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ABSTRACT 

Purpose: To review literature until November 2015 and reach a consensus on whether automatic 

semi-quantification of brain FDG-PET is useful in the clinical setting for neurodegenerative 

disorders.  

Methods: Literature search was conducted in Medline, Embase, and Google scholar. Papers were 

selected with a lower limit of 30 patients (no limits with autopsy confirmation). Consensus 

recommendations were developed through a Delphi procedure, based on the expertise of panelists, 

who were also informed about the availability and quality of evidence, assessed by an independent 

methodology team. 

Results: Critical outcomes were available in nine among the 17 papers initially selected. Only three 

papers performed the direct comparison between visual and automated assessment and quantified 

the incremental value provided by the latter. Sensitivity between visual and automatic analysis is 

similar but automatic assessment generally improves specificity, and marginally accuracy. Also, 

automated assessment increases diagnostic confidence. As expected, performance of visual analysis 

is reported to depend on expertise of readers.  

Conclusions: Tools for semi-quantitative evaluation are recommended to assist the nuclear 

medicine physician in reporting brain FDG-PET pattern in neurodegenerative conditions. However, 

heterogeneity, complexity and drawbacks of these tools should be known by users to avoid 

misinterpretation. Head-to-head comparisons and an effort to harmonize procedures are 

encouraged.   

Keywords: brain FDG-PET, visual reading, semi-quantitative assessment, computer-aided, 

dementia, neurodegenerative diseases. 



INTRODUCTION 

Clinical guidelines for FDG-PET in the diagnosis of dementia are lacking, thus the 

European Association of Nuclear Medicine (EANM) and the European Academy of Neurology 

(EAN) performed a joint project to provide guidance to clinicians in using of the exam, namely for 

20 clinical situations. These have been addressed based on literature evidence and expert consensus 

[1]. In addition to the clinical issues, a 21st question was defined, relating to the opportunity to assist 

the traditional visual reading with automatic (or semi-automatic) semi-quantification of FDG-PET 

images. In this paper, we report our assessment of the literature on this topic, and specifically of 

accuracy studies supporting the use of automated assessment, as provided to the panelist taking 

decisions in a Delphi panel, and detail the reasons for their decisions.  

Evaluation of FDG-PET images is minimally performed through visual reading on the three 

space planes by a nuclear medicine physician, as suggested by the EANM procedure guidelines [2], 

the standard procedure to report FDG-PET. In some European countries the tridimensional image 

view is also requested. As for other morphological or functional imaging modalities, considerable 

training and expertise are required to achieve high-quality reporting especially in clinical conditions 

with subtle defects or tricky findings, as sometimes happens in the earliest stages of most 

neurodegenerative disorders. In these conditions, automatic tools for semi-quantification can be 

helpful by assisting even the expert reader in increasing confidence in diagnostic conclusion. 

However, even such automatic systems have their own peculiarities and limitations, which differ 

from one another, that should be well known and carefully considered by users. While aiding the 

reader on the one hand, on the other hand they can generate artifacts or wrong results that may be 

confounding. There are now several such fully or semi-automatic systems; some are free on the web 

but the majority are commercial. The Statistical Parametric Mapping (SPM) tool [3] is probably the 

most popular one since it is free and it is periodically updated. Although it has been designed for 

group comparisons on a voxel-by-voxel basis, it has been adapted and validated for use in 



comparison between a single subject versus a control group [4,5], but is used without CE label. 

Moreover, a dementia-customized FDG-PET template has been made available for SPM [6]. 

However, a normal control group is not embedded within the tool and must be built to perform 

comparisons, and both the statistical thresholds and the reference region are to be chosen by the 

user and can be varied, with both advantages and disadvantages towards sensitivity and specificity 

[3]. Three-dimension statistical surface projection (3D-SSP, Neurostat®) [7] is another popular and 

free tool for voxel-based analysis, requires subscription, and has been specifically designed for 

single-case comparison versus a control group which is instead embedded within the system and 

can be further implemented according to the needs of the center. There are several CE products 

(such as Cortex-ID® and MIMVista®) and again, both thresholds and reference regions can be 

chosen. Commercial tools have been generated following academic implementation, such as the 

PALZ score [8] of the PMOD software and syngo.PET Neuro DataBase Comparison®,  or have 

been implemented by scanner manufacturers and are included in the PET workstations. They 

generally follow similar rules and characteristics as the three above mentioned tools. A common 

point for all these tools is that the resulting statistical maps still need to be interpreted by the reader.  

Other automatic methods relying on volumetric regions of interest (VOIs) have been 

developed by research groups and have been applied to patients with AD or MCI converting to AD 

dementia or not [9]. Examples of these tools are the hypometabolic convergence index (HCI) [10], 

the metaROIs which requires SPM sub-tools [11] , and similar other systems [12]. These 

approaches have all shown good accuracy but may be more time-consuming to be used in the 

clinical setting as they are poorly automatized.     

     Within the EANM-EAN project, we performed a literature search to assess the quality of the 

evidence on the added value of automated semi-quantification of FDG-PET scans in patients with 

neurodegenerative disorders, including all kinds of approaches. The results of this assessment 

allowed panelists to generate recommendations through a Delphi consensus procedure, on whether 

and when supporting the use of computer-aided tools. Only studies dealing with semi-quantification 



where activity is normalized to a disease free region (or to the whole brain activity) were considered 

as they are the vast majority and because absolute quantification requiring long dynamic acquisition 

times and an invasive procedure can hardly be implemented in clinical practice. 

METHODS 

Seven panelists, four from EANM and three from EAN, were appointed to produce 

recommendations taking into consideration the opportunity to support the use of semi-automated 

assessment to assist visual reading in the clinical setting. Consensus recommendations have been 

produced through a Delphi procedure based on the expertise of panelists, who were also informed 

about the availability and quality of evidence, assessed by an independent methodology team as 

described in Boccardi et al [13]. 

Briefly, we performed literature searches using harmonized PICO (Population, Intervention, 

Comparison, Outcome) question keywords edited by the experts, screened the studies for eligibility, 

extracted the data to assess their methodological quality, and provided an evidence assessment 

consistent with the EFNS guidance [14] though specifically adapted to FDG-PET studies [13]. 

PICO question for this paper. For this review, the PICO question was whether automated 

semiquantitative assessment of FDG-PET scans should be required, as adding sufficient 

information (in terms of increased accuracy, and versus pathology, biomarker-based diagnosis or 

conversion at follow-up) as compared to visual reading alone, to optimize the diagnostic work-up 

of patients with dementing neurodegenerative disorders. 



Eligibility criteria. Only original full papers published in English on international impacted 

journals were considered, excluding reviews, management guidelines, abstracts and gray literature. 

Any sample size was allowed if pathology was the gold standard for diagnosis. Otherwise, 30 

subjects, demented patients and/or healthy controls, were requested as the minimum sample sizes.

Literature search. Electronic search strategy, developed and tested with panelists, was performed 

using predefined strings, grounding on the specific PICO question and including a selection of 

terms taken from a largely inclusive literature selection, in order to pick all variants for the same 

keyword. Other details of the literature search are reported in the methodological paper [13]. 

Data extraction and quality assessment. CF extracted data for this review. The quality of 

evidence was assessed consensually within the methodology team based on study design, 

gold/reference standard, FDG-PET image assessment (visual or semi-quantitative methods), risk of 

bias, index test imprecision, applicability, effect size, and effect inconsistency [13]. A final 

assessment of relative availability of evidence was formulated, keeping into account evidence 

availability among all of the 21 PICOs. This ranking was summarized as very poor/lacking, poor, 

fair or good. 

RESULTS 

Among the 17 papers identified and screened by the referent panelist (FN), 14 were sent to 

the methodology team for data extraction and assessment (Figure 1). Two papers  [15,16] failed to 

show semiquantitative results and were not considered. Among the remaining 12, critical outcomes 

were available in 9 papers (see Table PICO 21; data extraction table available at 

(https://drive.google.com/file/d/0B0_JB3wzTvbpM0ZmVXZHX2R6c00/view?usp=sharing).  



Only three papers performed the direct comparison between visual and automated assessment and 

quantified the incremental value provided by the latter (see Table PICO 21: Part 1, first row). Perani 

at al. [5] described a statistically significant change in the level of confidence using the visual 

assessment of SPM maps as compared to visual assessment of native orthogonal images (2.4 versus 

2.07; p=0.003) in a variety of neurodegenerative conditions. Lehman [17] compared visual 

assessment of native images with visual assessment of 3D-SSP (projection and z-score)  maps using 

GE CortexID® software in patients with MCI or AD dementia. They found the following values for 

visual assessment of native images and visual assessment of 3D-SSP projection and z-score maps, 

respectively: sensitivity 0.82 and 0.83, specificity 0.41 and 0.75 (p<0.01), and AUC 0.88 and 0.72 

(p=0.017). They also reported a borderline significant increase in confidence with 3D-SSP 

(p=0.048). Again by comparing visual assessment of native images and of 3D-SSP images, 

Burdette et al. [18] showed a significant (p=0.043) AUC increase with the automatic tool (from 

0.94 to 0.99) in AD patients.  

All of the nine selected papers [5,17–23] reported a variety of measures including accuracy, 

sensitivity, specificity or others (AUC, PPV, NPV, LR+, LR-) of visual and automated FDG-PET 

assessment in identifying disease-specific hypometabolism. The results are extensively described in 

Table PICO 21 (Part 1 and Part 2). In general, studies with semi-quantitative and visual reading 

reported similar ranges of sensitivity (62.3%-96% and 59%-89.6%, respectively) and accuracy 

(70%-97.5% and 64.8%-89.2%) whereas specificity was greater with automated assessment than 

with visual reading (range: 84%-99% vs 50%-96%). As expected, the accuracy of visual reading 

was often found to depend on the skills and experience of the reader[17–20,22]  

Four papers[6,21,23,24], based overall on 661 subjects and on good reference standard, 

calculated both the positive and negative likelihood ratios (LR+ and LR−). All of the analyses 

performed using semi-quantitative tools achieved  LR+ higher than 5 and a LR− ≤0.2 (except 

PALZ), demonstrating diagnostic utility [25].  



With reference to the above mentioned studies, VROI analysis and 3D-SSP were the most 

frequently used tools, followed by SPM and PALZ. Subjects included in the studies suffered from 

heterogeneous neurodegenerative disorders (e.g. AD, FTLD, MCI, and Vascular dementia). Risk of 

bias could be identified in imprecision, use of only reference standard, and applicability of the index 

test (Table PICO 21, part 1 and 2) as not all memory clinics/nuclear medicine departments may be 

able to implement these tools. 

The level of evidence supporting the clinical utility of semi-automated analysis of FDG-PET 

was the highest among the PICOs of the entire project, and thus considered as “good”. Agreement 

on the recommendation was achieved on Delphi Round I, 6 panelists supporting the additional use 

of semi-automated processing to assist visual reading in clinical settings based on its utility both for 

experienced and non-experienced readers. 

DISCUSSION 

We assessed the evidence on the utility of computer-aided tools for semi-quantitative 

assessment of FDG-PET in supporting the nuclear medicine physician to achieve the best 

interpretation of findings in neurodegenerative disorders. 

The main message coming from literature review and expert consensus is that while 

sensitivity is similar to the one of visual interpretation of native images in this context of 

differentiation of neurodegenerative disorders, specificity could be better, especially if compared to 

non-expert readers [21]. They can get confirmation on the intensity and statistical weight of the 

visually assessed abnormalities, and can thus disambiguate doubtful areas of abnormalities. Indeed, 

a limited experience on the wide range of findings in normal people could lead to both over- and 

underestimation of abnormal scans. Another common situation is the presence of symmetric, 



moderate hypometabolism in paramedian brain structures, such as the cingulate gyrus, the thalami, 

or the medial frontal gyrus, that might be missed during visual analysis. Normally these regions 

have a higher metabolic level compared to the rest of the cortical ribbon, thus early and symmetric 

hypometabolism can be missed because although the region is hypometabolic, it looks similar to the 

rest of the cortical ribbon. In fact, the human eye strongly relies on concomitant evaluation of the 

same structure in the two hemispheres during reporting (i.e., asymmetry evaluation) and thus such 

findings may be difficult to unveil (Figure 2).  Indeed, it has been acknowledged that even the 

expert readers may benefit from semi-quantitative assessment, mainly by increasing specificity and 

diagnostic confidence [21].  

Other advantages of semi-quantitative assessment are a better standardization of repeated 

examinations (e.g. for therapy control and follow-up studies) and the option to generate structured 

reporting (e.g. by reporting regional z-scores) and easier illustration of the findings to the referring 

physicians, which is especially true for surface rendering approach systems. 

A logical consequence of the above reasoning is that automatic semi-quantitative assessment 

should assist the nuclear medicine physician in interpretation of findings to increase specificity 

and/or sensitivity and diagnostic confidence. While providing a valuable help, it cannot replace 

anyway his/her visual analysis, a misunderstanding that may create the false impression that 

achieving expertise is unnecessary given the availability of an automatic tool. This 

misunderstanding should be avoided for a variety of reasons. First, the output of the majority of 

automatic tools is still an image, that is different from native images because it shows voxels of 

statistically significant lower uptake, normalized on a reference region as compared to a control 

group, instead of FDG uptake in a color scale. Moreover, stereotactic normalization (warping) is 

usually performed before statistical comparison changing individual anatomy and thus artificially 

modifying size and precise location of lesions. In turn, these maps still need to be interpreted, 

similarly as native images. Thus, the accurate knowledge of hypometabolic patterns of pathological 

conditions remains the pre-requisite to interpret these statistical maps exactly as for native images. 



If a reader does not know, let’s say, the typical findings in semantic dementia, the statistical map 

per se cannot teach him/her. Second, those tools producing a score or an index with established cut-

offs will never inform about the underlying pathology, but require that the differential diagnosis is 

restricted a priori to no more than two categories, e.g., AD or normal control. This is the case, for 

instance, for the PALZ score or the HCI which can be used only if the differential diagnosis is 

between an AD patient and a normal control. Third, with the most popular free software, such as 

SPM and 3D-SSP, both the reference normalization region and the statistical threshold can be 

changed which can produce different results for the same scan. For instance, 3D-SSP can use the 

whole brain, pons, thalami, and cerebellum; SPM uses as a default the whole brain but the 

normalization region can be changed or even customized to that peculiar comparison, following the 

Yakushev et al [26] suggestions. These steps must be known and managed with care and require at 

least a basic knowledge of the software and of statistical rules which is not obvious. Fourth, the 

standard application of some of these software tools, such as SPM and PALZ, does not correct for 

atrophy, thus generating maps of significant hypometabolism indifferently for true hypometabolism 

and for atrophy. The 3D-SSP routine (Neurostat) (https://neurostat.neuro.utah.edu/) has an inherent 

atrophy correction mechanism implemented as the tool searches for the maximum peak within a 

predefined distance orthogonally oriented across the cortical ribbon. However, the weight of 

atrophy may be assessed visually through coregistration of PET with the CT contextually acquired 

with PET for attenuation correction.  Fifth, with SPM there is no standard control group that must 

be built-up by the user in each center, preferably using the same scanner and the same patient 

preparation (e.g., eyes open or closed) and reconstruction protocols as the case under analysis. 3D-

SSP has a control group that can be modified by users while PALZ, CortexID® and MIMVista® 

have a fixed control group. Thus, the results of comparisons between a single patient and a control 

group change depending on the kind and quality of the control group used, besides the reference 

region chosen for count normalization and the statistical threshold that is chosen determining 

sensitivity and specificity (see above).          



Finally, the results of application of these tools may vary from one another and differences 

may be relevant, as shown in head-to-head comparisons [9,12]. Figure 3 shows an example of good 

concordance between three automatic tools and visual reading, whereas Figure 4 highlights 

substantially different findings depending on the tool used. Thus, these tools are certainly valuable 

and precious to assist visual reading, but one must be aware of their heterogeneity and intrinsic way 

of functioning, characterized by different patterns of strengths and limitations. Care should be paid 

by expert nuclear physicians to train younger personnel in this perspective. 

The real world at present tells us that not all nuclear medicine centers use an automatic tool 

to assist in reporting. Those using them have a large choice among commercial or free methods, 

often non-CE licensed, and thus there is an almost complete lack of harmonization among centers. 

This heterogeneity adds to the intrinsic heterogeneity deriving from differences among human 

readers, despite the teaching efforts of the EANM as well as of the National nuclear medicine 

societies. Finally, scanner manufacturers add in turn their part of inhomogeneity by implementing 

different tools in the working stations.  

As a future perspective, the scientific societies in the field could promote studies that 

compare the performance of different tools and guide centers to implement the most accurate, 

cheap, and easy-to-use, hopefully supported in this action by manufacturers. These performances 

should always be compared with the reading of a group of experts.   
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FIGURE LEGENDS 

Figure 1. PRISMA flowchart of selected papers for PICO 21 regarding requirement of semi-

automated assessment (adapted from Moher et al. [27]). 

FIGURE 2. FDG-PET native images (left) of a 78 years old woman with MCI due to AD. MMSE 

score = 23/30; CDR= 0.5. The bilateral, significant hypometabolism of posterior cingulate cortex is 

easily appreciated with an automatic tool in comparison with a normal control group, corrected for 

age, uncorrected for atrophy (right; PALZ, clusters of significant hypometabolism in red; [8] while 

it can be difficult to be detected on native images. 

FIGURE 3. FDG-PET native images (a, e) of a 53 years old man with MCI due to AD. MMSE 

score = 28/30; CDR= 0.5. On visual analysis a moderate hypometabolism of right lateral temporal 

and parietal cortex was found together with bilateral hypometabolism of posterior cingulate cortex. 

These findings were confirmed with automatic analysis by PALZ (b, f), 3D-SSP (c: lateral 

projections; g: medial projections; clusters of significant hypometabolism in green-yellow; [7] 

which also showed clusters in anterior cingulate cortex and medial temporal lobe, not found with 

either PALZ or visual analysis, and SPM[4] using a height threshold of p<0.01 (h) while with the 

more restrictive threshold of p<0.001 only the posterior cingulate hypometabolism was highlighted 

(d). Other details as in Figure 2. 

FIGURE 4. FDG-PET native images (a, e) of a 56 years old healthy woman with doubtful MCI and 

a positive family history for AD. MMSE score = 30/30; CDR= 0. On visual analysis a mild-to-

moderate hypometabolism of left lateral temporal and parietal cortex was observed. These findings 

were confirmed with automatic analysis by PALZ (b, f), also showing significant clusters in 

bilateral orbitofrontal cortex while 3D-SSP (c: lateral projections; g: medial projections) essentially 



failed to show left temporo-parietal hypometabolism and disclosed instead some medial frontal and 

temporal hypometabolic clusters. SPM did not show any significant hypometabolic cluster with a 

height threshold of p<0.001 or p<0.01 (d) and only a very permissive threshold of p<0.05 

highlighted clusters of significant hypometabolism in left lateral frontal, temporal, and parietal 

cortex  (h). Other details as in Figure 2-3. 



Table 1. PICO 21 (PART 1). Table reports the quality of evidence for each critical outcome. 

PICO 21: Incremental value of automated assessment of FDG-PET compared to visual reading

Critical 
outcomes 

N. of
papers

Sample 
size 

Gold/
reference 
standard 

Risk 
of 

bias 

Index test
imprecision

Applicability
FDG-PET 

assessment
Effect range (CI) 

Effect 
assessment

Effect 
inconsistency

Outcome 
quality 

Incremental
value 

indices 
3 

156 
Patients 
157 HC 

2 Diagnosis at 
follow-up 
1 Clinical diagnosis 

Serious Serious Not serious 

Visual + 
Semi-
quantitative 
(1 SPM-
Maps, 
2 3D-SSP) 

Study 1 (Visual vs SPM-Maps). 
- Level of confidence 2.07 vs 2.4, p=0.003. 
Study 2 (Visual vs 3D-SSP). 
- Sensitivity: 83% (CI: 66-94%) vs 82% (CI: 62-
92%), p=1.0. 
- Specificity: 41% (CI: 20-61%) vs 75% (CI: 52-
90%), p<0.01. 
- AUC: 72% (CI: 55-83%) vs 88% (CI: 76-95%), 
p=0.017. 
- Mean increase in confidence rating = 0.7 
(CI: 0.01-1.3), p=0.048. 
Study 3 (Visual vs 3D-SSP). 
- AUC: 94% (SD 0.03) vs 0.99 (SD 0.01), p = 
0.043.  

MODERATE NA LOW 

Sensitivity 6 
479 
Patients 
126 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up 
2 Clinical diagnosis 

Not 
serious

Serious Not serious 

Visual  59% (range: 43-71%)– 89.6% (CI 80-95%) MODERATE Serious MODERATE

Semi-
quantitative 
(2 ROI, 2 3D-
SSP, 1 SPM, 1 
PALZ) 

62.3% (CI 50-73%) – 96% (CI NA) MODERATE Serious MODERATE

Specificity 6 
479 
Patients 
126 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up 
2 Clinical diagnosis 

Not 
serious

Serious Not serious 

Visual  50% (CI NA) – 96% (range: 92-100%)  HIGH Very serious LOW 

Semi-
quantitative 
(2 ROI, 2 3D-
SSP, 1 SPM, 1 
PALZ)  

84% (CI NA)  – 99% (SD 0.02)  HIGH Not serious HIGH 

Accuracy 7 
459 
Patients 
237 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up 
3 Clinical diagnosis 

Serious Not serious Not serious 

Visual  64.8% (CI: 51-77%) – 89.2% (CI: 84–93%)  MODERATE Serious MODERATE

Semi-
quantitative 
(3 ROI, 3 3D-
SSP, 1 PALZ) 

70% (CI: 53-84%) – 97.5% (CI: 91-100%)  HIGH Serious MODERATE



Table 1. PICO 21 (PART 2).

PICO 21: Incremental value of automated assessment of FDG-PET compared to visual reading

Critical 
outcomes 

N. of
papers

Sample 
size 

Gold/
reference 
standard 

Risk 
of 

bias 

Index test
imprecision

Applicability
FDG-PET 

assessment
Effect range (CI) 

Effect 
assessment

Effect 
inconsistency

Outcome 
quality 

AUC 3 
155 
Patients 
142 HC 

1 Diagnosis at 
follow-up 
2 Clinical diagnosis 

Serious Serious Not serious 

Visual  50% (CI NA) ; 87.8 (CI NA)  MODERATE Serious LOW 

Semi-
quantitative 
(1 ROI, 1 
SPM, 1 3D-
SSP)  

67 (CI NA);96.7 (CI NA)  HIGH Serious LOW 

PPV 3 
294 
Patients 
167 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
1 Diagnosis at 
follow-up  

Not 
serious

Serious Not serious 

Visual  68% (range: 50-88%) – 87.5% (CI NA)  HIGH Not serious MODERATE

Semi-
quantitative 
(1 ROI, 1 3D-
SSP, 1 PALZ) 

84.2% (CI: 72–92%) – 98% (CI: 88–100%)  HIGH Not serious MODERATE

NPV 3 
294 
Patients 
167 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
1 Diagnosis at 
follow-up  

Not 
serious

Serious Not serious 

Visual  72% (CI NA) – 92.4% (CI: 85-96%)  HIGH Serious MODERATE

Semi-
quantitative 
(1 ROI, 1 3D-
SSP, 1 PALZ) 

71% (CI: 58-93%) – 89% (range: 85-92%) MODERATE Not serious MODERATE

LR+ 4 
382 
Patients 
279 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up  

Not 
serious

Serious Serious 

Visual  1.55 (CI NA) – 14.8 (CI: 10.7-∞) MODERATE Serious LOW 

Semi-
quantitative 
(1 ROI, 1 
SPM, 1 3D-
SSP, 1 PALZ) 

6.08 (CI NA) – 36.5 (CI: 21.3-∞)  HIGH Very serious LOW 

LR- 4 
382 
Patients 
279 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up  

Not 
serious

Serious Serious 

Visual  0.12 (CI: 0.06-0.23) – 0.45 (CI NA) MODERATE Serious LOW 

Semi-
quantitative 
(1 ROI, 1 
SPM, 1 3D-
SSP, 1 PALZ) 

0.03 (CI: 0.0-0.5) – 0.41 (CI: 0.31-0.55)  MODERATE Very serious LOW 

RELATIVE AVAILABILITY OF EVIDENCE: STRONG
Risk of bias: assessment of the study design and other methodological features (e.g., patient selection, clinical diagnostic criteria used). Index test methods: assessment of index test methodology (e.g., 
technical details, image analysis methods and statistical analysis). Applicability: representativeness of the studied population and index test reproducibility in clinical practice (semi-quantitative methods 
correspond to ‘serious’ indirectness, visual + semi-quantitative methods correspond to ‘not serious’ indirectness, due to partial implementation of quantitation in clinical practice). Effect: lowest and 
highest values for each critical outcome; when more values were obtained for the same outcome, the highest was reported. Effect assessment: 51-70% low, 71-80% moderate, 81-100% high. Effect 
inconsistency: ‘Not serious’ if lowest and highest values difference was 0-20, ‘serious’ 21-40, ‘very serious’ >40. Outcome quality: summary of evidence as from all columns. 
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ABSTRACT 

Purpose: To review literature until November 2015 and reach a consensus on whether automatic 

semi-quantification of brain FDG-PET is useful in the clinical setting for neurodegenerative 

disorders.  

Methods: Literature search was conducted in Medline, Embase, and Google scholar. Papers were 

selected with a lower limit of 30 patients (no limits with autopsy confirmation). Consensus 

recommendations were developed through a Delphi procedure, based on the expertise of panelists, 

who were also informed about the availability and quality of evidence, assessed by an independent 

methodology team. 

Results: Critical outcomes were available in nine among the 17 papers initially selected. Only three 

papers performed the direct comparison between visual and automated assessment and quantified 

the incremental value provided by the latter. Sensitivity between visual and automatic analysis is 

similar but automatic assessment generally improves specificity, and marginally accuracy. Also, 

automated assessment increases diagnostic confidence. As expected, performance of visual analysis 

is reported to depend on expertise of readers.  

Conclusions: Tools for semi-quantitative evaluation are recommended to assist the nuclear 

medicine physician in reporting brain FDG-PET pattern in neurodegenerative conditions. However, 

heterogeneity, complexity and drawbacks of these tools should be known by users to avoid 

misinterpretation. Head-to-head comparisons and an effort to harmonize procedures are 

encouraged.   

Keywords: brain FDG-PET, visual reading, semi-quantitative assessment, computer-aided, 

dementia, neurodegenerative diseases. 



INTRODUCTION 

Clinical guidelines for FDG-PET in the diagnosis of dementia are lacking, thus the 

European Association of Nuclear Medicine (EANM) and the European Academy of Neurology 

(EAN) performed a joint project to provide guidance to clinicians in using of the exam, namely for 

20 clinical situations. These have been addressed based on literature evidence and expert consensus 

[1]. In addition to the clinical issues, a 21st question was defined, relating to the opportunity to assist 

the traditional visual reading with automatic (or semi-automatic) semi-quantification of FDG-PET 

images. In this paper, we report our assessment of the literature on this topic, and specifically of 

accuracy studies supporting the use of automated assessment, as provided to the panelist taking 

decisions in a Delphi panel, and detail the reasons for their decisions.  

Evaluation of FDG-PET images is minimally performed through visual reading on the three 

space planes by a nuclear medicine physician, as suggested by the EANM procedure guidelines [2], 

the standard procedure to report FDG-PET. In some European countries the tridimensional image 

view is also requested. As for other morphological or functional imaging modalities, considerable 

training and expertise are required to achieve high-quality reporting especially in clinical conditions 

with subtle defects or tricky findings, as sometimes happens in the earliest stages of most 

neurodegenerative disorders. In these conditions, automatic tools for semi-quantification can be 

helpful by assisting even the expert reader in increasing confidence in diagnostic conclusion. 

However, even such automatic systems have their own peculiarities and limitations, which differ 

from one another, that should be well known and carefully considered by users. While aiding the 

reader on the one hand, on the other hand they can generate artifacts or wrong results that may be 

confounding. There are now several such fully or semi-automatic systems; some are free on the web 

but the majority are commercial. The Statistical Parametric Mapping (SPM) tool [3] is probably the 

most popular one since it is free and it is periodically updated. Although it has been designed for 

group comparisons on a voxel-by-voxel basis, it has been adapted and validated for use in 



comparison between a single subject versus a control group [4,5], but is used without CE label. 

Moreover, a dementia-customized FDG-PET template has been made available for SPM [6]. 

However, a normal control group is not embedded within the tool and must be built to perform 

comparisons, and both the statistical thresholds and the reference region are to be chosen by the 

user and can be varied, with both advantages and disadvantages towards sensitivity and specificity 

[3]. Three-dimension statistical surface projection (3D-SSP, Neurostat®) [7] is another popular and 

free tool for voxel-based analysis, requires subscription, and has been specifically designed for 

single-case comparison versus a control group which is instead embedded within the system and 

can be further implemented according to the needs of the center. There are several CE products 

(such as Cortex-ID® and MIMVista®) and again, both thresholds and reference regions can be 

chosen. Commercial tools have been generated following academic implementation, such as the 

PALZ score [8] of the PMOD software and syngo.PET Neuro DataBase Comparison®,  or have 

been implemented by scanner manufacturers and are included in the PET workstations. They 

generally follow similar rules and characteristics as the three above mentioned tools. A common 

point for all these tools is that the resulting statistical maps still need to be interpreted by the reader.  

Other automatic methods relying on volumetric regions of interest (VOIs) have been 

developed by research groups and have been applied to patients with AD or MCI converting to AD 

dementia or not [9]. Examples of these tools are the hypometabolic convergence index (HCI) [10], 

the metaROIs which requires SPM sub-tools [11] , and similar other systems [12]. These 

approaches have all shown good accuracy but may be more time-consuming to be used in the 

clinical setting as they are poorly automatized.     

     Within the EANM-EAN project, we performed a literature search to assess the quality of the 

evidence on the added value of automated semi-quantification of FDG-PET scans in patients with 

neurodegenerative disorders, including all kinds of approaches. The results of this assessment 

allowed panelists to generate recommendations through a Delphi consensus procedure, on whether 

and when supporting the use of computer-aided tools. Only studies dealing with semi-quantification 



where activity is normalized to a disease free region (or to the whole brain activity) were considered 

as they are the vast majority and because absolute quantification requiring long dynamic acquisition 

times and an invasive procedure can hardly be implemented in clinical practice. 

METHODS 

Seven panelists, four from EANM and three from EAN, were appointed to produce 

recommendations taking into consideration the opportunity to support the use of semi-automated 

assessment to assist visual reading in the clinical setting. Consensus recommendations have been 

produced through a Delphi procedure based on the expertise of panelists, who were also informed 

about the availability and quality of evidence, assessed by an independent methodology team as 

described in Boccardi et al [13]. 

Briefly, we performed literature searches using harmonized PICO (Population, Intervention, 

Comparison, Outcome) question keywords edited by the experts, screened the studies for eligibility, 

extracted the data to assess their methodological quality, and provided an evidence assessment 

consistent with the EFNS guidance [14] though specifically adapted to FDG-PET studies [13]. 

PICO question for this paper. For this review, the PICO question was whether automated 

semiquantitative assessment of FDG-PET scans should be required, as adding sufficient 

information (in terms of increased accuracy, and versus pathology, biomarker-based diagnosis or 

conversion at follow-up) as compared to visual reading alone, to optimize the diagnostic work-up 

of patients with dementing neurodegenerative disorders. 



Eligibility criteria. Only original full papers published in English on international impacted 

journals were considered, excluding reviews, management guidelines, abstracts and gray literature. 

Any sample size was allowed if pathology was the gold standard for diagnosis. Otherwise, 30 

subjects, demented patients and/or healthy controls, were requested as the minimum sample sizes.

Literature search. Electronic search strategy, developed and tested with panelists, was performed 

using predefined strings, grounding on the specific PICO question and including a selection of 

terms taken from a largely inclusive literature selection, in order to pick all variants for the same 

keyword. Other details of the literature search are reported in the methodological paper [13]. 

Data extraction and quality assessment. CF extracted data for this review. The quality of 

evidence was assessed consensually within the methodology team based on study design, 

gold/reference standard, FDG-PET image assessment (visual or semi-quantitative methods), risk of 

bias, index test imprecision, applicability, effect size, and effect inconsistency [13]. A final 

assessment of relative availability of evidence was formulated, keeping into account evidence 

availability among all of the 21 PICOs. This ranking was summarized as very poor/lacking, poor, 

fair or good. 

RESULTS 

Among the 17 papers identified and screened by the referent panelist (FN), 14 were sent to 

the methodology team for data extraction and assessment (Figure 1). Two papers  [15,16] failed to 

show semiquantitative results and were not considered. Among the remaining 12, critical outcomes 

were available in 9 papers (see Table PICO 21; data extraction table available at 

(https://drive.google.com/file/d/0B0_JB3wzTvbpM0ZmVXZHX2R6c00/view?usp=sharing).  



Only three papers performed the direct comparison between visual and automated assessment and 

quantified the incremental value provided by the latter (see Table PICO 21: Part 1, first row). Perani 

at al. [5] described a statistically significant change in the level of confidence using the visual 

assessment of SPM maps as compared to visual assessment of native orthogonal images (2.4 versus 

2.07; p=0.003) in a variety of neurodegenerative conditions. Lehman [17] compared visual 

assessment of native images with visual assessment of 3D-SSP (projection and z-score)  maps using 

GE CortexID® software in patients with MCI or AD dementia. They found the following values for 

visual assessment of native images and visual assessment of 3D-SSP projection and z-score maps, 

respectively: sensitivity 0.82 and 0.83, specificity 0.41 and 0.75 (p<0.01), and AUC 0.88 and 0.72 

(p=0.017). They also reported a borderline significant increase in confidence with 3D-SSP 

(p=0.048). Again by comparing visual assessment of native images and of 3D-SSP images, 

Burdette et al. [18] showed a significant (p=0.043) AUC increase with the automatic tool (from 

0.94 to 0.99) in AD patients.  

All of the nine selected papers [5,17–23] reported a variety of measures including accuracy, 

sensitivity, specificity or others (AUC, PPV, NPV, LR+, LR-) of visual and automated FDG-PET 

assessment in identifying disease-specific hypometabolism. The results are extensively described in 

Table PICO 21 (Part 1 and Part 2). In general, studies with semi-quantitative and visual reading 

reported similar ranges of sensitivity (62.3%-96% and 59%-89.6%, respectively) and accuracy 

(70%-97.5% and 64.8%-89.2%) whereas specificity was greater with automated assessment than 

with visual reading (range: 84%-99% vs 50%-96%). As expected, the accuracy of visual reading 

was often found to depend on the skills and experience of the reader[17–20,22]  

Four papers[6,21,23,24], based overall on 661 subjects and on good reference standard, 

calculated both the positive and negative likelihood ratios (LR+ and LR−). All of the analyses 

performed using semi-quantitative tools achieved  LR+ higher than 5 and a LR− ≤0.2 (except 

PALZ), demonstrating diagnostic utility [25].  



With reference to the above mentioned studies, VROI analysis and 3D-SSP were the most 

frequently used tools, followed by SPM and PALZ. Subjects included in the studies suffered from 

heterogeneous neurodegenerative disorders (e.g. AD, FTLD, MCI, and Vascular dementia). Risk of 

bias could be identified in imprecision, use of only reference standard, and applicability of the index 

test (Table PICO 21, part 1 and 2) as not all memory clinics/nuclear medicine departments may be 

able to implement these tools. 

The level of evidence supporting the clinical utility of semi-automated analysis of FDG-PET 

was the highest among the PICOs of the entire project, and thus considered as “good”. Agreement 

on the recommendation was achieved on Delphi Round I, 6 panelists supporting the additional use 

of semi-automated processing to assist visual reading in clinical settings based on its utility both for 

experienced and non-experienced readers. 

DISCUSSION 

We assessed the evidence on the utility of computer-aided tools for semi-quantitative 

assessment of FDG-PET in supporting the nuclear medicine physician to achieve the best 

interpretation of findings in neurodegenerative disorders. 

The main message coming from literature review and expert consensus is that while 

sensitivity is similar to the one of visual interpretation of native images in this context of 

differentiation of neurodegenerative disorders, specificity could be better, especially if compared to 

non-expert readers [21]. They can get confirmation on the intensity and statistical weight of the 

visually assessed abnormalities, and can thus disambiguate doubtful areas of abnormalities. Indeed, 

a limited experience on the wide range of findings in normal people could lead to both over- and 

underestimation of abnormal scans. Another common situation is the presence of symmetric, 



moderate hypometabolism in paramedian brain structures, such as the cingulate gyrus, the thalami, 

or the medial frontal gyrus, that might be missed during visual analysis. Normally these regions 

have a higher metabolic level compared to the rest of the cortical ribbon, thus early and symmetric 

hypometabolism can be missed because although the region is hypometabolic, it looks similar to the 

rest of the cortical ribbon. In fact, the human eye strongly relies on concomitant evaluation of the 

same structure in the two hemispheres during reporting (i.e., asymmetry evaluation) and thus such 

findings may be difficult to unveil (Figure 2).  Indeed, it has been acknowledged that even the 

expert readers may benefit from semi-quantitative assessment, mainly by increasing specificity and 

diagnostic confidence [21].  

Other advantages of semi-quantitative assessment are a better standardization of repeated 

examinations (e.g. for therapy control and follow-up studies) and the option to generate structured 

reporting (e.g. by reporting regional z-scores) and easier illustration of the findings to the referring 

physicians, which is especially true for surface rendering approach systems. 

A logical consequence of the above reasoning is that automatic semi-quantitative assessment 

should assist the nuclear medicine physician in interpretation of findings to increase specificity 

and/or sensitivity and diagnostic confidence. While providing a valuable help, it cannot replace 

anyway his/her visual analysis, a misunderstanding that may create the false impression that 

achieving expertise is unnecessary given the availability of an automatic tool. This 

misunderstanding should be avoided for a variety of reasons. First, the output of the majority of 

automatic tools is still an image, that is different from native images because it shows voxels of 

statistically significant lower uptake, normalized on a reference region as compared to a control 

group, instead of FDG uptake in a color scale. Moreover, stereotactic normalization (warping) is 

usually performed before statistical comparison changing individual anatomy and thus artificially 

modifying size and precise location of lesions. In turn, these maps still need to be interpreted, 

similarly as native images. Thus, the accurate knowledge of hypometabolic patterns of pathological 

conditions remains the pre-requisite to interpret these statistical maps exactly as for native images. 



If a reader does not know, let’s say, the typical findings in semantic dementia, the statistical map 

per se cannot teach him/her. Second, those tools producing a score or an index with established cut-

offs will never inform about the underlying pathology, but require that the differential diagnosis is 

restricted a priori to no more than two categories, e.g., AD or normal control. This is the case, for 

instance, for the PALZ score or the HCI which can be used only if the differential diagnosis is 

between an AD patient and a normal control. Third, with the most popular free software, such as 

SPM and 3D-SSP, both the reference normalization region and the statistical threshold can be 

changed which can produce different results for the same scan. For instance, 3D-SSP can use the 

whole brain, pons, thalami, and cerebellum; SPM uses as a default the whole brain but the 

normalization region can be changed or even customized to that peculiar comparison, following the 

Yakushev et al [26] suggestions. These steps must be known and managed with care and require at 

least a basic knowledge of the software and of statistical rules which is not obvious. Fourth, the 

standard application of some of these software tools, such as SPM and PALZ, does not correct for 

atrophy, thus generating maps of significant hypometabolism indifferently for true hypometabolism 

and for atrophy. The 3D-SSP routine (Neurostat) (https://neurostat.neuro.utah.edu/) has an inherent 

atrophy correction mechanism implemented as the tool searches for the maximum peak within a 

predefined distance orthogonally oriented across the cortical ribbon. However, the weight of 

atrophy may be assessed visually through coregistration of PET with the CT contextually acquired 

with PET for attenuation correction.  Fifth, with SPM there is no standard control group that must 

be built-up by the user in each center, preferably using the same scanner and the same patient 

preparation (e.g., eyes open or closed) and reconstruction protocols as the case under analysis. 3D-

SSP has a control group that can be modified by users while PALZ, CortexID® and MIMVista® 

have a fixed control group. Thus, the results of comparisons between a single patient and a control 

group change depending on the kind and quality of the control group used, besides the reference 

region chosen for count normalization and the statistical threshold that is chosen determining 

sensitivity and specificity (see above).          



Finally, the results of application of these tools may vary from one another and differences 

may be relevant, as shown in head-to-head comparisons [9,12]. Figure 3 shows an example of good 

concordance between three automatic tools and visual reading, whereas Figure 4 highlights 

substantially different findings depending on the tool used. Thus, these tools are certainly valuable 

and precious to assist visual reading, but one must be aware of their heterogeneity and intrinsic way 

of functioning, characterized by different patterns of strengths and limitations. Care should be paid 

by expert nuclear physicians to train younger personnel in this perspective. 

The real world at present tells us that not all nuclear medicine centers use an automatic tool 

to assist in reporting. Those using them have a large choice among commercial or free methods, 

often non-CE licensed, and thus there is an almost complete lack of harmonization among centers. 

This heterogeneity adds to the intrinsic heterogeneity deriving from differences among human 

readers, despite the teaching efforts of the EANM as well as of the National nuclear medicine 

societies. Finally, scanner manufacturers add in turn their part of inhomogeneity by implementing 

different tools in the working stations.  

As a future perspective, the scientific societies in the field could promote studies that 

compare the performance of different tools and guide centers to implement the most accurate, 

cheap, and easy-to-use, hopefully supported in this action by manufacturers. These performances 

should always be compared with the reading of a group of experts.   
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FIGURE LEGENDS 

Figure 1. PRISMA flowchart of selected papers for PICO 21 regarding requirement of semi-

automated assessment (adapted from Moher et al. [27]). 

FIGURE 2. FDG-PET native images (left) of a 78 years old woman with MCI due to AD. MMSE 

score = 23/30; CDR= 0.5. The bilateral, significant hypometabolism of posterior cingulate cortex is 

easily appreciated with an automatic tool in comparison with a normal control group, corrected for 

age, uncorrected for atrophy (right; PALZ, clusters of significant hypometabolism in red; [8] while 

it can be difficult to be detected on native images. 

FIGURE 3. FDG-PET native images (a, e) of a 53 years old man with MCI due to AD. MMSE 

score = 28/30; CDR= 0.5. On visual analysis a moderate hypometabolism of right lateral temporal 

and parietal cortex was found together with bilateral hypometabolism of posterior cingulate cortex. 

These findings were confirmed with automatic analysis by PALZ (b, f), 3D-SSP (c: lateral 

projections; g: medial projections; clusters of significant hypometabolism in green-yellow; [7] 

which also showed clusters in anterior cingulate cortex and medial temporal lobe, not found with 

either PALZ or visual analysis, and SPM[4] using a height threshold of p<0.01 (h) while with the 

more restrictive threshold of p<0.001 only the posterior cingulate hypometabolism was highlighted 

(d). Other details as in Figure 2. 

FIGURE 4. FDG-PET native images (a, e) of a 56 years old healthy woman with doubtful MCI and 

a positive family history for AD. MMSE score = 30/30; CDR= 0. On visual analysis a mild-to-

moderate hypometabolism of left lateral temporal and parietal cortex was observed. These findings 

were confirmed with automatic analysis by PALZ (b, f), also showing significant clusters in 

bilateral orbitofrontal cortex while 3D-SSP (c: lateral projections; g: medial projections) essentially 



failed to show left temporo-parietal hypometabolism and disclosed instead some medial frontal and 

temporal hypometabolic clusters. SPM did not show any significant hypometabolic cluster with a 

height threshold of p<0.001 or p<0.01 (d) and only a very permissive threshold of p<0.05 

highlighted clusters of significant hypometabolism in left lateral frontal, temporal, and parietal 

cortex  (h). Other details as in Figure 2-3. 



Table 1. PICO 21 (PART 1). Table reports the quality of evidence for each critical outcome. 

PICO 21: Incremental value of automated assessment of FDG-PET compared to visual reading

Critical 
outcomes 

N. of
papers

Sample 
size 

Gold/
reference 
standard 

Risk 
of 

bias 

Index test
imprecision

Applicability
FDG-PET 

assessment
Effect range (CI) 

Effect 
assessment

Effect 
inconsistency

Outcome 
quality 

Incremental
value 

indices 
3 

156 
Patients 
157 HC 

2 Diagnosis at 
follow-up 
1 Clinical diagnosis 

Serious Serious Not serious 

Visual + 
Semi-
quantitative 
(1 SPM-
Maps, 
2 3D-SSP) 

Study 1 (Visual vs SPM-Maps). 
- Level of confidence 2.07 vs 2.4, p=0.003. 
Study 2 (Visual vs 3D-SSP). 
- Sensitivity: 83% (CI: 66-94%) vs 82% (CI: 62-
92%), p=1.0. 
- Specificity: 41% (CI: 20-61%) vs 75% (CI: 52-
90%), p<0.01. 
- AUC: 72% (CI: 55-83%) vs 88% (CI: 76-95%), 
p=0.017. 
- Mean increase in confidence rating = 0.7 
(CI: 0.01-1.3), p=0.048. 
Study 3 (Visual vs 3D-SSP). 
- AUC: 94% (SD 0.03) vs 0.99 (SD 0.01), p = 
0.043.  

MODERATE NA LOW 

Sensitivity 6 
479 
Patients 
126 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up 
2 Clinical diagnosis 

Not 
serious

Serious Not serious 

Visual  59% (range: 43-71%)– 89.6% (CI 80-95%) MODERATE Serious MODERATE

Semi-
quantitative 
(2 ROI, 2 3D-
SSP, 1 SPM, 1 
PALZ) 

62.3% (CI 50-73%) – 96% (CI NA) MODERATE Serious MODERATE

Specificity 6 
479 
Patients 
126 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up 
2 Clinical diagnosis 

Not 
serious

Serious Not serious 

Visual  50% (CI NA) – 96% (range: 92-100%)  HIGH Very serious LOW 

Semi-
quantitative 
(2 ROI, 2 3D-
SSP, 1 SPM, 1 
PALZ)  

84% (CI NA)  – 99% (SD 0.02)  HIGH Not serious HIGH 

Accuracy 7 
459 
Patients 
237 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up 
3 Clinical diagnosis 

Serious Not serious Not serious 

Visual  64.8% (CI: 51-77%) – 89.2% (CI: 84–93%)  MODERATE Serious MODERATE

Semi-
quantitative 
(3 ROI, 3 3D-
SSP, 1 PALZ) 

70% (CI: 53-84%) – 97.5% (CI: 91-100%)  HIGH Serious MODERATE



Table 1. PICO 21 (PART 2).

PICO 21: Incremental value of automated assessment of FDG-PET compared to visual reading

Critical 
outcomes 

N. of
papers

Sample 
size 

Gold/
reference 
standard 

Risk 
of 

bias 

Index test
imprecision

Applicability
FDG-PET 

assessment
Effect range (CI) 

Effect 
assessment

Effect 
inconsistency

Outcome 
quality 

AUC 3 
155 
Patients 
142 HC 

1 Diagnosis at 
follow-up 
2 Clinical diagnosis 

Serious Serious Not serious 

Visual  50% (CI NA) ; 87.8 (CI NA)  MODERATE Serious LOW 

Semi-
quantitative 
(1 ROI, 1 
SPM, 1 3D-
SSP)  

67 (CI NA);96.7 (CI NA)  HIGH Serious LOW 

PPV 3 
294 
Patients 
167 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
1 Diagnosis at 
follow-up  

Not 
serious

Serious Not serious 

Visual  68% (range: 50-88%) – 87.5% (CI NA)  HIGH Not serious MODERATE

Semi-
quantitative 
(1 ROI, 1 3D-
SSP, 1 PALZ) 

84.2% (CI: 72–92%) – 98% (CI: 88–100%)  HIGH Not serious MODERATE

NPV 3 
294 
Patients 
167 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
1 Diagnosis at 
follow-up  

Not 
serious

Serious Not serious 

Visual  72% (CI NA) – 92.4% (CI: 85-96%)  HIGH Serious MODERATE

Semi-
quantitative 
(1 ROI, 1 3D-
SSP, 1 PALZ) 

71% (CI: 58-93%) – 89% (range: 85-92%) MODERATE Not serious MODERATE

LR+ 4 
382 
Patients 
279 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up  

Not 
serious

Serious Serious 

Visual  1.55 (CI NA) – 14.8 (CI: 10.7-∞) MODERATE Serious LOW 

Semi-
quantitative 
(1 ROI, 1 
SPM, 1 3D-
SSP, 1 PALZ) 

6.08 (CI NA) – 36.5 (CI: 21.3-∞)  HIGH Very serious LOW 

LR- 4 
382 
Patients 
279 HC 

1 Pathology  
1 Biomarker-
based diagnosis  
2 Diagnosis at 
follow-up  

Not 
serious

Serious Serious 

Visual  0.12 (CI: 0.06-0.23) – 0.45 (CI NA) MODERATE Serious LOW 

Semi-
quantitative 
(1 ROI, 1 
SPM, 1 3D-
SSP, 1 PALZ) 

0.03 (CI: 0.0-0.5) – 0.41 (CI: 0.31-0.55)  MODERATE Very serious LOW 

RELATIVE AVAILABILITY OF EVIDENCE: STRONG
Risk of bias: assessment of the study design and other methodological features (e.g., patient selection, clinical diagnostic criteria used). Index test methods: assessment of index test methodology (e.g., 
technical details, image analysis methods and statistical analysis). Applicability: representativeness of the studied population and index test reproducibility in clinical practice (semi-quantitative methods 
correspond to ‘serious’ indirectness, visual + semi-quantitative methods correspond to ‘not serious’ indirectness, due to partial implementation of quantitation in clinical practice). Effect: lowest and 
highest values for each critical outcome; when more values were obtained for the same outcome, the highest was reported. Effect assessment: 51-70% low, 71-80% moderate, 81-100% high. Effect 
inconsistency: ‘Not serious’ if lowest and highest values difference was 0-20, ‘serious’ 21-40, ‘very serious’ >40. Outcome quality: summary of evidence as from all columns. 










