
Hellenic Journal of Nuclear Medicine www.nuclmed.gr1 80 September - December 2012

Abstract

Artificial Neural Networks (ANN) are computer programs that 
emulate the operation of a large number of processing units that 
mimic the fundamental mechanisms of the biological activity of 
nervous cells as well as their connections and interactions. As a 
human brain, an ANN has the ability to learn from the experience 
of general relations between variables and thus ANN are particu-
larly suitable to capture the natural complexity of medical data. 
Today ANN are widely used as a tool for computer aided diagnosis. 
This editorial discusses to what extent ANN can support Nuclear 
Medicine.  

Introduction

T he physician’s request for accurate and fast analysis 
of medical imaging data motivated the employment 
of artificial intelligence (AI) technologies [1]. Artificial 

neural network (ANN) is one of the powerful AI techniques 
and emulate the activity of biological neural networks in 
the human brain. Basically, an ANN is a mathematical model 
implemented through a computer program that repro-
duces the connection of a large number of processing units 
that mimics the fundamental mechanism of the biological 
activity of nervous cells as well as their connections and in-
teractions. 

The techniques of ANN have the ability to learn from a data 
set and to build weight matrices to represent the learning 
patterns [1]. A schematic representation of an ANN is shown 
in Figure 1. ANN have been successfully applied in Medicine 
and in other disciplines including pattern classification, de-
cision making, adaptive control, parameter estimation and 
fault diagnosis [2-4]. The most attractive property of ANN in 
the medical field is the ability to identify strongly nonlinear 
multidimensional relationships in clinical data not apparent 
to other forms of analyses thus improving the diagnostic 
accuracy. Differently from classical standard statistical tech-
niques (e.g. multiple regression) that allow the separation of 
diagnostic classes only in case the data are linearly separa-
ble, ANN are suited to solve a wide class of linearly non-sepa-
rable problems that may be present in medical data [5]. The 
ANN techniques are today applied in many areas as shall be 
described below.

Figure 1. Block diagram of an ANN. The circles (neurons) represent the compu-
tation units, the connection lines represent the inter neurons connections (syn-
apses).

The techniques of ANN are today employed in many 
areas dealing with nuclear medicine such as for medical 
image preprocessing, image segmentation and image ob-
ject detection and recognition [6, 7] and are also used for 
image restoration, and for noise and tremor removal us-
ing an advanced data fusion technique based on Kalman 
filters [8-9]. 

Another very important use of ANN is as a tool for compu-
ter aided diagnosis (CAID) that is becoming one of the ma-
jor research subjects in medical imaging [10]. In this context 
the salient features, to be used for diagnosis, are extracted 
from the images either by human assistance or automati-
cally from raw data using features extraction algorithms 
originally developed for robotic applications [11]. Despite 
the intrinsic complexity of the mathematical structure, the 
success of ANN in CAID is a result of its uncomplicated usage 
as a conventional tool. The user has to simply select repre-
sentative data and start a training algorithm. This technique 
automatically produces an adequate structure of data upon 
which it generates the final result and today many simple 
ANN based softwares are available for the physician for CAID 
purposes [12, 13].

To what extent can artificial neural network support 
nuclear medicine?
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intrahepatic malignancy, being comparable with interpreta-
tion by expert observers. Therefore the authors concluded 
that ANN can improve the accuracy of the human interpret-
er, if used in conjunction with human expertise.

It is worth of notice that many papers have investigated 
the role of an ANN based analysis in the diagnosis of dif-
ferent brain diseases. An interesting study [18] showed the 
usefulness of an ANN in the differential diagnosis between 
patients with Alzheimer’s disease (AD) and age-matched 
control subjects undergoing 99mTc-HMPAO brain SPET us-
ing cortical circumferential profiling. The performance of 
an ANN classifier, trained using the obtained data, was com-
pared with that of more traditional statistical techniques 
(discriminant function line and discriminant analysis classi-
fier) and that of two expert observers, demonstrating that 
the ANN classifier had a better performance than that of the 
other statistical techniques and the expert observers.

A similar study by other researchers [19] evaluated the di-
agnostic performance of artificial ANN in discriminating pa-
tients with probable AD, mild or mild cognitive impairment 
and normal controls by means of perfusion brain SPET data. 
The results were compared with those obtained by discrimi-
nant analysis, showing that the feed-forward ANN analysis 
classified patients better than discriminant analysis in both 
parts of the study.

The ability of ANN to discriminate AD patients and normal 
subjects identifying subgroups of patients sharing similar 
perfusion deficits (as evaluated by xenon-133 brain SPET) 
was further confirmed by a more recent study [20]. A cluster 
analysis of the group of AD patients identified 3/4 subgroups 
with different combinations of blood flow pathology, but in 
all subgroups a significant bilateral temporoparietal per-
fusion impairment was present. Therefore the authors con-
cluded that ANN analysis represented a valid method to 
discriminate AD patients from normal controls basing on 
perfusion pattern.

Another application of ANN in Neurology is repre-
sented by the use of CAID to investigate the ability of 
brain SPET with the dopaminergic tracer 123I-FP-CIT (123I-
N-omega-fluoropropyl-2beta-carbomethoxy-3beta-(4-
iodophenyl)nortropane, DaTSCAN) with semiquantitative 
analysis in the investigation of movement disorders. Two 
papers, the first in 2006 [21] and the second in 2010 by our 
group [22] evaluated the ability of ANN to contribute to the 
differential diagnosis between Parkinson’s disease (PD) and 
essential tremor (ET).

The first paper as above [21] investigated if a two-stage 
analysis was able to differentiate between parkinsonian 
syndromes of various stages and ET and if such a two-stage 
analysis can be performed in a single step using ANN. In the 
first stage they assessed the striatum-to-occipital cortex ra-
tio to evaluate non-early parkinsonian syndromes (and pa-
tients with a low ratio would be stopped at this step) and 
in the second stage they measured the putamen-to-caudate 
nucleus ratio. Finally, the two-stage analysis was performed 
and repeated, in a single step, using an ANN, showing that 
the two-stage analysis was less effective than the single step 
process using the ANN, that was clearly able to discriminate 
between parkinsonian syndromes and ET in all subjects. 
The authors concluded that results of the single stage ANN 
analysis were very definite and it may be considered to have 
potential in the quantification of DaTSCAN images for clini-
cal use. The limitation of this study consisted of the reduced 

Artificial neural networks in Nuclear Medicine
Some representative papers on the application of ANN in 
Nuclear Medicine will follow to highlight the benefits of ANN 
for CAID. 

According to a recent paper [14] CAID has already become 
a part of the routine clinical work-up for the diagnosis of 
breast cancer with mammograms. The computer output is 
used as a “second opinion” in helping radiologists’ image 
interpretations. The computer algorithm generally includes 
image processing, image feature extraction, analysis and 
data classification procedures exploiting advanced data 
processing tools such as ANN.

The techniques of ANN were first used in 1990 for CAID 
of interstitial lung diseases and since then, this method has 
been widely used to support the diagnosis of various dis-
eases with different imaging modalities, in particular for the 
differential diagnosis of lung nodules and interstitial lung 
diseases by chest radiography, CT and PET/CT [14]. For ex-
ample, other researchers [15] investigated the role of ANN to 
differentiate benign and malignant pulmonary nodes using 
features obtained by CT, 18F-FDG PET, and both CT and 18F-
FDG PET. 

Three ANN schemes were implemented using as inputs 
imaging features extracted from CT alone, PET alone and 
both CT and PET with the addition of clinical features (pa-
tient age, sex, smoking status, and history of previous ma-
lignancy) and the output predicted by ANN classifiers was 
evaluated using receiver-operating-characteristic (ROC) 
analysis. The results showed that the ANN based on both 
PET and CT had a better statistical prediction ability to dif-
ferentiate benign from malignant pulmonary nodules than 
the ANN based on PET alone and CT alone. The clinical 
value of this paper to characterize SPN depended on the 
above analytical evaluation of PET, CT and PET/CT by com-
paring many clinical parameters. 

Other researchers [16] used a back-propagation ANN 
trained on 18F-FDG PET-and CT-derived data on a cohort 
of 133 patients with surgically proven non-small cell lung 
cancers to investigate if ANN accuracy was better to that 
of a trained 18F-FDG PET reader in predicting the true sur-
gicopathologic nodal stage. The ANN was able to correctly 
identify the N stage in 87.3% of the testing (validation) cases 
comparing with 73.5% for the 18F-FDG PET expert reader. The 
authors concluded that a back-propagation ANN was more 
accurate to predict hilar and mediastinal nodal involvement 
than an expert 18F-FDG PET reader. The clinical relevance of 
these findings consisted of the possibility to use such a tool 
to enhance the accuracy of clinical interpretations and to 
help to train residents and fellows in reading PET scans.

Other researchers [17] investigated the performance of an 
ANN to evaluate 18F-FDG uptake in the liver as investigated 
by PET/ CT scan, compared with the results of expert inter-
pretation of abdominal liver magnetic resonance images 
(MRI). Interpretations of the scans from PET/CT examinations 
by trained neural networks were cross-classified with expert 
interpretations of the findings obtained by MRI for the differ-
ential diagnosis between intrahepatic benign or malignant 
lesions. The significance of the difference between neural 
network receiver operator characteristics (ROC) curves and 
the ROC curves obtained by the performance of two expert 
readers in the interpretation of liver 18F-FDG uptake was 
calculated showing that ANN trained on PET/CT scan data 
resulted sensitive and specific to evaluate the presence of 



Hellenic Journal of Nuclear Medicine www.nuclmed.gr1 82 September - December 2012

4.  Moschitta A, Fravolini ML, Carbone P et al. Practical implementa-
tion issues in detecting voltage dips. Proc. 2012 IEEE Int. Conf. on 
Instrumentation and Measurement Technology, 13-16 May 2012, 
Graz, Austria: 159-64.

5.  Dawson MRW, Dobbs A, Hooper HR et al. Artificial neural net-
works that use single-photon emission tomography to identify 
patients with probable Alzheimer’s disease. Eur J Nucl Med 1994; 
21: 1303-11.

6.  Hutton BF, Braun M, Thurfjell L et al. Image registration: an es-
sential tool for nuclear medicine.  Eur J Nucl Med Mol Imaging 
2002; 29: 559-77.

7.  Shi Z, He L. Application of Neural Networks in Medical Image 
Processing. Proc. of the Int. Symposium on Networking and 
Network Security, Jinggangshan, China, 2-4  April. 2010, pp. 
023-6.

8.  Lee SJ. Respiratory Motion Estimation With Hybrid Implemen-
tation of Extended Kalman Filter, IEEE Transactions on Industrial 
Electronics 2012; 59(11): 4421-32.

9.  Mammarella M, Campa G, Fravolini ML et al. Machine vision/
GPS integration using EKF for the UAV aerial refueling prob-
lem.  IEEE Trans. on Systems Man and Cybernetics Part C 2008; 
38(6): 791-801.

10.  Doi K. Computer-Aided Diagnosis in Medical Imaging: Histori-
cal Review, Current Status and Future Potential. Comput Med 
Imaging Graph 2007; 31(4-5): 198-211.

11.  Campa G, Napolitano MR, Fravolini ML. Simulation environ-
ment for machine vision based aerial refueling for UAVs. IEEE 
Trans. on Aerospace and Electronic Systems 2009; 45(1):138-51.

12. Diciotti S, Falchini M, Villari N et al. Neural networks for com-
puter-aided diagnosis: detection of lung nodules in chest ra-
diograms. IEEE Trans. on Information Technology in Biomedicine 
2003; 7(4): 344-57. 

13.  Beale MH, Hagan MT, Demuth HN. The MathWorks Inc., Neural 
Networks Toolbox Users’s Guide 2009: www.mathworks.com/
help/pdf_doc/nnet/nnet_ug.pdf

14.  Shiraishi J, Li Q, Appelbaum D, Doi K. Computer-aided diag-
nosis and artificial intelligence in clinical imaging. Semin Nucl 
Med 2011; 41(6): 449-62.

15.  Nie Y, Li Q, Li F et. al. Integrating PET and CT Information 
to Improve  Diagnostic Accuracy for Lung Nodules: A Semi-
automatic Computer-Aided Method. J Nucl Med 2006; 47: 
1075-80.

16.  Vesselle H, Turcotte E,  Wiens L, Haynor D. Application of a Neural 
Network to Improve Nodal Staging Accuracy with 18F-FDG PET in 
Non–Small Cell Lung Cancer. J Nucl Med 2003; 44: 1918-26.

17.  Preis O, Blake MA, Scott JA. Neural network evaluation of PET 
scans of the liver: a potentially useful adjunct in clinical inter-
pretation. Radiology 2011; 258(3): 714-21.

number of subjects studied (n. 18) and the fact that the “gold 
standard” outcome was the judgement of a single experi-
enced observer. However the paper is original and interest-
ing from a clinical point of view.

Our paper [22] evaluated data from 216 patients, 89 with 
ET, 64 with early PD and 63 with advanced PD undergoing 
brain SPET with 123I-FP-CIT with semiquantitative analysis. 
We compared two different artificial neural network classi-
fiers using 123I-FP-CIT SPET data, a probabilistic neural net-
work (PNN) and a classification tree (ClT). Our results con-
firmed that PNN allowed to obtain valid classification results 
(higher than 90%), while ClT was able to provide a reliable 
classification (higher than 80%) producing cut-off values (if 
the caudate nucleus value was higher than 6.97 patients 
were classified as having early PD, and if the value was <6.97 
patients were classified as having advanced PD) useful to 
differentiate ET and PD of different severity.

Finally, we would like to underline that the above cited 
papers are only a selection of the most representative us-
ing ANN in Nuclear Medicine, because many other papers 
on this topic are available in the international literature and 
the trend is increasing in the recent years, as documented in 
Table 1, showing the results of a research using the PubMed 
database on the number of papers published in the period 
1980-2012 using the keyword listed in the first column, to 
evidence the increasing role of ANN in Nuclear Medicine and 
Radiology. 

In conclusion, this editorial demonstrated the wide flex-
ibility of the ANN to obtain promising results with signifi-
cant diagnostic accuracy in many CAID problems in Nuclear 
Medicine. However more work is necessary before these 
networks can be widely applied.
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