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Editorial

I would like to announce the “hot summer 2022” issue of “Nucle-
ar Medicine Review”. We live in difficult times: not so far from us the 
terrible Russian-Ukrainian war is going on, there are heat waves and 
fires all over Europe and the new variants of SARS-CoV-2 still arise. 
We must be strong and united. To get to the point, the chapter “Origi-
nal articles” consists of eight interesting papers. It opens with an ar-
ticle written by Turkish colleagues concerning correlation of [18F]
FDG PET activity with expressions of Ki-67 in non-small-cell lung 
cancer. The next paper, from Italy, finds the correlations between 
[18F]FDG PET/CT and CA-125 in the evaluation of ovarian cancer 
relapse or persistence. Scientists from Saudi Arabia have focused 
on sensitivity and specificity of nuclear medicines (DTPA and DMSA) 
with magnetic resonance imaging in diagnosing bone metastasis in 
the third paper. The next one — from Ireland — shows that single 
late phase SPECT/CT is significantly superior to early SPECT/CT 
in the identification of parathyroid adenomas. It seems that early 
SPECT/CT acquisition can be eliminated from scan protocols. In the 
next paper Japanese scientists discovered increased physiological 
[18F]FDG uptake in the liver and blood pool among patients with 
impaired renal function. An article considering comparison of planar 

lymphoscintigraphy, SPECT, and SPECT/CT in preoperative detec-
tion of sentinel lymph node in patients with endometrial cancer by 
authors from North Macedonia shows superiority of SPECT/CT 
technic. In the next paper Greek colleagues conclude that epilep-
tic patients with atypical cardiac symptoms are at higher risk for 
cardiovascular disease and the myocardial perfusion imaging with 
[99mTc] tetrofosmin stress — rest single photon emission computer 
tomography may be utilized to assess even asymptomatic yet 
myocardial ischemia in patients with epilepsy for early intervention 
and reduction of sudden cardiac death. Finally from Egypt evaluate 
diffusion MRI versus FDG PET/CT in detection of cervical nodal 
metastases in patients with differentiated thyroid cancer. In the 
next paper we have got a review considering myocardial perfusion 
imaging using single-photon emission computed tomography with 
cadmium-zinc-telluride technology. Clinical vignette consists of five 
very interesting cases from Turkey, the United States and Iran. Also, 
there are two letters to the editor and in the end the opinion of Pol-
ish experts about scintigraphic diagnosis of cardiac amyloidosis.

Dear colleagues, looking for the better future and enjoy read-
ing our journal!

Grzegorz Kamiński

Editor-in-Chief 
Nuclear Medicine Review

Yours,

Dear Sirs and Madams,
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Correlation of [18F]FDG PET activity with 
expressions of Ki-67 in non-small-cell 
lung cancer
Ilknur Kucukosmanoglu1 , Meryem Ilkay Eren Karanis1 , Yasar Unlu1 , Mustafa Erol2
1Department of Pathology, Konya City Hospital, Konya, Turkey 
2Department of Nuclear medicine, Konya City Hospital, Konya, Turkey
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Abstract
Background: Lung carcinoma is the most commonly diagnosed cancer throughout the world and is the leading cause of can-
cer-related deaths. Non-small cell lung cancer (NSCLC) accounts for up to 80% of newly diagnosed lung cancer cases. This study 
aimed to investigate the relationship between Ki-67 proliferation index (PI) and the maximum standardized uptake value (SUVmax) 
obtained from [18F]FDG PET/CT in NSCLCs and whether prognosis was predicted with SUVmax values.

Material and methods: This retrospective study included biopsy and resection materials of 41 patients, who were examined in 
the pathology laboratory of Konya Training and Research Hospital between January 2010 and December 2019, and diagnosed 
with NSCLC, and whose [18F]FDG PET/CT images were present.

Results: There was no significant difference between histopathological subtypes in terms of age (p = 0.077), Ki-67 PI (p = 0.454), 
and SUVmax (p = 0.143). No correlation was observed between Ki-67 PI and SUVmax values obtained from [18F]FDG PET/CT 
(p = 0.338, r = 0.153). There was no significant correlation between Ki-67 PI and tumor diameter (p = 0.531). The SUVmax value 
was found to be lower (12.78 ± 6.14) in tumors measuring ≤ 2.5 in diameter and higher (18.46 ± 7.81) in tumors measuring 
> 2.5 cm (p = 0.027). Metastases not proven histopathologically but detected in [18F]FDG PET/CT were found to have no signif-
icant correlation with Ki-67 and SUVmax values (p = 0.881, p = 0.837). 

Conclusions: This study showed that there was no significant relationship between Ki-67 PI and SUVmax value obtained from 
[18F]FDG PET/CT in NSCLC tumors.

KEY words: non-small cell lung cancer; Ki-67; PET/CT
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Introduction

Lung carcinoma is the most commonly diagnosed cancer 
throughout the world and is the leading cause of cancer-related 
deaths. NSCLC accounts for up to 80% of newly diagnosed lung 
cancer cases [1–4]. Adenocarcinoma (AC) and squamous cell 
carcinoma (SCC) are two main histological subtypes of NSCLC. 
Compared to AC, SCC has a more destructive growth pattern 
and is associated with lower overall survival rates [3, 5]. The most 
important prognostic determinant is the stage of cancer at the time 
of diagnosis. Therefore, it is important to determine the extent of 

the disease, i.e., staging at the time of diagnosis, for determining 
the most suitable treatment option and obtaining prognostic in-
formation in patients with newly diagnosed NSCLC. In particular, 
it is of great importance to accurately distinguish patients with 
potentially curable early-stage cancer, who may benefit from rad-
ical surgery, from those who are deemed to be non-operable and 
therefore addressed to chemotherapy, radiotherapy, or both [6]. 
Uptake of fluorine-18-fluorodeoxyglucose ([18F]FDG) measured by 
integrated positron emission tomography/computed tomography 
(PET/CT) is a widely used non-invasive diagnostic test. Functional 
abnormalities can be detected by PET, even before they become 
morphologically apparent in conventional imaging. Moreover, 
PET imaging is also utilized for detecting fibrosis, the presence of 
edema, and viable tumor cells after treatment. The most commonly 
employed tracer for the evaluation of lung cancer is [18F]FDG 
[4, 6, 7]. The [18F]FDG PET/CT measures the SUV of a pulmonary 
nodule, i.e., the glucose avidity of the tumor. The [18F]FDG PET/CT 

https://orcid.org/0000-0002-5181-6152
https://orcid.org/0000-0002-1097-4592
https://orcid.org/0000-0002-3951-8881
https://orcid.org/0000-0003-3121-5330
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imaging is known to be useful in (i) determining the clinical behavior 
of a pulmonary nodule with an uncertain histopathological diagno-
sis and (ii) demonstrating mediastinal lymph node metastasis and 
distant metastasis [1]. Uptake of [18F]FDG is associated with the 
proliferative activity of the tumor in lung cancers and is an inde-
pendent prognostic factor [8]. Glucose metabolism in cancer tis-
sues measured by [18F]FDG PET/CT is an important biomarker for 
the characterization of lung cancer. Special care is recommended 
when using PET/CT in the investigation of patients with diabetes and 
in possible inflammatory processes [4]. Despite recent advances in 
personalized medicine, lung cancer still has a poor prognosis. 
Analyses of the predictive biomarkers are important to maximize 
the benefit of treatment [2, 3, 9].

Evaluation of tumor proliferation as a morphology-based meas-
ure of tumor growth kinetics has a long-standing background. The 
PI analysis of the Ki-67 antigen, one of the proliferation-related anti-
gens, is frequently used for this purpose. Ki-67 was first developed 
by Gerdes et al. [10] in 1983. Ki-67 is a DNA-binding nuclear protein 
that proliferates throughout the cell cycle but is not expressed in qui-
escent (G0) cells [2, 11, 12]. It is a well-known powerful biomarker 
with significant prognostic value in breast cancers, gastrointestinal 
system tumors, and neuroendocrine tumors [2]. Tumor cell prolif-
eration comprehensively describes the aggression and biological 
behavior of a tumor, which may provide additional tips for treat-
ment selection. Meta-analyses of numerous studies on resected 
early-stage NSCLC suggest that high Ki-67 values are associated 
with poor prognosis, shorter disease-free survival, and shorter 
recurrence-free survival [2, 4, 13]. However, the Ki-67 assessment 
in NSCLC has not been successfully included in routine reporting 
yet. Several studies reported a correlation between FDG uptake 
and Ki-67 proliferation in lymphomas, head and neck tumors, and 
NSCLC [9]. This study aimed to investigate the correlation between 
the Ki-67 proliferation index (PI) and SUVmax values obtained from 
[18F]FDG PET/CT in NSCLC cases.

Material and methods

This retrospective study included biopsy and resection mate-
rials of 41 patients (38 males and 3 females), who were examined 
in the pathology laboratory of Konya Training and Research Hos-
pital between January 2010 and December 2019, and diagnosed 
with NSCLC, and whose [18F]FDG PET/CT images were present. 
Age, gender, treatment, and other information were obtained from 
hospital records. Formalin-fixed paraffin-embedded (FFPE) tissue 
specimens were used in the study. Five-micron-thick sections ob-
tained from the paraffin blocks were stained with hematoxylin and 
eosin (H&E). These H&E stained preparations taken from the 
archive were re-examined under a light microscope by a single 
pathologist to confirm the diagnoses. Ki-67 immunohistochemical 
(IHC) staining preparations (clone: MIB-1) of these cases were 
also present. Ki-67 PI of the cases was re-calculated by the same 
pathologist. During the evaluation, the area of most intense staining 
(hot spot) was identified at small magnification. In the area of most 
intense staining, 500 tumor cells were counted at high magnification 
(x400) and positive-stained cells were expressed as a percentage 
(Fig.1). All patients with pulmonary nodules identified by imaging 
methods underwent [18F]FDG PET/CT for diagnosis or staging with-
in 10 days before the biopsy. These [18F]FDG PET/CT scans were 

blindly re-evaluated by an experienced nuclear medicine specialist. 
The protocol was as follows: A fasting condition for at least six 
hours and prohibition of intravenous glucose infusion was applied 
before [18F]FDG injection. Blood glucose levels were measured 
using a fingerstick blood sugar test and confirmed to be 180 mg/dL 
before [18F]FDG injection. The PET/CT scan was performed 60 min-
utes after intravenous injection of 0.12 mCi/kg [18F]FDG. Then, 
PET scans were then taken at seven to eight-bed positions and 
at two-minute intervals for each position. During the PET/CT scan, 
all patients were in the supine position. Non-contrast CT scanning 
began at the orbitomeatal line and progressed to the upper thigh 
(30 mAs, 130 kV, 5 mm slice thickness), and PET imaging followed 
immediately over the same body region. The CT data were used for 
attenuation correction and anatomical localization of the lesions. 
PET/CT fusion images were obtained in transaxial, sagittal, and 
coronal planes. SUVmax of the lesions was obtained from transaxial 
images (Fig. 2).

The statistical analyses were performed using SPSS 15.0 for 
Windows (SPSS, Chicago, IL, USA). The Shapiro-Wilk test was used 
for examining the continuous variables with normal and abnormal 
distributions, while the one-way analysis of variance (ANOVA) 
was used for the normally distributed continuous variables. The 
Kruskal-Wallis test was used for the abnormally distributed contin-
uous variables. When the Kruskal-Wallis test indicated statistically 
significant differences, the causes of those differences were de-
termined using a Bonferroni-adjusted Mann-Whitney U test. The 
continuous variables were presented as the mean ± standard 
deviation (SD). For all possible multiple comparisons, the Bonferroni 
adjustment was performed to control the type I errors. The Spear-
man correlation analysis was used to study the correlations between 
measurements. Statistical significance was considered at p < 0.05.

Approval was obtained from the ethics committee of KTO 
Karatay University for the study.

Results

The diagnosis was SCC in six (14.6%) of the cases, AC in 21 
(51.2%), and NSCLC-not otherwise specified (NOS) in 14 (34.1%). 

Figure 1. Ki-67 immunohistochemical staining, x 200 magnification 
(proliferation index: 75%)
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The mean age was 60.19 ± 10.66 years in AC cases, 61.79 ± 8.11 
years in NSCLC-NOS cases, and 69.33 ± 10.09 years in SCC 
cases. The mean Ki-67 PI was 33.86 ± 20.67 in AC, 49.57 ± 20.82 
in NSCLC-NOS, and 34.00 ± 17.15 in SCC. The mean SUVmax 
value was 15.20 ± 6.34 in ACs, 17.85 ± 9.12 in NSCLC-NOS, and 
18.99 ± 8.99 in SCC (Tab. 1). There was no significant difference 
between histopathological subtypes in terms of age, Ki-67 PI, and 
SUVmax.

No correlation was found between Ki-67 PI, and SUVmax val-
ues obtained from [18F]FDG PET/CT (p = 0.338, r = 0.153). The 
cutoff values for Ki-67 PI were determined as ≤ 10, 10–25, and ≥ 25. 
Similarly, there was no correlation with SUVmax (p = 0.230). 
There was no significant correlation between Ki-67 PI and tumor 
diameter (p = 0.531). The SUVmax value was found to be lower in 
tumors measuring ≤ 2.5 in diameter and higher in tumors measur-
ing > 2.5 cm (p = 0.027) (Tab. 2).

Metastases not proven histopathologically but detected in 
[18F]FDG PET/CT were found to have no significant correlation with 
Ki-67 and SUVmax values (p = 0.881, p = 0.837) (Tab.3).

Conclusions

In recent years, PET/CT has become a routinely used proce-
dure for the assessment of lung cancer. Many studies suggested 
that [18F]FDG PET/CT was superior to CT in terms of the accuracy 
of nodal (N) staging for lung cancer. Therefore, [18F]FDG PET/CT 
is currently recognized as the most accurate imaging method for N 
staging of lung cancer. Nonetheless, there are also studies report-
ing that [18F]FDG PET/CT gives false negative and false positive 
findings in lung cancer cases, including N staging. 

In a retrospective analysis involving solid lung masses, a pos-
itive correlation was found between the size of a malignant tumor 
and SUVmax. Multivariate analysis demonstrated that the combi-
nation of high SUV and large lesion size describes a subgroup of 
patients with the poorest prognosis and a median survival rate of 
fewer than six months [1]. 

The most widely used tracer for the detection of lung cancer 
is [18F]FDG, which provides valuable information for patient 
management, particularly for detecting nodal and metastatic 
involvement and evaluating response to treatment. Misleading 
data may be encountered while utilizing [18F]FDG PET/CT in 

Table 1. Relationship between histopathological type ,and SUVmax, Ki-67 and age

AC (n = 21) NSCLC, NOS (n = 14) SCC (n = 6) p-value

Age 60.19 ± 10.66 61.79 ± 8.11 69.33 ± 10.09 0.077

Ki-67 PI 33.86 ± 20.67 49.57 ± 20.82 34.00 ± 17.15 0.454

SUVmax 15.20 ± 6.34 17.85 ± 9.12 18.99 ± 8.99 0.143
AC — adenocarcinoma; NOS — not otherwise specified; NSCLC — non-small cell lung cancer; PI — proliferation index; SCC — squamous cell carcinoma; SUVmax — maximum standardized 
uptake value

Table 2. Relationship between diameter and SUVmax, Ki-67

≤ 2.5 cm (n = 13) > 2.5 cm (n = 28) p-value

Ki-67 PI 36 ± 22.74 40.68 ± 20.66 0.531

SUVmax 12.78 ± 6.14 18.46 ± 7.81 0.027
PI — proliferation index; SUVmax — maximum standardized uptake value

Table 3. Relationship between metastasis and SUVmax, Ki-67

Metastasis present Metastasis absent p-value

Ki-67 PI 39.67 ± 19.96 38.65 ± 23.38 0.881

SUVmax 16.87 ± 7.29 16.36 ± 8.52 0.837
PI — proliferation index; SUVmax — maximum standardized uptake value

Figure 2. An [18F]FDG PET/CT image of a patient with 
adenocarcinoma (SUVmax: 14.52)
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prognosis in lung cancer [15]. Standardization is required for IHC, 
particularly regarding the positivity threshold, to become a useful 
prognostic factor in clinical practice. Furthermore, the present 
findings should be confirmed by taking into account classical 
well-defined prognostic factors for survival in patients with lung 
cancer [11]. Whether Ki-67 PI and SUVmax values were prognostic 
biomarkers was investigated separately in previous studies where-
as this study assessed Ki-67 and SUVmax values together and 
investigated the correlation between them. The literature review 
showed that several studies reported high Ki-67 PI as a poor 
prognostic parameter in lung cancers whereas there were also 
studies reporting that high FDG uptake was associated with the 
proliferative activity of the tumor and could be used as a poor 
prognostic parameter. 

We believe that information on the Ki-67 biomarker indicating 
the proliferative activity of the tumor can be predicted by the FDG 
uptake of the tumor. However, correlation analysis revealed no 
correlation between these two parameters. There were specula-
tions that the cut-off value for KI-67 PI was chosen to affect the 
p-value in several studies. According to the statistical analyses we 
performed for Ki-67 both without determining any cut-off value and 
determining a cut-off value, there was no significant correlation 
between the two parameters in both cases. 

This study has several limitations. Firstly, it was conducted in 
a single hospital, with a small number of cases. Therefore, the 
results may not be representative of larger populations. Moreover, 
since the SUVmax value does not reflect the heterogeneity of 
a tumor, comparing other PET parameters such as MTV and TLG, 
which reflects metabolic volume and activity, with Ki-67 PI in future 
studies may be helpful to eliminate this disadvantage of SUVmax. 
Therefore, conducting similar prospective studies including a larg-
er number of patients with more homogeneous distribution (such 
as near tumor diameter) may shed light on this issue.
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Abstract
Background: Ovarian cancer relapse can be diagnosed by serum tumor markers measurements and 18F-fluorodoxyglucose pos-
itron emission tomography/computed tomography ([18F]FDG PET/CT) findings. The aim of our study was to analyze the potential 
relationship between cancer antigen 125 (CA-125) and PET/CT results in patients affected by ovarian cancer.

Material and methods: Ninety-two [18F]FDG PET/CT scans in sixty-one patients with diagnosis of ovarian cancer were analyzed 
and compared to CA-125 values. PET/CT results were compared to other imaging modalities, histology or follow-up data in order 
to define its diagnostic accuracy. PET/CT studies were analyzed qualitatively and semiquantitatively by measuring the maximum 
and mean standardized uptake value body weight max (SUVbw max, SUVbw mean), maximum SUV lean body mass (SUVlbm), 
maximum SUV body surface area (SUVbsa), metabolic tumor volume (MTV) and total lesion glycolysis (TLG) of hypermetabolic 
lesions. All measurements were compared with CA-125 values.

Results: Twenty PET/CT studies were true negative, sixty-three true positive, five false positive and four false negative with sensi-
tivity of 94%, specificity of 80%, negative predictive value of 83%, positive predictive value of 93% and accuracy of 90%. CA-125 
levels were significantly correlated with PET/CT results and all PET/CT semiquantitative parameters. CA-125 cutoff values of 17 
UI/mL is the best compromise between sensitivity and specificity in discriminating between positive and negative PET/CT result.

Conclusions: [18F]FDG PET/CT has good accuracy in evaluating patients with relapse or persistance of ovarian cancer. CA-125 
levels were significantly correlated with metabolic PET/CT parameters.
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Introduction

Ovarian cancer is the leading cause of death among all gyneco-
logical cancers in developed countries. Because of its silent nature, 
most of the patients are diagnosed at advanced stages, defined 
as the spread of the tumor outside the pelvis [1, 2]. The staging 
system used worldwide for ovarian cancer is the International 
Federation for Gynecology and Obstetrics (FIGO) staging classifi-
cation [3]. Staging of the disease is usually performed by multiple 
imaging modalities such as ultrasonography (US), particularly use-
ful for the assessment of ovarian masses, computed tomography 

(CT), and magnetic resonance (MR). 18F-fluodeoxyglucose positron 
emission tomography/computed tomography ([18F]FDG PET/CT) 
is not usually performed for staging purposes, but its utility for the 
assessment of retroperitoneal lymph nodes is proved [4].

Cancer antigen 125 (CA-125) is a high-molecular-weight gly-
coprotein expressed on the surface of epithelial cells and is also 
a tumor marker that can play an important role in staging and re-
staging of ovarian cancer [1, 5]. Standard treatment of the disease 
includes aggressive cytoreductive surgery followed by platinum-/
taxane-based chemotherapy [6].

Recurrence of this tumor is extremely frequent and in particular, 
75% to 80% of all patients and 90% to 95% of patients with ad-
vanced disease (FIGO stage III/IV) will relapse within 2 years after 
primary treatment [7]. According to this, early identification of tumor 
recurrence is crucial to defining subsequent therapeutic approach.

Cancer antigen 125 (CA-125) is a sensitive and reliable tumor 
marker to investigate possible relapse or persistence of ovarian 

https://orcid.org/0000-0003-4839-9033
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cancer: in particular in literature, it is reported an accuracy of 79% to 
95%, and its values increase from 3 to 6 months before the clinical 
presentation of recurrence [8–9]. A progressive low-level increase 
of this marker is strongly predictive of disease relapse among 
patients who are in complete clinical remission [10].

Conventional imaging (CI), such as CT and MR, is also used 
in the evaluation of recurrence or persistence of disease with high 
variability in terms of sensitivity and specificity [1]. Furthermore, 
[18F]FDG PET/CT is frequently performed in the work-up of possible 
recurrence, given its ability to identify relapse of the disease in both 
asymptomatic and symptomatic patients [11].

The purpose of our study was to assess the accuracy of [18F]
FDG PET/CT in detecting tumor relapse or persistence in pa-
tients previously treated for ovarian cancer. Furthermore, a possible 
a possible correlation between PET/CT parameters and CA-125 
values was also investigated.

Material and methods

A total of 92 [18F]FDG PET/CT scans were retrospectively 
included in the study. The scans came from 61 patients with 
a previous diagnosis of ovarian cancer and were performed in our 
center from July 2007 to October 2019. Patients with a history of 
multiple tumors expressing CA-125 (i.e. breast) were excluded from 
the study. All PET/CT scans were performed at least 1 month after 
the end of chemotherapy and 3 months after the end of surgery 
or radiotherapy.

A dose of 3–3.5 MBq/kg of [18F]FDG was administered in-
travenously to the patient 60 minutes before image acquisition. 
Patients were instructed to void before acquisition and no contrast 
agents were administrated; written consent was also obtained 
before studies. PET/CT scans were performed from the skull base 
to the midthigh on a Discovery ST or Discovery 690 PET/CT tomo-
graph (General Electric Company, GE, Milwaukee, Wisconsin) with 
standard parameters (CT: 80 mA, 120 kV; PET: 2.5–4 min per bed 
position, PET step of 15 cm). Reconstruction of images was per-
formed in a 256×256 matrix and 60 cm field of view.

All PET/CT scans were visually and semiquantitatively analyzed 
by two experienced nuclear medicine physicians by consensus. In 
this setting, readers were aware of the clinical history of the patient 
but not about CA-125 levels. Focal tracer uptakes diverging from 
physiological distribution of radiotracer and background were 
regarded as suggestive of disease recurrence or persistence. For 
semiquantitative analysis the measure of the maximum and mean 
standardized uptake value bodyweight max (SUVbw max, SUVbw 
mean), maximum SUV lean body mass (SUVlbm), maximum SUV 
body surface area (SUVbsa), metabolic tumor volume (MTV), 
and total lesion glycolysis (TLG) of hypermetabolic lesions were 
performed. In this setting, MTV was extracted from [18F]FDG PET 
images corrected for attenuation, with an SUV-based automated 
contouring program (Advantage Workstation 4.6, GE HealthCare). 
This operation was performed with an isocontour threshold method 
based on 41% of the SUVmax, as previously recommended by the 
European Association of Nuclear Medicine, because of its high 
interobserver reproducibility [12]. Furthermore, TLG was calculated 
by summing the product of MTV of each lesion for its SUVmean.

Cancer antigen 125 (CA-125) values were collected in a range 
of times within 2 months from the PET/CT scan. In particular, CA-125 

was considered positive when higher or equal to 35 UI/mL, accord-
ing to the reference values of our institution. In order to evaluate 
PET/CT diagnostic accuracy, the reference standard was a com-
bination of clinical and imaging follow-up data collected for at 
least 12 months. When available, also histopathologic information 
was taken into account.

Statistical analysis
Statistical analyses were carried out using MedCalc Software 

version 17.1 for Windows (Ostend, Belgium). Categorical variable 
were presented with the calculation of simple and relative fre-
quencies while the numeric variables were described with mean, 
standard deviation, minimum and maximum values. Furthermore, 
using final diagnosis as a reference, sensitivity (SE), specificity (SP), 
positive predictive value (PPV), negative predictive value (NPV), 
and accuracy (AC) were calculated based on Bayes’s law, with 
95% confidence intervals (CIs).

To assess the possible correlation between qualitative PET/CT 
results in tumor markers positivity or negativity, age (considering 
a threshold of 75 years), and stage (I/II vs. III/IV FIGO stage), Chi-
Square test was performed. Furthermore, the Kruskall-Wallis test 
was performed to evaluate a possible correlation between PET/CT 
results and tumor markers considered as absolute values and with 
a cutoff of 35 UI/mL (positivity or negativity) and PET/CT semiquan-
titative parameters (SUVmax, SUVmean, SUVbsa, SUVlbm, MTV 
and TLG). P-value was considered statistically significant if < 0.05.

In order to identify the best CA-125 values able to discriminate 
between positive and negative PET/CT, receiver operating char-
acteristic (ROC) curve analysis was then performed. Area Under 
Curve (AUC), SE, and SP were then obtained from this analysis.

Results

Mean age of patients was 64 (range 45–85) years; 2 of them 
had stage I disease according to FIGO staging system, 4 had 
stage II disease, 36 had stage III while stage IV was present in 19 
patients. All patients had a PET/CT scan after surgical removal of 
the primary tumor. Of these patients, 2 didn’t perform any therapy 
after surgery, 56 had chemotherapy after surgery, 1 performed 
radiotherapy after surgery while 2 patients performed a mix of 
radio- and chemotherapy after surgery.

Seventeen patients performed more than a single [18F]FDG 
PET/CT scan, resulting in 32 scans carried out for re-staging or 
follow-up purposes. In particular, 10 patients performed 2 scans, 
3 patients performed 3 scans, one performed 4 scans, 2 performed 
5 scans and only one patient performed 6 PET/CT scans. Further-
more, of the 32 scans performed after a prior one, 8 were carried 
out to evaluate relapse of disease after a negative [18F]FDG PET/CT 
exam, 3 were performed as a part of the follow-up of the patients, 
while 21 scans were performed for the evaluation of disease dur-
ing or after treatment (in particular in one case the patients had 
radiotherapy before the scan while 20 patients had chemotherapy 
before PET/CT evaluation). The mean imaging follow-up time of 
patients with CT or MR scans was 22.7 months.

Serous carcinoma was the most frequent histotype with 
53 cases; endometrioid carcinoma was present in 3 patients, car-
cinosarcoma in 2 while one patient had a mixed carcinoma, one 
an undifferentiated, and one a clear cell carcinoma respectively 
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(Tab. 1). Cancer antigen 125 (CA-125) values were available in 
conjunction with PET/CT for all studies: 42 of them were under the 
normal limit while 50 were above.

Of the 92 PET/CT scans performed, 68 (74%) demonstrated the 
presence of recurrence of the disease while 24 (26%) were negative 
(Fig. 1). In the group of positive PET/CT, 43 (63%) demonstrated 
peritoneal localization of disease, 13 (19%) had a local relapse, 
30 (44%) had abdominal nodal metastasis, 15 (22%) had thoracic 

nodal metastasis, 9 (13%) had hepatic metastasis, 3 (4%) had lung 
metastasis and 3 (4%) had spleen metastasis. One (2%) patient 
also had adrenal localization of the disease.

Among 68 positive PET/CT scans, 63 were confirmed as true 
positive while on subsequent follow-up 5 were classified as false 
positive. Histopathological diagnosis was possible for 41 (65%) of 
these studies. In one case we found a diffuse uptake in the left iliac 
wing that on a subsequent MR scan was classified as not patho-
logical. Three false-positive scans were characterized by peritoneal 
focal uptakes interpreted as localization of disease that were not 
confirmed on subsequent radiological follow-up. Interestingly, in 
one patient we found a focal peritoneal uptake suggestive of lo-
calization of ovarian cancer but when removed this was diagnosed 
as a neuroendocrine tumor (Fig. 2).

Among 24 negative scans, 20 were confirmed as true negative 
while 4 resulted as false negative on subsequent follow-up (imaging 
follow-up with CT or MR scans for at least 12 months, in particular 
with a mean follow-up of 26.3 months): 2 of them had peritoneal or 
nodal metastasis of disease with dimension under 5 mm while in 
2 cases PET/CT wasn’t able to recognize lung localization for the 
same reason. Sensitivity (SE), specificity (SP), positive predictive 
value (PPV), negative predictive value (NPV) and accuracy (AC) 
of [18F]FDG-PET/CT were 94% (85–98%), 80% (61–93%), 93% 
(85–96%), 83% (67–93%) and 90% (82–95%), respectively. Positive 
and negative likelihood ratios were 4.70 and 0.07, respectively.

Of the total of 92 PET/CT scans, 80 were performed by 
patients with a diagnosis of serous ovarian carcinoma while 12 
patients were present with other histotypes. In the first group of 
patients, there were 4 false-negative scans, 5 false positives, 18 
true negatives and 53 true positives; CA-125 was above the limit 
of 35 UI/mL in 42 cases while under this limit in 38. In the group 
of patients without serous carcinoma, 2 scans turned out to be 
true negative while 10 were true positive; CA-125 was positive in 8 
cases and negative in 4.

A significant correlation was found between PET/CT results and 
CA-125 findings dichotomized as positive and negative (p < 0.01). 
No significant correlation was found between PET/CT results and 
stage or age (Tab. 2); the same happened when evaluating CA-
125 results and stage or age.

A significant correlation between PET/CT results and CA-125 
absolute values was found (p < 0.01) and as well as comparing 
CA-125 positivity or negativity and PET semiquantitative parame-
ters (p < 0.01). A significant association was also found between 
CA-125 absolute values and semiquantitative PET parame-
ters (p < 0.01) (Tab. 3).

In order to evaluate the possible influence of histotype on the 
correlation between PET/CT and CA-125, we decided to perform the 
aforementioned statistics by dividing the group of patients with se-
rous carcinoma from other ones. In the group of the 80 patients with 
serous carcinoma, the significant correlation between PET/CT and 
CA-125 exposed before was confirmed. Otherwise, in the group of 
the 12 patients without serous carcinoma, the significant correlation 
wasn’t confirmed.

Applying ROC curves analysis to all the 92 PET/CT scans, 
a value of 17 UI/mL for CA-125 (AUC 0.732, SE 84%, SP 62%) 
was extracted (Fig. 3). Furthermore, when comparing serum marker 
values using the aforementioned cutoff with PET/CT results, a sig-
nificant association was observed (p < 0.01) (Tab. 4).

Table 1. The main features of our 61 patients

n (%)

Age [years] (mean, range) 64 (45–85)

FIGO stage  

I 2 (3%)

II 4 (7%)

III 36 (59%)

IV 19 (31%)

Therapy

Surgery 2 (3%)

Surgery + chemotherapy 56 (92%)

Surgery + radiotherapy 1 (2%)

Surgery + chemotherapy

 + radiotherapy

2 (3%)

Histology

Carcinosarcoma 2 (3%)

Clear cell 1 (2%)

Endometrioid 3 (5%)

Mixed 1 (2%)

Serous 53 (86%)

Undifferentiated 1 (2%)
FIGO — International Federation for Gynecology and Obstetrics

Figure 1. (A) Maximum intensity projection (MIP) of a negative  
[18F]FDG PET/CT scan performed in a patient with negative CA-125; 
(B) MIP of a positive [18F]FDG PET/CT scan performed in a patient 
with negative CA-125 showing peritoneal, thoracic, and abdominal 
localization of the disease

A B
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Discussion

Relapse of ovarian cancer is extremely frequent affecting ap-
proximately 75% to 80% of all patients; 90% to 95% of patients with 
advanced disease (FIGO stage III/IV) will relapse within 2 years after 
primary treatment [7]. Furthermore, the role of [18F]FDG PET/CT 
for the evaluation of relapse or persistence of disease and for the 
follow-up of patients has been underlined [11]. In a previous me-
ta-analysis, Limei et al. [13] pointed out the fact that PET/CT may be 
the most accurate test for diagnosis of suspected recurrent ovarian 
cancer with high sensitivity and specificity and also a useful tool 
to evaluate the deextent of disease. In this context, the greatest 
value of [18F]FDG PET/CT in ovarian cancer is represented by the 
high accuracy in detecting residual disease after primary treatment 
and in identifying recurrent disease in both symptomatic and 
asymptomatic patients [11]. PET/CT has also a role in optimizing 
the management plan in patients with recurrent ovarian cancer 
as was established previously (Ebina et al. [14] and Soussan et 
al. [15]).

Likewise, CA-125 is a sensitive and reliable tumor marker to 
investigate possible relapse of disease, with a reported accuracy 
of 79% to 95%, and its values increase from 3 to 6 months before 
the clinical presentation of recurrence [8–9]; it is also the simplest 
tool to trigger imaging and is a better approach than regular routine 
imaging for the diagnosis of recurrent ovarian cancer, as mentioned 
by the guidelines [2].

Table 2. Correlation between PET/CT results and the main clinical 
features

PET/CT p-value

Positive (%) 
n. 68

Negative (%) 
n. 24

Age [years] 0.237

< 75 53 (78%) 22 (92%)

≥ 75 15 (22%) 2 (8%)

FIGO stage 0.357

I 1 (1%) 1 (4%)

II 4 (6%) 0 (0%)

III 37 (54%) 17 (71%)

IV 26 (39%) 6 (25%)

Therapy

Surgery 1 (1%) 1 (4%)

Surgery + chemotherapy 65 (97%) 22 (92%)

Surgery + radiotherapy 1 (1%) 0 (0%)

Surgery + chemotherapy  

+ radiotherapy

1 (1%) 1 (4%)

CA-125 0.002

Positive 44 (65%) 6 (25%)

Negative 24 (35%) 18 (75%)

CA-125 as continuos values 68 (100%) 24 (100%) < 0.001
FIGO — International Federation for Gynecology and Obstetrics

Figure 2. (A) Axial CT; (B) axial PET; (C) axial fused PET/CT; (D) and maximum intensity projection (MIP) images of an [18F]FDG PET/CT scan 
demonstrating a focal peritoneal uptake in a patient with negative CA-125; subsequent removal of the lesion demonstrated the presence of 
a neuroendocrine tumor

A

C

B
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A meta-analysis by Gu et al. [5] reported that [18F]FDG PET/CT 
could be a useful tool for current surveillance techniques, in particu-
lar for those patients with increasing CA-125 levels and negative CT 
or MR imaging. In this context, rising CA-125 levels in patients who 
were radically treated for ovarian cancer but show no evidence of 
relapse is the most frequent indication for PET/CT and high overall 
sensitivity (97%) has been obtained using PET/CT in asympto-
matic patients with high serum CA-125 levels and non-conclusive 
results at CT [16–18]. A correlation between PET/CT and CA-125 
could be therefore very useful since it can provide metabolic infor-
mation allowing for differentiation between tumor recurrence and 
post-therapy scarring/fibrosis [1].

Our analysis confirmed the diagnostic value of [18F]FDG PET/CT 
for the restaging of ovarian cancer after primary therapy. In par-
ticular, most of the exams resulted true positives and just a small 
amount of scans turned out to be false positives: in one case we 
found a diffuse uptake in the left iliac wing that on a subsequent 
MR scan was classified as not pathological, 3 were characterized 
by peritoneal focal uptakes interpreted as localization of disease 

that weren’t confirmed and in 1 scan we found a focal peritoneal 
uptake suggestive of localization that was then diagnosed as a neu-
roendocrine tumor. Most of negative scans were confirmed as true 
negative and in the small amount of false negative, PET/CT was not 
able to identify pulmonary, peritoneal, or nodal lesions under its res-
olution power (5 mm).

The ranges of SE, SP, PPV, NPV and AC reported in literature 
for [18F]FDG PET/CT in the restaging of ovarian cancer from some 
meta-analysis are 88% to 98%, 71% to 100%, 85% to 100%, 67% 
to 100% and 71% to 100% [5, 19]. Our results confirmed these 
evidences.

We find a significant correlation between PET scan positivity 
or negativity and CA-125 one. In the past Menzel et al. pointed out 
the correlation between CA-125 and PET/CT by demonstrating that 
serum marker levels were higher in patients whit positive PET/CT 
compared with patients with negative one and this finding was con-
firmed by other studies [1, 17].

Most of our patients had a diagnosis of serous carcinoma (87%) 
and this fact is really important to underline because it’s known that 
this is the ovarian carcinoma histotype that expresses CA-125 the 
most; in other histotypes such as mucinous, endometrioid, and 
clear cell, the prognostic value of CA-125 is less known according 
to European guidelines [2]. In detail, 80% of serous ovarian cancer 
can express CA-125, while fewer than 30% of mucinous-, clear-cell-, 
and endometrioid cancer are positive for this surface antigen [20]. 
In this context, when applying statistical analysis between the two 
different groups of serous vs. non-serious carcinomas we reported 
a significant correlation between PET/CT and CA-125 just in the 
first group, underlying this different expression of tumor marker 
between different histotypes.

A significant correlation was also found between CA-125 
absolute values and all PET semiquantitative parameters,  
CA-125 absolute values and PET/CT scan positivity or negativity, 
and PET semiquantitative parameters with CA-125 positivity or neg-
ativity. In the past, Kim et al. [21] pointed out a correlation between 
MTV and TLG with serum CA-125 levels at relapse in a patient with 
recurrence of ovarian epithelial cancer but they did not find any 
correlation between SUVmax and CA-125. These findings agree 
only in parts with ours, where also SUVmax is strongly correlated 
with CA-125 serum levels.

Figure 3. Receiver operating characteristic (ROC) curve was obtained 
when searching for the best tumor marker value for CA-125 to 
discriminate between positive PET/CT or negative one: a value of 
17 UI/mL was obtained (AUC 0.732, SE 84%, SP 63%)

Table 4. Receiver operating characteristic (ROC) curves analysis for CA-125

Value AUC Standard error 95% CI Significance 
level

Sensitivity Specificity

CA-125 17 0.732 0.055 0.629–0.819 0.0001 83.8 62.5
AUC — area under curve; CI — confidence interval

Table 3. Correlation between mean semiquantitative parameters and CA-125 values

SUV-
max

p-value SUV-
mean

p-value SUVlbm p-value SUVbsa p-value MTV p-value TLG p-value

CA-125 absolute values 9.52 < 0.001 5.09 < 0.001 6.67 < 0.001 2.49 < 0.001 21.94 < 0.001 184.71 < 0.001

CA-125 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

positive 9.66 5.09 6.69 2.53 23.01  194.45

negative 3.61 3.91 2.83 1.02 8.20 67.92
MTV — metabolic tumor volume; TLG — total lesion glycolysis
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In the past, Kim et al. [6] reported a significant correlation of 
changes in [18F]FDG PET/CT SUVmax, with recurrence in advanced 
epithelial ovarian cancer. Moreover, other papers noticed that the 
doubling time of CA-125 strongly correlates with recurrence and 
outcomes of ovarian cancer [22–23]. Evangelista et al. [24], ob-
served that overall survival (OS) is significantly higher in patients with 
negative CA-125 values at the time of PET/CT, with negative PET/CT 
scan, and with no evidence of peritoneum recurrence and distant 
metastases. Moreover, Kim et al. [21] pointed out a significant cor-
relation between MTV, TLG, and SUVmax with post-relapse survival. 
By underlying the significant correlation of PET/CT parameters and 
CA-125, we think that our study can confirm these findings.

A discriminating value of 17 UI/mL for CA-125 (AUC 0.732,  
SE 84%, SP 63%) for PET/CT positivity or negativity was underlined 
when applying ROC curve analysis. This value is very similar to 
the one found by Palomar et al. [16] in the past (18 UI/mL) when 
evaluating the role of [18F]FDG PET/CT in 175 patients treated for 
ovarian cancer and with raised CA-125 levels. Similar results were 
also obtained by Fularz et al. [25] (17.6 UI/mL) in a study with 
68 patients with suspicion of ovarian cancer relapse. Furthermore, 
when comparing serum marker values using the aforementioned 
cutoff with PET/CT results, a statistically significant association 
was observed.

Our work is not without limitations. First of all, its retrospective 
nature with heterogeneous clinical features of the population. More-
over, all 92 [18F]FDG PET/CT came from a relatively low sample of 
patients. Lastly, a definitive histopathological diagnosis was not 
available for all PET/CT scans.

Conclusions

In conclusion, [18F]FDG PET/CT is an accurate diagnostic tool 
to evaluate possible relapse or persistence of ovarian cancer after 
primary therapy. A strong correlation between PET qualitative and 
semiquantitative parameters and CA-125 values was underlined.
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Abstract
Background: The frequency of bone metastases in individuals increases at advanced stages of cancer, mostly in patients suffer-
ing from lung, breast, or prostate cancer. The study aims to evaluate the effectiveness of bone metastases diagnosis of nuclear 
medicine, CT scan, and MRI in detecting bone metastases among patients with lung, breast, and prostate carcinoma.

Material and methods: Retrospective study design was adopted for the analysis of 120 recruited patients (with the presence of 
bone metastasis) following a series of examinations and tests. 

Results: Better sensitivity (73.33%) and specificity (94.66%) for MRI as compared to SPECT. MRI also proved to be more sensitive 
(68%) and specific (95.74%), as compared to the findings of the CT scan. 

Conclusions: The results conclude that MRI provided favorable diagnostic performance for bone metastasis. It emphasizes that 
diagnosis using MRI may enable practitioners to devise optimal carcinoma treatment strategies. The healthcare practitioners need 
to assess the MRI findings to determine improved treatment plans. 
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Introduction

The process of metastasis is a debilitating property of a ma-
lignant tumor that is not confined to its origin site i.e., the primary 
tumor site, but it can detach and spread to other parts of the 
body forming secondary tumors [1]. The formation of secondary 
tumors inside the bone or bone metastasis in a cancer patient 
is an incapacitating and often untreatable disease [2]. Halabi et 
al. [3] revealed an incidence of approximately 65–75% of skeletal 
involvement among patients with advanced cancer. After the lymph 
nodes, the skeleton is the second common malignancy site for the 
development of metastases from prostate or breast cancer. Mostly, 
the presence of bone metastases is implied to any alteration in 

an ongoing treatment, where survival prospects of the affected 
individual are low [4]. Complications such as spinal paralysis and 
pathological fractures caused by bone metastasis increase the 
complexity of the cancer treatment and pose a significant impact on 
an individual’s quality of life [5]. Several studies have revealed that 
the diagnosis of bone metastases can have a substantial impact 
on the overall treatment strategy [3, 6].

The use of contemporary imaging techniques has enabled 
the rapid diagnosis of bone metastases. Nuclear medicine and 
magnetic resonance imaging (MRI) have a significant role in the 
diagnosis and therapy of bone metastases. The imaging of bone 
is considered one of the first nuclear medicine techniques. The 
sensitivity of nuclear medicine is 90 percent greater as compared to 
other imaging methods, particularly, when there is a compression of 
the spinal cord or inclusion of radiographic examination [7]. Whole-
body MRI, axial skeleton MRI, and routine prostate/breast MRI are 
significant in the diagnosis of bone metastases [8]. The number of 
metastatic foci in the skeletal system is evaluated through suitable 
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selected diagnostic imaging techniques, including positron emis-
sion tomography (PET), bone scintigraphy (BS), and whole-body 
MRI [9]. Whereas, according to Lukaszewski et al. [6], the extent of 
metastasis and its mixed, osteolytic, osteoblast characteristics are 
determined through complementary imaging examinations such 
as MRI, X-rays, and computed tomography (CT) scan.

One of the significant advantages of using MRI is the reporting 
of bone metastases response to treatment, using functional ap-
proaches, quantitative parameters, and morphologic images [10]. 
According to Qu, Huang at al. [11], compared to MRI or BS, PET 
scan was found more sensitive and specific in detecting bone 
metastasis due to lung cancer. Whereas, according to Huysse at 
al. [12], MRI has higher sensitivity compared to PET on a lesion 
level and has a low probability of false-negative results. Also, there 
is a predominant up-regulation of osteoblastic activity in bone 
metastases, which may lead to the formation of mineralized woven 
bone [13]. This condition shows a characteristic osteosclerotic ap-
pearance and is recognized as an osteoclast that plays a significant 
role in the pathophysiology of metastatic growth procedures [13]. 
The techniques, including nuclear medicine, CT scan, and MRI, can 
improve the diagnosis and check the response of therapy among 
cancer patients [6]. There is a strong need to evaluate and reveal 
the effectiveness of the mentioned techniques in detecting bone 
metastases in patients with lung, breast, and prostate carcinoma. 
This study significantly contributes by highlighting each modali-
ty’s pros and cons, along with their response to treatment, and 
diagnoses of bone metastases. Additionally, it presents a practical 
approach for the evaluation of bone metastasis and the diagnosis of 
bone metastasis.

Nuclear medicines are widely used in approximately all 
the imaging techniques. But the diagnosis through this some-
times shows the false-negative results [14]. This misdiagno-
sis ultimately troubles the oncologist as well as the patient who 
does not understand the stage of bone metastases. Diethylen-
etriamine pentaacetate (DTPA) and dimercaptosuccinic acid 
(DMSA) are used with CT scans, and MRI and PET scanning. In 
the current study, both of these nuclear medicines were used in 
order to find their specificity and sensitivity in the diagnosis of 
bone metastases.

Although previous researchers have established the signif-
icance of digital imaging of bone metastasis in detecting and 
evaluating prostate, breast, and lung cancer; no empirical evidence 
is found concerning the agreement on the optimal imaging modality 
for detecting the specific disease. Union for International Cancer 
Control (UICC), response evaluation criteria in solid tumors, and 
World Health Organization (WHO) have developed the evaluation 
of bone tumor response criteria, but its execution was not found 
up to the mark in clinical practice and hence dissolved [15]. The 
comparison between nuclear medicines, DTPA and DMSA, with 
MRI for their specificity and sensitivity in detecting bone metas-
tases has not been studied explicitly among prostate, lung, and 
breast carcinoma. The present study, therefore, bridges this gap 
and provides an evaluation of the quality parameters between 
different digital imaging systems and modalities of digital imaging 
systems. Mainly, it outlines the superiority of an imaging system 
over others concerning quality and sensitivity.

Materials and methods

Study design
This study is purely based on the retrospective design. The 

selection of this design is based on its efficacy for concluding 
effective results in previous studies [16, 17]. However, the present 
study differs from these studies in terms of its inclusion criteria, 
sample collection, and region. In this study, the patients with his-
tologically proven malignancy but unknown bone metastasis were 
recruited. The patients were mainly diagnosed with prostate, lung, 
and breast carcinoma.

Study sample
The selection of the participants was based on the determining 

inclusion and exclusion criteria. Malignant patients who have the 
age 18 years or above were included in the study. The presence of 
bone metastasis was also one of the main factors that were ensured 
in the inclusion criteria. All the pregnant or lactating women were 
excluded from the study. Based on inclusion and exclusion criteria, 
a total of 120 patients were recruited for the study. The sample size 
was comparable to a similar study by Bafaraj [18]. Also, GPower 
3.1 software was used to determine if the sample size comes with-
in the estimated power analysis. It was calculated that at least 
88 cases were required for 80% power with a 0.05 margin of error.

Data collection
Among these 120 patients, 37.5% were male, and the remaining 

62.5% were female. These patients went through nuclear medicine 
scanning for the diagnosis of bone metastasis in them.

Study procedure
Diagnosis of metastasis, each patient was assessed for the 

presence of bone metastases using a series of examinations and 
tests. The presence was confirmed based on the application of 
MDP, MRI findings, and CT scan findings. For the CT scan, different 
angles of the patient’s body were assessed, and cross-sectional 
images (slices) of the bones were created through computer pro-
cessing. DTPA and DMSA are radioactive compounds that were 
used to perform scanning. MRI was performed using contrast 
material, typically gadolinium, which enhanced the appearance of 
certain details [19].

Measurement of sensitivity and specificity
Results obtained from the overall findings of each test were 

used to measure the sensitivity and specificity of each tech-
nique. In order to get the values of specificity and sensitivity, the 
results with true positive (TP), true negative (TN), false positive 
(FP), and false negative (FN) findings were isolated. Positive 
and negative predictive values were also obtained by using the 
obtained data [16].
Formula to measure the % sensitivity = TP/(TP + FN) × 100
Formula to measure the % specificity = TN/(TN + FP) × 100
Formula to measure the positive predictive value = 
= TP/(TP + FP) × 100
Formula to measure the negative predictive value = 
= TN/(TN + FN) × 100
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Data analysis
All the examinations were observed following the administration 

of nuclear medicine. MRI scan was read in a standard workstation. 
The test was performed in segmental view. Data were analyzed 
through descriptive statistics using SPSS (Statistical Package for 
Social Sciences) Version 20.0. Pearson chi-square test was used 
to analyze the data for negative and positive cases. The results ob-
tained from the interpretations were confirmed through clinical 
follow-up, histological evaluation, and other imaging studies.

Results

Table 1 shows statistically significant results for the detection 
of bone metastases through MRI using DMSA and DTPA. Sensi-
tivity of DPTA and DMSA was 73.3% and 68% respectively which 
shows that the sensitivity of DPTA is significantly better than DMSA 
(p-value = 0.001). However, the specificity of both of these nu-
clear medicines was almost the same that is 94.66% and 95.74% 
(p-value = 0.001). Positive and negative predictive values were 
also obtained that show significantly higher PPV values of DTPA 
(89.18%) than DMSA (68%) (p-value = 0.001). NPV values were 
near in both of the scans i.e. DTPA and DMSA (85.54% and 80.72%). 
Overall, DTPA was found to be significantly better nuclear medicine 
compared to the DMSA which can be used in the diagnosis of bone 
metastasis with greater sensitivity and specificity.

Discussion

The study empirically reveals the sensitivity, specificity, and 
accuracy of two different nuclear medicines, DPTA and DMSA, with 
MRI scan through descriptive statistics. It found DTPA to be signifi-
cantly more specific and sensitive in detecting bone metastasis. The 
sensitivity and specificity of MRI among cancer patients are more 
optimum as compared to any other imaging technique like CT/PET, 
BS, or SPECT findings [20]. As metastasis usually involves multiple 
sites and organs, therefore, a technique that does full-body imaging 
is more convenient and time-saving for patients [21]. Diethylenetri-
amine pentaacetate (DTPA) and dimercaptosuccinic acid (DMSA) 
are two different nuclear medicine that are used in the analysis of 
various organ functions and are widely used in the diagnosis of 
bone metastases of the whole body. DMSA and DTPA are also 
useful in the diagnosis of various organ function detection and show 
similar effects when used with CT or SPECT. The previous study 
shows that they exert no significant difference in imaging technique 
when doing renal scans, however, no study has compared their 
efficiency against each other in diagnosing bone metastasis [22]. 
These two nuclear medicines are very specific in the identification 
of bone metastases [23].

In this study, patients with prostate, lung, and breast carcino-
ma were enrolled. These tumors are widely found, and early and 
accurate diagnosis of these malignancies is a big challenge [24]. 
The present study would be helpful for such patients to know their 
metastatic stage earlier so that it can be managed accordingly. 
It is suggested that healthcare practitioners should assess the 
MRI findings with DTPA for determining improved treatment plans. 
However, consideration of the clinical setting and the clinical risk 
to the patients must also be studied for improved interpretation of 
the risk of bone metastasis.

The study was limited due to its retrospective nature. As the data 
were retrospectively collected, it was assumed that the scans and 
MRIs were done nearly at the same time. A similar prospective 
study on a larger population is suggested to have the diagnostic 
tests done nearly at the same time for more accuracy and a com-
parison with other modalities can also be done.

Conclusions

Magnetic resonance imaging (MRI) proves itself as the most 
accurate technique in the diagnosis and tumor and its metastases. 
This nuclear medicine made it more valuable in the identification. 
It is concluded that DTPA is more specific and sensitive in diagnos-
ing bone metastases. The positive predictive value of DTPA is also 
greater than that of DMSA which also supports this finding. It pro-
vides clinical implication for using DTPA in detecting bone metastasis.
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Abstract
Background: Accurate preoperative localisation of the parathyroid adenoma is essential to achieve a minimally invasive parath-
yroidectomy. The purpose of this study was to validate and improve our single-isotope dual-phase parathyroid imaging protocol 
utilising 99mTechnetium-Sestamibi ([99mTc]MIBI). There has been no accepted gold standard evidence-based protocol regarding 
timing of single-photon emission computed tomography/computed tomography (SPECT/CT) acquisition in parathyroid imag-
ing with resultant variation between centres. We sought to determine the optimum timing of SPECT/CT post administration of 
[99mTc]MIBI in the identification of parathyroid adenomas. We aimed to evaluate the efficacy of early and late SPECT/CT and to 
establish whether SPECT/CT demonstrates increased sensitivity over planar imaging.

Material and methods: A sample of 36 patients with primary hyperparathyroidism underwent planar and SPECT/CT acquisition 
15 minutes (early) and two hours (late) post [99mTc]MIBI administration. Two radionuclide radiologists reviewed the images and 
Fisher’s exact Chi-squared statistic was used to evaluate the diagnostic performances of early versus late SPECT/CT acquisition 
and SPECT/CT versus planar imaging.

Results: Twenty-one likely parathyroid adenomas were identified with a statistically superior diagnosis rate in the late 
SPECT/CT acquisition compared with both early SPECT/CT and planar imaging (p < 0.05). All adenomas diagnosed on early SPECT/CT 
acquisition were also identified on late SPECT/CT images.

Conclusions: Single late phase SPECT/CT is significantly superior to early SPECT/CT in the identification of parathyroid adeno-
mas. Late SPECT/CT improves diagnostic accuracy over planar acquisition. Imaging protocols should be revised to include late 
SPECT/CT acquisition. Early SPECT/CT acquisition can be eliminated from scan protocols with associated implications regarding 
reduced scan time and increased patient throughput.

KEY words: parathyroid scintigraphy; [99mTc]MIBI; sestamibi; SPECT/CT
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Introduction

Untreated primary hyperparathyroidism can result in significant 
morbidity including renal calculi, osteoporosis and hypercalce-
mia-related complications [1]. Lifetime risk of primary hyperparath-
yroidism (PHPT) is estimated at 1% with up to 80% of cases due 
to the presence of a solitary parathyroid adenoma and less com-
mon causes including glandular hyperplasia and carcinoma [2]. 

For asymptomatic PHTP, medical management and conservative 
treatment are possible, however, surgical removal of hyperfunc-
tioning parathyroid tissue remains the only definitive treatment [3].

Historically, the gold standard for parathyroidectomy was inva-
sive surgery, with bilateral neck exploration necessary to locate all 
four parathyroid glands. Today, focused parathyroidectomy is the 
preferred surgical approach, made possible by pre-operative lo-
calization. Accuracy of localization is crucial to ensure successful 
targeted and minimally invasive surgery [4, 5]. Technetium-99m 
labeled sestamibi ([99mTc]MIBI) scintigraphy is the imaging agent of 
choice with reported sensitivities of up to 90% in accurately localiz-
ing a solitary parathyroid adenoma [6]. Planar imaging is increas-
ingly supplemented with hybrid SPECT/CT for three-dimensional 
representation and anatomical localization.
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Dual phase imaging including early and late phase acquisition 
exploits the premise of differential washout of [99mTc]MIBI, with rapid 
wash-out from thyroid tissue and late phase retention of [99mTc]MIBI 
in a parathyroid adenoma [7]. However, this pattern does not occur 
in approximately 25% of cases raising the potential for false-nega-
tive studies [8]. False-positive results are caused by thyroid nodules, 
thyroiditis, and metastatic cervical lymph nodes potentially retaining 
[99mTc]MIBI [9]. The detection of smaller parathyroid adenomas, 
multiple adenomas, and parathyroid hyperplasia also poses a chal-
lenge. It has been suggested that variable uptake of [99mTc]MIBI 
by parathyroid adenomas is related to the number of mitochondria 
present in the abnormal tissue [10]. Proposed explanations for 
the absence of increased radiotracer uptake include multidrug 
resistance-associated protein and a relatively lower proportion of 
oxyphil cells [11].

The addition of computed tomography (CT) to gamma camera 
installations provides accurately localized functional and anatomical 
information with improved sensitivity and specificity [12].

The use of SPECT and or SPECT/CT and the timing of such 
acquisitions can differ greatly. Imaging protocols vary widely with 
significant differences in methodology between nuclear medicine 
departments. There is no single accepted generic protocol for 
parathyroid scintigraphy using SPECT/CT. In this study, we aimed 
to determine the optimum timing of SPECT/CT in the identification 
of parathyroid adenomas.

The study objective was to validate and improve local sin-
gle isotope dual-phase parathyroid imaging protocols utilizing 
[99mTc]MIBI. We sought to establish if there is any significant differ-
ence between early and late SPECT/CT imaging in the detection 
and localization of parathyroid adenomas. We also wished to 
determine if SPECT/CT leads to improved sensitivity in the diag-
nosis of parathyroid adenomas when used as an adjunct to planar 
parathyroid scintigraphy.

Material and methods

Inclusion criteria
A prospective consecutive sampling method was employed 

over a 6 month period among patients who presented to our 
institution for investigation of PHPT. Patients were injected with 
[99mTc]MIBI 740 MBq (0.02 Curie) with an accepted tolerance 
range of 666–777 MBq (0.018–0.021 Curie). The patients were 
imaged on either a Siemens Symbia T2 or a Symbia T16, with 
a scanner chosen according to availability at the time of patient 
presentation. The same scanner was used for both early and 
late phase acquisition on a single patient in order to minimize 
intra-subject variability.

Acquisition protocol and scan parameters
The patient was positioned supine with a scan field of view 

extending from the superior orbital margin to the superior heart 
border. An initial planar image was acquired with a cobalt maker 
positioned at the sternal notch to provide an anatomical reference 
point. The marker was removed for subsequent planar acquisitions. 
Early planar acquisitions were commenced fifteen minutes post 
intravenous administration of [99mTc]MIBI, followed by the early 
SPECT acquisition. Late planar acquisitions were acquired two 

hours post-administration of [99mTc]MIBI, followed immediately by 
late SPECT/CT.

Planar image acquisition
All patients were provided with water to drink immediately prior 

to early planar acquisition in order to minimize [99mTc]MIBI salivary 
gland activity. Planar images were acquired using the anterior 
camera of a dual-headed gamma camera, positioned with minimal 
possible distance from the patient and a low energy high resolution 
parallel (LEGR) collimator. The initial acquisition with the cobalt 
marker at the sternal notch was terminated after 100 kilocounts had 
been achieved with the image matrix fixed at 128 × 128. Early 
(15 minutes post-injection) planar images were acquired using 
an image matrix of 256 × 256 and images were acquired over 
a fixed time frame of ten minutes. Late (two hours post-injection) 
planar acquisition was performed over a fixed time frame of fifteen 
minutes.

SPECT and SPECT/CT image acquisition
A SPECT acquisition was obtained immediately following the 

fifteen-minute planar acquisition with an unchanged patient position 
with the field of view extending from the angle of the mandible to 
the mediastinum. A second SPECT/CT acquisition was performed 
following the delayed planar acquisition in all patients. Scan pa-
rameters are outlined in Table 1.

Image processing
Images were processed on Symbia.net using manufacturer 

software. The early SPECT acquisition and the B30 attenuated 
corrected CT reconstructed images were manually fused to produce 
early and late SPECT/CT datasets for comparative review. Multipla-
nar reconstructions (axial, coronal, and sagittal) were generated for 
both the early and late SPECT/CT acquisitions with soft tissue CT 
windows applied, and all images were displayed using the ‘warm 

Table 1. SPECT and CT acquisition parameters

Spect acquisition 
parameters

CT acquisition parameters

Topogram CT

M: 128 × 128 mA: 25 Effective mAs: 15  

CARE dose 4D

Detectors: both kV: 130 kV: 130

Patient orientation:  

head out, supine

Scan time: 0.8 s Scan time: 12.9 s

Rotation direction: 

clockwise

Slice thickness: 

0.6 mm

Slice thickness: 5 mm 

Acquisition: 16 × 1.2 mm

Degrees rotation: 180 Topogram length: 

512 mm

Pitch: 0.8

Number of views: 32 Tube position: top Rotation time: 0.6 s

Time per view: 25 s Scan delay: 3 s

Detector configuration: 

180

CTDIvol: 1.68 mGy

Orbit: non-circular

Mode: step and shoot

CT — computed tomography; kV — kilovolt; mA — milliamperes; mGY — milligray;  
M — matrix; SPECT — single-photon emission computed tomography
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Figure 1. (A) Early and late planar images demonstrating a solitary region of [99mTc]MIBI uptake on delayed imaging indicating the presence 
of a parathyroid adenoma; (B) Single slice from early (15 mins) and late [(C), 2 hours] SPECT/CT axial reconstruction on the same patient 
demonstrating sustained uptake of [99mTc]MIBI in the region of suspected adenoma

A

B C

metal’ color scheme (see figures 1, 2). However, only the axial fused 
dataset was used for the purpose of this study.

Image review
Data were fully anonymized prior to review on a Barco Diag-

nostic Imaging monitor for blinded retrospective analysis. The 
datasets were jointly reviewed by two experienced consultant radio-
nuclide radiologists and consensus was achieved. Reviewers were 
blinded to the timing of the axial SPECT/CT dataset and did not have 
access to patient history, laboratory results, or previous imaging.

Planar images and fused SPECT/CT axial reconstructions for each 
patient were initially reviewed separately. The reviewers determined 
whether each set of images was positive, negative, or indeterminate 
for the presence of a parathyroid adenoma. They then evaluated 
whether the diagnosis of a parathyroid adenoma was made via 
the planar images alone, the SPECT/CT alone independently or in 
a combination. Scans were classed as indeterminate when a definitive 
conclusion could not be reached. A two-alternative forced-choice 
strategy was employed whereby indeterminate scans were classed 
as negative.
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 — images were negative for the presence of parathyroid adenoma 
in 18 cases;

 — four parathyroid adenomas were visualized on planar imag-
es only;

 — one parathyroid adenoma was visualized on early SPECT/CT only;
 — thirteen parathyroid adenomas were visualized on both early 

planar and SPECT/CT images (Tab. 2).
The Fisher’s exact test found a significant difference be-

tween the diagnostic performance of early planar and SPECT/CT 
(p < 0.001). In the group consisting of late planar and SPECT/CT 
acquisitions:

 — images were negative for the presence of parathyroid adenoma 
in 15 cases;

 — six parathyroid adenomas were visualized on late SPECT/CT only;
 — all 15 suspected parathyroid adenomas on planar images were 

also visualized on late SPECT/CT images (Tab. 3).
The Fisher’s exact test found a significant difference between the 

diagnostic performance of late planar and SPECT/CT (p < 0.001).

Statistical analysis
Data were input into a Microsoft EXCEL 2016 spreadsheet 

and Fisher’s exact Chi-squared statistic was used to evaluate the 
diagnostic performances of early and late SPECT/CT and planar 
versus late SPECT/CT acquisition.

Results

Demographics and referral criteria
The sample population consisted of 36 patients, compris-

ing 28 females (78%) and 8 males (22%). Age range was 24 to 
83 years (mean = 59, SD 14.0).

Image analysis
In total, 21 likely parathyroid adenomas were identified within the 

patient sample, of which 13 were demonstrated on all sets of acqui-
sitions. In the group comprising early planar and early SPECT/CT 
acquisitions:

Figure 2. Planar parathyroid scintigraphy images in a patient with known multi-nodular goiter: Blue arrow indicates the presence of focally 
increased uptake which may represent a parathyroid adenoma or retained [99mTc]MIBI within a thyroid nodule
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Comparison of early and late SPECT/CT imaging 
protocols

Table 4 depicts the diagnostic performance of early and 
late SPECT/CT imaging protocols, with late SPECT/CT identi-
fying an additional 7 adenomas not visualized within the early  
SPECT/CT dataset. All 14 suspected adenomas identified on 
early SPECT/CT were also visualized on late SPECT/CT images. 
The Fisher’s exact test found a significant difference between the 
diagnostic performance of early and late SPECT/CT (p < 0.001).

Discussion

This study has demonstrated significantly superior performance 
of late-phase SPECT/CT in the identification of parathyroid adeno-
mas with only 14 (67%) of the total of 21 suspected parathyroid 
adenomas demonstrated on early SPECT/CT alone.

Previous research has failed to define a single standardized 
imaging methodology for imaging of the parathyroid glands with 
evidence in support of both early and delayed SPECT/CT. Conse-
quent implications for study duration and patient throughput under-
score the need for a standardized, gold-standard, evidenced-based 
parathyroid imaging protocol.

Single-photon emission computed tomography/computed 
tomography (SPECT/CT) images have been found to be diagnosti-
cally superior to single or dual-phase planar or SPECT images [13]. 
Some centers perform SPECT/CT directly after early phase planar 

acquisition while others perform SPECT/CT following late planar 
acquisition, typically two hours post [99mTc]MIBI administration. 
Late SPECT/CT has previously been proposed as the imaging 
methodology of choice for improved sensitivity in the detection of 
parathyroid adenomas [14].

All 14 adenomas identified on early SPECT/CT imaging were 
also apparent on an independent review of the late SPECT/CT 
images, therefore omission of the early SPECT acquisition would 
not have altered diagnosis within the study sample.

An additional six parathyroid adenomas were reported on 
a review of the late SPECT/CT images that had not been identified 
on the review of the planar images. These findings are consistent 
with previous studies demonstrating the added value of SPECT/CT 
over planar scintigraphy in the localization of parathyroid adeno-
mas [13].

Figure 1A–C illustrate the importance of late imaging to as-
sess delayed retention of [99mTc]MIBI indicating the presence of 
a parathyroid adenoma. Delayed planar imaging after thyroid 
washout illustrates a single area of retained, increased focal uptake 
of [99mTc]MIBI suggestive of a parathyroid adenoma.

In Figure 1B, there is an uptake of [99mTc]MIBI visualized in the 
thyroid on early SPECT/CT acquisition. There is potential for the 
visualized hotspot to represent a thyroid nodule, hindering defini-
tive diagnosis. The additional delayed SPECT/CT image (Fig. 1C) 
demonstrates thyroid washout of [99mTc]MIBI with retained activity 
suggestive of a parathyroid adenoma.

Table 4. 2 × 2 contingency table comparing early and late SPECT/CT diagnostic findings

Late SPECT/CT

Negative Positive Total

Early SPECT/CT Negative 15 7 22

Positive 0 14 14

Total 15 21 36

SPECT/CT — single-photon emission computed tomography/computed tomography

Table 3. 2 × 2 contingency table comparing late planar and SPECT/CT diagnostic findings

Late SPECT/CT

Negative Positive Total

Planar acquisition Negative 15 6 21

Positive 0 15 15

Total 15 21 36

SPECT/CT — single-photon emission computed tomography/computed tomography

Table 2. 2 × 2 contingency table comparing early planar and SPECT/CT diagnostic findings

Early SPECT/CT

Negative Positive Total

Planar acquisition Negative 18 1 19

Positive 4 13 17

Total 22 14 36

SPECT/CT — single-photon emission computed tomography/computed tomography
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[99mTc]MIBI negative images
The sensitivity of dual-phase parathyroid scintigraphy is limited 

in several instances including small lesion size, multiglandular 
disease, and co-existing thyroid disease. Consequently, a negative 
dual-phase [99mTc]MIBI scan does not exclude the presence of 
a parathyroid adenoma. False-negative, false-positive and inde-
terminate findings are well recognized [3]. Although all sample 
patients had clinical histories suggestive of parathyroid disease, 
only 58% (21/36) had likely parathyroid adenomas visualized on 
review of the acquired images. Surgical and pathology data were 
not collated, precluding sensitivity and specificity analyses.

The potential for thyroidal retention of [99mTc]MIBI particularly 
in the presence of concurrent thyroid disease may hinder the de-
tection of parathyroid disease. Multi-modal imaging is of benefit to 
confirming or out rule the presence of a parathyroid adenoma in 
cases where thyroid disease limits the sensitivity of a single imaging 
modality [15].One study patient had a notable multi-nodular goiter 
(Fig. 2), hindering diagnostic accuracy and underlining the limita-
tions of parathyroid scintigraphy in this patient cohort. The sample 
size of 36 is relatively small however produced statistically significant 
results. Larger sample size would further validate the study findings.

Acquired images were reviewed concurrently with both radiol-
ogists working together rather than independently and any inter-
observer variability was resolved via consensus agreement. The 
potential for inter-rater variability on an independent review of the 
images was not assessed. The implementation of a two-alternative 
forced-choice strategy resulted in nine indeterminate results being 
reclassed as negative, leading to a bias toward underdiagnosis.

The investigators had no access to the clinical history, labora-
tory results, pathology reports, surgical reports, official radiology 
reports, or further imaging undergone by the sample cohort. In the 
normal working environment, this information is readily available 
and provides increased accuracy of results within an informed 
clinical context.

Conclusions

We have demonstrated that delayed phase SPECT/CT is sig-
nificantly superior to early SPECT/CT in the identification of likely 
parathyroid adenomas (p < 0.001). The reported potential for 
some parathyroid adenomas to show early washout of [99mTc]MIBI 
was not demonstrated.

An additional 6 likely parathyroid adenomas were identified on 
late SPECT/CT that was not reported on a review of the associated 
planar image acquisitions. Late SPECT/CT improves diagnostic 
accuracy over planar imaging alone (p < 0.001), consistent with 
prior research [13].

We have validated local imaging protocols and found that the 
practice of early (15 minutes) and late planar imaging, plus a single 
late phase SPECT/CT two hours post-administration of [99mTc]MIBI 
is the most accurate parathyroid scintigraphy protocol. This refined 
imaging protocol has been implemented within the Nuclear Medicine 
department at our institution. Elimination of the early SPECT/CT ac-
quisition has obvious implications for decreased image processing 
time and storage space and reduced patient scan time by a mini-
mum of 13 minutes, with increased patient throughput.
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Abstract
Background: In the daily clinical course, the liver uptake may seem to be increased in patients with renal failure. The purpose 
of this study was to investigate whether or not the FDG uptake of the liver, and the FDG uptake of blood pool which is generally 
used as a reference site as well as liver, is increased in patients with renal failure.

Material and methods: We retrospectively analyzed 233 patients who underwent FDG positron emission tomography/computed 
tomography (PET/CT). Renal failure is defined as an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2. We com-
pared the FDG uptake in the liver and mediastinal blood pool of 67 patients with impaired renal function to that in 166 patients 
with a normal renal function (eGFR ≥ 60 mL/min/1.73 m2). Correlations between the liver or mediastinal blood pool FDG uptake 
and the eGFR were also analyzed by Spearman’s correlation test.

Results: Maximum and mean standardized uptake values (SUVmax and SUVmean, respectively) of the liver and the SUVmean of the 
mediastinal blood pool were 3.48 ± 0.57, 2.56 ± 0.37, and 1.90 ± 0.28 in the impaired renal function group, respectively, and 
3.13 ± 0.45, 2.29 ± 0.33, and 1.66 ± 0.23, in the normal group, respectively. The SUVmax and SUVmean of the liver and SUVmean of 
the mediastinal blood pool in the impaired renal function group were significantly higher than those in the normal group (p < 0.001, 
< 0.001, and < 0.001, respectively). The SUVmax and SUVmean of the liver and SUVmean of the mediastinal blood pool of patients 
showed a significant negative correlation with the eGFR (Spearman’s p = –0.25, –0.30, and –0.40, respectively, each p < 0.001).

Conclusions: FDG uptake in both the liver and mediastinal blood pool was higher in patients with impaired renal function.
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Introduction

[18F] fluoro-2-deoxyglucose (FDG) positron emission tomogra-
phy/computed tomography (PET/CT) is a hybrid imaging method 
clinically used as an effective, non-invasive imaging tool for as-
sessing various neoplastic diseases [1–4]. In the clinical course, 

both the visual assessment of FDG uptake in the tumor and the 
quantitative assessment of FDG uptake in the tumor lesions are 
performed using the standardized uptake values (SUV) [5, 6]. 
During the assessment of tumor uptake in malignant lymphoma, 
the liver and blood pool of the mediastinum are used as reference 
sites [7–9]. In daily clinical use, the liver uptake appears to be 
increased in patients with impaired renal function. Given that the 
FDG uptake in the liver and mediastinal blood pool is often used 
as a reference region for evaluating the tumor activity, it is impor-
tant to understand the influencing factors. This study aimed to 
clarify if the FDG uptake in the liver and mediastinal blood pool in 
patients with impaired renal function is increased compared to that 
in patients with normal renal function.
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Material and methods

Procedures and population
This retrospective study was approved by the Ethics Com-

mittee of Tokushima University Hospital (approval number: 3210). 
The need for written informed patient consent was waived due to 
the study’s retrospective design. All methods were carried out in 
accordance with relevant guidelines and regulations. We identified 
retrospectively patients who underwent FDG PET/CT from January 
2018 to June 2018 and who had renal function test values measured 
within one month of the FDG PET/CT.

We excluded patients with a history of primary liver tumor, 
liver metastasis, or liver invasion; liver mass lesion detectable on 
PET/CT; suspected cirrhosis; fatty liver (less than 40 Hounsfield 
units on CT); diabetes mellitus; blood glucose level of 140 mg/dL 
or higher before FDG injection; and PET/CT within 3 months of 
chemotherapy, radiation therapy, or a surgical procedure. Finally, 
233 patients (male, n = 135; female, n = 98; mean age, 67.6 years) 
were included in this study.

The KDIGO CKD Work Group clinical practice guidelines define 
chronic kidney disease as decreased kidney function shown by 
a glomerular filtration rate of < 60 mL/min/1.73 m2, kidney damage 
markers, or both of at least three months duration, regardless of the 
underlying cause [10]. Based on this guideline, patients with an es-
timated glomerular filtration rate (eGFR) of < 60 mL/min/1.73 m2 
were suspected of having, CKD. We used that definition to identify 
patients with impaired renal function.

We compared the FDG uptake in the liver and mediastinal 
blood pool of 67 patients with impaired renal function to that in 166 
patients with normal renal function (eGFR ≥ 60 mL/min/1.73 m2). 
Liver function test values (glutamic oxaloacetic transaminase 
[GOT], glutamic pyruvic transaminase [GPT], and total bilirubin 
[T-Bil]), renal function test values (eGFR) and serum albumin and 
total protein measured within one month of the FDG PET/CT were 
compared between these groups. Correlations between eGFR and, 
individually, the liver uptake and mediastinal blood pool uptake 
were also calculated.

The evaluation of the FDG uptake in the liver and 
mediastinal blood pool of the study group

PET/CT images were retrospectively evaluated using the image 
viewer (AW server 2.0; GE Healthcare, Milwaukee, WI, USA) by 
board-certified nuclear medicine physicians. The maximum and 
mean standardized uptake values (SUVmax and SUVmean) of the liver 
and SUVmean of the mediastinal blood pool were calculated. The 
SUVmax and SUVmean of the liver were calculated by automatically 
setting a volume of interest (VOI) in the liver of the study group 
using AW server 2.0 [5]. For the mediastinal blood pool SUVmean, 
a 1-cm-diameter spherical VOI was set in the descending aorta to 
not overlap with the blood vessel wall [11].

Statistical analyses
Data are expressed as the mean ± standard deviation. The 

homogeneity of variance was assessed using Levene’s test. The 
Kolmogorov–Smirnov test was used to determine which varia-
bles were normally distributed. For normally distributed variables, 
differences in the parameter variables were evaluated using Stu-
dent’s t-test, whereas non-normally distributed variables were eval-
uated using Welch’s t-test. We quantified the relationship between 
liver and blood pool uptake and eGFR using Spearman’s correla-
tion analysis. Statistical analyses were performed using the SPSS 
Statistics software program (version 24; IBM, Chicago, IL, USA). 
A p-value of less than 0.05 was considered statistically significant.

Results

A comparison of the clinical characteristics related to PET/CT 
and the liver function test data, serum albumin, and total protein of 
the patients with impaired renal function and the data of those with 
normal renal function are shown in Table 1. While each group’s mean 
serum albumin was slightly lower than the normal limit, the mean 
serum GOT, GPT, T-Bil, and total protein levels of each group were 
within the normal ranges. A comparison of the liver and mediastinal 
blood uptake data of the patients with impaired renal function and 
the data of those with normal renal function are shown in Table 2.

Table 1. Clinical characteristics of the study groups

Patients with impaired renal function 
(eGFR < 60 mL/min/1.73 m2; n = 67)

Patients with normal renal function 
(eGFR ≥ 60 mL/min/1.73m2; n = 166)

p-value

Age [years] 70.8 ± 10.2 66.3 ± 13.2 0.006*

Gender 0.810

Female 29 69

Male 38 97

Weight [kg] 58.8 ± 12.1 55.1 ± 10.7 0.021*

Blood glucose [mg/dL] 104.4 ± 13.5 103.8 ± 13.2 0.752

FDG [MBq] 182.8 ± 40.1 170.8 ± 37.8 0.033*

eGFR [mL/min/1.73 m2] 45.3 ± 11.3 78.1 ± 13.9 < 0.001*

GOT (IU/L) [13–30] 21.8 ± 7.9 21.2 ± 6.5 0.547

GPT (IU/L) [7–23] 16.7 ± 10.8 15.8 ± 7.0 0.509

T-Bil (mg/dL) [0.4–1.5] 0.69 ± 0.27 0.66 ± 0.24 0.514

Alb (g/dL) [4.0–5.2] 3.9 ± 0.5 3.9 ± 0.5 0.967

TP (g/dL) [6.5–8.0] 6.9 ± 0.6 7.0 ± 0.5 0.113
*Data are represented as the mean ± standard deviation; A p-value < 0.05 was considered statistically significant; FDG — fluorodeoxyglucose; eGFR — estimated glomerular filtration rate; 
GOT — glutamic oxaloacetic transaminase; GPT — glutamic pyruvic transaminase; T-Bil — total bilirubin; Alb — albumin; TP — total protein
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The SUVmax and SUVmean of the liver and the SUVmean of the 
mediastinal blood pool in the impaired renal function group were 
3.48 ± 0.57, 2.56 ± 0.37, and 1.90 ± 0.28, respectively; these 
values in the normal group were 3.13 ± 0.45, 2.29 ± 0.33, and 
1.66 ± 0.23, respectively. The SUVmax and SUVmean of the liver 
and SUVmean of the mediastinal blood pool (p < 0.001, < 0.001, 
and < 0.001, respectively) were significantly different between the 
two groups. The eGFR had a negative, but weak, correlation with 
liver SUVmax, with a regression line of y = −0.006x + 3.7 (r = −0.25, 
p < 0.001) (Fig. 1). Furthermore, eGFR had a similar negative, 
but weak, correlation with the liver SUVmean, with a regression line 
of y = −0.005x + 2.7 (r = −0.30, p < 0.001) (Fig. 2). The eGFR 
had a negative and moderate correlation, which was significant, 
with the SUVmean of the mediastinal blood pool, with a regres-
sion line of y = −0.005x + 2.1 (r = −0.40, p < 0.001) (Fig. 3). 
Figure 4 shows the representative PET/CT images of a patient with 
impaired renal function, showing increased liver and mediastinal 
blood uptake. Figure 5 shows the representative PET/CT images of 
a patient with a normal renal function level.

Discussion

The SUVmax and SUVmean of the liver and SUVmean of the me-
diastinal blood pool in the impaired renal function group were 
significantly higher than those in the normal group. The eGFR 
showed a weak but significant negative correlation with the liver 

SUVmax and SUVmean. Furthermore, eGFR was significantly negatively 
correlated with the SUVmean of the mediastinal blood pool. There 
is no consensus on the FDG uptake in the liver and blood pool 
in patients with impaired renal function. A previous study stated 
that 12 patients with impaired renal function (eGFR < 60 mL/min) 
exhibited no significant differences in FDG uptake in the liver and 

Table 2. Comparison of the FDG uptake in the liver and mediastinal blood between patients with impaired renal function and normal renal function 
levels

Parameter Patients with impaired renal function  
(eGFR < 60 mL/min/1.73 m2; n = 67)

Patients with normal renal function  
(eGFR ≥ 60 mL/min/1.73 m2; n = 166)

p-value

Liver

SUVmax

SUVmean

Blood pool

SUVmean

3.48 ± 0.57

2.56 ± 0.37

1.90 ± 0.28

3.13 ± 0.45

2.29 ± 0.33

1.66 ± 0.23

< 0.001*

< 0.001*

< 0.001*
*Data are represented as the mean ± standard deviation; A p-value < 0.05 was considered statistically significant; eGFR — estimated glomerular filtration rate; SUVmax — maximum standard-
ized uptake value; SUVmean — mean standardized uptake value

Figure 1. The correlation between eGFR and the liver SUVmax, eGFR 
demonstrated a significantly negative but weak correlation with the 
liver SUVmax, showing a regression line of y = –0.006x + 3.7 (r = –0.25, 
p < 0.001)

y = −0.006x + 3.7 (r = −0.25, p < 0.001)

eGFR (mL/min/1.73 m2)

SU
V m
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Figure 2. The correlation between eGFR and liver SUVmean, eGFR 
demonstrated a significantly negative but weak correlation with 
the liver SUVmean, showing a regression line of y = –0.005x + 2.7 
(r = –0.30, p < 0.001)

eGFR (mL/min/1.73 m2)

y = −0.005x + 2.7 (r = −0.30, p < 0.001)
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y = −0.005x + 2.1 (r = −0.40, p < 0.001)
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Figure 3. The correlation between eGFR and the SUVmean of the 
mediastinal blood pool. eGFR demonstrated a significantly negative 
and moderate correlation with the SUVmean of the mediastinal blood 
pool, showing a regression line of y = –0.005x + 2.1 (r = –0.40, 
p < 0.001)



Nuclear Medicine Review 2022, Vol. 25, No. 2

www.journals.viamedica.pl/nuclear_medicine_review98

Original

(liver SUVmax 2.90 vs. 2.60, respectively. p=0.62) [13]. Lastly, a pa-
per reported that the SUVmean of the left atrium as a cardiac blood 
pool in 20 patients with impaired renal function and a blood serum 
creatinine level over 1.1 mg/dL was significantly higher than that in 

blood pool compared with patients with normal renal function 
[12]. Another study reported that FDG uptake in the liver in 30 pa-
tients with impaired renal function was higher than in patients with 
normal renal function; however, there was no significant difference 

Figure 4. PET/CT image of a representative case with impaired renal function showing increased liver and mediastinal blood uptake. Maximum 
intensity projection of FDG PET (A), PET/CT fusion image of mediastinal blood pool (B), PET/CT fusion image of liver (C) of a 70-year-old female 
patient with impaired renal function (eGFR: 48 mL/min/1.73 m2). Parameters of interest were as follows: SUVmax of 4.3, SUVmean of 2.8 in liver, 
SUVmean of 1.9 in mediastinal blood pool

A B

C

Figure 5. PET/CT image of a representative case with normal renal function. Maximum intensity projection of FDG PET (A), PET/CT fusion image 
of mediastinal blood pool (B), PET/CT fusion image of liver (C) of a 60-year-old male patient with normal renal function (eGFR: 79 mL/min/1.73 m2). 
Parameters of interest were as follows: SUVmax of 3.0, SUVmean of 2.1 in liver, SUVmean of 1.6 in mediastinal blood pool

A B

C
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20 healthy volunteers (SUVmean 1.5 ± 0.2 vs. 1.3 ± 0.1, respectively 
p < 0.05) [14]. This same study also reported that the SUVmean 
of the liver in patients with impaired renal function was higher than 
in healthy volunteers, but not significant (SUVmean 1.8 ± 0.4 vs. 
1.7 ± 0.3, respectively). The present article is the first report which 
showed uptakes in both the liver and the mediastinal blood pool 
in the impaired renal function group were significantly higher than 
those in the normal group. Our study included more patients than 
did previous studies, strengthening the level of evidence.

The potential explanation for why the uptake in the liver and me-
diastinal blood pool is significantly higher in patients with impaired 
renal function is thought to be that radiopharmaceuticals (FDG) 
remain in the blood because of lower renal metabolism and less uri-
nary excretion in patients with impaired renal function. Therefore, 
the uptake in the blood pool becomes slightly higher. Since many 
blood vessels are stretched in the liver, it is considered that the 
uptake in the liver becomes slightly higher if there is a relatively 
higher concentration in the blood.

In this study, no strong effect of renal function decline on the 
liver uptake and blood pool uptake was observed; however, uptake 
in these sites in the impaired renal function group was significantly 
higher than in the normal group. The target tumor lesion is usually 
compared with the normal uptake in the surrounding background or 
by referencing the uptake in the mediastinal blood pool or the liver 
[15, 16]. It may be necessary to recognize impaired renal function 
as one factor which affects the liver and blood pool uptake and 
its use as the reference.

Some factors that can affect liver uptake in FDG PET/CT have 
been previously reported. Abele et al. [17] reported that on CT there 
was no association between liver attenuation and liver SUVmean. 
On the other hand, Keramida et al. [18] reported increased FDG 
uptake into fatty liver. Liu et al. [19] reported that moderate fatty 
liver positively affected liver FDG uptake, while severe fatty liver 
negatively affected it. Patients with fatty liver were excluded from 
the present study. It has been reported that hypoglycemia appeared 
to reduce liver and blood pool activity [20]. In our study, no signif-
icant difference in blood sugar level between patients with normal 
renal function and impaired renal function was observed. It also 
has been reported that the liver SUVmax and SUVmean of patients with 
hypoalbuminemia derived from malnutrition were significantly lower 
than those of individuals with normal serum albumin levels [21]. 
In this study, no significant difference in the serum albumin and 
total protein level between patients with impaired renal function 
and normal renal function was observed; hence, the effect of 
hypoalbuminemia on hepatic uptake seemed almost negligible.

Our study has a few limitations. First, the retrospective study 
design may predispose to selection bias. Second, the VOI was set 
when measuring liver uptake, and it is possible that the VOI might 
contain hidden liver lesions. Patients with detectable liver le-
sions were excluded from the analysis in this study. However, our 
study may still have included patients with small cystic lesions, 
liver hemangiomas, vascular abnormalities such as intrahepatic 
portosystemic shunts, undetectable hepatocellular carcinomas, 
or liver metastases with low FDG uptake. Third, several clinical 
features between the study groups were inconsistent. There were 
significant differences in age, body weight, and FDG injection 
dose between patients with impaired renal function and those 
with normal renal function. These factors may have affected liver 

uptake. However, despite these limitations, this is the first report 
to note a significant increase in FDG uptake in both the liver and 
blood pool, which could be attributed to impaired renal function. 
The FDG uptake in the liver and blood pool may appear slightly 
higher in patients with impaired renal function; we confirmed that 
this trend existed. The increased FDG uptake in the liver or blood 
pool, which was generally used as the reference site for evaluating 
tumor uptake, could influence the assessment of therapeutic effica-
cy. As the number of patients with impaired renal function and the 
usefulness of PET/CT increase, it is important to understand and 
appropriately deal with various factors that affect PET images to 
avoid an inaccurate interpretation. Further studies are needed to 
confirm the adequacy of referencing to the liver and blood pool in 
patients with impaired renal function.

Conclusions

Increased liver uptake and mediastinal blood pool uptake on 
FDG PET/CT is associated with impaired renal function, which 
seems to be a factor associated with increased liver uptake and 
mediastinal blood pool uptake. Renal function (eGFR) was found 
to be significantly negatively correlated with both the liver and 
mediastinal blood pool uptake.
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Abstract
Background: Sentinel lymph node (SLN) mapping allows minimal invasive assessment of lymph node status in patients with 
early-stage endometrial cancer (EC). Intraoperative detection of SLNs is based on the results obtained from preoperative nuclear 
medical images. The purpose of this study was to compare the data obtained from planar lymphoscintigraphy (PL), single-photon 
emission computed tomography (SPECT), and SPECT with computed tomography (SPECT/CT) for preoperative SLN detection 
in patients with EC.

Material and methods: A total of 44 images in 22 patients with early-stage EC (22 PL, 9 SPECT and 13 SPECT/CT) were ana-
lyzed. The scans were performed in the period 2018–2020 at the Institute of Pathophysiology and Nuclear Medicine in Skopje. 
Thirteen patients underwent PL and SPECT/CT and nine patients underwent PL and SPECT after cervical injection of 4 mCi 
99mTc-SENTI-SCINT on the day of surgery. Descriptive statistics, Wilcoxon Matched Pairs Test, and Spearman rank R coefficient 
were used for data analyses.

Results: Twenty-two patients with mean age of 61.1 ± 7.5 and body mass index (BMI) 34.62 ± 6.4 kg/m2 were included in the 
study. In four patients (18.2%) SLN was not detected on PL. Detection rate on SPECT and SPECT/CT was 100%. The average 
number of detected SLN was 1.4 ± 1.05, 2.2 ± 1.1 и 2.15 ± 1.1 on PL, SPECT and SPECT/CT respectively. We found a statisti-
cally significant difference in the number of detected SLNs on PL vs. SPECT/CT (p = 0.0077). The most common SLN location 
on SPECT/CT was the right internal iliac followed by the left common iliac region.

Conclusions: The results of the presented study indicate a higher diagnostic value of SPECT/CT in terms of SLN detection and 
exact anatomic localization as compared to planar lymphoscintigraphy (PL).
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Introduction

Detection of a sentinel gland or a sentinel lymph node (SLN) 
allows the removal of the first drainage lymph node from the re-
gion of the malignant lesion. If no malignant cells are detected 

in this node, it is assumed that the other lymph nodes of the same 
lymph path are not affected by metastatic deposits as well [1]. 
Detection and biopsy of a sentinel gland are part of the standard 
surgical protocol for assessing nodal status in patients with ear-
ly-stage breast cancer and malignant melanoma [2, 3]. In recent 
years, the number of published data in the literature for detection 
of a SLN in patients with endometrial cancer (EC) has increased. 
The interest in introducing the SLN concept in these patients is due, 
above all, to the minimally invasive approach to assessing lymph 
node status by reducing the morbidity associated with radical lymph 
node dissection [4–6].
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The nuclear medicine procedure for preoperative mapping 
of the lymphatic drainage in EC is performed by using colloidal 
tracers labeled with Technetium-99m (99mTc), applied with cervical, 
subendometrial/peritumoral, or subserosal/myometrial injection [7]. 
The cervical method of tracer application is most commonly used 
because of the simple approach and the highest pelvic detection rate 
[8]. The tracer is usually administered on the day of the intervention.

Intraoperative detection of the SLN is based on the results ob-
tained from its preoperative localization on nuclear medicine ima-
ges. Conventional planar lymphoscintigraphy (PL), through dynamic 
and static imaging in multiple positions, provides a two-dimensional 
display of lymphatic drainage and the SLN. Single-photon emission 
computed tomography (SPECT) through the acquisition of multiple 
cross-sections, allows obtaining a three-dimensional image which 
increases the sensitivity, and in combination with computed tomog-
raphy as hybrid SPECT/CT technology provides more accurate 
anatomical localization of the SLN [9–11]. Identification of the SLN 
leads to its simpler and faster detection, and also to a reduction 
in the extent of surgery. The aim of this study was to analyze and 
compare the data of the SLN in patients with early-stage EC, ob-
tained with different techniques of nuclear medicine imaging: PL, 
SPECT and SPECT/CT.

Material and methods

A prospective, randomized study was conducted at the Institute 
of Pathophysiology and Nuclear Medicine, Faculty of Medicine 
“Ss. Cyril and Methodius” in Skopje, in the period March 2018– 
–December 2020. The study analyzed a total of 44 nuclear medical 
images (22 PL, 9 SPECT, and 13 SPECT/CT) in 22 patients with 
EC in the preoperative first stage of the disease. The patients were 
recruited at the University Clinic for Gynecology and Obstet-
rics in Skopje. The study included patients with histologically verified 
EC (endometrioid adenocarcinoma of grade 1 and 2) at a presumed 
first stage of the disease (based on preoperative evaluation) T1; 
N0; M0. All patients have signed informed consent for the pro-
cedures and participation in the study, which was approved by 
the Ethics Committee of the Medical Faculty in Skopje.

Procedure

99mTc-SENTI SCINT (commercial kit of MEDI-RADIOPHARMA 
LTD, Hungary) was applied to all patients in the morning on the day 
of surgery with cervical injection in four quadrants at a depth 
of 5 mm: 1 mCi (37 Mbq) × 4 injections (total dose per patient 
4 mCi). The application of 99mTc-SENTI SCINT was performed by 
a specialist in gynecology and obstetrics. After the application 
of the tracer, PL and SPECT were performed in 9 patients, while PL 
and SPECT/CT were performed in 13 patients, according to the fol-
lowing acquisition protocol:

 — dynamic study after the application of the radiopharmaceutical 
(30 frames, 60 seconds per frame);

 — static images for 30 minutes, 60 minutes, and 120 min-
utes (600 seconds/image);

 — SPECT or SPECT/CT after 120–180 minutes:
• SPECT (60 projections for 15 seconds per projection, angle 

per projection: 6 degrees, angle per detector: 180 degrees, 
matrix 128 × 128);

• CT (matrix 512 × 512, rotation time: 1 second, cross-sec-
tional thickness: 2.5 mm, cross-sectional distance 2.5 mm).

During the performance of the nuclear medicine methods, 
the principle ALARA (as low as reasonably achievable) was fully 
observed, i.e. the smallest dose of radiopharmaceutical was used 
to visualize the SLN on PL, SPECT and SPECT/CT. All static im-
ages were taken using a Mediso DHV Nucline Spirit dual-head 
gamma camera. SPECT and SPECT/CT were performed using 
the SPECT/CT camera OPTIMA NM/CT 640 GE Healthcare dual 
detector/4 slice CT.

After SLN identification in nuclear medicine imaging, all pa-
tients were operated at the University Clinic for Gynecology and 
Obstetrics in Skopje, in accordance with the operating proto-
cols of the Clinic. 

Nuclear medicine images were analyzed in terms of display 
of the SLN, number of SLNs, time of visualization of the SLN after 
application of the tracer, localization of the SLN (unilateral pelvic, 
bilateral pelvic, para-aortic), and pelvic localization of the SLN by 
anatomical regions, which is possible only on SPECT/CT.

Statistical data analysis
A database was created for statistical data processing 

in the statistical program SPSS for Windows 23.0. Category varia-
bles are presented by absolute and relative numbers, quantitative 
variables are presented by descriptive parameters (mean, SD, mini-
mum, maximum). The detection rate of the SLN in nuclear medicine 
images is shown as the total detection rate (defined as the ratio 
between the number of patients with at least 1 detected SLN in a nu-
clear medicine image and the total number of subjects in the study), 
bilateral detection rate (defined as the ratio between the number 
of patients with at least 1 SLN detected in the two hemipelvic re-
gions and the total number of participants in the study), the detec-
tion rate of PL, SPECT, SPECT/CT; total detection rate of para-aortic 
SLN (defined as the ratio between the number of patients with at 
least 1 detected SLN in the para-aortic region in nuclear medicine 
imaging and the total number of participants in the study).

To compare the number of SLNs among the techniques per-
formed, a non-parametric Wilcoxon Matched pairs test was used. 
A non-parametric correlation test (Spearman rank R coefficient) 
was used to correlate age and BMI with the number of SLNs on PL and 
the time of onset of the SLN after application of 99mTc-SENTI-SCINT. 
For the level of significance, the value of p < 0.05 is taken.

Results

The study included a total of 22 female patients with histologi-
cally verified endometrioid adenocarcinoma (grade 1) — 7 patients, 
and (grade 2) — 15 patients, aged 46 to 74 years, with an average 
age of 61.1 ± 7.5 years. The body mass index (BMI) had an average 
value of 34.62 ± 6.4 kg/m2, and ranged from 23.4 to 53.3 kg/m2.

In 4 patients (18.2%), the SLN was not detected on the planar 
image. In all patients with SPECT or SPECT/CT pelvic SLNs were de-
tected (Fig. 1). The total detection rate was 100%, bilateral detection 
rate was 31.81%, detection rate of PL was 81.81%, while for SPECT 
and SPECT/CT it was 100%. The total detection rate of para-aortic 
SLNs was 22.72%. On the PL, the most common finding was one 
SLN in 9 patients (40.9%), while on SPECT/CT the finding of two 
SLNs was most common, in 5 patients (38.5%). The total number 
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of detected SLNs was 31 on PL, 20 on SPECT, and 28 on SPECT/CT 
(Tab. 1). The average number of detected SLNs was 1.4 ± 1.05, 
2.2 ± 1.1, and 2.15. 1.1, respectively, on PL, SPECT, and SPECT/CT.

According to the results of the statistical analysis, the difference 
in the number of SLNs detected on PL and SPECT was not statis-
tically significant (15 SLNs detected on PL vs. 20 SLNs detected 
on SPECT in 9 patients; p = 0.068), while the difference in the num-
ber of SLNs detected on PL and SPECT/CT was confirmed as sta-
tistically significant, for p = 0.0077 (16 SLNs detected on PL vs. 28 
SLNs detected on SPECT/CT in 13 patients).The analyzed corre-
lations between age and BMI, with the number of SLNs visualized 
on PL and with the time of presentation of SLNs after application 
of 99mTc-SENTI-SCINT, were statistically insignificant.

The most common anatomical location of the SLNs in the pel-
vis in the group of patients with SPECT/CT was the right internal 
iliac region followed by the left common iliac region (Fig. 1). Data 
on the anatomical location of the SLNs is shown in Table 2.

Discussion

Endometrial cancer (EC) is the sixth most commonly diagnosed 
cancer in women and the second most common cancer of the fe-
male genital tract in developing and underdeveloped countries. 

According to Global cancer statistics 2020: GLOBOCAN, there 
is a growing trend of EC worldwide with increasing morbidity and 
mortality (417,367 new cases of EC were registered in 2020, of which 
97,370 ended in death) [12]. About 80 percent of diagnosed cas-
es are in the early stages of the disease. Obesity and advanced 
age are significant risk factors associated with the endometrioid 
type of EC [13]. Our study included patients in the preoperative 
first stage of the disease, with histologically verified endometrioid 
type of adenocarcinoma, with a grade 1 and 2. A total of seven 
patients had EC with grade 1 and fifteen patients had EC with grade 
2. The average age of patients was 61.1 ± 7.5 years, and 90% 
of them were over 50 years of age. These data are correlated with 
the already published epidemiological data in the literature [13]. 
Patients diagnosed at an early stage of the disease have a good 
prognosis, with a 5-year survival of about 90%, compared with 
patients with nodal metastases having a 5-year survival of about 
60% [14, 15]. Nodal status is the most important prognostic factor 
for relapse and an indicator on which further oncological therapy 
is based. SLN biopsy is a minimally invasive method for determining 
the nodal status of patients with early-stage EC [16].

The detection rate of the SLN with cervical tracer application 
ranges from 67% to 85.7% for PL, and 84% to 100% for SPECT/CT 
(10, 17–20). The total rate of preoperative detection of the SLN 

Table 1. Distribution of patients by number of detected SLNs on 
nuclear medicine imaging

Visualization of the SLN  
on a gamma camera

Number of SLNs

PL  
n (%)

SPECT  
n (%)

SPECT/CT 
n (%)

No SLN is shown 4 (18.18)

One SLN is shown 9 (40.91) 3 (33.33) 4 (30.77)

Two SLNs are shown 6 (27.27) 2 (22.22) 5 (38.47)

Three SLNs are shown 2 (9.09) 3 (33.33) 2 (15.38)

Four SLNs are shown 1 (4.54) 1 (11.11) 2 (15.38)

Total number of shown SLNs 31 20 28

PL — planar lymphoscintigraphy; SLN — sentinel lymph node; SPECT/CT — single photon 
emission computed tomography/computed tomography

Table 2. Distribution of the SLNs in the pelvis by anatomical regions

Anatomical location of the SLN in the pelvis Number of SLNs

Right obturator region 2

Left obturator region 1

Right external iliac region 2

Left external iliac region 2

Right internal iliac region 7

Left internal iliac region 1
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SLN — sentinel lymph node

Figure 1. Planar lymphoscintigraphy (PL) and SPECT/CT in a 67-year-old patient with grade 2 endometrial adenocarcinoma; PL (A) did not show 
activity corresponding to a SLN. The fused SPECT/CT image (B) showed a focal accumulation in the right hemipelvic region, corresponding to two, 
non-enlarged lymph nodes in the right internal iliac region at the CT (C)
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in our study was 100%, the rate of bilateral detection was 31.81%, 
while the individual detection rate of PL, SPECT and SPECT/CT 
was 81.81%, 100%, and 100% respectively. The total detection rate 
of para-aortic SLNs was 22.72%. The number of SLNs detected 
on SPECT/CT was statistically higher than the PL, which corre-
sponds to the literature data in addition to the significantly higher 
detection rate of SPECT/CT [20, 21].

In 2012, Kraft and Havel [22] published a study on the impact 
of age and obesity on the detection rate of PL and SPECT/CT in 69 
patients with gynecological tumors. The authors found that younger 
age was associated with a higher rate of detection of SLNs as op-
posed to obesity, which had no effect on the study population. 
The analyzed correlation between age and BMI with the number 
of SLNs on PL in our study was statistically insignificant.

Lymphatic drainage mapping using the nuclear medicine 
method for SLN visualization in the correct anatomical region 
enables faster and more accurate localization of the SLN with 
the help of the gamma detection probe. The increased sensitivity 
with the application of SPECT is complemented by the precise local-
ization and morphofunctional assessment provided by SPECT/CT. 
In most patients, the SLN is found in the external iliac region and 
the obturator region [19, 23]. In our study, the precise anatomical 
location of the SLN was confirmed intraoperatively in all thirteen 
patients with SPECT/CT. The most common location was the right 
internal iliac followed by the left common iliac region.

Conclusions

The results of our study indicate an advantage of the SPECT/CT 
modality over the detection rate of planar lymphoscintigraphy 
or SPECT alone, greater sensitivity in detecting SLNs with low 
activity and precise anatomical localization. We recommend 
SPECT/CT as the modality of choice in the preoperative SLN 
mapping in patients with EC.
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Abstract
Background: The aim of the present study was to compare the myocardial perfusion imaging (MPI) with [99mTc]tetrofosmin 
stress — rest single-photon emission computer tomography (SPECT) of patients with epilepsy with matched control individuals.

Material and methods: All 29 adult epileptic patients were receiving antiepileptic drugs (AEDs) for epilepsy. Thirty-two individuals 
matched for gender and age consisted of the control group. MPIs SPECT were performed, and myocardial summed scores were 
obtained during stress (SSS) and rest (SRS) images. Abnormal MPI was considered when SSS was ≥ 4. In addition, the difference 
(SDS) between SSS and SRS was also assessed, which represents a rate of reversibility after stress.

Results: Twenty of 29 (68.97%) patients with epilepsy had abnormal MPI and 14/32 (43.75%) of the controls (p = 0.04). Among 
males, 18/23 patients and 11/25 controls had abnormal MPI (p = 0.01), with quite a significant difference for mean SSS between 
male patients and controls (p = 0.002). Furthermore, SDS comparison showed that irreversible abnormalities were more common 
in patients than in control individuals. A difference of inadequately compensated myocardial ischemia between patients treated 
with enzyme inducing AEDs and patients treated with valproic acid was also detected.

Conclusions: Single-photon emission computer tomography (SPECT) may detect increased risk for coronary artery disease and 
further cardiovascular events in patients with epilepsy. Our findings favor the conclusion that SPECT could be used for the early 
identification of cardiovascular comorbidity in epilepsy.

KEY words: cardiovascular disease; epilepsy; myocardial ischemia; myocardial perfusion imaging; seizures
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Introduction

Cardiovascular disease represents a significant contributor 
to the increased mortality and hospitalized morbidity in people with 
epilepsy, compared with the general population [1]. Myocardial 

infarction (MI) following seizures may occur in a variety of epileptic 
conditions including single or repetitive, convulsive or nonconvulsive 
seizures [2]. Higher prevalence of cardiovascular risk factors such 
as hypertension, diabetes, and high cholesterol has been report-
ed in patients with epilepsy compared to the general population 
[3]. Oxidative stress circulating markers are higher in epileptic 
patients and may lead to atherosclerosis [4]. In addition, previ-
ous scientific reports have indicated that antiepileptic drugs (AEDs) 
monitor various risk factors linked to atherothrombotic disease [5].

Even though coronary angiography is the first examination 
performed for the diagnosis of ischemic myocardial disease, 
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alternative non-invasive cardiovascular imaging methods may 
be utilized, especially in cases where the symptoms and findings are 
controversial and inconsistent. Among them, myocardial perfusion 
imaging (MPI) with 99mTechnetium (99mTc) tetrofosmin (TF) SPECT, 
is probably the non-invasive modality of choice to distinguish a silent 
ischemic myocardial area [6].

The aim of the present study was the comparison of MPI SPECT 
results in patients with epilepsy to age and gender-matched con-
trol individuals and assess whether MPI SPECT could be utilized 
for diagnosis of early myocardial ischemia in patients with epilepsy 
exhibiting non-specific cardiac symptoms and having normal ECG 
and cardiologic examination.

Material and methods

Patients
The study patients with active epilepsy (epilepsy on AEDs or with 

one or more seizures in the past year or both) were followed 
in the Epilepsy Outpatient Clinic of our University Hospital from 
January 2019 to November 2019. For inclusion in the study, 
patients should suffer from epilepsy for over 5 years. In addition, 
they should have exhibited transient or persistent atypical cardiac 
complaints such as non-specific chest wall discomfort or short-
ness of breath and had normal ECG and cardiologic evaluation. 
The control group consisted of gender and age-matched individu-
als that demonstrated similar symptoms. All study participants (pa-
tients and control individuals) had no known history of coronary 
artery disease (CAD). In addition, patients and controls had 
a medical history and thorough physical examination obtained. 
Specifically, relevant biochemical parameters and cardiovascular 
risk factors were recorded (smoking, arterial hypertension, diabe-
tes mellitus, hypercholesterolemia, and cardiovascular disease 
heredity). The history of family cardiovascular disease (angina 
pectoris, unstable angina, myocardial infarction) was assessed 
by questionnaire.

Among the patients with epilepsy, several data were noted 
such as age at the onset of epilepsy, the duration of epilepsy, 
and the frequency and the type of epilepsy. Moreover, the type, 
frequency and number of the AEDs at the time of inclusion and 
during the study were documented. Patients were also classified 
according to epilepsy type (focal/generalized and symptomatic/no 
symptomatic-genetic and of unknown origin), seizures type (focal 
without and with awareness loss/primary generalized and sec-
ondary generalized-focal with bilateral spasms), and whether their 
therapeutic schema included enzyme-inducing AEDs and/or val-
proic acid (VPA). The study was approved by the Medical Ethical 
Committee Section of our University General Hospital.

SPECT MPI
All study individuals, patients and controls, were subjected 

to 99mTc-TF-SPECT, before and after stress, according to standard 
protocols [7]. Single-photon emission computer tomography 
(SPECT) images were acquired 15–60 minutes post radiopharma-
ceutical injection. Images were visually evaluated by two nuclear 
medicine specialists, using a 17-segment polar map as previously 
reported [8, 9] and scoring each segment with a scale of 0 to 4, 
in accordance with the severity of the myocardial perfusion deficit. 
A SSS score ≥ 4 was indicative of myocardial ischemia. Myocardial 

ischemia was considered mild if the SSS was between 4 and 8, 
moderate if the SSS was between 9 and 13, and of a high degree 
when SSS was over 13 [10].

Statistical analysis

All continuous data were stated as mean ± standard devi-
ation (± SD), whereas binary data were noted as percentages. 
All patients and controls were considered as having ‘pathologic’ 
MPI (MPI ≥ 4) or not. Comparisons of traits of interest between 
patients and controls were quantified by x2 test for dichotomous out-
come pathologic MPI and with t-test for SSS and SDS scores. 
Logistic regression analysis was performed to detect any potential 
association of age, gender and cardiovascular risk factors with 
MPI results between patients and controls. Mean SSS and SDS 
for patients and controls were also calculated. Linear regression 
analysis was performed to examine the impact of gender, age, and 
cardiovascular risk factors associated with SSS score and SDS and 
compare patients and controls.

In patients was epilepsy, the impact of gender, age, cardio-
vascular risk factors, age of epilepsy onset, epilepsy duration, 
epilepsy type, seizures type, AEDs number and AEDs type 
on the dichotomous outcome pathologic MPI was assessed with 
logistic regression analysis and on SSS and SDS results with 
linear regression analysis. All statistical tests were calculated with 
the SPSSv26 software.

Results

Twenty-nine patients with epilepsy (23 males, 6 females) 
and 32 control individuals (25 males, 7 females) were recruited 
for the study. The mean age of the patients was 56.2 ± 10.5 
years vs. 55.0 ± 9.3 years for control individuals (p = 0.58). There 
were no differences in the cardiovascular risk factors between 
patients with epilepsy and the control group for both genders. 
The mean age of epilepsy onset was 30.4 (± 21.0) years, the mean 
duration of epilepsy was 26.4 (± 18.5) years and the mean number 
of AEDs receiving was 2.2 (± 1.2). (Tab. 1).

Twenty patients (68.9%) and 14 controls (43.7%) had abnor-
mal MPI with SSS ≥ 4, p = 0.04. Among males, 78.2% (18/23) 
patients and 44% (11/25) controls had abnormal MPI (p = 0.01). 
No statistical difference was found for the female individuals. 
The mean SSS was 4.5 (± 2.3) for the patients and 3.1 (± 1.8) 
for the controls, p = 0.01. For males, a statistically significant 
difference was found for SSS scores and for SDS scores between 
patients and controls with p = 0.002 and p = 0.02 accordingly 
(Tab. 1). The logistic regression analysis did not show any asso-
ciation of age and cardiovascular risk factors with MPI results. 
The linear regression analysis did not disclose any association 
of gender, age and cardiovascular risk factors with the SSS and 
SDS scores for patients and controls.

Focusing on patients and controls with pathologic MPI, a statis-
tically significant difference was found between male patients and 
controls for SDS (p = 0.04). The above results on SDS scores were 
also found by analyzing the impact of age, gender and cardiovascu-
lar risk factors with regression models. Besides the effect of gender 
on SDS, no other association was found (Tab. 2). No difference 
in the demographics, the risk factors, the characteristics of epilepsy, 
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Table 1. Characteristics of epilepsy patients and controls

Patients with epilepsy

Total Males Females

Number [%] 29 23/29 (71.8) 6/29 (20.7) 

Age [y] (± SD) 56.2 (10.5) 56.7 (11.4) 59.3 (7.0)

Hyperlipidemia [%] 20/29 (69) 17/23 (73.9) 3/6 (50)

Hypertension [%] 14/29 (48.3) 12/23 (52.2) 2/6 (33.3)

Smoking (%) 12/29 (41.4) 10/23 (43.5) 2/6 (33.3)

Diabetes mellitus [%] 7/29 (24.1)  5/23 (21.7) 2/6 (33.3)

CV Heredity [%] 10/29 (34.5) 7/23 (30.4) 3/6 (50)

Age of epilepsy onset, [y] (± SD) 30.4 (21.0) 31.0 (20.6) 28.3 (24.7)

Epilepsy duration, [y] (± SD) 26.4 (18.5) 25.3 (18.2) 31 (20.4)

Epilepsy type [F/G]  13/16 12/11 1/5

Epilepsy type [S/non S] 12/17 9/14 3/3

Seizures type [f/g] 4/25 1/22 3/3

Current AEDs, mean (± SD) 2.24 (1.2) 2.3 (1.2) 2.0 (1.0)

Inducers, No. 9 9 0

Inducers (AED, No.) (CBZ:6, PH:2, PB:1) (CBZ:6, PH:2, PB:1) 0

VPA, No. 9 7 2

Other AEDS (No.) LEV(12), LMG (8), LCM(4), TPM(5), 
ESL(5), BRV(4), ZNS(3), OXC(2), 
CLB(2), PRP(2), PRG(2), GBP(1)  

LEV(10), LMG(5) LCM(3), TPM(4), 
ESL(4), BRV(3), ZNS(2), OXC(2), 
CLB(1), PRP(2), PRG (2), GBP (1)

LEV(2), LMG(3), LCM(1), TPM(1), 
ESL(1), BRV(1), ZNS(1), OXC(0), 
CLB(1), PRP(0), PRG(0), GBP(0)

Total AEDs, mean (± SD) 3.1 (1.4) 3.1 (1.4) 3.3 (1.6)

Abnormal MPI [%] 20/29 (69) 18/23 (78.3) 2/6 (33.3)

SSS, mean (± SD) 4.5 (2.3) 5.1 (2.2) 2.5 (1.6)

SDS, mean (± SD) 2.2 (1.1) 2.4 (2.3) 1.4 (1.5)

Control group individuals

Total Males Females

Number [%] 32 25/32 (78.1) 7/32 (21.8)

Age [y] (± SD) 55.0 (9.3) 55.1 (9.2) 54.7 (10.2)

Hyperlipidemia [%] 18/32 (56.25) 15/25 (60) 3/7 (42.9)

Hypertension [%] 21/32 (65.6) 15/25 (60) 6/7 (85.7)

Smoking (%) 15/32 (46.9) 12/25 (48) 3/7 (42.9)

Diabetes mellitus [%] 7/32 (21.9) 6/25 (24) 1/7 (14.3)

CV Heredity [%] 13/32 (40.6) 9/25 (36) 4/7 (57.1)

Abnormal MPI [%] 14/32 (43.7) 11/25 (44) 3/7 (42.9)

SSS, mean (± SD) 3.1 (1.8) 3.2 (1.6) 2.5 (1.6)

SDS, mean (± SD) 2.4 (1.7) 1.1 (1.7) 1.8 (1.7)

p-value

Total (p1) Males (p2) Females (p3)

Number [%] 0.58

Age [y] (± SD) 0.38 0.60 0.35

Hyperlipidemia [%] 0.22 0.23 0.61

Hypertension [%] 0.13 0.39 0.08

Smoking (%) 0.43 0.49 0.58

Diabetes mellitus [%] 0.53 0.56 0.43

CV Heredity [%] 0.45 0.50 0.61

Abnormal MPI [%] 0.04* 0.01* 0.58

SSS, mean (± SD) 0.01* 0.002* 0.86

SDS, mean (± SD) 0.06 0.02* 0.58

*statistically significant; AED — antiepileptic drugs; BRV — brivaracetam; CBZ — carbamazepine; CLB — clobazame; CV — cardiovascular; ESL — eslicarbazepine; f — focal without and/or 
with loss of awareness; F — focal; g — primary generalized and secondary generalized (focal with bilateral spasms); G — generalized; GBP — gabapentin; LCM — lacosamide; LEV — leveti-
racetam; LMG — lamotrigine; MPI — myocardial perfusion imaging; No. — number; Non S — no symptomatic = genetic and of unknown origin; OXC — oxcarbamazepine; p(1) — compari-
son between the total number of patients and controls; p(2) — between the male  patients and controls; p(3) — comparison between the female patients and controls; PB — phenobarbital;  
PH — phenytoin; PRG — pregabaline; PRP — perampanel; S — symptomatic; SD — standard deviation; SDS — summed difference score; SRS — summed rest score; SSS — summed 
stress score; TPM — topiramate; y — years; ZNS — zonisamide
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of the statistically significant difference in SDS scores between 
patients receiving inducers and patients receiving VPA, which 
favors inducers (p = 0.05).

Discussion

In the present study, we used radionuclide myocardial scanning 
to assess early cardiovascular disease in patients with epilepsy. 
Our findings suggested that patients with epilepsy have higher 
percentage of early cardiovascular disease compared to age 
and sex-matched controls. Most of the patients in the study were 
males and few were females. Male patients had also statistically 
significant pathologic MPI while the small number of females did 
not allow any statistical conclusion to be made.

The role of non-invasive imaging techniques in the evaluation 
of patients with suspected or known CAD has increased expo-
nentially over the past decade [11]. The value of radionuclide MPI 
has been reported in the literature [11–13] since it represents a re-
liable non-invasive test for the evaluation of myocardial ischemia 
in various medical conditions [14–21].

Several studies reported that patients with epilepsy exhibited 
increased mortality from MI or increased risk of MI. Risk for prema-
ture death was three to four times higher in people with epilepsy 
than in the general Chinese population, much higher in young 
people with epilepsy, with MI myocardial among the leading putative 
causes of death [22]. A retrospective open cohort analysis reported 
that socioeconomically deprived patients with epilepsy experience 
high mortality and die 17 years prematurely, with cardiovascular 
diseases, cancer, and unintentional injuries being the most common 
causes of death [23]. A nationwide Danish population showed that 
epilepsy was linked to higher risk of MI [24], while another study 

Table 2. Patients and controls with myocardial perfusion imaging (MPI) ≥ 4

Patients Controls p-value

Total Males Females Total Males Females (1) (2) (3)

Age [y] (± SD) 56.2 (11.2) 56.1 (11.9) 57 (0) 56.0 (5.5) 55.1 (5.1) 59.3(6.5) 0.95 0.75 0.59

Hyperlipidemia [%] 13/20 (65) 12/18 (66.6) 1/2 (50) 7/14 (50) 7/11 (63.6) 0/3 (0) 0.48 0.58 NA

Hypertension [%] 9/20 (45) 8/18 (44.4) 1/2 (50) 10/14 (71.4) 7/11 (63.6) 3/3 (100) 0.17 0.26 0.40

Smoking [%] 10/20 (50) 9/18 (50) 1/2 (50) 6/14 (42.8) 6/11 (54.5) 0/3 (0) 0.73 0.55 NA

Diabetes mellitus [%] 4/20 (20) 3/18 (16.6) 1/2 (50) 2/14 (14.2) 1/11 (0.1) 1/3 (33.3) 0.51 0.50 0.70

CV Heredity (%) 6/20 (30) 6/18 (33.3) 0/2 (0) 9/14 (64.2) 7/11 (63.6) 2/3 (66.6) 0.08 0.08 NA

SSS, mean (± SD) 5.6 (1.9) 5.8 (1.9) 4 (0) 5.0 (0.7) 4.1 (2.3) 5.3 (6.5) 0.19 0.14 0.18

SDS, mean (± SD) 2.7 (2.6) 2.7 (2.4) 2.5 (2.1) 1.8 (1.9) 1.2 (2.1) 3.6 (1.1) 0.13 0.04* 0.57

*statistically significant; CV — cardiovascular; MPI — myocardial perfusion imaging; p(1) — comparison between the total number of patients and controls; p(2) — between the male  patients 
and controls; p(3) — comparison between the female patients and controls; SD — standard deviation; SDS — summed difference score; SSS — summed stress score

Table 3. Epilepsy patients with myocardial perfusion imaging 
(MPI) ≥ 4 and MPI < 4

MPI ≥ 4 MPI < 4 p-value

Number 20 9

Age [y] (± SD) 56.2 (11.2) 59.6 (9.1) 0.38

Hyperlipidemia [%] 13/20 (65) 7/9 (77.7) 0.41

Hypertension [%] 9/20 (45) 5/9 (55.5) 0.45

Smoking [%] 10/20 (50) 2/9 (22.2) 0.16

Diabetes mellitus [%] 4/20 (20) 3/9 (33.3) 0.36

CV Heredity [%] 6/20 (30) 4/9 (44.4) 0.40

Age of epilepsy onset [y] 29.4 (20.9) 32.8 (22.4) 0.69

Epilepsy duration [y] 25.3 (19.0) 29 (18.1) 0.62

Epilepsy type (F/G) 7/13 6/3 0.11

Epilepsy type (S/Non S) 7/13 5/4 0.26

Seizures type (f/g) 18/2 7/2 0.36

AEDS, current number (± SD) 2.3 (1.3) 2 (1) 0.43

AEDs, total number (± SD) 3.1 (1.5) 3.2 (1.2) 0.89

⁸nducers [%] 8 (40) 1 (11) 0.13

Valproic acid [%] 4 (20) 5 (55.5) 0.07

AED — antiepileptic drugs; CV — cardiovascular; f — focal without and/or with loss of 
awareness; F — focal; g — primary generalized and secondary generalized (focal with 
bilateral spasms); G — generalized; MPI — myocardial perfusion imaging; Non S — no 
symptomatic = genetic and of unknown origin; S — symptomatic; SD — standard deviation

Table 4. Antiepileptic drugs (AEDs) type

AEDs p-value

Inducer No inducer VPA No VPA (1) (2) (3)

Age of patients with MPI ≥ 4 (±SD) 56.2 (14.6) 56.1 (9.1) 55 (20.3) 56.5 (8.8) 0.53 0.81 0.78

SSS, mean (±SD) 5.5 (2.0) 4.1 (2.4) 4.2 (1.9) 4.7 (2.5) 0.12 0.58 0.16

SDS, mean (±SD) 3.4 (2.7) 1.6 (2.1) 1.1 (2.0) 2.7 (2.5) 0.06 0.11 0.05*

AED — antiepileptic drugs; MPI — myocardial perfusion imaging; p(1) — comparison between patients taking inducers vs. patients not on inducer; p(2) — comparison between patients on 
VPA vs. patients not on VPA; p(3) — comparison between patients taking inducers and patients taking VPA; SD — standard deviation; VPA — valproic acid

the AEDs number, and the AEDs type (enzyme inducers and VPA) 
with MPI results was found between patients with MPI ≥ 4 and 
patients with MPI < 4 (Tab. 3).

The impact of enzyme inducers and valproic acid was also 
assessed. No difference was found for the presence of pathologic 
MPI and for SSS and SDS scores (Tab. 4). Of interest was the finding 
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demonstrated that adult patients with epilepsy but no previous car-
diac disease had higher risk for MI compared to patients with 
fracture of their lower extremity or individuals with migraine [25]. 
Another population-based case-control study of 1799 cases with 
first acute MI found that epilepsy was linked to a higher risk for MI 
and that there was a graded positive relation between number 
of hospitalizations for epilepsy and risk of MI [26]. Our study of-
fers an alternative perspective, trying to assess patients with early 
cardiovascular disease using MPI SPECT. We did not manage 
to show that any of epilepsy characteristics, such as the age of ep-
ilepsy onset, epilepsy duration, epilepsy type, or seizures type are 
associated with the presence of perfusion deficits on MPI, probably 
due to the small number of the patients.

Several mechanisms may explain why epilepsy and car-
diovascular disease tend to coexist including causal associ-
ations, shared risk factors, and those resulting from epilepsy 
or its treatment [1]. In patients with epilepsy, various vascular risk 
biomarkers that get worse could be attributed to epilepsy itself 
and/or its antiepileptic medications. Predictors of asymptomatic 
atherosclerosis in adult patients with epilepsy were assessed 
in a case-control study of 225 patients with epilepsy showing 
that the intima-media thickness (IMT) was significantly thickened 
in various groups of patients with epilepsy and the levels of total 
homocysteine (tHcy), von Willbrand factor (vWF), malondialde-
hyde (MDA), thiobarbituric acid reactive substances (TBARs) and 
Ox-LDL levels were increased [4].

An experimental PTZ-induced model in rats showed increased 
myocardial injury and increased incidence of vertical tachycardia 
episodes in myocardial ischemia, implying that seizures in epilepsy 
may increase ventricular arrhythmia and myocardial injury during 
heart attack [27]. Patients with epilepsy may have troponin I value 
as high as 5.5 ng/mL and 6.3 ng/mL after generalized or temporal 
seizures [28, 29], indicating some degree of ischemic myocardial 
injury due to sympathetic overactivity elicited by the generalized 
seizure [30, 31]. An increase in mean serum levels of heart-type fatty 
acid-binding protein (H-FABP), a sensitive biomarker for myocardial 
ischemia, has been reported in children with intractable epilepsy 
either in the ictal or interictal periods [32], while in patients with 
known CAD myocardial infarction may follow an epileptic convul-
sive seizure [33].

Sudden unexpected death in epilepsy (SUDEP) is a well-
known phenomenon of the ongoing investigation. Sudden death 
may be more frequent in individuals with epilepsy which is re-
fractory to most medications. A study in 23 patients with epileptic 
seizures demonstrated that 40% of them had ST-segment depres-
sion during active seizures, indicating an increased risk of car-
diovascular disease in patients with frequent, not well-controlled 
seizures [34]. A case-control study of all SUDEP cases in Denmark 
showed that SUDEP cases had significant fibrosis of the myocar-
dium, possibly related to frequent bouts of myocardial ischemia 
secondary to repetitive epileptic seizures, which, associated with 
the ictal sympathetic storm, may lead to lethal arrhythmias causing 
SUDEP [35].

The literature reports that various AEDs may themselves affect 
cardiovascular risk in patients with epilepsy [1]. The treatment with 
some AEDs can increase levels of cholesterol, such as carbamaz-
epine, and lead to MI [5, 36]. VPA may cause weight gain, insulin 
resistance, and metabolic syndrome [5, 37] and increase the risk 

for MI [38], although, in comparison with carbamazepine, VPA had 
a reduced risk of MI [39]. In the present study, we provide some 
evidence the SDS scores of inadequately compensated myocardial 
ischemia differed between patients treated with enzyme-induc-
ers and patients treated with VPA.

Apart from the small number of participants, other limita-
tions of the present study include the limited number of females and 
lack of other information in the databases such as physical activity, 
alcohol intake, etc. Furthermore, no conventional coronary angi-
ography was performed for comparison with the MPI. However, 
MPI is considered as acceptable noninvasive method to diagnose 
myocardial abnormalities compared to conventional coronary 
angiography [40].

Our findings demonstrate that epilepsy patients, predominantly 
males, with atypical cardiac symptomatology exhibit increased 
myocardial silent ischemia compared to control individuals with 
similar symptoms. In our study there was no difference in the risk 
factors between patients and controls, to explain the difference 
in MPI results, suggesting that epilepsy itself may sometimes gen-
erate an additional risk factor for cardiovascular diseases, possibly 
if the seizures are refractory to medications. The early identifi-
cation and treatment of cardiovascular comorbidity in epilepsy 
deserves further attention [23].

Single-photon emission computer tomography (SPECT) may 
detect increased risk for coronary artery disease and further car-
diovascular events in patients with epilepsy. Our findings favor 
the conclusion that SPECT could be used for the early identifi-
cation of cardiovascular comorbidity in epilepsy. Although many 
studies have investigated the risk of MI in patients with epilepsy, 
we believe to the best of our knowledge this is the first attempt 
to provide some evidence for MPI SPECT use for early myocardial 
disease in patients with epilepsy.

Conclusions

In conclusion, SPECT MPI in patients with epilepsy may reveal 
increased myocardial silent ischemia. However, further clinical 
trials could delineate the role of MPI SPECT in the evaluation 
of myocardial ischemia in patients with epilepsy.
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Abstract
Background: In differentiated thyroid cancer (DTC) patients, cervical nodal metastasis is a negative prognostic factor. Preoperative 
imaging plays an important role in treatment planning for nodal metastasis and recurrence.

The aim of the study is to compare the diagnostic performance of the diffusion-weighted magnetic resonance imaging (DW-MRI) 
and the F-18 flurodeoxyglucose positron emission computed tomography ([18F]FDG PET/CT) in detection of cervical nodal de-
posits in DTC patients.

Materal and methods: The study was conducted on 30 patients, each performed both modalities just before the surgery. The 
gold standard was the pathological specimens with post-operative clinico-radiological follow-up, to assess the diagnostic per-
formance of each modality.

Results: Based on pathological and post-operative clinico-radiological follow up data. Sensitivity, specificity, negative predictive 
value (NPV), positive predictive value (PPV) and accuracy were 84%, 80%, 50%, 95% and 83% for PET/CT compared to 84%, 
60%, 42.8%, 91.3% and 80% for DW-MRI.

On comparing the diagnostic performance of combined DW-MRI and PET/CT to each modality alone, the sensitivity and NPV 
were improved to 96% and 80% respectively.

Conclusions: [18F]FDG PET/CT study is a valuable diagnostic modality for the assessment of cervical nodal deposits in DTC 
patients, surpassing DW-MRI. Combined PET/CT and DW-MRI techniques seemed to have synergistic performance, mainly in 
terms of sensitivity and NPV, for detection of nodal metastases.
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Introduction

Differentiated cancer thyroid (DTC) has shown an increasing 
incidence over the last few decades [1]. It is distinguished by 
its multimodal therapeutic approach which is individualized and 

risk-adapted [2]. Surgery is considered a cornerstone of initial 
management followed by adjuvant radioactive iodine in indicated 
cases [3].

High-risk DTC is also known for its high rate of local recurrence 
and lymph node or soft tissue metastases; roughly calculated 
range is between 20% and 30%, other studies stated that the re-
currence rate may reach up to 40% [4]. Distant metastases develop 
in up to 15% of cases, primarily as pulmonary metastases fol-
lowed by bone metastases [5]. Prognosis mainly is depending 
on the site of recurrence. Whenever feasible, surgical re-intervention 
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is the treatment of choice in cases of cervical nodal metastases and 
loco-regional recurrence before considering radioactive iodine 
or radiation therapy [5].

Differentiated cancer thyroid (DTC) risk stratification is a dynam-
ic process that depends on using multiple staging systems and 
targets precise therapy tailoring with prediction of risk for recur-
rence and disease-relatedmortality [6]. Therefore, cervical nodal 
metastasis identification by preoperative imaging efficiently con-
tributes to treatment planning [7].

[18F]FDG PET/CT was shown to be an efficient imaging study 
in disease localization in patients with elevated thyroglobulin (Tg) 
levels, negative US, and I-WBS [5]. It was quickly surpassed by 
[18F]FDG PET/CT, which combined the advantages of metabolic and 
morphologic imaging. [18F]FDG PET/CT is accepted as the study 
of choice for post thyroidectomy patients with increased Tg blood 
levels and negative I-WBS [8]. However, recurrent, residual, or meta-
static tissue does not always accumulate [18F]FDG and consequent-
ly remains undetectable by [18F]FDG PET/CT. As a consequence, 
supplementary imaging modalities performance may be needed 
to be also assessed in this aspect [5].

Magnetic resonance imaging (MRI) is the primary imaging 
modality for soft tissue neoplasms owing to its superior soft tissue 
contrast, additional functional imaging abilities, and reduced dental 
metal artifacts as compared to [18F]FDG PET/CT [9].

Diffusion-weighted imaging (DWI) and apparent diffusion coef-
ficient (ADC) measurements are being considered potentially useful 
in the assessment and characterization of head and neck different 
lesions. DWI can differentiate the viable and necrotic portions of head 
and neck tumors. The ADC can discriminate benign lesions from 
malignant tumors and tumor necrosis from abscesses [10].

Although DW-MR is not a routine investigation when evalu-
ating thyroid cancer, it may become one of the choices owing 
to the efficiency of MRI for tumor diagnosis [11]. So, in the current 
study, we compared DW-MRI vs. [18F]FDG PET/CT for the de-
tection of cervical nodal metastases either in initially assessed 
patients with pathologically proven DTC or those with suspected 
loco-regional recurrence.

Material and methods

This prospective study included 30 adult patients represent-
ed between the period of December 2017 and January 2020. 
All patients were referred to perform MRI and DW-MRI as well 
as [18F]FDG PET/CT respectively, either for initial nodal staging 
or detection of clinico-laboratory suspected nodal recurrence 
in pathologically proven differentiated thyroid cancer (DTC).

Clinical information was extracted from the medical records. 
The study has been approved by the ‘‘Ethical Committee”, with 
Institutional Review Board (IRB) number (201617077.3).

Inclusion criteria
 — adults (>18 years),
 — pathologically proven DTC Patients with initially high-risk clini-

co-pathological criteria,
 — patients with clinical suspicion for local nodal deposits based 

on radiological (e.g.: sonography) and/or elevated tumour 
markers (rising Tg with negative I-131 WBS),

 — patients eligible for surgical management.

Exclusion criteria
 — pediatrics patients (<18 years old),
 — double primary patients,
 — contraindicated surgical management (i.e.: palliative inoperable 

or not fit for anesthesia or surgery),
 — patients previously treated with local radiation therapy,
 — general contraindications for performing PET/CT or MRI.

Patients’ preparation and imaging techniques

[18F]FDG PET/CT
 — patients were instructed to fast for at least 4–6 h before 

the study,
 — the fasting blood glucose level was determined with preferred 

fasting blood glucose below 150 mg/dL,
 — [18F]FDG PET/CT study was done using a dedicated Discovery 

PET/CT scanner (GE Medical System, USA),
 — scanning started 45–60 min after tracer injection of about 

0.15 mCi/kg,
 — no CT contrast agents were administered,
 — the images were interpreted by 1 experienced nuclear medicine 

physician blinded to the results of histopathology,
 — images were interpreted through visual qualitative (visual) as-

sessment where any regional lymph node regardless of the CT 
size exhibiting focal FDG uptake, superior to physiological 
background activity was interpreted as a positive node,

 — quantitative assessment was performed by recording the max-
imum standardized uptake values (SUVmax) for the node with 
the highest activity.

DW-MRI
 — the patients had their MRI done on a high field system (1.5 

Tesla) closed magnet unit (Phillips Achieva XR),
 — the MRI technique included multiplanar MR imaging sequenc-

es without contrast including T1, T2, and STIR WIs as well as DW 
sequence with multiple b-values (b-0, 400 and 800),

 — the DW-MRI was visually interpreted (qualitative assessment) 
by three experienced radiologists. “Positive” was diagnosed 
when a definite abnormal localized area of diffusion restriction 
was noted as a high signal lesion confirmed by histopatholog-
ical examination.

 — regarding the quantitative analysis of DWIs, we measured 
the ADC at the most restricted area within the lesions.

Both DW-MRI and [18F]FDG PET/CT findings were 
verified on the basis of

 — histopathological data (obtained from surgical specimens),
 — operative data and post-operative CT, MRI, and/or  

[18F]FDG PET/CT imaging findings.

Statistical analysis
Continuous data are summarized in terms of mean and standard 

deviation. Categorical data is represented in terms of frequency and 
percentage (%). Sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were calculated for each modality. 
We used the McNemar test to compare the discriminatory performance 
of two different modalities. ROC curve was used to assign the most 
appropriate cutoff value. We used R version 4.0.0 in this analysis.
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Results

The 30 enrolled patients were 10 males and 20 females with age 
ranged 22–77 years, with pathologically proven DTC, referred either 
for initial nodal staging (in 4 patients) or detection of clinico-laboratory 
suspected nodal recurrence (in 26 patients) with rising Tg serum level 
and negative I-131 WBS. Serum TG levels for our group — under 
TSH suppression — was (median 25.20 ng/mL, range, 2–85 ng/mL). 
All patients performed both DWI-MRI and [18F]FDG PET/CT tech-
niques to assess the ability of each modality to detect cervical nodal 
metastasis. The main clinico-pathological characteristics of the study 
group are illustrated in (Supplementary Tab. 1).

Based on histopathology and post-operative clinico-radio-
logical data and follow-up, out of the 30 investigated patients, 25 
patients were positive for cervical nodal metastases (23 metastatic 
papillary carcinoma and 2 metastatic follicular carcinoma) while 
the remaining 5 patients revealed benign hyperplastic, inflammatory 
changes or primary disease without nodal metastasis. The time 
to recurrence ranged from 2 to 90 months.

Most of the cases were assessed radiologically by ultrasound 
neck examination (27 cases) and the remaining 3 cases were 
assessed by CT. Though the Ultrasound showed relatively rea-
sonable sensitivity, PPV, and accuracy of 77%, 85% and 70.3% 
respectively, however, its specificity and NPV were as low as 40% 
and 28% respectively.

Comparison of diagnostic performance between 
different modalities

Based on the obtained pathological data, an attempt to com-
pare the diagnostic performance of [18F]FDG PET/CT and DW-MRI 
was performed.

Sensitivity, specificity, NPVand PPV were 84%, 80%, 50%, 95% 
for [18F]FDG PET/CT compared to 84%, 60%, 42.8% and 91.3% 
for DW-MRI. Relatively higher specificity indices were noted with 
[18F]FDG PET/CT compared to DW-MRI; however, it was not 
statistically significant (p = 0.31), but reflected in the diagnostic 
accuracy, which was 83% for [18F]FDG PET/CT compared to 80% 
with diffusion MRI (Tab. 1).

Agreement of results was tested between [18F]FDG PET/CT 
and DW-MRI. True positive agreement was found in 18 patients out 
of 25 (Supplementary Fig. 1). False-negative agreement was noted 

in 1 patient, while disagreement was found in 6 patients with equal 
share in false-negative results by both modalities (Fig. 1).

Among the 5 patients who were pathologically proven to be free 
from nodal metastases, when comparing [18F]FDG PET/CT and 
DW-MRI were in agreement in 3 true negative patients. One 
false-positive agreement noted and one case of disagreement 
between both modalities was found which was truly negative with 
[18F]FDG PET/CT and falsely positive with DW-MRI (Fig. 2).

Table 1. Diagnostic performance of [18F]FDG PET/CT versus DW-MRI 
in nodal assessment (No. of patients = 30)

Modality [18F]FDG PET/CT DW-MRI p-value

True positive 21 (70%) 21 (70%)

False positive 1 (3.3%) 2 (6.7%)

True negative 4 (13.3%) 3 (10%)

False negative 4 (13.3%) 4 (13.3%)

Sensitivity 84% 84% 1 

Specificity 80% 60% 0.31

Accuracy 83% 80%

PPV 95% 91.3% 0.32

NPV 50% 42.8% 0.67

[18F]FDG PET/CT — F-18 flurodeoxyglucose positron emission computed tomography; 
DW-MRI — diffusion-weighted magnetic resonance imaging; NPV — negative predictive 
value; PPV — positive predictive value

Figure 1. 31-year-old woman presented with PTC, underwent total 
thyroidectomy. Follow up assessment (3 months post-thyroidectomy): 
revealed rising TG level reached 7.1 ng/mL. PET/CT showed no FDG 
avid lesions (A). Conventional MRI showed left cervical level IV lymph 
node with suspicious features with bright signal on diffusion mostly 
T2 shine through effect (B), high ADC value = 1.1 × 10–3 mm2/s (C). 
Pathological assessment revealed: metastatic papillary carcinoma

A CB

A B

C D

Figure 2. 50-year-old woman initially presented with de-novo neck 
swelling. PET/CT revealed: right thyroid lobe FDG avid focal lesion (A). 
Non-FDG avid right upper deep cervical nodes (level II; B). MRI showed 
right thyroid lobe focal nodular lesion, eliciting low T1 and intermediate 
T2 signal intensities. Clustering Right upper deep cervical lymph nodes 
(level II) with effaced fatty hilum, some of them are rounded & globular 
shape with irregular boarder, eliciting low T1 and intermediate T2 
signal intensities. DWI and ADC map revealed Restricted diffusion for 
the thyroid nodular lesion as well as restricted diffusion and reduced 
ADC value (0.9 × 10–3 mm2/s) for the nodal lesion (C). The patient 
underwent surgical interference with total thyroidectomy and right 
radical neck dissection. Pathology revealed papillary thyroid carcinoma 
and inflammatory changes of the upper deep cervical lymph nodes
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Quantitative-based image analysis

DW-MRI ADC cut-off value
A cut-off value is defined as the criterion value range that 

predicts a positive condition. It was calculated by evaluating 
71 nodes at different neck levels. The minimum and maximum 
ADC values were found to be 0.53 and 2 respectively, eliciting 1.04 
as a mean ADC value, with a 0.26 standard deviation.

Receiver operating characteristic (ROC) analysis showed that 
the area under the curve was 0.69 and the optimum threshold 
for the ADC was 1.01 × 10−3mm2/s with sensitivity, specificity, 
accuracy, and PPV of 61%, 80%, 68%, and 85% respectively being 
plotted on ROC curve with p = 0.001, denoting the significance 
of the applied data (Fig. 3).

[18F]FDG PET/CT cut-off value
A cut-off value indicates the identification of the value range 

that predicts a positive condition. It was calculated by evaluating 
54 nodes at different neck levels. The minimal and maximal SUV 
were found to be 1.6 and 46.3 respectively, with a mean value of 8.6 
and a standard deviation of 9.9.

ROC analysis showed that the area under the curve was 0.88 
and the optimum threshold for the SUV was 3.1 with sensitivity, 
specificity, accuracy, and PPV of 81%, 83%, 81% and 98% respec-
tively, being plotted on ROC curve (Fig. 4), with p = 0.002, denoting 
the significance of the applied data.

Discussion

So far only a few published studies conducted Head-to-Head 
Comparison of [18F]FDG PET/CT and DW-MRI in the detection 
of initial or recurrent regional nodal metastases from DTC [11].

In the current study, 21 patients out of 30 patients were detected 
by DW-MRI as true positive patients eliciting 70% as detectability, 
while Nagamachi S et al. [11], whose study was conducted on 59 
patients with DTC, from which, 34 patients with positive nodal 
deposits were detected by DW-MRI and thus eliciting (57.6%) 
as detectability.

The total fore mentioned disagreement of modalities in 6 pa-
tients out of 25 patients with positive nodal metastasis can be ex-
plained by the different diagnostic positive criteria on which different 
modalities rely. Such observation called for a further need to analyze 
the synergistic diagnostic potential that could be obtained through 
combining both modalities.

Diagnostic performance of Single versus combined 
modalities

On comparing the diagnostic performance of combined DWI-MRI 
and PET/CT compared to [18F]FDG PET/CT alone, it was noted that 
only one true positive case was missed, which was consequently 
reflected in sensitivity indices that were notably higher with combined 
modalities, where the sensitivity of 96% and NPV of 80% was obtained 
compared to 84% and 50% with [18F]FDG PET/CT alone. A trend 
for statistical significance was noted with p-value 0.08 and 0.07 
for sensitivity and NPV respectively (Tab. 2).

Higher sensitivity indices were also noted when comparing 
DWI-MRI to combined DWI-MRI and [18F]FDG PET/CT modalities, 
with the sensitivity of 84% and 96% and NPV 42.8% and 80% for DWI- 
-MRI versus combined modalities respectively, which was statistically 
significant (p-value = 0.04) for NPV and shows a trend for statistical 
significance (p-value = 0.08) was noted for sensitivity (Tab. 3).

Table 2. Diagnostic performance of [18F]FDG PET/CT versus 
combined DW-MRI and PET/CT in detection of nodal metastases 
(No. of patients = 30)

Modality [18F]FDG PET/CT Combined DWI-MRI 
and PET/CT

p-value

True positive 21 (70%) 24 (80%)

False positive 1 (3.3%) 1 (3.3%)

True negative 4 (13.3%) 4 (16.6%)

False negative 4 (13.3%) 1 (3.3%)

Sensitivity 84% 96% 0.08

Specificity 80% 80% 1

Accuracy 83% 93%

PPV 95% 96% 0.08

NPV 50% 80% 0.07

[18F]FDG PET/CT — F-18 flurodeoxyglucose positron emission computed tomography; 
DW-MRI — diffusion-weighted magnetic resonance imaging; NPV — negative predictive 
value; PPV — positive predictive value

Table 3. Diagnostic performance of DW-MRI versus combined DW-MRI 
and PET/CT in detection of nodal metastases (No. of patients = 30)

Modality DWI-MRI Combined DWI-MRI 
and PET/CT

p-value

True positive 21 (70%) 24 (80%)

False positive 2 (6.7%) 1 (3.3%)

True negative 3 (10%) 4 (16.6%)

False negative 4 (13.3%) 1 (3.3%)

Sensitivity 84% 96% 0.08

Specificity 60% 80% 0.31

Accuracy 80% 93%

PPV 91.3% 96% 0.23

NPV 42.8% 80% 0.04

[18F]FDG PET/CT — F-18 flurodeoxyglucose positron emission computed tomography; 
DW-MRI — diffusion-weighted magnetic resonance imaging; NPV — negative predictive 
value; PPV — positive predictive value

Figure 3. ROC curve for ADC cutoff; AUC = 69% and p-value = 0.001
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Regarding [18F]FDG PET/CT; our study showed prominent 
sensitivity of 84% and specificity of 80% for regional nodal metas-
tases during initial assessment or detection of recurrence. Mean-
while, a study performed by Weber T et al. [12], evaluating the role 
of [18F]FDG PET/CT for pre-surgical assessment of patients with 
persistent or recurrent DTC, showed a relatively higher sensitivity 
(93%) and lower specificity (75%) than our study. However, it is worth 
mentioning that their study group included only 18 patients who 
were candidate for cervical re-exploration.

Also, Hempel J et al. [5], who studied 46 DTC patients, con-
cluded a relatively higher sensitivity than our study (88%) and 
a non-concordant lower specificity (67%). Considering the retro-
spective nature of their study, beside their dependency on the re-
trieved original scan reports for clinical decisions, there is a strong 
limiting element for neutral patients’ evaluation and standardized 
criteria-based diagnosis.

In agreement with our study, close results were obtained 
from a previous meta-analysis carried out by Kim S et al. [13]; 
that was performed across 9 studies with 515 patients, aiming at 
assessing the diagnostic performance of [18F]FDG PET/CT for de-
tection of recurrent and/or metastatic DTC patients. This metanal-
ysis revealed pooled sensitivity and specificity of 84% and 78% 
respectively.

In the same pace, another meta-analysis done by Caetano 
R et al. [14] evaluated the accuracy of [18F]FDG PET/CT and 
[18F]FDG PET/CT for detecting recurrence of DTC where pooled 
sensitivity showed relatively higher results eliciting 93%, and nearly 
similar pooled specificity 81%.

Comparing DW-MRI to [18F]FDG PET/CT, our study revealed 
higher specificity for [18F]FDG PET/CT surpassing DW-MRI with 
the specificity of 80% and 60% respectively. This was not the same 
as regards sensitivity which was congruent for both modali-
ties (84%). Meanwhile, Nagamachi S et al. [11] revealed superi-
ority for the capability of [18F]FDG PET/CT for detection of nodal 
metastasis or recurrence compared to DW-MRI with the sensitivity 
of 84.2% and 57.6% respectively.

Recently, combined PET and MRI have come into existence 
as a major hybrid imaging modality. Such modality provided both 
the quantifiable functional and molecular information through PET 
combined to the unique tissue characterization of MRI [15].

By attempting to investigate such synergistic diagnostic 
performance that could be obtained from combined DW-MRI 
and [18F]FDG PET/CT, our study revealed increased sensitivity 
that reached 96% compared to 84% when using either DW-MRI 
or PET/CT alone. However, the specificity (80%) was equivalent 
to that obtained using [18F]FDG PET/CT alone.

Reliability on different diagnostic imaging-based criteria 
for PET and DW-MRI may point to the need for assessing their 
complementary diagnostic role. It may stand behind the higher 
detection rate that could be achieved using combined modalities, 
with subsequently higher sensitivity than that obtained in our 
study. Such opinion was also supported by the notable incidence 
of disagreement between [18F]FDG PET/CT and DW-MRI which 
represented 24% of the pathologically proven group with nodal 
metastases (6 out of 25 patients).

Close sensitivity of 94% was obtained by Hempel J et al. [5], 
who investigated the diagnostic performance of the combined 
conventional MRI and PET/CT modalities, however, it is worth men-
tioning that their study lacks evaluation of MRI diffusion sequences.

Quantitative-based Image Analysis
Regarding DW-MRI ADC cut-off value, in the present study 

the optimum threshold for the ADC was 1.01 × 10–3 mm2/s with 
sensitivity, specificity, accuracy, and PPV of 61%, 80%, 68%, and 
85% respectively with p-value = 0.001, denoting significance 
of the applied data.

Kanmaz L et al. [16] had studied the role of DW-MRI in the dif-
ferentiation of head and neck masses and found that when the ADC 
value of 1.13 × 10−3 mm2/s or less was used to predict malignancy, 
the best results were achieved with sensitivity, specificity, accuracy 
and PPV of 93.33%, 82.35%, 87.5%, and 82.35% respectively.

Another study was carried out to assess the role of the ADC 
in the differentiation between benign and malignant neck 
masses held by Salem F et al. [10]. They found that the opti-
mum threshold for the ADC was 1.25 × 10−3 mm2/s, resulting 
in a sensitivity, specificity, and accuracy of 95.4%, 83.3% and 
92% respectively.

According to Razek A. et al [17], which have also studied 
the role of DW-MRI in cervical lymphadenopathy, if an ADC value 
of 1.38 × 10−3 mm2/s was used as a threshold value for differen-
tiating malignant from benign lymph nodes, the best results were 
obtained with an accuracy, sensitivity, specificity, PPV and NPV 
as 96%, 98%, 88%, 98.5%, and 83.7% respectively.

Many reasons can be related to the large variations between 
studies on ADC values. For example, the choice of the b values, 
as a lower b values, increases the signal-to-noise ratio for being 
in stage but makes the sensitivity to diffusion worse. Also, the choice 
of the region of interest on ADC maps and the use of sequences that 
minimize artifacts to make the calculation of the area of interest 
more accurate are other considerations [18].

Very limited studies have used SUVmax cutoff value either for as-
sessment of nodal metastases in DTC. In our study ROC marked 
SUVmax 3.1 as a discriminating diagnostic value with sensitivity, 

Figure 4. ROC curve for SUV cutoff, AUC = 80% and p-value = 0.002
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specificity, accuracy, and PPV as 81%, 83%, 81%, and 98% respec-
tively, with significance was noted (p-value = 0.002).

Chong et al. [19] compare the diagnostic performance 
of [18F]FDG PET/CT versus CT in pre-operative detection of regional 
nodal metastases from papillary thyroid carcinoma, concluded that 
better sensitivity for [18F]FDG PET/CT could be achieved when 
using SUVmax 2 as a diagnostic cutoff value exceeding the sen-
sitivity of conventional CT. In agreement with the previous study, 
Jeong et al. [20] also used SUVmax 2.0 as the cutoff value for nodal 
metastases.

Other authors tried to predict the regional nodal metastatic 
potentiality in papillary thyroid carcinoma by deducing a cutoff 
point from the primary tumor itself, where Jung et al [21] marked 
SUVmax 4.6 to be an optimum cutoff point associated with cervical 
nodal deposits. Lower cutoff point of 2.6 was reported by Byun 
et al [22]. Variation in deduced cutoffs is likely technically related 
due to different machines that may influence SUVmax values.

Study limitations

The study enrolled a relatively small population of DTC pa-
tients. However, the prospective nature of the study together with 
the mandated pathological verification of the whole group stood 
behind it. MRI studies lack using of contrast media which may influ-
ence its sensitivity. The current study also lacks a direct correlation 
between TG level and scans findings.

Conclusions

[18F]FDG PET/CT study is a valuable diagnostic modality 
for the assessment of DTC patients, who are at risk or with 
suspected recurrent regional nodal metastases with reasonable 
specificity surpassing DW-MRI. Combined [18F]FDG PET/CT and 
DW-MRI have synergistic diagnostic performance for nodal me-
tastases detection in DTC, associated with better sensitivity than 
using a single modality.

Recommendations
Further studies with a larger population may allow detailed per 

level/compartmental nodal-based analysis. Beside its established 
role in other head and neck malignancies, PET/MRI should be fur-
therly investigated in DTC patients considering the combined value 
that could be obtained from both functional and tissue characteriz-
ing techniques. Semi-quantitative and quantitative methods of im-
age analysis are essential and should be standardized to lower 
inter-observer variability with higher reproducibility while providing 
a range of values for comparison with other indicators of disease 
extent and response.
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Abstract
Myocardial perfusion imaging (MPI) with single-photon emission computed tomography (SPECT) is a well-established diagnostic 
approach for patients with suspected or confirmed coronary artery disease (CAD). In the present century, nuclear cardiology has 
benefited immensely from advances in imaging instrumentation and technology. Dedicated cardiac SPECT cameras incorporating 
novel, highly efficient cadmium-zinc-telluride (CZT) detectors, collimators, and system designs have evolved as a result of the 
expansion of nuclear cardiology. A vast amount of evidence is emerging, demonstrating the new technology’s advantages over 
the traditional gamma cameras. Myocardial perfusion imaging (MPI) using gamma-cameras with CZT detectors may be performed 
with the limited injected activity of radiotracer and recorded times. The use of CZT’s dynamic acquisition of myocardial perfusion 
imaging in clinical practice may help cardiologists in detecting hemodynamically significant CAD. In this article, we present the 
current state of knowledge on cardiac CZT-SPECT scanners, a summary of the literature published on validation studies, radiation 
dose reduction, and dynamic acquisition, as well as a comparison of conventional myocardial perfusion imaging with invasive 
coronary angiography.
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Introduction

Myocardial perfusion imaging (MPI) is a useful approach for 
identifying coronary artery disease (CAD) which is a pathological 
condition defined by atherosclerotic plaque formation in the ep-
icardial arteries, and can be obstructive or non-obstructive [1]. 
Functional non-invasive test such as single-photon emission 

computed tomography (SPECT) for the diagnosis of obstructive 
CAD is designed to detect perfusion changes. Exercise or phar-
macological stressors can cause ischemia by increasing cardiac 
work and oxygen requirement or by heterogeneity in myocardial 
perfusion caused by the widening of blood vessels [2]. Invasive 
coronary angiography (CAG) has been the gold standard in the 
diagnosis of CAD for many years. However, one of the major draw-
backs of this approach is that it only gives anatomical evaluation. 
MPI is superior to anatomical evaluation alone in terms of providing 
information regarding myocardial viability and function [3, 4]. When 
compared to invasive functional testing fractional flow reserve 
(FFR), non-invasive functional tests are linked with high accuracy 
in the diagnosis of flow-limiting coronary stenosis. According to the 
European Society of Cardiology Guidelines for the diagnosis and 
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management of chronic coronary syndromes from 2019, non-in-
vasive functional imaging for myocardial ischemia such as SPECT 
or coronary computed tomography angiography (CTA) is indicated 
as the initial test for identifying CAD in symptomatic individuals in 
whom clinical examination alone cannot rule out obstructive CAD. 
Myocardial perfusion imaging (MPI) with SPECT may be used in 
conjunction with dynamic exercise testing and can be chosen if 
extra information from the exercise test, for example, heart rate 
response to activity or exercise tolerance, is deemed significant [2]. 
MPI use has increased significantly over the last decade, and it 
is currently the most widely utilized non-invasive imaging method 
for risk stratification in patients with suspected or known CAD [5].

Nowadays, there is a trend for identifying strategies and pro-
tocols to minimize radiation exposure for patients as well as for 
standard laboratory operating procedures. Weighing the dosimetry 
of currently used cardiac imaging procedures would be a first step 
toward implementing a test choice technique to reduce overall 
risk to individuals while retaining excellent diagnostic data [6]. 
From a clinical standpoint, a few important matters should be 
well-thought-out when approaching diagnostic imaging: the first 
is the need to take close notice of the issue of radiation exposure 
and associated hazards, and the second is the recognition that 
imaging techniques must demonstrate a solid ability to affect patient 
supervision by enhancing clinical outcomes. This attention points to 
the selection of a lower-radiation-dose imaging modality among 
those available, based on the clinical benefit for a specific patient.

Several attempts to enhance the MPI approach through the 
use of iterative reconstruction algorithms [7, 8], early-imaging pro-
tocols [9], or new tracers [10] yielded excellent discoveries but no 
breakthroughs that turned into applications that improved everyday 
clinical practice [4]. New low-dose procedures and new technology 
have been developed to address these issues, expanding the use 
of MPI in clinical practice [1]. Detectors based on cadmium zinc 
telluride (CZT) have been used in SPECT imaging systems since 
the first decade of the 21st century [11, 12]. When compared to 
typical gamma cameras, myocardial perfusion scintigraphy may be 
conducted more quickly and with less radiation exposure [3, 11]. 
These devices have more sensitive solid-state CZT detectors and 
have greater spatial and energy resolution than the conventional 
type of camera which employs the use of a scintillation detector, ap-
plying natrium iodide crystal activated by thallium (NaI [Tl]) [11, 12].

In this review article, we aim to present a detailed description 
of the diagnostic value of CZT-SPECT and a number of technical 
points associated with image acquisition, data post-processing, 
and as well as interpretation. A brief summary of prior accomplished 
investigations with CZT-SPECT cameras is also given.

Cadmium-zinc-telluride SPECT scanners

The CZT detector functions as a semiconductor, converting 
gamma radiation directly to an electric signal. This mechanism 
improves spatial resolution and sensitivity, resulting in a lower 
given dose of radiopharmaceuticals and/or a quicker acquisition 
time [12]. There are now two commercially available CZT-SPECT 
scanners: D-SPECT (Spectrum Dynamics, Caesarea, Israel) and 
Discovery 530 or Discovery 570c (GE Healthcare, Waukesha, Wi, 
USA) [11]. Both systems employ solid-state CZT detector assem-
blies, which are made up of smaller units that individually produce 

projection data in a 16 ×16 matrix with 2.46 × 2.46 mm pixels. The 
cadmium zinc telluride thickness is 5 mm, and both scanners utilize 
identical CZT modules. Each pair producing current is separated 
by the voltage across the crystal. There is no scintillation and no 
photomultipliers, unlike traditional Anger cameras [13]. D-SPECT, 
which employs pixelated cadmium zinc telluride detector arrays in 
nine vertical columns arranged in a 90° gantry geometry, is one of 
the most often used systems. Tungsten is used to make the parallel 
hole high sensitivity collimators. Discovery 530 or Discovery 570c 
model is built on a multi-pinhole collimator system and a pixelated 
array of 19 cadmium zinc telluride detectors [12]. Image quality 
has improved in both systems due to increased sensitivity in 
detecting cardiac activity [1]. The spatial resolution of the GE Dis-
covery was stated to be superior (6.7 mm) compared to D-SPECT 
(8.6 mm). On the contrary, the count sensitivity of the D-SPECT 
was reported to be higher (850 counts per second per MBq) com-
pared to GE Discovery (460 counts per second per MBq). Those two 
parameters outperform the standard SPECT mean values (15.3 mm 
of spatial resolution and sensitivity of 130 counts per second per 
MBq) [12, 14]. These results show a significant improvement in 
image quality, owing to a decreased amount of Compton pho-
tons inside the acquisition energy window [1]. D-SPECT and GE 
Discovery use iterative reconstruction, but with different filters as well 
as reconstruction parameters, such as the number of iterations and 
subsets employed [11]. The creation of a specific three-dimensional 
iterative reconstruction technique based on maximum likelihood 
expectation maximization, which adjusted for the loss in spatial 
resolution caused by the collimator’s line response function, en-
hanced CZT picture quality even more [15].

Clinical validation tests revealed that the innovative CZT 
camera allowed for a more than five-fold decrease in scan du-
ration while providing clinical information comparable to typical 
SPECT MPI [16, 17]. In the first study comparing ultrafast ver-
sus traditional cameras for detecting obstructive coronary artery 
disease, using CAG as the gold standard, the CZT scanner detected 
a greater number of vessels with obstructive CAD, regardless of 
comparable diagnostic confidence on a per-patient basis [18]. 
According to these findings, an ultrafast device provides a more 
precise assessment of the extent and severity of myocardial isch-
emia in individuals with coronary artery disease [19]. Accordingly, 
the greatest improvement has been recorded in the left circumflex 
(LCX) and right coronary artery (RCA) territories, resulting in a clear-
er demarcation of multi-vessel CAD and highlighting the tremen-
dous relevance for therapeutic application in subjects with severe 
coronary artery disease, as verified by many investigations [16–18].

Radiation dose reduction

The possibility of carcinogenesis from radiation connected with 
medical imaging examinations is still being debated in the literature. 
The radiation linked with SPECT MPI comes from a gamma-emitting 
isotope administered intravenously usually in two doses. The majority 
of patients showed no genotoxic effects following SPECT MPI, but 
a minority (about one-third) exhibited both protein phosphorylation 
and elevated expression of DNA damage genes, indicating a height-
ened vulnerability to radiation effects [20]. In addition, it became clear 
that it is extremely challenging to objectively show any impairment 
that low doses of radiation can possibly cause on patients [1].
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Radiation dosage reduction is currently amongst the most com-
mon pitfalls in diagnostic procedures. Although nuclear medicine 
procedures are not the primary source of radiation exposure in 
medical management when compared to computed tomography, 
reducing provided dosages of radiopharmaceuticals is beneficial 
for both patients and nuclear cardiology personnel [12].

Preliminary reports [21] and early clinical studies [22, 23] 
demonstrated the possibility of reducing acquisition time for 
stress and rest myocardial perfusion imagining. Based on these 
initial findings, the device with efficient cadmium-zinc-telluride 
detectors rendered a significant milestone for the everyday use of 
myocardial perfusion imagining in clinical practice [1].

Duvall et al. [24] reported the clinical experience with a CZT 
scanner and dosage reduction. The authors retrospectively 
analyzed images of 717 patients, which were obtained using 
99mTc- sestamibi stress gated SPECT MPI studies done on a CZT 
camera (Discovery NM 530c). The MPI procedures were carried 
out within a four-month period, and subjects were categorized into 
three groups depending on the protocol: low-dose stress-only, 
high-dose stress-only, and low-dose rest high-dose stress. The 
99mTc stress dosage for the low-dose protocol was 462.5 MBq, 
whereas the high dose ranged from 925–1332 MBq depending 
on the patient’s weight. The low-dose rest dose was 296–481 
MBq which was likewise weight-adjusted. In comparison to the 
standard rest-stress doses, radiation activity was reduced by 
70% in the low-dose stress-only group and 30% in the high-dose 
stress-only group. In comparison to standard rest-stress doses, 
the effective dose in the low-dose stress-only group was reduced 
by 64% on average and by 32% in the high-dose stress-only group. 
A comparable number of total counts were obtained after MPI for 
5 minutes in low-dose stress-only subjects and 3 minutes in high-
dose stress-only and rest-stress patients. The low-dose stress-only 
group had a 57% isotope dose reduction in comparison to the 
high-dose stress-only subjects, resulting in identical picture quality 
in all three groups [24].

In further research, compared to a scintillation camera, image 
quality or diagnostic accuracy were not affected by lowering ac-
quisition time with a low administered dose. On the CZT camera, 
acquisition times were five and eight minutes for rest, three and 
five minutes for stress images, and fifteen minutes for stress on 
traditional SPECT. There was no significant difference between CZT 
and conventional cameras concerning ejection fraction (EF), mean 
perfusion deficit, or left ventricular (LV) volumes assessed by the 
acquisition time (short versus long). Despite the shorter time and 
lower total impulse count, the pictures acquired by CZT SPECT 
were of substantially higher quality [25].

According to a report by Einstein et al. [26] the picture quality, 
EF, and total perfusion deficit (TPD) acquired by the CZT device 
were all in satisfactory correlation using an ultra-low-dose protocol 
(with radiation exposure of about 1 mSv).

Diagnostic value of CZT-SPECT  
in coronary artery disease

The integrated technique, which combines cardiac imaging with 
gated SPECT to measure perfusion and function, has been proved 
to be beneficial in tissue characterization and prognosis, giving 
essential data for clinical management in subjects with suspected 

or confirmed coronary artery disease [1]. The results of perfusion 
images acquired with the CZT-SPECT and Anger SPECT camer-
as were found to be very consistent. Esteves et al. [22] compared 
images acquired with the Discovery NM 530c and conventional 
gamma cameras in multicenter research involving 168 patients. 
The images had a 91.9% concordance in detecting or excluding 
ischemia in comparison to a 92.5% agreement when the same 
examinations performed with a conventional camera were reviewed 
twice, p = 0.99. Sharir et al. [27] revealed, in a multicenter analy-
sis including 238 subjects, high agreement of quantitative evaluation 
of TPDs (linear correlation coefficients for D-SPECT and Anger 
SPECT in the stress and rest examinations equaled 0.95 and 0.97, 
respectively) with a strong concordance in areas supplied by three 
main vessels (kappa coefficients for the left anterior descending 
coronary artery (LAD) and left circumflex coronary artery (LCX) were 
0.73, and for right coronary artery (RCA) was 0.70, the agreement 
in identifying ischemia in each of the three territories supplied by 
LAD, LCX and RCA exceeded 90%).

Cantoni et al. [28] revealed, in relation to CAG, that MPI using 
SPECT with CZT detectors is a beneficial tool that can be used 
appropriately in the identification of CAD in a meta-analysis of 
40 studies involving a total of 7734 patient studies on the diag-
nostic efficacy of SPECT using CZT detectors and Anger SPECT. 
Its diagnostic efficacy was marginally higher than that of a con-
ventional SPECT camera in comparison to CAG [sensitivity 89% 
versus 85%, specificity 69% versus 66%, areas under the ROC 
curve (AUC) 0.89 versus 0.83]. The accuracy of SPECT using CZT 
detectors studies was minimally, but statistically significant, greater 
than that of Anger SPECT examinations (p = 0.05). This may be 
explained by the increased contrast of images generated with 
semiconductor gamma cameras due to improved spatial resolu-
tion. Earlier meta-analyses concerning studies on semiconductor 
cameras combined with CAG conducted by Nudi et al. [29] on 
2092 subjects and Zhang et al. [30] on 2350 subjects found com-
parable outcomes in terms of study sensitivity and specificity in the 
detection of CAD, with no significant alterations between the two 
CZT devices utilized in the study.

Gimelli et al. [31] demonstrated, using data from 695 individ-
uals, that a CZT camera may identify coronary artery disease in 
subjects with multivessel disease. The AUCs determined using 
semi-quantitative measures — summed stress scores (SSS) 
— in patients with two- and three-vessel disease, 0.83 and 0.79, 
respectively, did not differ substantially from the area under the 
ROC curve in single-vessel patients — 0.80. In 64% of patients, 
this approach correctly detected the severity of CAD. Regional 
perfusion abnormalities associated with the location of the three 
main coronary arteries were recognized with high efficiency (AUC 
for LAD was 0.90, for LCX was 0.88, and for RCA was 0.87). 
The research by Gimelli et al. [31] reveals that semiconductor 
cameras outperform conventional cameras in terms of detecting 
patients with multivessel disease.

Attempts are undertaken to correct image attenuation to 
increase the quality of studies. According to Esteves et al. [32], 
attenuation correction of CZT SPECT images has no significant 
effect on their visual interpretation. Another method for improving 
study quality is to rotate the patient during data acquisition, expect-
ing that the filling of perfusion deficits caused by a modification in 
subject position shows their incorrect origin. Only the Discovery 
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NM 530c camera allows for study acquisition in the prone and 
supine positions. In a meta-analysis of investigations employing 
conventional and semiconductor cameras, Mirshavalad et al. [33] 
revealed that the prone position study which included 1490 
patients compared to the supine position study which included 
1138 patients has similar sensitivity (83% versus 8%) and better 
specificity (79% versus 67%). The prone position has a pooled sen-
sitivity and specificity of 70% and 84% in identifying right coronary 
artery territory defects, respectively. Nishiyama et al. [34] analyzed 
276 subjects and indicated that using data from supine and prone 
position significantly enhances perfusion interpretation concerning 
specificity (p = 0.02) and accuracy (p = 0.04) when compared 
to the supine position: sensitivity, specificity, and accuracy were 
as follow: 85% versus 78%, 85% versus 50%, and 85% versus 76%, 
respectively. In the case of D-SPECT, studies may be obtained in 
the upright, supine, and biker-like positions. A study by Nakazato 
et al. [35] combined evaluation of images obtained in the upright 
and supine position, compared to the outcomes of invasive CAG, 
yielded a sensitivity of 94% and specificity of 86%, in comparison 
to examinations obtained only in the upright (91% and 59%) or 
only supine (88% and 73%) positions; AUCs varied statistically 
significantly (0.94 versus 0.88 and 0.89, p < 0.05). In comparison 
to the upright and supine positions, the forward-leaning biker-like 
position reduced the distance between the heart and the detector 
and removed attenuation artifacts [36].

Diagnostic value of CZT-SPECT in the 
assessment of left ventricular contractility

Various published data highlight the significance of CZT camer-
as for LV function evaluation, offering crucial data on the feasibility 
of using the new cameras for a combined assessment. Gated 
acquisition of an MPI with SPECT and a patient electrocardiogram 
signal (G-SPECT) improves the study’s diagnostic usefulness by 
assessing regional and global LV contractility [37]. CZT-G-SPECT 
has been compared to gold standard magnetic resonance imag-
ing (MRI) and Anger G-SPECT concerning LV functional parame-
ters (end-systolic volume — ESV, end-diastolic volume — EDV, and 
EF) [38–40]. In studies on this topic, Cochet et al. [38], Giorgetti 
et al. [39], and Claudin et al. [40] found a high or moderately high 
correlation between the findings of EDV assessment (0.71; 0.90; 
0.94, respectively) and ESV (0.88; 0.94; 0.96, respectively) in com-
parison to MRI [38–40]. Giorgetti et al. [39] found that reported 
volumes were greatly underestimated due to the lower resolution of 
CZT-SPECT cameras compared to MRI. Nonetheless, these chang-
es had no significant impact on global EF evaluation. In general, 
strong correlations were found between the EF values acquired 
from G-SPECT using CZT detectors and MRI (0.81, 0.84, and 0.88, 
respectively) [38–40]. It is important to emphasize that because 
CZT cameras have a superior resolution, the values of LV volume 
estimates are less underestimated than with standard devices.

Sala et al. [41] compared LV volume and EF measurements us-
ing the Discovery device and MRI. Although the volume and EF 
were greatly correlated with magnetic resonance outcomes (EDV, 
ESV, and EF 0.91, 0.95, and 0.86, respectively), the ejection fraction 
was consistently significantly undervalued [48 (15%) versus 55 
(18%); p = 0.001], while the ESV was consistently exaggerated [84 
(71) versus 72 (63) mL; p = 0.001]. Alterations between findings and 

what has been reported in those previous investigations are prob-
lematic to interpret.

The first clinical validation of MPI utilizing a CZT camera to 
assess regional and global left ventricular function shows outstand-
ing concordance between cadmium-zinc-telluride technology and 
cardiac magnetic resonance (CMR). The low systematic bias (−2.7 
percent) has been shown to have negligible clinical importance, 
and full wall thickening and wall motion estimates utilizing CZT 
devices may similarly be used to identify myocardial scarring, 
as determined by delayed enhancement in CMR. Myocardial 
perfusion imagining using CZT-SPECT scanners and quantitative 
gated SPECT analysis precisely quantifying the EF. However, in 
accordance with prior research comparing CMR and standard 
SPECT MPI, utilizing CZT cameras resulted in a considerable un-
derestimate of ventricular volumes even with 16-frame gating [38].

According to research by Bailliez et al. [42] regional wall thick-
ening was underestimated using CZT (Discovery 530 NMc) camera, 
particularly in individuals with higher wall thickness.

Coupez et al. [43] discovered the utility of segmental evaluation 
of LV myocardium thickening in the identification of post-infarction 
scarring, owing to a strong association of extreme deficiency of 
thickening found with the device with cadmium zinc telluride detec-
tors and delayed post-contrast segment enhancement in magnetic 
resonance imagining.

Claudin et al. [40] found high concordance (kappa coefficient 
0.72, strict agreement 87%) among the G-SPECT examination using 
the CZT device and the MRI when comparing LV contractility in 
17 segments and assessed visually on a three-point scale: akine-
sis or dyskinesis, hypokinesis, and normal contractility.

The measurements of LV filling dynamics acquired using CZT 
camera correspond with echocardiographic diastolic function pa-
rameters obtained by echocardiography, boosting the sensitivity in 
detecting significant ischemic heart disease [44, 45].

Dynamic CZT-SPECT in coronary artery 
disease

Positron emission tomography (PET) with 15O-water, 13N-ammo-
nia, and 82Rb is the gold standard for assessing myocardial blood 
flow (MBF) and myocardial flow reserve (MFR) which are reliable 
indicators of the severity of coronary artery disease. Unfortunately, 
PET is not generally accessible because of exorbitant costs or the 
requirement of an on-site cyclotron (for 13N-ammonia and 15O-wa-
ter) [11]. As a result, techniques based on single-photon emitting 
radiotracers were proposed as an alternative to PET. The viability 
of these approaches was demonstrated in several studies using 
dynamic planar and static SPECT methods [46–48]. Human stud-
ies showed that SPECT measurement of MBF and MFR using 
NaI-based general-purpose SPECT devices is possible [48–52]. 
Several articles were concentrated on the practicality of dynamic 
SPECT using CTZ detectors and the association of fractional flow 
reserve measurements with cardiac PET and invasive coronary 
angiography [11]. Several investigations have found that MBF 
and MFR measurements have acceptable intra- and inter-operator 
repeatability [53–58].

Patients with left main and three-vessel disease (3VD) had 
the highest risk of mortality due to CAD. The major purpose of 
noninvasive assessment is to detect this high-risk for whom 
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revascularization leads to improved symptoms and survival. Lima 
et al. [59] reported that adjunctive evaluation of function and per-
fusion by gated SPECT MPI improves identification of abnormali-
ties in multiple vascular areas in patients with severe 3VD without 
reducing specificity.

It has been established that dynamic SPECT utilizing a CZT 
camera can help with coronary flow reserve (CFR) evaluation and 
characterization of high-risk coronary anatomy [60]. The use of 
dynamic imaging allows for the assessment of blood flow and CFR, 
which may be employed to diagnose the illness sooner and pa-
tients prevent misinterpreting three-vessel disease as normal [61]. 
Ben Bouallègue et al. [62] analyzed selected high-risk patients with 
multivessel diseases. They discovered that scintigraphic esti-
mates of global and regional myocardial perfusion reserve in mul-
tivessel patients utilizing a CZT camera appear to correspond well 
with invasive angiographic results such as maximal stenosis and 
FFR values. According to current evidence, assessing MBF and 
MFR using a SPECT camera with CZT detectors is more appropriate 
than semi-quantitative MPI analysis and hence more precise in sub-
jects with multivessel disease [11]. Several investigations utilizing 
FFR as the reference technique found a high level of concordance 
between FFR and a SPECT camera with CZT detectors measured 
MFR values, indicating that these two indices represent the same 
physiological processes [53, 55, 56, 62, 63]. However, unlike FFR, 
MFR is known to be affected by both conductive coronary artery 
stenosis and microvascular resistance [11]. MFR, as opposed to 
FFR, measures flow in the epicardial arteries and microvasculature. 
It should be emphasized that an abnormal MFR with a low FFR 
implies microvascular dysfunction or widespread CAD [3].

Miyagawa et al. [55] observed MFR index (K1 stress/K1 rest) 
values of 1.57 in the range of 1.45–1.68 for 99mTc-Tetrofosmin in 
16 subjects and 1.61 in the range of 1.46–1.76 for 99mTc-MIBI in 
17 subjects in low-risk of CAD patients. In patients with non-ob-
structive CAD, the global MFRi was 1.63 in the range of 1.22–2.04. 
Ben-Haim et al. [64] discovered comparable MFRi values of 1.58 
(IQR 1.30–1.75) for the same patient subgroup. These findings are 
based on limited patient populations. In various studies, the es-
timates of the quantitative indexes varied between subjects with 
low-risk and non-obstructive coronary artery disease, indicating the 
need for more multicenter and multivendor research to establish 
normal values of CZT-SPECT-derived MBF and MFR [11].

Several researches have shown that regional MFR is reduced 
in left ventricle regions supplied by coronary arteries having 
more than 50% obstructive lesion [57, 62, 64]. Ben Bouallegue 
et al. [62] observed that for flow ratios with a threshold value of 2, 
regional MFR for diagnosing obstructive lesions had a sensitivity, 
specificity, and accuracy of 80%, 85%, and 81%, respectively. In 
diagnosing an obstructive lesion in the corresponding artery, De 
Souza et al. [57] found a regional MFR sensitivity of 63.2% and 
specificity of 74.1% with a cutoff of 2.2. In contrast, Nudi et al. [65] 
discovered no link between MFR and significant obstruction in 
coronary arteries in CAG.

The gold standard of anatomically diagnosed CAD is quan-
titative coronary angiography (QCA), which is frequently utilized 
for risk stratification. The occurrence of a link between QCA and 
CZT-SPECT is of important clinical relevance. It should be noted that 
this form of assessment does not entirely correspond to coronary 
physiology. Obstruction greater than 50% is not necessarily linked 

with ischemia as shown by invasive FFR. These findings suggest 
that the appearance of normal MBF and MFR results in locations fed 
by coronary arteries with lesions of more than 50% does not al-
ways represent a false-negative result [11].

The link between regional and global MBF and MFR measure-
ments and other factors, such as coronary artery burden index-
es and obstruction severity, the existence of myocardial perfusion 
deficits, obtained using SPECT camera with CZT detectors and MBF 
estimated by positron emission tomography, have been studied. 
Nonetheless, standardization of acquisition and post-processing 
protocols, also software upgrades, are required to decrease in-
ter-center variability and boost the clinical robustness of the SPECT 
camera with CZT outcomes [11].

Sympathetic innervation imaging

The link between measurements of regional myocardial adr-
energic innervation heterogeneity, mechanical function, and also 
myocardial perfusion in subjects with CAD has been examined, 
utilizing a low-dose imaging protocol with a CZT-SPECT camera. 
A simultaneous assessment of myocardial perfusion and cardiac 
adrenergic innervations has been done with good image quality, 
short acquisition time, and a low radiation dose. When obtained using 
CZT-SPECT, measurements of adrenergic innervation heterogeneity 
were compared to standard planar indexes and improved the iden-
tification of individuals at increased cardiovascular risk by attaching 
meaningful regional data on myocardial adrenergic nerve activity [66].

The majority of the research is based on pictures obtained with 
ordinary Anger cameras, with an energy window of 159 keV ± 20% 
and without attenuation correction. 123I-mIBG imaging using a CZT 
solid-state camera enables shorter acquisition time and improved 
energy resolution, allowing for simultaneous capture of adrenergic 
and perfusion images [67].

CZT-SPECT acquisition in obese patients

Unfortunately, the development of CZT cameras, which have 
benefits over traditional SPECT devices, does not solve the problem 
of image quality deterioration caused by obesity [1]. The Discovery 
NM 530c camera is prone to artifacts in extremely obese individ-
uals due to its limited field of view and pinhole collimation geom-
etry [68, 69]. Fiechter et al. [68] analyzed 81 patients, including 
61 obese subjects. In patients with a BMI greater than 40 kg/m2, 
image quality was nondiagnostic in 81% of cases, after imple-
mentation of CT-based attenuation correction in 55%, respectively. 
As a result, in the case of The Discovery NM 530c individuals with 
a BMI of 40 kg/m2 or higher should be referred for MPI scanning 
with a standard SPECT camera [1, 68].

This problem does not exist with the D-SPECT camera, and in 
uncertain cases is generated by diaphragmatic artifacts. It is worth 
reemphasizing that D-SPECT allows for examinations in two posi-
tions: upright and supine [35].

Conclusions

Nuclear cardiac imaging methods continue to be of significant 
practical importance to cardiologists, thanks to rapid and continu-
ing technological progress and expansion. In comparison to gold 
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standards used in clinical practice, CZT-SPECT MPI, especially 
with the dynamic acquisition has excellent diagnostic sensitivity 
and specificity for CAD diagnosis. While MPI has several advan-
tages in the assessment of coronary artery disease, it does expose 
individuals to ionizing radiation. Adherence to radiation safety best 
practices varied greatly amongst laboratories, although the ability 
to employ CZT-SPECT devices in nuclear cardiology enabled a sig-
nificant decrease in radiation dose without sacrificing accuracy. To 
conclude, CZT-SPECT offers good image quality, low radiation dose 
and quick imaging acquisition for a more effective workflow, result-
ing in better patient comfort and more imaging protocol flexibility.
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Abstract
We present the first 99mTc-Vitamin C single-photon emission computed tomography/computed tomography (SPECT/CT) images 
obtained in patients with SARS-CoV-2 (COVID-19) infection. The CT portion of SPECT/CT images showed mostly peripheral patchy 
and ground-glass opacities in both lungs, which are consistent with a diagnosis of SARS-CoV-2–associated pneumonia in both 
patients. 99mTc-Vitamin C SPECT images showed increased tracer uptake corresponding to abnormal lung findings seen on CT 
in patient 1 who was newly diagnosed and treatment naïve. However, no abnormal uptake corresponding to lung CT findings 
was seen in patient 2 who received anti-SARS-CoV-2 treatment.
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Clinical 
vignette

High-dose intravenous vitamin C may reduce systemic inflam-
mation by decreasing cytokine surge and preventing lung injury 
in severe sepsis and acute respiratory distress syndrome [1]. 

It may also be beneficial in patients with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2; COVID-19) infection; we 
present the first lung 99mTc-Vitamin C SPECT/CT images in these 
patients [2]. Patient 1, a 31-year-old woman, was diagnosed with 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection based on a nasopharyngeal and oropharyngeal swab 
taken for SARS-CoV-2 during a screening, which was performed 
due to close contact with a positive case. She was mildly symp-
tomatic, complaining of chest pain and cough without fever, 
cyanosis, clubbing, pursed lips expiration, use of accessory 
respiratory muscles, and nasal flaring. The patient was admitted 
and monitored. Results of the physical examination, including the 
chest examination, were unremarkable. On day 1 of admission, CT 
images showed mostly peripheral patchy and ground-glass opaci-
ties in both lungs (Fig. 1A: 3D colored volume-rendered images of 
CT, lung findings on CT, black arrows), consistent with SARS-
CoV-2–associated pneumonia. 99mTc-Vitamin C SPECT imag-
es showed increased tracer uptake corresponding to abnormal 

lung findings (fused images of SPECT/CT: top image, with physio-
logic blood pool uptake; bottom image, with digitally suppressed 
blood pool). After treatment, findings resolved with no abnormal 
uptake on follow-up SPECT/CT at 3 months (Fig. 1B). Patient 2, 
a 20-year-old woman with dry cough, and chest and muscle pain, 
was found positive for SARS-CoV-2 based on real-time RT-PCR 
testing of a nasopharyngeal swab specimen obtained on the day 
of admission. She had similar lung findings on CT as patient 1 
although she had already been receiving standard anti-viral and 
anti-inflammatory treatment; however, on the 5th day of hospi-
talization, 99mTc-Vitamin C SPECT images showed no abnormal 
uptake corresponding to lung CT findings (Fig. 1C), indicating that 
anti-SARS-CoV-2 treatment inhibited Vitamin C uptake.

There are several cases reported of SARS-CoV-2 pneumonia 
and the accumulation of different nuclear medicine tracers, in-
cluding 18F-FDG, 18F-Fluorocholine, 68Gal PSMA, 68Ga-DOTANOC, 
99mTc-leukocyte, and 99mTc-MAA [3–8]. 

Vitamin C could be beneficial as a supportive treatment of sep-
sis and septic shock, which are common complications associated 
with SARS-CoV-2, by suppressing the excessive cytokine release 
which leads to sepsis-induced organ dysfunction and by protecting 
the lungs against oxidative stress. The results from these cases sug-
gest that it could also have a detrimental effect on the SARS CoV-2 
virus given its local uptake in lung lesions that are typical of SARS 
CoV-2 induced pneumonitis. Therefore, these cases suggest that 
99mTc-Vitamin C imaging is a promising non-invasive approach 
to identify the presence of lung damage as well as to potentially 
monitor the persistence and progression of lung damage.
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Abstract

Prostate-specific membrane antigen (PSMA) — based radiopharmaceuticals are promising for the evaluation of PSMA-positive 
non-prostate cancers. In this case study, 18F-BF3-Cy3-ACUPA and 68Ga-PSMA positron emission tomography/magnetic reso-
nance imaging (PET/MRI) were compared in a patient with metastatic colon cancer. Both 18F-BF3-Cy3-ACUPA and 68Ga-PSMA 
PET/MRI showed biopsy-proven metastatic left external iliac adenopathy, highlighting the feasibility of PSMA uptake in PET/MRI 
of metastatic nodal disease from colon cancer. Along with imaging evaluation, PSMA-based radiopharmaceuticals may also 
be used as a surrogate imaging tracer for potential theranostic applications using alpha or beta emitters in the context of 
PSMA-directed radiopharmaceutical therapy in advanced and progressive colorectal cancer.
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Clinical 
vignette

Prostate-specific membrane antigen (PSMA) — based radi-
opharmaceuticals are promising for the evaluation of PSMA-pos-
itive non-prostate cancers. In this case study, 18F-BF3-Cy3- 
-ACUPA and 68Ga-PSMA positron emission tomography/magnetic 
resonance imaging (PET/MRI) were compared in a patient with 

metastatic colon cancer. A 57-year-old man underwent pros-
tate-specific membrane antigen (PSMA) imaging for restaging 
of his colon cancer. Previously, he had been diagnosed with 
adenocarcinoma in the colon, undergone resection, and re-
ceived chemotherapy; he developed nodal metastatic disease 
and received immunotherapy prior to PSMA imaging. To further 
evaluate the metastatic disease, he was enrolled in and provided 
informed consent for a clinical trial of 18F-BF3-Cy3-ACUPA and 
68Ga-PSMA positron emission tomography/magnetic resonance 
imaging (PET/MRI) approved by the institutional review board. 
68Ga-PSMA PET/MRI for metastatic workup showed mildly in-
creased radiotracer avidity in the left external iliac region on the 
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body maximum intensity projection (MIP) image (Fig. 1A, arrow), 
which was localized to moderate radiotracer uptake (Fig. 1B, 
arrow, PET; SUVmax, 3.4; liver background activity, SUV mean, 
4.6 and blood pool activity, SUV mean, 0.7) in the enlarged left 
external iliac node (Fig. 1C, MRI) (Fig. 1D, fused PET/MRI) with 
restricted diffusion [Fig. 1E, arrow, diffusion-weighted imaging 
(DWI)]. Two weeks later, 18F-BF3-Cy3-ACUPA was performed 
to confirm the previous findings on 68Ga-PSMA PET/MR [1]. 
18F-BF3-Cy3-ACUPA PET/MRI showed increased abnormal 
radiotracer avidity in the left iliac node (Fig. 1F, body MIP; diffi-
cult to delineate due to overlying bowel activity; Fig. 1G, arrow, 
PET and Fig. 1H, MRI and Fig. 1I, fused PET/MRI; SUVmax, 
3.2; liver background activity, SUV mean, 3.5 and blood pool 
activity, SUV mean, 0.8) with restricted diffusion (Fig. 1J, arrow, 
DWI MRI). To our knowledge, we here display the first clinical 
images of matched-pair comparison of 18F-BF3-Cy3-ACUPA and 
68Ga-PSMA PET/MRI in a patient with metastatic colon cancer. 
Several case reports have reported PSMA avidity in colorectal 
cancer, potentially supporting PSMA-targeted peptide receptor 
radionuclide therapy (PRRT) in advanced colorectal cancer 
[2–4] However, in a recent report with 10 patients with metastatic 
colorectal cancer, 68Ga-PSMA-11 PET/CT was not sensitive 
enough to detect metastatic colorectal cancer, indicating that 
it is not as promising for PSMA-PRRT [5]. Along with imaging 
evaluation, PSMA-based radiopharmaceuticals may also be 
used as a surrogate imaging tracer for potential theranostic 
applications using alpha or beta emitters in the context of 
PSMA-directed radiopharmaceutical therapy in advanced and 
progressive colorectal cancer.
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(MIP) image (A, arrow), which was localized to moderate radiotracer uptake (B, arrow, PET) in the enlarged left external iliac node (C, MRI)  
(D, fused PET/MRI) with restricted diffusion (E, arrow, diffusion-weighted imaging (DWI)). 18F-BF3-Cy3-ACUPA PET/MRI showed increased 
abnormal radiotracer avidity in the left iliac node (F, body MIP; difficult to delineate due to overlying bowel activity; G, arrow, PET and H, MRI and I, 
fused PET/MRI) with restricted diffusion (J, arrow, DWI MRI).
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Abstract
A 2-month-old infant was referred for hepatobiliary scintigraphy due to ascites of unknown cause. The top differential diagnosis 
was spontaneous perforation of the biliary ducts. Delayed images up to 4 hours were against this diagnosis showing normal 
distribution of the radiotracer throughout the bowel. However, on delayed images, the scan showed mild tracer retention in the 
ascites confirmed by SPECT/CT images. Surprisingly, the exploratory abdominal surgery revealed an intact hepatobiliary system, 
pointing toward other possible etiologies. Second-review surgery was performed due to uncontrolled progressive ascites showing 
congestive hepatopathy and biliary leak from the hepatic surface suggestive of the “crying liver”.
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Hepatobiliary scintigraphy (HBS) is a well-known diagnostic 
method for the evaluation of bile duct disease and biliary leak. 
Several studies have reported that HBS has played an important role 
in diagnosing spontaneous biliary leak, especially when associated 
with single photon emission computed tomography/computed 
tomography (SPECT/CT) [1–6].

A 2-month-old female pediatric patient presenting with 
abdominal distension since 5 days ago and suspicion of spon-
taneous perforation of the common bile duct was referred to 
the nuclear medicine department for hepatobiliary scintigraphy 
(HBS). Laboratory examination showed elevated total and direct 
bilirubin levels (4.1 and 2.1 mg/dL, respectively) and high alkaline 
phosphatase (556 IU/L). Abdominal ultrasonography showed as-
cites with a normal appearance of liver parenchyma, gallbladder, 
biliary ducts, and portal vein. Ascites fluid analysis was inconclusive 
for biliary ascites showing borderline elevation of the total bilirubin 
(1.5 mg/dL) [7]. Hepatobiliary scintigraphy (HBS) was performed 

after an intravenous injection of 37 MBq of 99mTc-mebrofenin. 
Dynamic imaging showed normal hepatic uptake and normal 
intra- and extra-hepatic ducts (Fig. 1A). Delayed static images 2 
and 4 hours after injection demonstrated no abnormal radiotracer 
activity outside the biliary system and intestinal tract (Fig. 1B, C). 
To increase the sensitivity for detection of bile leakage, 24-hour 
delayed imaging was also performed showing an accumulation of 
the tracer throughout the peritoneum (Fig. 1D) [8, 9].

Single photon emission computed tomography/computed 
tomography (SPECT/CT) images from the abdominal region 
confirmed the presence of activity in the ascites fluid (Fig. 2). 
The presence of radiotracer activity in the ascites fluid on the 
delayed images raised the possibility of biliary tract perforation. 
During the exploratory abdominal surgery, the hepatobiliary sys-
tem was intact but there was a large omental cyst as well as intes-
tinal malrotation with a large amount of yellowish free fluid in the 
peritoneal cavity. Surgical correction was done by resecting the 
omental cyst with correction of the intestinal malrotation. Owing 
to progressive abdominal distention, further, work-up was carried 
out showing increased ascites in the abdominal cavity. The patient 
underwent second-look surgery. No culprit pathology was found 
in the exploratory surgery except for superficial bile leak from the 
hepatic surface and the appearance of liver congestion suggestive 
of the “crying liver” [10, 11]. The final diagnosis was in favor of 
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Budd-Chiari syndrome. The patient died 12 days after the second 
explorative laparotomy.

The most probable reason for radiotracer appearance in the 
ascites fluid on the delayed HBS images was due to oozing of the 
radiotracer from the liver surface. The present case highlights the 
usefulness of HBS to narrow the differential diagnosis of as-
cites of unknown cause in pediatric patients. Delayed imaging 
is useful in doubtful and challenging cases.
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Figure 1. (A) Dynamic imaging from the abdominal region in anterior view showed normal hepatic uptake and biliary ducts with normal excretion 
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Figure 2. Computed tomography (CT) scan (top row); SPECT images (middle row) and single photon emission computed tomography/computed 
tomography SPECT/CT images (bottom row) in axial, sagittal, and coronal views confirmed the presence of activity in the peritoneal cavity
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Abstract
We report a case of incidental diagnosis of COVID-19 pneumonia by parathyroid scintigraphy. A 53-year-old woman who had 
severe fatigue, and mild dyspnea underwent parathyroid scintigraphy due to increased serum parathyroid hormone (PTH) and 
serum calcium levels. Parathyroid scan was negative for abnormal parathyroid tissue. Although the patient had three negative 
results of COVID-19 PCR tests, significant 99m Tchexakis-2-methoxyisobutylisonitrile ([99mTc]MIBI) uptake is noticed in both lungs
that was suspicious for Covid-19 pneumonia. The patient underwent CT scan of the chest for further evaluation. Diffuse ground-
glass opacities were identified in both lungs which were interpreted as typical feature for COVID-19 pneumonia.
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We report a case of incidental diagnosis of COVID-19 pneumonia 
by parathyroid scintigraphy. A 53-year-old woman who had severe 
fatigue, and mild dyspnea underwent parathyroid scintigraphy due 
to increased serum PTH and serum calcium levels.The parathyroid 
scan was negative for abnormal parathyroid tissue. Although the 
patient had three negative results of COVID-19 PCR tests, significant 

99mTc-hexakis-2-methoxyisobutylisonitrile ([99mTc]MIBI) uptake is no-
ticed in both lungs that were suspicious for Covid-19 pneumonia 
(Fig. 1, 2) [1, 2]. The patient underwent computed tomography (CT) 
scan of the chest for further evaluation (Fig. 3) [3–5]. Diffuse ground-
glass opacities were identified in both lungs which were interpreted 
as a typical feature of COVID-19 pneumonia (Fig. 3) [6–8].

Figure 1. 53-year-old woman was consulted for hyperparathyroidism due to severe fatigue and mild dyspnea. Individuals are more often diagnosed 
today through routine biochemical laboratory testing done for other purposes [1]. Laboratory assays showed hypercalcemia: 10 mg/dL, high serum 
level of parathyroid hormone: (80 pmol/L), and normal serum phosphorus level 3 mg/dL. [99mTc]MIBI parathyroid scintigraphy was performed. 
99mTc-sestamibi assessment has a well-defined clinical role in the surgical management of patients with primary hyperparathyroidism [2]. The scan 
was negative for abnormal parathyroid tissue. Significant diffuse uptake in both lung fields especially on the right side is noticed incidentally
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Figure 2. Parathyroid single photon emission computed tomography 
(SPECT) images, revealed diffuse bilateral lung uptake

Figure 3. Transaxial computed tomography (CT) scan of the chest. 
Due to the primary involvement of the respiratory system, chest 
computed tomography is strongly recommended in suspected 
COVID-19 cases, for both initial evaluation and follow-up evaluation 
[3]. Recent studies addressed the importance of chest CT examination 
in COVID-19 patients with false-negative RT-PCR results [4]. Patients 
affected by COVID-19 pneumonia usually showed on chest CT some 
typical features, such as Bilateral ground-glass opacities characterized 
by multilobe involvement with posterior and peripheral distribution; 
parenchymal consolidations with or without air bronchogram; interlobular 
septal thickening; crazy paving pattern, represented by interlobular and 
intralobular septal thickening surrounded by ground-glass opacities; 
subsegmental pulmonary vessels enlargement (> 3 mm) [5]. The CT 
scan in this patient is demonstrating multiple peripherally distributed 
ground-glass opacities and some other typical features in both lung 
fields which are in favor of pneumonia induced by COVID-19 [6–8]
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Abstract
A 64 years-old woman with intestinal neuroendocrine tumor (NET) and multiple liver metastases was referred for peptide receptor 
radioligand therapy (PRRT) with [177Lu]Lu-DOTATATE. A few days after the third cycle of PRRT, erythema and swelling in the injec-
tion site is occurred which progressed up to one-month post-therapy. The cutaneous lesion was managed by a plastic surgeon 
with topical treatment. Amino acid extravasation could have devastating effects and should always be considered in patients who 
underwent PRRT and who receive amino acids for nephroprotection.
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A 64 years-old woman with intestinal neuroendocrine tumor 
(NET) and multiple progressive liver metastases underwent 
3 cycles of peptide receptor radioligand therapy (PRRT) with 
[177Lu]Lu-DOTATATE. She had only received long-acting somatosta-
tin analogs before. After two cycles of PRRT, the patient had a stable 
disease. In the third course of PRRT, 6.3 GBq [177Lu]Lu-DOTATATE 
was injected thirty minutes after starting the infusion of the amino 
acid solution (25 g lysine and 25 arginine diluted with 2000 cc 
normal saline during 6 hours). Like previous treatment courses, 
a three-way valve catheter was inserted in the right antecubital 
fossa to administer amino acids and [177Lu]Lu-DOTATATE via 
the same venous access. The patient did not report any dis-
comfort or side effects; while blood pressure and pulse rate 
monitoring was performed throughout the treatment period. The 

-post-therapy whole-body scan was performed after 24 hours using 
the Siemens Symbia Intevo SPECT/CT dual-head gamma cam-
era with a matrix size of 1024 × 256 and speed of 10 cm/min 
and showed a primary tumor in the small intestine with intense 
[177Lu]Lu-DOTATATE uptake as well as several [177Lu]Lu-DOTATATE 
avid metastases throughout the liver (Fig. 1).

Three days after the therapy the patient felt a burning sen-
sation in the injection site with erythema and tenderness which 
deteriorates up to one month after PRRT at the time the patient 
informed us about this problem (Fig. 2). The post-therapy 
[177Lu]Lu-DOTATATE whole-body scan was reviewed again and only 
a minimal focus of [177Lu]Lu-DOTATATE extravasation was noted 
in the right antecubital fossa which could not be the cause of the 
large skin lesion.
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The patient was referred to a plastic surgeon and topical 
therapies were administered and the skin lesion healed within 
four months (Fig. 3). We concluded that since there was no sign 
of [177Lu]Lu-DOTATATE extravasation on post-therapy whole-body 
scan, this side effect is most likely due to the amino acid extrava-
sation. Due to the high osmolarity of the Amino acid solution, its ex-
travasation could cause serious cutaneous damages, even tissue 
necrosis which may need tissue debridement. This case shows the 

importance of monitoring the patient during the PRRT course and 
especially early physical examinations during the course of therapy 
and in the first week after to evaluate any adverse events that may 
occur to the patient.
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Figure 1. Post therapy whole body [177Lu]Lu-DOTATATE scan 
performed 24 hours after therapy

Figure 2. The lesion is an erythematous and erosive plaque with 
a sharp margin in the anterior cubital fold of the right hand with some 
degrees of secretion

Figure 3. The left picture (A) shows the lesion 2 months after PRRT 
and the right picture (B) is 4 months after PRRT which showed near-
complete healing of the lesion
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Abstract
Background: Thyroid cancer is the most common malignant disease of the endocrine system and radioiodine therapy (RAIT) is 
still very often used, resulting in patients staying hospitalized for a few days alone and without visitors, augmenting their stress 
and discomfort. Our objective was to find simple ways of improving RAIT patients’ feelings and perceived quality of the nuclear 
medicine (NM) department services.
Material and methods: We designed a two-year study in order to enhance RAIT patients’ perceived quality of the nuclear med-
icine (NM) department services and expectations’ fulfillment. A questionnaire was used in order to capture patients’ perceived 
quality and expectations from their RAIT.
Results: 549 replies were collected. Many intrinsic and extrinsic determinants were found to be positively or negatively related 
to the perceived quality and fulfillment of patients’ expectations of receiving RAIT. A 1% increase could be achieved by spending 
110 € per RAIT room.
Conclusions: In this article, we present some easily implemented changes in both personnel behavior and room amenities that 
could, at least in theory and based on our results, offer a 37.9% improvement in RAIT patients’ perceived quality and expectations’ 
fulfillment at a cost of 4169 €.
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Letter  
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(RAIT) is still used in many cases [2], resulting in patients staying 
hospitalized for a few days [3] alone and without visitors, due to 
them being radioactive, augmenting their stress and discomfort [4]. 
The aim of our study is to capture patients’ feelings, perceived 
quality, and expectations from their RAIT at the Nuclear Medicine 
(NM) departments and find easy ways to improve them.

Material and methods

A cross-sectional survey, based on a customized, pre-weighted, 
and validated questionnaire, as proposed for this type of study [5], 
has been created and was used on 549 patients over a period of 

Introduction

Thyroid cancer is the most common malignant disease of the 
endocrine system and one of the few cancers with a rising inci-
dence [1]. Even if treatment protocols evolve, Radioiodine therapy 
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two years at both NM departments offering RAIT of Northern Greece. 
Patients’ demographics and cancer (TNM) characteristics were 
also recorded.

Local Health authorities have given their ethical approval and 
patients were informed of the survey and its goals and their written 
approved consent were achieved before filling it in.

Statistical analysis involved the Kolmogorov-Smirnov test, 
Student’s test, χ2, one-way ANOVA, and Mann-Whitney-Wilcoxon 
test. IBM SPSS version 26 (IBM Inc., Armonk, NY) was used, and 
statistical significance was defined at the 95% confidence interval.

Results

Patients’ demographics and cancer (TNM) characteristics were 
found to be in line with data from previous studies on such co-
horts [6]. Intrinsic determinants found to be positively related to 
perceived quality and fulfillment of patients’ expectations receiving 
RAIT are:

 — being married or in a relationship versus being divorced 
(p = 0.009),

 — being more than 50 years old (p = 0.017),
 — being of male sex (p = 0.015),
 — having lower than college/university education (p = 0.012),
 — being a farmer versus blue-collar (p = 0.035) or white-collar 

(p = 0.013),
 — having an aggravated TNM stage (p = 0.043),
 — living in a non-urban environment (p = 0.041).

Extrinsic parameters positively determining patients’ perceived 
quality and expectations’ fulfillment are:

 — being well-informed beforehand about the procedures that 
will be followed,

 — feeling that they are respected,
 — being reassured in detail that irradiation is not something 

to be afraid of and
 — feeling that health professionals have a genuine interest in them.

Additionally, patients mentioned that their hospitalization would 
be much more enjoyable if room service, decoration, facilities, and 
amenities would be improved. Actually, as can be seen in Table 1, 
more than a third of the patients would have had a better experience 
during RAI, if all the above would be true.

Discussion

Intrinsic parameters, given that health should be a commodity 
accessible to all, are not supposed to be able to be altered, for 
example by choosing one’s patients by age, gender, marital status, 
etc. However, extrinsic parameters can and should be improved 
for both personnel and amenities via the:

 — Organization of in-house behavior-towards-patients semi-
nars on a periodic basis. These seminars are best to be pre-
sented by both health professionals and patient organizations’ 
representatives, since this way patients’ needs are not muted, 
but rather put in conjunction with professionals’ experience 
[7, 8]. These seminars do not need to have an impact on the 
hospital budget, besides maybe the refreshments offered to 
participants and the possible traveling expenses of the present-
ers. If two such seminars are to be organized per year with one 
presenter flying in and staying one night at a hotel (the most 
costly scenario), the yearly cost is estimated at 820 €.

 — In-depth renovation of facilities. Even in countries where hourly 
working rates are high, such as the US or UK, a common 
9.5 square-meter RAIT room renovation should not cost more 
than 3.310 € [9], including wall painting, floor and ceiling res-
toration, simple furniture and decoration emplacement, and 
internet connection.
Implementing the above improvements in both personnel be-

havior and room amenities results, at least in theory and based on 
our results, in a cost of around 110 € per increased percentage of 
improved perceived quality and expectations’ fulfillment. This re-
sults in a total cost of 4.169 € for an increase of 37,9%.

Conclusions

To our knowledge, this is the first quantitative proposal on small 
and inexpensive changes in NM Departments in order to augment 
positive impressions and feelings of hospitalized thyroid cancer 
patients undergoing RAIT.
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We congratulate Sioka et al. [1] for providing an excellent 
review of the use of single-photon emission computer tomogra-
phy (SPECT) myocardial perfusion imaging (MPI) in patients with 
psoriasis. There was quite a little surprise that the images were 
reconstructed without the assistance of attenuation correction (AC). 
Low-dose, non-contrast, non-diagnostic computed tomography 
(CT) can be used for this purpose.

It may have assisted with the diagnosis of myocardial is-
chaemia, especially in the inferior left ventricular segments, and 
particularly given that the study ultimately showed no significant 
difference in the rate of haemodynamically-significant coronary 
atherosclerosis. It may also assist in identifying coronary artery cal-
cification, which is often used as an anatomical marker for coronary 
artery stenosis [2]. The prevalence of coronary artery calcification 
in patients with psoriasis was well studied in a meta-analysis [3].

In addition, psoriasis is associated with many malignancies. 
A large series specified their respective types [4]. Of these, many 
would be identified on CT for AC. We found this modality helpful 
in identifying malignancies (and other significant findings) [5]. 
This would certainly be relevant for some of the cancers in pa-
tients with psoriasis, such as lymphomas, lung cancers, and pan-
creatic cancers. Thus, CT primarily for AC can contribute signifi-
cantly to SPECT in patients with psoriasis.
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Abstract
Amyloid transthyretin cardiomyopathy is a progressive disease that confers significant mortality. While it is relatively rare, the 
frequency of diagnoses has risen with the increased contribution of novel diagnostic approach over the last decade. Traditionally 
tissue biopsy was considered to be a gold standard for amyloidosis diagnosis. However, there are significant limitations in the 
wide application of this approach. A noninvasive imaging-based diagnostic algorithm has been substantially developed in recent 
years. Establishing radionuclide imaging standards may translate into a further enhancement of disease detection and improving 
prognosis in the group of patients. Therefore we present in the following document current evidence on the scintigraphic diagnosis 
of cardiac transthyretin amyloidosis. Moreover, we present standardized protocol for the acquisition and interpretation criteria in 
the scintigraphic evaluation of cardiac amyloidosis.
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Transthyretin amyloidosis as 
an underdiagnosed cause of heart failure

Amyloid cardiomyopathy (CA) is relatively rare, however, 
the frequency of diagnoses has risen with the increased contribu-
tion of novel diagnostic approach over the last decade [1]. There 
are numerous pathogenic proteins that may cause the disease. 

Two subtypes account for more than 90% of CA cases — light 
chain amyloidosis (AL) and transthyretin amyloidosis (ATTR) [2]. 
Distinguishing between AL and ATTR is critical as these diseas-
es have different pathogenesis and are treated differently by car-
diologists (ATTR) and hematologists (AL). Importantly, two main 
subtypes of ATTR exist wild-type ATTR (wtATTR) and hereditary 
ATTR (hATTR). In the case of wtATTR, the transthyretin (TTR) protein 
gradually deposits in form of amyloid fibers over a period of time. 
In contrast, patients with hATTR are born with a pathologic TTR ge-
netic variant, leading to accelerated amyloid deposition. The mech-
anism of the disease includes destabilization of the TTR tetramer 
structure, the misfolded protein then assembles in a highly ordered 
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fashion to form fibrils that accumulate in the interstitial space. 
In 70% of ATTR cases, amyloid deposits occur in the heart, leading 
to the development of CA [3]. For both types of ATTR, the patho-
morphological signs include thickened cardiac muscle with alter-
ations of the valves structure, developing as a result of amyloid 
fibers replacing cardiac tissues. Moreover, common extracardiac 
sites of involvement and associated manifestations include the kid-
neys, liver, gastro-intestine tract, tongue, and the nerves of both 
the autonomous and peripheral nervous systems [4].

The clinical presentation of ATTR CA includes heart failure with 
preserved ejection fraction (HFpEF), hypertrophic (HCM) ,and re-
strictive cardiomyopathies (RCM). Despite being considered a rare 
disease, ATTR amyloidosis may be more prevalent than suspected, 
particularly in the elderly population. Amyloidosis is often disguised 
as HCM presenting with increased myocardial thickness, mass, 
or altered structure of valves. It is essential that cardiologists are 
aware of this disease because, in most patients, the presentation 
of the disease is mainly cardiological (HCM/RCM and/or HFpEF). 
HCM is a complex and relatively common myocardial disorder char-
acterized by primary left ventricular hypertrophy. The guidelines in-
clude recommendations for HCM diagnosis, especially the use 
of bone scintigraphy with 3,3-diphosphono-1,2,-propanodicarbox-
ylic acid (DPD) in patients with symptoms or who have non-invasive 
test results suggesting ATTR [5]. The degree of heart involvement 
determines the prognosis of the disease, and thus the earlier it 
is diagnosed, the better the survival rates for the patients [6].

The history of ATTR CA shows that while it is a rare, progressive 
disease, it is more common than previously thought. Accord-
ing to recent studies, 13% of hospitalized HFpEF patients had 
wtATTR [7], 5% of patients diagnosed with HCM had hATTR 
[8], and 5% of patients with severe low flow aortic stenosis had 
wtATTR [9]. The prevalence of the disease was also investigated 
by a population-based study of HFpEF patients and resulted 
in the diagnosis of ATTR in 7% of patients diagnosed with active 
isotope screening [10]. Another study revealed that the incidence 
of wtATTR and hATTR was 155–190 per million and 5 per million, 
respectively [11]. Until now, all forms of the disease may have 
been underdiagnosed due to the lack of targeted treatment avail-
able, although new therapies that improve survival may change 
this situation. [12].

In our opinion, it is necessary to further enhance ATTR 
detection, mainly by raising awareness of the occurrence 
of the disease. The diagnostic difficulties are a result of the lack 
of characteristic symptoms in the early phase of the disease that 
might be called “a great pretender”. Symptoms are non-specific, 
similar to CHF (congestive heart failure). Some factors that serve 
as clinical guidelines for the diagnosis are referred to as “red 
flags”. The main red flags for wtATTR are cardiological symp-
toms such as HFpEF, left ventricle hypertrophy, lack of hypertro-
phy in electrocardiogram (ECG), and cardiac arrhythmias [13]. 
A vast number of patients present with carpal tunnel syndrome. 
Most patients suffer from progressive intolerance to standard 
CHF therapy. Furthermore, there is a disproportion between QRS 
in ECG and the degree of hypertrophy in echocardiographic 
examination. Additionally, autonomic nervous system dysfunction 
appears in the late stage of the disease. To sum up, there should 
remain a high index of suspicion and diagnostic vigilance during 
initial diagnosis, patients who present with red flags specific 

to the disease should be referred for further radioisotope testing. 
Diagnostic process involves cooperation between cardiologists, 
hematologists, nephrologists, nuclear medicine specialists, 
and other specialties. As the nature of the disease is complex, 
the screening of patients who are genetically burdened or have 
a family history of amyloidosis is of great significance.

There is significant progress in treatment, as disease-modifying 
therapies are now available [13]. Tafamidis, a transthyretin stabi-
lizing agent, has been shown to reduce mortality in patients with 
ATTR cardiomyopathy [12]. The treatment is especially effective 
if used in the early stage of the disease when the heart has not 
yet suffered irreversible damage. Hence, early diagnosis is a vital 
factor. Tafamidis is currently the only drug that has shown efficacy 
in a randomized trial in patients with ATTR cardiomyopathy, and 
is recommended in this group of patients in both the hATTR and 
wtATTR [12, 13]. In selected patients with isolated polyneuropathy 
tafamidis or gene silencers (patisiran, inotersen) may be considered 
as treatment options according to current guidelines [13]. Moreover, 
multiple therapies are currently investigated for ATTR patients [13].

Diagnostic algorithm for ATTR 
cardiomyopathy

While biomarkers are not included in the diagnostic recommen-
dations, the majority of patients have them checked at the beginning 
of the diagnostic route. Echocardiography examination is of great 
importance [13]. Echocardiography may provide incremental 
information on the current stage of the disease, and show typical 
lesion associated with CA — increased echogenicity of the heart 
muscle, thickening of valves and ventricle walls, and impairment 
of diastolic function [14]. Generally, all echocardiographic abnor-
malities suggesting cardiac amyloidosis should be the starting point 
for further research. The most pathognomonic symptom of ATTR 
visible on echocardiography is the “apical sparing” pattern deliv-
ered from the evaluation of the global longitudinal strain (GLS) [15]. 
Nevertheless, this examination requires high levels of experience. 
Equally, cardiovascular magnetic resonance imaging (CMR) may 
be helpful as it enables differentiation between amyloidosis, HCM, 
and hypertrophy in the course of other diseases [13].

Traditionally tissue biopsy was considered to be a gold stand-
ard for amyloidosis diagnosis [16]. However, there are significant 
limitations in the wide application of this approach — the limited 
experience of pathologists regarding ATTR, underdiagnoses de-
rived from adipose tissue sampling, the difficulty of immunohis-
tochemical typing, and the low availability of mass spectrometry. 
In most patients, the presentation of ATTR is including cardiac 
involvement. Thus, advances in cardiac multimodality imaging 
were an impetus for the early diagnosis of ATTR. Importantly, there 
is a new strategy for noninvasive diagnostics [17]. It entails echo-
cardiographic examination, CMR (late gadolinium enhancement, 
T1-mapping), and radionuclide bone scintigraphy.

Both invasive and non-invasive diagnostic criteria have been 
proposed. Invasive diagnostic criteria apply to all forms of cardiac 
amyloidosis, whereas non-invasive criteria are accepted only 
for ATTR and AL [18]. The distinction is important because testing 
positive for amyloid deposits does not determine the exact type 
of cardiac amyloidosis, and hence an array of tests should be per-
formed according to the diagnostic algorithm. In terms of invasive 
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methods, the diagnosis can be confirmed by cardiac biopsy 
or if amyloid deposits within the tissue from an extracardiac biopsy 
are accompanied either by the characteristic features of CA by 
echocardiography or CMR [13]. For the non-invasive methods, 
ATTR can be confirmed with scintigraphy, serum-free light chain 
(FLC) assay, serum (SPIE), and urine (UPIE) protein immunofixa-
tion. Currently, positive scintigraphy indicates a high probability 
of ATTR [19]. Regardless, it is always necessary to perform bio-
chemical diagnostics: the evaluation of FLC assay, SPIE and UPIE. 
Evaluation of those is necessary to differentiate between ATTR 
(negative results for monoclonal proteins in blood and urine) and 
AL. However, it is necessary to refer all patients with positive FLC 
assay, SPIE or UPIE results for hematological evaluation, in order 
to differentiate MGUS (monoclonal gammopathy of undetermined 
significance) or AL amyloidosis.

Patients who present with either clinical symptoms or CMR 
or echocardiography results suggestive of amyloidosis should 
be referred for scintigraphy with bone-seeking tracers labelled 
with [99mTc]Tc. Cardiac scintigraphy with [99mTc]Tc-PYP (pyroph-
osphate)/DPD (3.3-diphosphono-1.2-propanodicarboxylic acid)/
HMDP (hydroxymethylene diphosphonate) ought to be considered 
in all patients with unexplained LV hypertrophy, HFpEF, familial 
amyloid polyneuropathy, family history of amyloidosis and an el-
derly patient’s history of low-grade aortic stenosis. Myocardial 
imaging with [99mTc]Tc-PYP/DPD/HMDP is a very sensitive and 
specific test for the diagnosis of ATTR cardiac involvement and 

may help in its early detection [13, 18]. Since the uptake of ra-
diotracers is different in normal myocardium and myocardium 
affected by amyloid, this diagnostic method is highly accurate, 
especially for ATTR. The Perugini grading scale is a widely rec-
ommended method of scoring the tracer uptake (Fig. 1) [20, 21]. 
Despite the fact that myocardial [99mTc]Tc-PYP/DPD/HMDP uptake 
correlates with left ventricle wall thickness and cardiac biomarkers, 
the visual grading scale has not been shown to be an independent 
predictor of outcomes [18, 22]. The results scintigraphy test can 
be assessed according to Perugini grading scale while imaging 
with [99mTc]Tc-PYP/DPD/HMDP or heart/contralateral lung (H/CL) 
uptake ratio for [99mTc]Tc-PYP, defined as the fraction of heart re-
gion of interest (ROI) mean counts to contralateral lung ROI mean 
counts. Interpretation of the examination may be positive (scale ≥ 2 
or H/CL ≥ 1.5 with obligatory SPECT confirmation), neutral (scale 1 
with H/CL 1–1.5), or negative (0 with H/L< 1) [18]. In the absence 
of light chains, heart uptake ≥ 2 eliminates the need for an en-
domyocardial biopsy and ATTR diagnosis can be confirmed. To 
distinguish hereditary from wild-type amyloidosis a genetic test 
should be performed. If there is no cardiac uptake in scintigra-
phy and monoclonal protein is detected, AL amyloidosis should 
be ruled out. Otherwise, beyond these two clinical scenarios, 
an endomyocardial biopsy may be performed for diagnosis con-
firmation in histopathological tests.

Importantly, pyrophosphate has a high affinity to calcium ac-
cumulates in the cells that have been impacted by necrosis. Thus, 
elevated myocardial tracer uptake can be seen in various con-
ditions of myocardial injury, including pericarditis. Additionally, 
a regional radiopharmaceutical uptake can be seen in the case 
of muscle damage induced by commonly used chemotherapy 
agents, or general drug toxicity, and hence the results might 
be questionable [18].

It has been shown that [123I]MIBG can detect cardiac denerva-
tion in patients with cardiac ATTR amyloidosis [18]. Multiple positron 
emission tomography (PET) tracers have also been investigated 
in terms of the possibility of their application in the diagnosis of am-
yloidosis. Carried studies have confirmed their diagnostic value, 
although the results are not specific for the type of amyloid [18]. 
They are not currently recommended to be used in the basic 
diagnostic algorithm. However, several recent studies suggest 
a promising role for amyloid PET radiopharmaceuticals to image 
CA, and several PET tracers are now tested for in vivo detection 
of amyloid deposits.

Image acquisition and interpretation

Recommendations on the used activities are in line with 
the guidelines of the American Society of Nuclear Cardiology 
(ASNC) and the European Association of Nuclear Medicine (EANM) 
(Tab. 1) [18, 20]. Various activities are recommended by different 
scientific bodies, with the lowest being 370 MBq and the highest 
740 MBq. The guidelines allow that individual centers modify 
imaging procedures based on local conditions and expertise. 
The time between injection and acquisition is 2–3 hours, after which 
a planar whole-body and the SPECT or SPECT/CT is performed 
(Fig. 2). The specific planar whole-body imaging should be man-
datory as it is especially useful for the visual interpretation and 
quantification of the degree of myocardial uptake. We would like 

Figure 1. Results of planar whole-body scintigraphy with [99mTc]
Tc-DPD consistent with cardiac amyloidosis (grade 3) in a patient 
with wtATTR; John Paul II Hospital, Department of Nuclear Medicine, 
Krakow, Poland
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Figure 2. Results of SPECT imaging with [99mTc]Tc-DPD consistent with cardiac amyloidosis in a patient with hATTR (the upper rows in a given 
series are shown without attenuation correction, and the lower ones present results after attenuation correction); John Paul II Hospital,  
Department of Nuclear Medicine, Krakow, Poland

Table 1. Recommendations for standardized acquisition for scintigraphy with [99mTc]Tc-PYP/DPD/HMDP for cardiac amyloidosis

Imaging procedures Recommendation

Preparation No fasting required

Scan type Rest scan

Activity of 99mTc 370–740 MBq (10–20 mCi) intravenously

Time between injection and acquisition: 99mTc-PYP/DPD/HMDP 2–3 h

Position Supine

Energy window 140 keV, 15–20%

Collimators Low energy, high resolution

Whole-body planar imaging

Views Anterior (or anterior-and-posterior)

Image duration Maximum 20 cm per minute

Matrix size 256 × 1024

Planar imaging

Number of views Anterior and lateral

Detector configuration 90°

Image duration (count based) 750,000 counts

Matrix size 256 × 256

SPECT imaging

Angular range/detector configuration 180°/90° or 360°/180°

Number of views/detector minimum 32

Matrix size 128 × 128

Time per stop 20 s/25 s (may be corrected according to the administered activity)

DPD — 3.3-diphosphono-1.2-propanodicarboxylic acid; h — hour; HMDP — hydroxymethylene diphosphonate; keV — kiloelectronvolt, MBq — megabecquerel; mCi — millicurie; PYP — py-
rophosphate; s — second; SPECT — single-photon emission computed tomography
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to stress the importance of including the description of the scintig-
raphy changes in soft tissues and bone structures while reporting 
the whole-body and planar images.

The procedure may be performed with the application of the fol-
lowing markers [99mTc]Tc-PYP/DPD/HMDP. According to the diag-
nostic algorithm of the nonbiopsy diagnosis of cardiac transthy-
retin amyloidosis, the results of bone scintigraphy with [99mTc]
Tc-PYP/DPD/HMDP classify patients into 4 grades (0, 1, 2 and 3). 
The interpretation of the results is shown in Table 2. In patients sus-
pected of CA the grade 2 or 3 [99mTc]Tc-PYP/DPD/HMDP uptake 
(in the absence of free immunoglobulin light chains in blood and 
urine) is highly specific for ATTR and the patient does not require 
a tissue biopsy to confirm the diagnosis. Importantly, the SPECT 
or SPECT/ CT scans enable a better assessment of amyloid de-
posits in cardiac region.

Experience and future directions

Lack of standardized procedure constitutes a barrier to dis-
ease detection in local setting. The problem may be solved by 
implementing the recommendations for performing scintigraphy 
for amyloidosis, which could be used in both hospitalized pa-
tients and during outpatient visits. It is crucial to include planar 
whole-body and SPECT or SPECT/CT scans, in line with the nucle-
ar imaging guidelines. Another critical action that might positively 
contribute to accessing scintigraphy is raising awareness among 
medical professionals of the diagnostic procedures by coop-
eration between nuclear medics and other specialists. There 
is a need for cross-departmental cooperation, that would lead 
to a proper referral for scintigraphy, based on pretest probability 
assessment, including biomarkers and imaging results. Overall, 
establishing radionuclide imaging guidelines will translate into 
further enhancement of disease detection and improving prog-
nosis in the group of patients with suspicion of CA.
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