc-MIBI retention (1.62 ml 
vs 0.3 ml, respectively; p = 0.008). The median volume of parathyroids with low oxyphil cells content and showing prolonged 
99mTc-MIBI retention was larger than those without prolonged 99mTc-MIBI retention (1.95 ml vs 1.07 ml, respectively; p = 0.014). 
CONCLUSIONS: Our findings suggest that a positive scintigraphy result depends on parathyroid histopathology and gland 
volume and does not depend on the presence of oxyphil cells. Prolonged 99mTc-retention is not related to the parathyroid gland 
histopathology and the presence of oxyphil cells but to the gland volume. 

KEY words: parathyroid scintigraphy, 99mTc-MIBI, oxyphil cells, parathyroid adenoma, parathyroid hyperplasia, 
parathyroid volume 
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Introduction

One of the primary methods of localizing diseased para-
thyroid glands is scintigraphy. There is no controversy that the 

sensitivity of scintigraphy (mean 83%) is superior to other imaging 
techniques: ultrasonography (36–76%), CT (46–55%) and MRI 
(50–78%) [1, 2, 3, 4]. However, there are signifi cant differences in 
the sensitivity of scintigraphic studies, depending on the clinical 
form of hyperparathyroidism. The majority of positive results are 
obtained in patients with primary hyperparathyroidism 93% [5] and 
with a single parathyroid adenoma 82–100% [6, 7, 8]. Lower sen-
sitivities were noted for primary hyperplasia (62%), secondary and 
tertiary hyperthyroidism (41%–50%) [5, 9, 10]. The reasons for such 
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differences are not fully explained. The complex mechanisms re-
sponsible for the degree of radiopharmaceutical accumulation 
in parathyroid glands are not fully understood [11]. 99mTc-MIBI 
accumulates in tissues with high cellular metabolism, including 
enlarged parathyroid glands. Accumulation of 99mTc-MIBI may be 
infl uenced by many factors, including gland size, microscopic 
structure, tissue blood fl ow, functional status of the parathyroid, 
PTH and calcium levels, drugs and many others. [12].       The aim of 
our work was to assess the relationship between the histopathol-
ogy of parathyroid glands, oxyphil cell content, gland volume and 
parathyroid 99mTc-MIBI retention. 

Material and methods

Patients
A retrospective analysis of 62 parathyroid glands in 46 pa-

tients (34 females and 12 males with an average age of 58.4 
years) was performed. The study group consisted of 35 sub-
jects with primary hyperparathyroidism (including 6 patients with 
MEN1), 5 subjects with secondary hyperparathyroidism and 
6 patients with tertiary hyperparathyroidism. All patients were oper-
ated, 13 patients were re-operated. The surgical procedure involved 
double-sided exploration of the neck with the assessment of all 
parathyroid glands. The size and the exact position of parathyroid 
glands were assessed.   

Imaging techniques
In all patients prior to surgery, a double phase and subtraction 

scintigraphy after administration of 555–740 MBq (15-20 mCi) 
99mTc-MIBI and a 99mTc thyroid scintigraphy after injection of 60 
MBq 99mTc was performed. A low energy high resolution collima-
tor was used. Images were recorded in a 128 x 128 pixel matrix. 
 Parathyroid evaluation was started with thyroid scintigraphy, per-
formed 10 minutes after iv administration of 60MBq 99mTc, for the 
purpose of subtraction of thyroid images.  Subsequently, 20 min 
after administration of 99mTc-MIBI, an “early” image was recorded 
followed after 120 min by “late” image acquisition. The acquisi-
tion time was 10 minutes; approximately 1.200 kcts/picture were 
obtained. The parathyroid image was obtained after subtraction of 
99mTc thyroid image, from an “early” image of standard two-phase 
99mTc-MIBI scintigraphy. An abnormal focus of radiopharmaceutical 
accumulation with or without prolonged 99mTc-MIBI retention, which 
was positively verifi ed surgically was assumed to be a pathologic 
parathyroid gland. The radiopharmaceutical retention was assessed 
visually. The result of 99mTc-MIBI scintigraphy was considered to be 
non-diagnostic in the presence of large goiter. 

Histopathological examination
Surgically removed parathyroid specimens were immediately 

fi xed in 10% neutral buffered formalin, then processed into paraffi n 
embedded sections and stained with hematoxylin and eosin (H&E). 
Parathyroid lesions were classifi ed according to histological crite-
ria suggested by Ghandur-Mnaymneh et al. [13]. Cell types were 
identifi ed as follows: chief cells, clear cells and oxyphil cells. The 
oxyphil cell content of each lesion was determined based on 
semi-quantitative assessment of the percentage of oxyphil cells on 

each section as proposed by Carpentier et al.: group 1: 0%, group 
2: 1–25%, group 3: 26–50%, group 4: 51–75%, group 5: > 75% 
[14]. For statistical purposes, results were grouped into: high 
(> 25%) oxyphil cell content (groups 3–5) and low ( 25%) oxyphil 
cell content (groups 1–2) . The parathyroid volume was calculated 
on the basis of histopathological measurements obtained using 
the formula V = (a + b + c) x 0.52

Statistical analysis

Statistical analyses were performed using STATISTICA (data 
analysis software system), version 12, StatSoft, Poland. The 
association between parameters was assessed by chi-square 
test (contingency tables) for categorical variables and by the 
Mann-Whitney test for comparison of continuous variables. For all 
tests, the signifi cance threshold was set at p  0.05.

  Results

All analyzed parathyroid glands were removed surgically 
and verifi ed by histopathological examination. In 5 patients (8%) 
ectopic glands were found intraoperatively: among them 2 para-
thyroid glands were located in the tracheoesophageal groove, in 
2 cases the gland was found below the level of the jugular notch 
(Fig. 1); in one case parathyroid tissue was located inside the left 
lobe of the thyroid gland.  

Parathyroid scintigraphy revealed 41 (66%) out of the 62 
excised glands verifi ed histopathologically. In 25 (61%) out of 41 
of positive results of scintigraphy, prolonged 99mTc-MIBI retention 
was observed. 

Histopathologically, nodular hyperplasia was found in 14 
(22.6%) glands, diffuse hyperplasia in 23 (37.1%), and adenoma in 
25 (40.3%) glands. 16 (25.8%) of the parathyroid lesions (including 8 
cases of adenoma, 2 cases of diffuse hyperplasia and in 6 cases of 
nodular hyperplasia) were characterized by a high (> 25%) oxyphil 
cells content (Fig. 2). In this group the oxyphil cell content in 7 le-
sions was 26–50%, in 4 lesions 51–75% and in 5 lesions > 75%. In 
46 (74.2%) parathyroid lesions (including 17 cases of adenoma, 21 
cases of diffuse hyperplasia and 8 cases of nodular hyperplasia) 
the percentage of oxyphil cells was low (  25%), of which 27 le-
sions had no oxyphil cells, and 19 lesions had an oxyphil content 
of 1–25% cells. 

The histopathology of the parathyroid glands was related to the 
scintigraphy result (p = 0.002), but not to the 99mTc-MIBI uptake 
pattern (p = 0.868). 11 cases of parathyroid lesions with high oxyphil 
cell content had positive scintigraphy results, of which 4 cases did 
not demonstrate prolonged 99mTc-MIBI retention. In 5 cases, despite 
the presence of oxyphil cells, scintigraphy was considered to be 
negative. The overall result of scintigraphy was not related to the 
oxyphil cell content (p = 0.797). The 99mTc-MIBI uptake pattern 
was not related to the oxyphil cell content (p = 0.833). The median 
volume of scintigraphy positive glands was larger than that of 
scintigraphy negative glands (1.33 ml vs 0.7 ml, p = 0.015). The 
median volume of parathyroid glands with prolonged 99mTc-MIBI re-
tention was larger than those without prolonged 99mTc-MIBI retention 
(1.89 ml vs 0.95 ml, respectively; (p = 0.037) (Tab. 1). In general, 
parathyroid lesions with low oxyphil cell content were larger than 
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differences are not fully explained. The complex mechanisms re-
sponsible for the degree of radiopharmaceutical accumulation 
in parathyroid glands are not fully understood [11]. 99mTc-MIBI 
accumulates in tissues with high cellular metabolism, including 
enlarged parathyroid glands. Accumulation of 99mTc-MIBI may be 
infl uenced by many factors, including gland size, microscopic 
structure, tissue blood fl ow, functional status of the parathyroid, 
PTH and calcium levels, drugs and many others. [12].       The aim of 
our work was to assess the relationship between the histopathol-
ogy of parathyroid glands, oxyphil cell content, gland volume and 
parathyroid 99mTc-MIBI retention. 

Material and methods

Patients
A retrospective analysis of 62 parathyroid glands in 46 pa-

tients (34 females and 12 males with an average age of 58.4 
years) was performed. The study group consisted of 35 sub-
jects with primary hyperparathyroidism (including 6 patients with 
MEN1), 5 subjects with secondary hyperparathyroidism and 
6 patients with tertiary hyperparathyroidism. All patients were oper-
ated, 13 patients were re-operated. The surgical procedure involved 
double-sided exploration of the neck with the assessment of all 
parathyroid glands. The size and the exact position of parathyroid 
glands were assessed.   

Imaging techniques
In all patients prior to surgery, a double phase and subtraction 

scintigraphy after administration of 555–740 MBq (15-20 mCi) 
99mTc-MIBI and a 99mTc thyroid scintigraphy after injection of 60 
MBq 99mTc was performed. A low energy high resolution collima-
tor was used. Images were recorded in a 128 x 128 pixel matrix. 
 Parathyroid evaluation was started with thyroid scintigraphy, per-
formed 10 minutes after iv administration of 60MBq 99mTc, for the 
purpose of subtraction of thyroid images.  Subsequently, 20 min 
after administration of 99mTc-MIBI, an “early” image was recorded 
followed after 120 min by “late” image acquisition. The acquisi-
tion time was 10 minutes; approximately 1.200 kcts/picture were 
obtained. The parathyroid image was obtained after subtraction of 
99mTc thyroid image, from an “early” image of standard two-phase 
99mTc-MIBI scintigraphy. An abnormal focus of radiopharmaceutical 
accumulation with or without prolonged 99mTc-MIBI retention, which 
was positively verifi ed surgically was assumed to be a pathologic 
parathyroid gland. The radiopharmaceutical retention was assessed 
visually. The result of 99mTc-MIBI scintigraphy was considered to be 
non-diagnostic in the presence of large goiter. 

Histopathological examination
Surgically removed parathyroid specimens were immediately 

fi xed in 10% neutral buffered formalin, then processed into paraffi n 
embedded sections and stained with hematoxylin and eosin (H&E). 
Parathyroid lesions were classifi ed according to histological crite-
ria suggested by Ghandur-Mnaymneh et al. [13]. Cell types were 
identifi ed as follows: chief cells, clear cells and oxyphil cells. The 
oxyphil cell content of each lesion was determined based on 
semi-quantitative assessment of the percentage of oxyphil cells on 

each section as proposed by Carpentier et al.: group 1: 0%, group 
2: 1–25%, group 3: 26–50%, group 4: 51–75%, group 5: > 75% 
[14]. For statistical purposes, results were grouped into: high 
(> 25%) oxyphil cell content (groups 3–5) and low ( 25%) oxyphil 
cell content (groups 1–2) . The parathyroid volume was calculated 
on the basis of histopathological measurements obtained using 
the formula V = (a + b + c) x 0.52

Statistical analysis

Statistical analyses were performed using STATISTICA (data 
analysis software system), version 12, StatSoft, Poland. The 
association between parameters was assessed by chi-square 
test (contingency tables) for categorical variables and by the 
Mann-Whitney test for comparison of continuous variables. For all 
tests, the signifi cance threshold was set at p  0.05.

  Results

All analyzed parathyroid glands were removed surgically 
and verifi ed by histopathological examination. In 5 patients (8%) 
ectopic glands were found intraoperatively: among them 2 para-
thyroid glands were located in the tracheoesophageal groove, in 
2 cases the gland was found below the level of the jugular notch 
(Fig. 1); in one case parathyroid tissue was located inside the left 
lobe of the thyroid gland.  

Parathyroid scintigraphy revealed 41 (66%) out of the 62 
excised glands verifi ed histopathologically. In 25 (61%) out of 41 
of positive results of scintigraphy, prolonged 99mTc-MIBI retention 
was observed. 

Histopathologically, nodular hyperplasia was found in 14 
(22.6%) glands, diffuse hyperplasia in 23 (37.1%), and adenoma in 
25 (40.3%) glands. 16 (25.8%) of the parathyroid lesions (including 8 
cases of adenoma, 2 cases of diffuse hyperplasia and in 6 cases of 
nodular hyperplasia) were characterized by a high (> 25%) oxyphil 
cells content (Fig. 2). In this group the oxyphil cell content in 7 le-
sions was 26–50%, in 4 lesions 51–75% and in 5 lesions > 75%. In 
46 (74.2%) parathyroid lesions (including 17 cases of adenoma, 21 
cases of diffuse hyperplasia and 8 cases of nodular hyperplasia) 
the percentage of oxyphil cells was low (  25%), of which 27 le-
sions had no oxyphil cells, and 19 lesions had an oxyphil content 
of 1–25% cells. 

The histopathology of the parathyroid glands was related to the 
scintigraphy result (p = 0.002), but not to the 99mTc-MIBI uptake 
pattern (p = 0.868). 11 cases of parathyroid lesions with high oxyphil 
cell content had positive scintigraphy results, of which 4 cases did 
not demonstrate prolonged 99mTc-MIBI retention. In 5 cases, despite 
the presence of oxyphil cells, scintigraphy was considered to be 
negative. The overall result of scintigraphy was not related to the 
oxyphil cell content (p = 0.797). The 99mTc-MIBI uptake pattern 
was not related to the oxyphil cell content (p = 0.833). The median 
volume of scintigraphy positive glands was larger than that of 
scintigraphy negative glands (1.33 ml vs 0.7 ml, p = 0.015). The 
median volume of parathyroid glands with prolonged 99mTc-MIBI re-
tention was larger than those without prolonged 99mTc-MIBI retention 
(1.89 ml vs 0.95 ml, respectively; (p = 0.037) (Tab. 1). In general, 
parathyroid lesions with low oxyphil cell content were larger than 
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parathyroid glands with high oxyphil cell content (1.33 ml vs 0.5ml, 
respectively; p = 0.01). The median volume of parathyroids contain-
ing a high number of oxyphil cells and having a prolonged 99mTc-MIBI 
retention was larger than those without prolonged 99mTc-MIBI 
retention (1.62 ml vs 0.3 ml, respectively; p = 0.008). The median 
volume of parathyroids with a low oxyphil cell content and show-
ing prolonged 99mTc-MIBI retention was larger than those without 
prolonged 99mTc-MIBI retention (1.95 ml vs 1.07 ml, respectively; 
p = 0.014) (Tab. 2). 

   Discussion

In the available literature, discussions on the nature of marker 
retention in the parathyroid glands include the impact of a vari-
ety of factors, including the impact of histological structure and 
location. A factor that unquestionably infl uences the sensitivity of 
scintigraphic studies is the parathyroid gland size. Lesions smaller 
than 1 cm are generally not visible in scintigraphy; however, there 
are cases of positive scintigraphy in smaller glands. Our current re-
sults confi rmed that a positive result of scintigraphy depends mainly 
on the parathyroid volume. Most authors agree that there is a rela-
tionship between mass (size) and degree of marker accumulation 
in parathyroid glands [15, 16, 17]. Wada et al. obtained a sensitivity 
of 40.7% for parathyroid volume less than 0.5 cm3. In patients with 
parathyroids larger than 0.5 cm3, sensitivity was 95% [18]. Fujimoto 
et al. found diffi culty in visualizing parathyroid glands below 300 mg 
[19]. Other results were obtained by Pons et al. analyzing the weight 
and size of glands in a group of 20 patients, there was no statistically 
signifi cant difference in mean parathyroid weight in patients with 
positive and negative scintigraphy, but this may be due to the small 
sample size and patient selection [20]. Blocklet et al. on the other 
hand, found that the weight of the gland was related to the extent 
of 99mTc-MIBI accumulation in the case of adenomas, but did not 
fi nd correlation in patients with parathyroid hyperplasia [21]. 

The second important factor infl uencing the visualization of 
the gland in scintigraphy is its location. In this study, an ectopic 
gland was found in 8% of excised parathyroids. This result is in 

Figure 2. Parathyroid nodular hyperplasia with high (> 25%) oxyphil 
cell content (arrows — oxyphil cells). Scale bar: 100 μm

Figure 1. 99mTc-MIBI scintigraphy: ectopic parathyroid is visible below the thyroid gland; it was found below the level of the jugular notch
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parathyroid glands with high oxyphil cell content (1.33 ml vs 0.5ml, 
respectively; p = 0.01). The median volume of parathyroids contain-
ing a high number of oxyphil cells and having a prolonged 99mTc-MIBI 
retention was larger than those without prolonged 99mTc-MIBI 
retention (1.62 ml vs 0.3 ml, respectively; p = 0.008). The median 
volume of parathyroids with a low oxyphil cell content and show-
ing prolonged 99mTc-MIBI retention was larger than those without 
prolonged 99mTc-MIBI retention (1.95 ml vs 1.07 ml, respectively; 
p = 0.014) (Tab. 2). 

   Discussion

In the available literature, discussions on the nature of marker 
retention in the parathyroid glands include the impact of a vari-
ety of factors, including the impact of histological structure and 
location. A factor that unquestionably infl uences the sensitivity of 
scintigraphic studies is the parathyroid gland size. Lesions smaller 
than 1 cm are generally not visible in scintigraphy; however, there 
are cases of positive scintigraphy in smaller glands. Our current re-
sults confi rmed that a positive result of scintigraphy depends mainly 
on the parathyroid volume. Most authors agree that there is a rela-
tionship between mass (size) and degree of marker accumulation 
in parathyroid glands [15, 16, 17]. Wada et al. obtained a sensitivity 
of 40.7% for parathyroid volume less than 0.5 cm3. In patients with 
parathyroids larger than 0.5 cm3, sensitivity was 95% [18]. Fujimoto 
et al. found diffi culty in visualizing parathyroid glands below 300 mg 
[19]. Other results were obtained by Pons et al. analyzing the weight 
and size of glands in a group of 20 patients, there was no statistically 
signifi cant difference in mean parathyroid weight in patients with 
positive and negative scintigraphy, but this may be due to the small 
sample size and patient selection [20]. Blocklet et al. on the other 
hand, found that the weight of the gland was related to the extent 
of 99mTc-MIBI accumulation in the case of adenomas, but did not 
fi nd correlation in patients with parathyroid hyperplasia [21]. 

The second important factor infl uencing the visualization of 
the gland in scintigraphy is its location. In this study, an ectopic 
gland was found in 8% of excised parathyroids. This result is in 

Figure 2. Parathyroid nodular hyperplasia with high (> 25%) oxyphil 
cell content (arrows — oxyphil cells). Scale bar: 100 μm

Figure 1. 99mTc-MIBI scintigraphy: ectopic parathyroid is visible below the thyroid gland; it was found below the level of the jugular notch
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agreement with the published literature. Parathyroid glands are 
present in the ectopic positions in about 10% of cases, occurring 
in various neck and mediastinal locations: from the level of the 
salivary glands to the level of the heart. Since the basic scintigraphic 
examination is performed only in the AP projection, the greater the 
distance from the head and the greater the thickness of the gamma 
radiation suppressing tissue, the smaller the number of gamma 
rays that are recorded. The SPECT study is helpful, but this study 
was of a retrospective nature and SPECT data were not available. 
Moreover SPECT signifi cantly prolongs the study acquisition time 
and rules out subtraction. In the studied material, an ectopic position 
of the parathyroid gland did not noticeably affect the scintigraphy 
outcome: in one case, retention was not present in a parathyroid 
located retrosternally, while the remaining ectopic cases showed 
a positive scintigraphy result. 

Another factor that infl uences the visibility and retention of the 
99mTc-MIBI is parathyroid histopathology. It is well known that scintig-
raphy demonstrates the highest sensitivity for cases of adenomas, 
high sensitivity for primary hyperparathyroidism, and a lower sensi-
tivity in secondary and tertiary hyperparathyroidism. Similarly, in the 
analyzed material, there was a statistically signifi cant relationship 
between the scintigraphy result and the histopathologic type of 
parathyroid lesion. Most patients with a negative scintigraphy result 
had diffuse hyperplasia, whereas the most common lesion in pa-
tients with a positive scintigraphy result was parathyroid adenoma.

Due to the complex mechanism of 99mTc-MIBI accumulation in 
cells, it is not known which elements of the parathyroid structure 
are responsible for the accumulation and retention of the marker. 

Cinti et al. analyzed the microscopic structure of 271 parathyroid 
glands and described the normal structure of parathyroid glands, 
which consists of the chief, clear, oxyphil and transitional oxyphil 
cells [22]. As it is known, 99mTc-MIBI is mainly concentrated in the 
mitochondria, present in abundance in oxyphil cells [23]. Carpentier 
et al. found a correlation between 99mTc-MIBI accumulation and the 
oxyphil cell content [14]. Prolonged retention was found in 78% of 
cases with high oxyphil cell content, and in 33% of cases with a low 
oxyphil cell content. Glands that did not have any of the oxyphil 
cells showed no prolonged retention of the marker. In the analyzed 
material 99mTc-MIBI retention in parathyroid glands was compared 
in two groups: parathyroid glands containing more than 25% ox-
yphil cells (high oxyphil cell content) and parathyroid glands with 
no or less than 25% oxyphil cells (low oxyphil cell content). There 
was no statistically signifi cant relationship between the presence 
of oxyphil cells and a positive scintigraphy result. The presence of 
prolonged 99mTc-MIBI retention was not associated with the pres-
ence of oxyphil cells but with the parathyroid volume. The results of 
Allen et al. were surprising: in the group of 114 patients with hy-
perparathyroidism, oxyphil cells were present in 91% secondary 
hyperthyroidism cases, in 69% of adenoma cases and in 55% of 
primary hyperplasia cases [24]. Assuming a strict dependence on 
99mTc-MIBI cellular accumulation on oxyphil cell content, in the light 
of the data provided, the sensitivity of scintigraphy in secondary 
and tertiary hyperparathyroidism should be comparable or even 
superior to that of primary hyperthyroidism. In fact, the 99mTc-MIBI 
retention does not depend solely on the presence of oxyphil cells, 
but rather is a more complex process. This observation is confi rmed 

Table 1. Comparison of variables according to result of scintigraphy and 99mTc-MIBI  retention pattern

  All (n=62) Negative scintig-
raphy (n = 21)

Positive scintigra-
phy (n = 41)

P value Positive scintigraphy (n = 41) P value

Prolonged reten-
tion (n = 25)

No prolonged 
retention (n = 16)

Histology, n (%)

adenoma 25 (40.3%) 5 (23.8%) 20 (48.8%) 0.002* 13 (52%) 7 (43.8%) 0.868

diffuse hyperplasia 23 (37.1%) 14 (66.7%) 9 (22%) 5 (20%) 4 (25%)

nodular hyperplasia 14 (22.6%) 2 (9.5%) 12 (29.2%) 7 (28%) 5 (31.2%)

Oxyphil cells, n (%)

 25% (low content) 46 (74.2%) 16 (76.2%) 30 (73.2%) 0.797 18 (72%) 12 (75%) 0.833

> 25% (high content) 16 (25.8%) 5 (23.8%) 11 (26.8%) 7 (28%) 4 (25%)

Volume [ml]

mean ± SD 1.75 ± 2.04 0.98 ± 0.9 2.14 ± 2.34 0.015* 2.5 ± 2.48 1.59 ± 2.07 0.037*

median (range) 1.13 (0.06-12) 0.7 (0.06-3.1) 1.33 (0.08-12) 1.89 (0.1-12) 0.95 (0.08-8.25)
*p < 0.05

Table 2. Comparison of parathyroid volume according to the oxyphil cell content and 99mTc-MIBI  retention pattern

  Low OCC 
(<25%)

High OCC 
( 25%) 

P 
value

Low OCC 
and PR

Low OCC and 
no PR

P value High OCC 
and PR

High OCC 
and no PR

P value

n (%) 46 (74.2%) 16 (25.8%) 18 (39%) 28 (61%) 7 (43.8%) 9 (56.2)

volume [ml]

mean ± SD 2.02 ± 2.22 0.96 ± 1.16 2.81 ± 2.75 1.52 ± 1.67 1.7 ± 1.45 0.39 ± 0.30

median (range) 1.33 (0.06-12) 0.5 (0.08-4.5) 0.01* 1.95 (0.1-12) 1.07 (0.06-8.25) 0.014* 1.62 (0.5-4.5) 0.3 (0.08-1.0) 0.008*
OCC, oxyphil cell content; PR, prolonged retention; *p < 0.05
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agreement with the published literature. Parathyroid glands are 
present in the ectopic positions in about 10% of cases, occurring 
in various neck and mediastinal locations: from the level of the 
salivary glands to the level of the heart. Since the basic scintigraphic 
examination is performed only in the AP projection, the greater the 
distance from the head and the greater the thickness of the gamma 
radiation suppressing tissue, the smaller the number of gamma 
rays that are recorded. The SPECT study is helpful, but this study 
was of a retrospective nature and SPECT data were not available. 
Moreover SPECT signifi cantly prolongs the study acquisition time 
and rules out subtraction. In the studied material, an ectopic position 
of the parathyroid gland did not noticeably affect the scintigraphy 
outcome: in one case, retention was not present in a parathyroid 
located retrosternally, while the remaining ectopic cases showed 
a positive scintigraphy result. 

Another factor that infl uences the visibility and retention of the 
99mTc-MIBI is parathyroid histopathology. It is well known that scintig-
raphy demonstrates the highest sensitivity for cases of adenomas, 
high sensitivity for primary hyperparathyroidism, and a lower sensi-
tivity in secondary and tertiary hyperparathyroidism. Similarly, in the 
analyzed material, there was a statistically signifi cant relationship 
between the scintigraphy result and the histopathologic type of 
parathyroid lesion. Most patients with a negative scintigraphy result 
had diffuse hyperplasia, whereas the most common lesion in pa-
tients with a positive scintigraphy result was parathyroid adenoma.

Due to the complex mechanism of 99mTc-MIBI accumulation in 
cells, it is not known which elements of the parathyroid structure 
are responsible for the accumulation and retention of the marker. 

Cinti et al. analyzed the microscopic structure of 271 parathyroid 
glands and described the normal structure of parathyroid glands, 
which consists of the chief, clear, oxyphil and transitional oxyphil 
cells [22]. As it is known, 99mTc-MIBI is mainly concentrated in the 
mitochondria, present in abundance in oxyphil cells [23]. Carpentier 
et al. found a correlation between 99mTc-MIBI accumulation and the 
oxyphil cell content [14]. Prolonged retention was found in 78% of 
cases with high oxyphil cell content, and in 33% of cases with a low 
oxyphil cell content. Glands that did not have any of the oxyphil 
cells showed no prolonged retention of the marker. In the analyzed 
material 99mTc-MIBI retention in parathyroid glands was compared 
in two groups: parathyroid glands containing more than 25% ox-
yphil cells (high oxyphil cell content) and parathyroid glands with 
no or less than 25% oxyphil cells (low oxyphil cell content). There 
was no statistically signifi cant relationship between the presence 
of oxyphil cells and a positive scintigraphy result. The presence of 
prolonged 99mTc-MIBI retention was not associated with the pres-
ence of oxyphil cells but with the parathyroid volume. The results of 
Allen et al. were surprising: in the group of 114 patients with hy-
perparathyroidism, oxyphil cells were present in 91% secondary 
hyperthyroidism cases, in 69% of adenoma cases and in 55% of 
primary hyperplasia cases [24]. Assuming a strict dependence on 
99mTc-MIBI cellular accumulation on oxyphil cell content, in the light 
of the data provided, the sensitivity of scintigraphy in secondary 
and tertiary hyperparathyroidism should be comparable or even 
superior to that of primary hyperthyroidism. In fact, the 99mTc-MIBI 
retention does not depend solely on the presence of oxyphil cells, 
but rather is a more complex process. This observation is confi rmed 

Table 1. Comparison of variables according to result of scintigraphy and 99mTc-MIBI  retention pattern

  All (n=62) Negative scintig-
raphy (n = 21)

Positive scintigra-
phy (n = 41)

P value Positive scintigraphy (n = 41) P value

Prolonged reten-
tion (n = 25)

No prolonged 
retention (n = 16)

Histology, n (%)

adenoma 25 (40.3%) 5 (23.8%) 20 (48.8%) 0.002* 13 (52%) 7 (43.8%) 0.868

diffuse hyperplasia 23 (37.1%) 14 (66.7%) 9 (22%) 5 (20%) 4 (25%)

nodular hyperplasia 14 (22.6%) 2 (9.5%) 12 (29.2%) 7 (28%) 5 (31.2%)

Oxyphil cells, n (%)

 25% (low content) 46 (74.2%) 16 (76.2%) 30 (73.2%) 0.797 18 (72%) 12 (75%) 0.833

> 25% (high content) 16 (25.8%) 5 (23.8%) 11 (26.8%) 7 (28%) 4 (25%)

Volume [ml]

mean ± SD 1.75 ± 2.04 0.98 ± 0.9 2.14 ± 2.34 0.015* 2.5 ± 2.48 1.59 ± 2.07 0.037*

median (range) 1.13 (0.06-12) 0.7 (0.06-3.1) 1.33 (0.08-12) 1.89 (0.1-12) 0.95 (0.08-8.25)
*p < 0.05

Table 2. Comparison of parathyroid volume according to the oxyphil cell content and 99mTc-MIBI  retention pattern

  Low OCC 
(<25%)

High OCC 
( 25%) 

P 
value

Low OCC 
and PR

Low OCC and 
no PR

P value High OCC 
and PR

High OCC 
and no PR

P value

n (%) 46 (74.2%) 16 (25.8%) 18 (39%) 28 (61%) 7 (43.8%) 9 (56.2)

volume [ml]

mean ± SD 2.02 ± 2.22 0.96 ± 1.16 2.81 ± 2.75 1.52 ± 1.67 1.7 ± 1.45 0.39 ± 0.30

median (range) 1.33 (0.06-12) 0.5 (0.08-4.5) 0.01* 1.95 (0.1-12) 1.07 (0.06-8.25) 0.014* 1.62 (0.5-4.5) 0.3 (0.08-1.0) 0.008*
OCC, oxyphil cell content; PR, prolonged retention; *p < 0.05
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by our study’s results. In spite of the presence of oxyphil cells, 
no 99mTc-MIBI retention was observed in 4 parathyroids, and in 5 
cases parathyroid glands containing oxyphil cells were not vis-
ible in scintigraphy. According to Koizumi et al there is no strict 
correlation between 99mTc-MIBI uptake and cellular composition 
[25]. They noted a positive correlation between the accumulation 
of 99mTc-MIBI and the presence of oxyphil cells, which is related 
to the high mitochondrial density compared to other cell types. 
However, regardless of the histological structure in the cited work, 
all visualized glands in 10 investigated patients were greater than 
220 mg. This result confi rms our observation that the 99mTc-MIBI 
accumulation would not depend on cellular composition but on 
the size and functional status of the cells. 

Conclusions 

Our fi ndings suggest that a positive scintigraphy result de-
pends on the histopathology and the volume of the parathyroid 
gland and does not depend on the presence of oxyphil cells. Ad-
ditionally, prolonged 99mTc-retention is not related to the histopathol-
ogy of the parathyroid gland and the presence of oxyphil cells, but 
to the gland volume. 
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by our study’s results. In spite of the presence of oxyphil cells, 
no 99mTc-MIBI retention was observed in 4 parathyroids, and in 5 
cases parathyroid glands containing oxyphil cells were not vis-
ible in scintigraphy. According to Koizumi et al there is no strict 
correlation between 99mTc-MIBI uptake and cellular composition 
[25]. They noted a positive correlation between the accumulation 
of 99mTc-MIBI and the presence of oxyphil cells, which is related 
to the high mitochondrial density compared to other cell types. 
However, regardless of the histological structure in the cited work, 
all visualized glands in 10 investigated patients were greater than 
220 mg. This result confi rms our observation that the 99mTc-MIBI 
accumulation would not depend on cellular composition but on 
the size and functional status of the cells. 

Conclusions 

Our fi ndings suggest that a positive scintigraphy result de-
pends on the histopathology and the volume of the parathyroid 
gland and does not depend on the presence of oxyphil cells. Ad-
ditionally, prolonged 99mTc-retention is not related to the histopathol-
ogy of the parathyroid gland and the presence of oxyphil cells, but 
to the gland volume. 
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A 69-year-old man with arterial hypertension was admitted 
because of 30-minute episode of chest pain. His past medical 
history includes two similar episodes — myocardial infarction 
(MI) was excluded both times. One month before the admission 
an angio-computed tomography (angio-CT) of coronary arter-
ies had revealed a total occlusion of the left anterior descending 
artery (LAD) (Fig. 1). Upon admission, BP was 195/100; the ECG 
showed a small R-wave progression in the V1–V3 leads. Labora-
tory test excluded MI. Patient was qualifi ed for invasive coronary 
angiography which showed occlusion in the mid segment of LAD 
and insignifi cant atherosclerotic changes in other coronary arteries. 
A technetium-99m-methoxy-isobutyl-isonitrile (MIBI) myocardial 
perfusion SPECT study was performed. The exercise test carried 
out during SPECT was completed after reaching the target HR with 
no signs of ischemia. In the exercise SPECT images, a signifi cant 
perfusion defect was found in the area of the apex, anterior and 
antero-septal LV wall, which signifi cantly diminished in the rest 
SPECT (Fig. 2). Stress-induced perfusion defect (ISCH) involved 
13% of the LV muscle. Based on these results, an elective LAD 
recanalization was p erformed (Fig. 3). In one year observation, there 
was no recurrence of chest pain, and in MIBI SPECT study; only 
a mild persistent reduction of perfusion in the previously described 
LAD territory was observed (Fig. 4). 

Chronic total occlusion (CTO) of coronary artery is defi ned 
as a complete vessel occlusion and estimated occlusion dura-
tion of  3 months. There are no clear guidelines regarding the 
treatment of non-acute occlusions and, in spite of a few clinical 
trials, there is no evidence of the benefi t of recanalization of CTO. 
Because of technical diffi culties and higher risk of complications, 
patients with CTO are qualifi ed for revascularization (REV) less fre-
quently than other groups of patients. Accordingly, SPECT is also 
less frequently used.

SPECT studies of CTO with no MI history often show a signifi -
cant degree of ischemia, which indicates that there is preserved 
tissue viability in the CTO territory. In our material, from the group of 
patients who had both SPECT and angiography of coronary arter-
ies performed between 2010 and 2017, we selected patients with 
isolated CTO (without > 50% narrowing of any other coronary 
vessel) and no history of MI. In each patient (4M, 2F) we found 

Figure 1. Occluded LAD
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a transient perfusion defect in the SPECT study in the area cor-
responding to a typical blood supply of the occluded vessel (av. 
11% of LV muscle). In 4 patients (67%), transient perfusion defect 
was > 10% of the LV muscle. 

It seems that the presence of ISCH (not necrosis) is associated 
with the development of collateral circulation, owing to the chronic 
nature of the disease. SPECT studies help to select patients who 
will potentially benefi t the most from REV: in our observation, 2/3 
of patients had signifi cant ischemia in the territory of CTO, which 
might require REV.

Figure 2. MIBG SPECT: perfusion defect in typical LAD territory

Figure 3. Recanalizated LAD 
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Figure 4. MIBI SPECT after 1 year
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Abstract

Although the in-transit lymph node is a well-known issue in malignant melanoma, it is not documented sufficiently in breast 
cancer. In this case report an in-transit lymph node demonstrated by both PET/CT and sentinel lymph node mapping and 
diagnosed by pathology is reported.
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Introduction

Sentinel lymph node is theoretically the fi rst lymph node to 
drain the tumor. The pathologic examination of the sentinel lymph 
node presents the further lymph nodes, thus the lymph nodal 
status of the primary tumor [1]. Previous studies have provided 
suffi cient evidence that the sentinel lymph node analysis pre-
dicts the local lymphatic status of the tumor and there is a low 
risk of skip secondary lymph node invasion [2], thus recur-
rence, in the case of negative sentinel lymph node [3]. In case 
of a positive sentinel lymph node, axillary dissection has to be 
performed [4]. There are several sentinel node identifi cation 
methods, such as blue dye and radionuclide sentinel lymph 
node imaging. These methods may be performed together and 
have low false-negative rate; however, there is a learning curve 
and experience is required [5]. Another new and not well-doc-
umented issue in sentinel lymph node imaging is the in-transit 
lymph node. In-transit or intramammary lymph node is the lymph 
node that is surrounded by the breast tissue [5, 6]. The in-transit 
lymph node as a sentinel lymph node is an unknown part of the 
procedure. This is the fi rst case report, as far as we know, with 
intramammary in-transit lymph node scintigraphy imaging in 
combination with PET/CT imaging. 

Case Report

Case 1. A 69-year-old female patient with identifi ed right-breast 
carcinoma was referred for F-18 FDG PET/CT for staging. The F-18 
FDG PET/CT images of the patient showed retroareolar lesion with 
signifi cantly increased FDG uptake (2 x 1.5 cm; SUVmax = 12.6) 
and additional intramammary lymph nodes (the largest was 9 mm 
in diameter) without signifi cant FDG uptake (Fig. 1). At the day of 
operation the sentinel lymph node imaging showed intramammary 
sentinel lymph node and during the operation the intramammary 
lymph node was excised at the border of axilla. The lymph node 
was positive for tumor and axillary dissection showed multiple 
(n = 6) positive nodes (Fig. 1). 

Case 2. The patient was 58 years old and left-breast tumor 
showed invasive carcinoma; therefore, F-18 FDG PET/CT imaging 
was performed for staging. The imaging showed left upper inner 
quadrant hypermetabolic lesion (18 x 18 mm, SUVmax = 25.6) 
and millimetric lymph node in the parenchyma with FDG uptake 
and axillary lymph node with FDG uptake (SUVmax = 3.5 and 
SUVmax = 4.2, respectively) (Fig. 2). Sentinel lymph node imag-
ing showed in-transit intramammary lymph node in early phase 
(dynamic) of the study, and in the late phase also additional 
multiple sentinel lymph nodes in axilla were observed (Fig. 2). All 
sentinel (n = 3) and axillary lymph nodes (n = 3) were positive in 
the histopathology (Fig. 2).  

Discussion

There is very limited data about the in-transit lymph nodes in 
breast cancer. There are few cases reported in the literature and 

37

Nuclear Medicine Review 2019, 22, 1: 37–39
DOI: 10.5603/NMR.2019.0007
Copyright © 2019 Via Medica

ISSN 1506–9680

www.journals.viamedica.pl/nuclear_medicine_review

Clinical
vignette

Correspondence to: Zehra Pinar Koc, Department of Nuclear Medicine 
Mersin University, Turkey, e-mail: zehrapinarkoc@gmail.com

In-transit sentinel lymph nodes predicted 
by F-18 Fluorodeoxyglucose Positron 
Emission Tomography/Computed 
Tomography
Zehra Pinar Koc1, Pelin Özcan Kara1, Ahmet Dag2, Ferah Tuncel Daloglu3

1 Department of Nuclear Medicine, Mersin University, Turkey
2 Department of General Surgery, Mersin University, Turkey
3 Department of Pathology, Mersin University, Turkey

[Received 16 X 2018; Accepted 29 XI 2018]

Abstract

Although the in-transit lymph node is a well-known issue in malignant melanoma, it is not documented sufficiently in breast 
cancer. In this case report an in-transit lymph node demonstrated by both PET/CT and sentinel lymph node mapping and 
diagnosed by pathology is reported.

KEY words: in transit, sentinel, breast, pet, scintigraphy

Nucl Med Rev 2019; 22, 1: 37–39

Introduction

Sentinel lymph node is theoretically the fi rst lymph node to 
drain the tumor. The pathologic examination of the sentinel lymph 
node presents the further lymph nodes, thus the lymph nodal 
status of the primary tumor [1]. Previous studies have provided 
suffi cient evidence that the sentinel lymph node analysis pre-
dicts the local lymphatic status of the tumor and there is a low 
risk of skip secondary lymph node invasion [2], thus recur-
rence, in the case of negative sentinel lymph node [3]. In case 
of a positive sentinel lymph node, axillary dissection has to be 
performed [4]. There are several sentinel node identifi cation 
methods, such as blue dye and radionuclide sentinel lymph 
node imaging. These methods may be performed together and 
have low false-negative rate; however, there is a learning curve 
and experience is required [5]. Another new and not well-doc-
umented issue in sentinel lymph node imaging is the in-transit 
lymph node. In-transit or intramammary lymph node is the lymph 
node that is surrounded by the breast tissue [5, 6]. The in-transit 
lymph node as a sentinel lymph node is an unknown part of the 
procedure. This is the fi rst case report, as far as we know, with 
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FDG PET/CT images of the patient showed retroareolar lesion with 
signifi cantly increased FDG uptake (2 x 1.5 cm; SUVmax = 12.6) 
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operation the sentinel lymph node imaging showed intramammary 
sentinel lymph node and during the operation the intramammary 
lymph node was excised at the border of axilla. The lymph node 
was positive for tumor and axillary dissection showed multiple 
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showed invasive carcinoma; therefore, F-18 FDG PET/CT imaging 
was performed for staging. The imaging showed left upper inner 
quadrant hypermetabolic lesion (18 x 18 mm, SUVmax = 25.6) 
and millimetric lymph node in the parenchyma with FDG uptake 
and axillary lymph node with FDG uptake (SUVmax = 3.5 and 
SUVmax = 4.2, respectively) (Fig. 2). Sentinel lymph node imag-
ing showed in-transit intramammary lymph node in early phase 
(dynamic) of the study, and in the late phase also additional 
multiple sentinel lymph nodes in axilla were observed (Fig. 2). All 
sentinel (n = 3) and axillary lymph nodes (n = 3) were positive in 
the histopathology (Fig. 2).  

Discussion
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some review articles [5]. The in-transit lymph nodes are smaller 
diameter and closer to the lymphatic channels and the primary 
tumors. Although they are surrounded by the breast tissue and 
not exactly axillary lymph nodes, they are considered axillary lymph 
nodes in staging. They may be not recognized by the gamma cam-
era imaging or the surgeon due to close proximity (shine-through 
effect) and small volume and underestimated; however, previ-
ous reviews have demonstrated that they might be a source of 
local recurrence [5]. As in the case described by van Deurzen et 
al., in this case report we presented a patient with in-transit lymph 
node that was observed in fi rst few second and disappeared im-
mediately after identifi cation. Also axillary lymph nodes of the patient 
were positive as well. In the other patient, the intramammary lymph 
node was the single sentinel lymph node and the axillary lymph 
nodes were also positive. However it is problematic to determine 
the in-transit or intramammary lymph node during the scintigraphy, 
because it requires signifi cant consideration by the physician. 

In previous studies about the in-transit lymph node in malignant 
melanoma the incidence was reported to be between 3–10% [6]. 

In 14–20% of these cases, the in-transit lymph nodes were 
found to be positive and considered one of the local recurrence 
causes in malignant melanoma [7]. Van Deurzen et al. suggested 
that these lymph nodes in breast cancer might also have major 
clinical impact [5]. 

Previous case reports have pointed out that in-transit lymph 
nodes in intramammary region might develop from the lymphatic 
emboli and be directly connected to the primary tumor [8] and 
might be one of the causes of false negative sentinel lymph node 
examinations, which can be as high as > 10% [9]. Obviously, it is dif-
fi cult to localize the intramammary lymph nodes because of sur-
rounding normal breast tissue and they usually are not radioactive 
and blue. In the case of breast conserving surgery, the node may 
be missing. Scintigraphy also has disadvantage of shine-through 
effect originating from the primary tumor injection site. However, in 
our experience the intramammary lymph nodes were determined 
by the fi rst diagnostic procedure F-18 FDG PET/CT. This is the fi rst 
study that demonstrates the intramammary lymph nodes by both 
PET/CT and scintigraphy. 

Figure 1. The F-18 FDG PET/CT images of the first patient with lesion suspicious of in-transit lymph node, adjacent to the primary tumor in outer 
upper quadrant of the left breast in the transaxial, coronal and sagittal projection. B. Tc-99m nanocolloid sentinel lymph node dynamic images 
that show the in-transit sentinel lymph node activity adjacent to the injection site. C. Pathology images of the lymph node sections stained with 
hematoxylin and eosin in x40 and x100 magnification
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Abstract

We report a rare pattern of extensive bone abnormalities on the Tc-99m MDP bone scintigraphy in a patient with Gorham 
disease. This rare condition is the result of vascular and lymphatic channel proliferation in bony structures which induce bone 
resorption. Our case is a 28-year-old man with a history of biopsy-proven soft tissue hemangioma in the left thigh, encountered 
with a recent diagnosis of multiple vertebral hemangiomata in the axial skeleton and progressive bony destructions in the 
pelvis on CT and MRI images, referred for bone scintigraphy. Multiple photopenic hemangiomata were noted on bone scan.

KEY words: Gorham disease, bone resorption, vascular proliferation, hemangioma
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Introduction

Gorham disease is known as a rare disappearing-bone disease 
[1] most commonly in the shoulders and the pelvic girdles; however, 
various bone structures can be involved such as skull, mandible, 
humerus, scapula, clavicle, sternum, axial skeleton, hands and 
feet [2, 3]. Primary involvement of the spine is infrequent [4]. We 
present a rare form of extensive bony involvement in multiple ar-
eas including the spine and pelvis, with photopenic appearance 
in the whole-body bone scan.

Case report

A 28-year-old man with a history of biopsy-proven soft tissue 
hemangioma in the left thigh since 3 years ago, admitted with a chief 
complaint of recently progressive disability of walking. The plain 
radiography of the pelvis showed subtle osteolysis in the sacrum, 
left sacroiliac joint, left iliac bone and left femoral head. For precise 
evaluation, Thoraco-abdomino-pelvic multislice computed tomog-
raphy [CT] scan and transaxial magnetic resonance images [MRI] 
were performed (Fig. 1, 2 and 3). 

Figure 1. CT images showed Polka-dot sign or salt and paper appearance in T12, L1 and L3–L5 vertebrae, as well as lytic lesions in the sacrum 
and destructed left iliac bone

40

Nuclear Medicine Review 2019, 22, 1: 40–42
DOI: 10.5603/NMR.2019.0008
Copyright © 2019 Via Medica
ISSN 1506–9680

Clinical
vignette

www.journals.viamedica.pl/nuclear_medicine_review

Correspondence to: Ramin Sadeghi, Nuclear Medicine Research Center, 
School of Medicine, Mashhad University of Medical Sciences, Mashhad, 
Iran, Islamic Republic Of, e-mail: sadeghir@mums.ac.ir

Multiple photopenic vertebrae in the bone 
scintigraphy of a young man with Gorham 
disease: CT and MRI correlation
Ramin Sadeghi, Sara Shakeri, Toktam Massoudi, Fatemeh Farahmandfar, Farnaz Nesari Javan
Nuclear Medicine Research Center, School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran, Islamic Republic Of

[Received 3 XI 2018; Accepted 29 XI 2018]

Abstract

We report a rare pattern of extensive bone abnormalities on the Tc-99m MDP bone scintigraphy in a patient with Gorham 
disease. This rare condition is the result of vascular and lymphatic channel proliferation in bony structures which induce bone 
resorption. Our case is a 28-year-old man with a history of biopsy-proven soft tissue hemangioma in the left thigh, encountered 
with a recent diagnosis of multiple vertebral hemangiomata in the axial skeleton and progressive bony destructions in the 
pelvis on CT and MRI images, referred for bone scintigraphy. Multiple photopenic hemangiomata were noted on bone scan.

KEY words: Gorham disease, bone resorption, vascular proliferation, hemangioma

Nucl Med Rev 2019; 22, 1: 40–42

Introduction

Gorham disease is known as a rare disappearing-bone disease 
[1] most commonly in the shoulders and the pelvic girdles; however, 
various bone structures can be involved such as skull, mandible, 
humerus, scapula, clavicle, sternum, axial skeleton, hands and 
feet [2, 3]. Primary involvement of the spine is infrequent [4]. We 
present a rare form of extensive bony involvement in multiple ar-
eas including the spine and pelvis, with photopenic appearance 
in the whole-body bone scan.

Case report

A 28-year-old man with a history of biopsy-proven soft tissue 
hemangioma in the left thigh since 3 years ago, admitted with a chief 
complaint of recently progressive disability of walking. The plain 
radiography of the pelvis showed subtle osteolysis in the sacrum, 
left sacroiliac joint, left iliac bone and left femoral head. For precise 
evaluation, Thoraco-abdomino-pelvic multislice computed tomog-
raphy [CT] scan and transaxial magnetic resonance images [MRI] 
were performed (Fig. 1, 2 and 3). 

Figure 1. CT images showed Polka-dot sign or salt and paper appearance in T12, L1 and L3–L5 vertebrae, as well as lytic lesions in the sacrum 
and destructed left iliac bone

Ark.23 Back, Cyfra - czasopisma - NMR_2019_1 (rkaminska), 2019-04-05 10:01:05, 



41www.journals.viamedica.pl/nuclear_medicine_review

Ramin Sadeghi et al., Gorham’ disease

Clinical
vignette

Whole-body bone scan and following SPECT acquisi-
tion were performed four hours after IV injection of 740 MBq 
(20 mCi) Tc-99m-methylene diphosphonate [Tc-99m MDP], using 
a dual-head variable angle gamma camera with a low-energy 
high-resolution parallel-hole collimator (Fig. 4).

Discussion

As we report in our case, vascular proliferation and replacement 
of bone matrix with fi brous tissue lead to bone destruction and os-
teolysis [5–7]. The etiology of the disease is still unknown. Notably, 

Figure 2. Spine MRI revealed multiple hypersignal vertebrae on T1 (left) and T2-weighted (right) sections in T12, L1, and L3–L5 vertebrae

Figure  3. Pelvic MRI with IV contrast showed soft tissue enhancement in the left thigh and confirmed the extensive soft tissue hemangioma in this 
region
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suspicion of the vanishing-bone disease should be considered 
only after excluding the other signifi cant differential diagnosis such 
as infection, malignancy, infl ammatory and endocrine pathologies. 
Despite the benign pathology of the disease, the prognosis is un-
predictable with possibly serious consequences like pathologic 
fractures [3]. 

It was mentioned that increased Tc-99m MDP uptake in the af-
fected bony regions may indicate the active phase of bone disease 
[8]; however, limited photopenic involved sites in the whole-body 
bone scan were reported in the sacroiliac joint [9], mandible [10], 
lumbar spine [11] and left lower rib cage [8].
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Figure 4. Tc-99m MDP whole-body bone scan showed multiple zones of absent tracer uptake in the T12, L1and L3–L5 vertebrae, sacrum, left 
sacroiliac joint, left iliac bone and right femoral head, as well as increased tracer activity in the left femoral head and left thigh swelling. SPECT 
images on the right side, also confirmed the whole-body scan findings
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Abstract 

Os acromiale represents an unfused accessory center of ossification of the acromion of scapula. It may cause shoulder im-
pingement, rotator cuff tear or degenerative acromio-clavicular joint disease. A 38-year-old male with a history of degenerative 
disc disease presented with persistent backache. MRI of the lumbar spine had earlier showed left paracentral disc protrusion 
of L5/S1 vertebrae impinging the left S1 nerve root for which the patient underwent fluoroscopic guided nerve root block. Due 
to persistent bilateral sciatica and worsening leg pain a decompression surgery was planned. A bone scan was requested to 
exclude other causes of pain prior to surgery for which the patient underwent 18F-Fluoride PET-CT examination. We report 
a case of incidental detection of os acromiale mimicking fracture. As the management strategy for both is quite different this 
case highlights the importance of correct recognition of this identity for appropriate management.

KEYWORDS: 18F-Fluoride, PET/CT, os acromiale 
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Os acromiale is relatively rare, seen in about 8% (range 
1–15%) of the population [1, 2] but may be bilateral in 60% of 
individuals5.They are usually asymptomatic [3]. The acromion 
normally has a secondary center of ossifi cation which usually 
fuses to the rest of the acromion by the age of 25 years. Os acro-
miale represents persistence of this center without fusion. It may 
cause shoulder impingement, rotator cuff tear or degenerative 

AC joint disease [4]. The subtypes develop due to the variation 
in fusion pattern of the three acromial ossifi cation centers (prea-
cromion, mesoacromion and metacromion) [5] and are classifi ed 
on their pattern of articulation with the acromion (from proximal 
to distal) as basi-acromial, meta-acromial, meso-acromial and 
pre-acromial. Meta and meso-acromial are the most common 
variants [4].

 Figure 1. The 18F-Fluoride PET-CT showed a focus of moderate grade activity on the left shoulder which on axial images localized to the lateral 
end of the left acromion (black arrow) corresponding on CT to a linear defect with subtle sclerotic margins (white arrow) in keeping with os 
acromiale
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It is well known that the treatment of non-displaced fracture 
of the acromion is immobilization and analgesics, while the treat-
ment of symptomatic os acromiale is initially non-operative activ-
ity modifi cation, corticosteroid injection and use of nonsteroidal 
anti-inflammatory medication and, if there is no remission of 
symptoms, following by surgical intervention in the form of internal 
fi xation or excision and acromioplasty [6, 7]. Although os acromi-
ale occurs rarely, recognition of this identity is important, as it can 
mimic a fracture [8]. This knowledge is important as identifi cation 
of os acromiale in symptomatic patients frequently alters the kind 
of treatment instituted.  
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