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Abstract
Background and aim The American College of Radiology (ACR) defines “actionable findings” the ones requiring a special 
communication between radiologists and referring clinicians, suggesting to organize their categorization in a three-degree 
scale on the basis of the risk for the patient to develop complications. These cases may fall in a grey-zone communication 
between different care figures with the risk of being underestimated or even not being considered at all. In this paper, our aim 
is to adapt the ACR categorization to the most frequent actionable findings encountered when reporting PET/CT images in a 
Nuclear Medicine Department, describing the most frequent and relevant imaging features and presenting the modalities of 
communication and the related clinical interventions that can be modulated by the prognostic severity of the clinical cases.
Materials and methods We performed a descriptive, observational and critical analysis of the most relevant literature on 
the topic of “actionable findings”, in particular, starting from the reports of the ACR Actionable Reporting Work Group, 
we categorised and described, in a narrative review, the most relevant “actionable findings” encountered in the Nuclear 
Medicine PET/CT daily practice.
Results To the best of our knowledge, to date there are no clear indications on this selective PET/CT topic, considering that 
the current recommendations target mainly radiologists and assume a certain level of radiological expertise. We resumed 
and classified the main imaging conditions under the term of “actionable findings” according to the corresponding anatomi-
cal districts, and we described their most relevant imaging features (independently of PET avidity or not). Furthermore, a 
different communication timing and strategy was suggested on the basis of the findings’ urgency.
Conclusion A systematic categorization of the actionable imaging findings according to their prognostic severity may help 
the reporting physician to choose how and when to communicate with the referring clinician or to identify cases requiring 
a prompt clinical evaluation. Effective communication is a critical component of diagnostic imaging: timely receipt of the 
information is more important than the method of delivery.
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Introduction

“Actionable findings” in the radiological scenario

It is well known the importance of a correct and complete 
report of diagnostic imaging examinations. At the same 
time, it has relevance and impact on clinical management, 
also a timely notification of the results [1]. Those aspects 
become even more relevant if the physician reports an 
“actionable finding”. There have been different definitions 
and classifications of “actionable findings” in radiological 
settings: in particular, the definition by the American Col-
lege of Radiology (ACR) Actionable Reporting Work Group 
(first applied in 2014 and recently revised in 2020) was “all 
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findings that require special communication with the refer-
ring clinician”, [2]. As declared by the authors of Actionable 
Reporting Work Group, their paper should not be considered 
as a guideline or as a strict categorization but as the result 
of a collective experience and viewpoint of members of the 
ACR Group. The aim of their work was to support the radi-
ologists and to improve the patient’s management, taking 
into account both the patient’s clinical condition and the 
practice environment. The ACR classification focus was the 
correct timing and communication modality, so that each 
institute/department should construct their internal finding’s 
categorization depending on different factors: the referring 
patients’ characteristics, the radiologist’s expertise, the col-
laboration and communication between radiologists and 
clinicians and the different diagnostic/therapeutic options 
depending on local availability.

On the other hand, the Joint Commission’s (TJC) National 
Patient Safety Goal defines a critical result as “any finding 
that may be considered life threatening or that could result 
in severe morbidity and require urgent or emergent clinical 
attention” [3].

Different studies tried to assess the prevalence of “action-
able findings” in radiology reports [4–6] which varied 
widely: 1.5%, 13.1%, 32.1% [7]. These differences could 
be related to several causes: first of all, the challenge to 
define an “actionable finding” and to categorise it accord-
ing to different clinical urgency. Some studies adhered to the 
lists previously suggested by the ACR Work Group report, 
whereas other ones used a three-degree scale (red, orange 
and yellow alert) based on the level of urgency but with a 
fair agreement with the ACR classification. On the other 
hand, in a few further papers, the exact classification was 
not specified or could not be retrieved. Another cause is the 
different prevalence of actionable findings that could be par-
tially explained by the characteristic of the care centre and 
consequently by the referred patients. In the same study, Vis-
ser and colleagues studied also the agreement between two 
radiologists in classifying the actionable findings accord-
ing to the three ACR groups. On average, the two readers 
judged differently the findings amongst the three categories 
in almost one out of five radiology reports. As stated by the 
authors, part of this discordance may be explained by the 
employment of qualitative modifiers within the categoriza-
tion guideline (i.e. expressions such as “clinically signifi-
cant”, “highly suggestive”, “probable”, “suspected”, “mild” 
or “moderate”), because these terms’ interpretation can vary 
between readers leading to inferior agreement scores. How-
ever, most of the discrepancies were relatively small, with 
annotations that differed by only one category level.

When a physician reports diagnostic images, at first the 
attention is focussed on the clinical query, but, of course, 
all body districts included in the field of view should be 
explored. A finding is usually defined “unexpected” when 

it is not related to the clinical question and is unknown 
in the previous examinations. In the ACR document, the 
authors did not focus on the difference between “expected” 
or “unexpected” findings, but only on their clinical relevance 
and urgency. Also, the reporting style could impact on the 
clinical management: for example, when reporting an action-
able finding, it is important to avoid the categorization into 
“accessory”, potentially leading to underestimation. Con-
sidering that, in the near future, the information technol-
ogy (IT) could help to recognise actionable finding using 
natural language processing, the technical imaging language 
will assume an important role [8]: the usage of standardised 
terms and structured report would improve the relevance of 
actionable findings and probably reduce the inter-observer 
variability. Finally, the commercial developers of reporting 
system may provide solutions to the problems related with a 
time-consuming communication between imaging special-
ists and referring clinicians [9].

Both ACR and TJC specify that the list of actionable find-
ings for each category should be considered just as a sugges-
tion and not as a standard of care; the ACR Group underline 
that their purpose was not specifically to define each clinical 
situation or category but to put emphasis on findings that 
need for a timely intervention.

“Actionable findings” in the daily PET/CT practice

“Incidental findings” (incidentally discovered abnormalities 
apparently unrelated to the patient’s primary condition under 
evaluation [10]) are increasingly common in positron emis-
sion tomography/computed tomography (PET/CT) scans. 
This is mainly due to its hybrid diagnostic nature (includ-
ing both a functional-PET and a morphological-CT com-
ponent) and the non-invasive simultaneous assessment of 
multiple tissues and parenchyma throughout the whole body. 
Several publications explored the prevalence and outcomes 
of incidentalomas [11] and it is well known that inciden-
tal findings, showing radiotracer avidity, should be further 
investigated with additional time consumption and costs. In 
15 studies analysed by a recent Danish paper, 642 of [18F]-
flourodeoxyglucose ([18F]-FDG) avid foci were judged 
clinically relevant (PPV = 59%, range: 6–77%); the authors 
reported that, in some cases, there is sufficient evidence to 
guide management on the basis of standardized uptake value 
(SUV), morphological features on CT images, functional 
features on PET images or clinical information and risk fac-
tors [12]. In other cases, this information is insufficient to 
correctly characterise them and require further investigation 
or strict follow-up.

However, a finding called “incidental” might not be 
urgent nor require an action by the interpreting physician. 
On the other side, what is called “actionable” might be not 
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necessarily related to the clinical condition for which the 
scan was required.

To the best of our knowledge, currently there are no clear 
indications on the more selective topic of “actionable find-
ings” for Nuclear Medicine physicians reporting PET/CT; 
indeed, current recommendations target mainly radiologists 
and assume a certain level of expertise in radiology [1, 3]. 
We should also consider that the CT component associ-
ated with PET is generally non-diagnostic, without contrast 
media, with low/intermediate dose for attenuation correction 
and anatomical mapping. Furthermore, historically Nuclear 
Medicine training does not cover the comprehensive knowl-
edge of critical care, which is traditionally a radiologists’ 
prerogative [13].

For all these reasons, in this work, our aim is to adapt 
the ACR categorization [2] to the most frequent action-
able findings encountered when reporting PET/CT images 
in a Nuclear Medicine Department and to suggest a differ-
ent communication on the basis of their urgency. The main 
imaging conditions are presented in Table 1 and as well 
as a few examples of the most relevant ones, for each cat-
egory, described in the corresponding anatomical district 
paragraph.

According to the ACR Group, the descriptive terms such 
as “critical”, “urgent”, “clinically significant”, may cause 
confusion and may increase subjective interpretation lead-
ing to a different inter-observer finding categorization. We 
also agree with ACR Group that the most important mes-
sage behind each category is to put emphasis on the need of 
non-routine communication and to suggest the best timing 
and action. These clues reflect mainly the daily diagnostic 
experience in our institution and depend on the local diag-
nostic and therapeutic work-flow, the expertise of the report-
ing physician and, last but not least, the network with the 
referring clinicians. Therefore they are not intended to be 
inflexible rules or requirements of practice; each institution/
department should modify and create its own categorization 
list according to all these variables.

Categories of PET/CT actionable findings

(Adapted on the original ACR Actionable Reporting Work 
Group structure) [2]

Category 1: communication: direct verbal 
communication within minutes/hours. Action: 
to request an urgent evaluation by the referring 
clinician or by the emergency department

This category includes those findings that could lead to 
significant morbidity and need an urgent evaluation by the 
referring clinician or by the emergency department. These 

findings usually require a direct verbal communication 
within minutes/hours to avoid complications: the final report 
and key images should be elaborated as soon as possible 
and a short but complete clinical history should be promptly 
available.

Sending the patient to the emergency department is only 
one of the possibilities. In most institutions, the Nuclear 
Medicine specialist or radiologist would contact the refer-
ring physician who will decide (conjointly) on the next steps 
to be taken. Ideally, those steps should not be left to the 
decision of the individual imaging specialist but they should 
follow a shared standardised operative procedure (SOP).

Keypoints

• Findings related with high risk of acute complications 
need urgent non-routine communication within minutes/
hours with specialist evaluation.

• To explore all the body districts, even if not related with 
the clinical question is mandatory and to check previous 
available images (e.g. PET/CT, diagnostic CT, MRI) is 
recommended.

• The most frequent actionable findings in this category 
are bone lytic lesions at risk of instability (i.e. cervical 
vertebral or femoral lesions).

Category 2: communication: direct communication 
within a day/few days. Action: to inform 
the referring clinician

The actionable findings in this category are characterised 
by clinically significant findings, often associated with the 
main disease under assessment, that require a specific clini-
cal or surgical evaluation but without the urgency and sever-
ity of the category 1. The interpretation of this category is 
controversial, because it represents a grey zone of severity 
and the inter-observer variability could be more relevant. A 
multidisciplinary approach should be warranted to correctly 
define the timing and to take the best choice.

Another goal to achieve is to ensure that the patient 
remains in a dedicated clinical-diagnostic work-flow: this 
may reduce the risk of a subsequent adverse event related 
to the overlapping of multiple figures potentially leading to 
an underestimation of the risk and delayed treatments. The 
adherence to a dedicated pathway may play a significant 
role particularly when a correct diagnosis has consequences 
not only for the patient’s but also for the community (i.e. 
unexpected potentially contagious infectious process) [14].

Keypoints

• Findings related with moderate risk of morbidity need 
non-routine communication within a day/few days.
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• The adherence to a dedicated institutional diagnos-
tic–therapeutic pathway may improve the patient’s 
outcome and avoid diagnostic delay.

• A multidisciplinary approach, both clinical or surgical 
and radiologic, could help the reporting physician to 
be more confident in his final interpretation.

Category 3: communication: standard report 
delivery. Action: recommendation of dedicated 
investigation/monitoring of the finding 
in the report

This category includes all the actionable findings that do not 
require immediate treatment or counselling because likely 
not related to important risk or clinical consequences for the 

Table 1  Suggested categorization of the most frequent actionable findings in a Nuclear Medicine Department: revised on the basis of the ACR 
Work Group Appendix [2]

H&N head and neck, GI gastrointestinal, MSK musculoskeletal, GU genito-urinary, PICC peripherally inserted catheter central, FDG fluorode-
oxyglucose
*Each finding should be defined: a) new finding or no previous images available; b) worsening of an already know finding

Category 1: communicate within min-
utes/hour*

Category 2: communicate within day* Category 3: communicate within weeks*

General Suspected non-accidental trauma
Any finding that deserve urgent clinical 

evaluation for the reporting physician

Clinically significant mass, tumour or 
infection

Unexpected finding highly suggestive 
of malignancy

Displaced or migrated surgical or other 
medical device (eg. PICC)

Unknown abscess in any body district

Incidental findings require follow-up or 
other radiological studies

Unexpected finding with low risk of 
malignancy

Neurologic/H&N Intracranial mass with significant mass 
effect (midline shift/herniation)

Unstable spine fracture

Intracranial mass without significant 
mass effect (no midline shift/hernia-
tion)

Stable spinal fracture
Finding highly suggestive for encepha-

litis

Small intracranial mass, likely benign, 
without mass effect

Suspected brain metastasis in patient with 
cancer diagnosis

GI Significant pneumoperitoneum
High-grade intra-abdominal organ 

injury

Unknown abscess
Large volume ascites
Small bowel obstruction

Gallstone close to the neck of gallbladder
Low volume ascites

MSK Cervical bone lesion at risk of patho-
logic fracture

Bone lesion at risk of pathologic frac-
ture (femur, hip, other)

Stable spinal fracture
Infection (septic arthritis and osteomy-

elitis)

Non displaced minor fracture with low 
risk for worsening

Worsening of know lithic lesion

Chest Pneumotorax
Large pericardial effusion

Lobar or lung collapse
Pneumomediastinum,
Extensive subcutaneous emphysema
Large pleural effusion
High-risk contagious pneumonia with 

suggestive patter (eg. Covid-19)
Lung lesion correlated with high risk of 

active tuberculosis

Lung nodule or suspected lung nodule, 
not clearly benign

Moderate pleural effusion
Mild pericardial effusion

Cardiac/vascular Arterial aneurysm with high risk of 
ruptured/leaking

Unexpected mass in heart cameras
Large pericardial effusion
Unknown arterial dissection

Deep venous thrombosis
Thoracic aortic aneurysm > 6 cm or 

abdominal aortic aneurysm ≥ 6 cm in 
male and ≥ 5 cm in female

Pneumomediastinum, extensive subcu-
taneous emphysema

Worsening of know arterial dissection

Thoracic aortic aneurysm < 6 cm or 
abdominal aortic aneurysm < 6 cm in 
male and < 5 cm in female

Peripheral aneurism likely require follow-
up

Extended coronary calcification
Right ventricle muscle FDG hyperfixa-

tion
GU High-grade kidney injury Indirect signs of complete ureter 

obstruction
Bladder distension probably related with 

urethral lumen restriction
Severe bilateral Chronic Kidney Insuf-

ficiency
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patient. It may include the findings that remain unclear for 
the reporting physician or may need a follow-up or a differ-
ent imaging examination to be correctly assessed. Although 
these findings are less important in terms of timing, they 
might be relevant from the clinical point of view. For this 
reason, it is recommended to avoid the use of word such as 
“accessory” when reporting them and to recall the attention 
of the referring clinician, recommending investigation/moni-
toring (the best timing for follow-up and the most appropri-
ate diagnostic technique to better characterise the finding 
should be discussed multidisciplinary, if not indicated in 
the report).

As a larger proportion of elderly patients and/or of 
patients with comorbidities is expected as population 
demographics change, it will be increasingly important to 
consider unexpected clinically significant findings on PET/
CT imaging with more standardised and cost-effective 
approaches [15].

Keypoints

• Findings related with mild risk of morbidity do not 
require a non-routine communication but should be cor-
rectly underlined in the report.

• The reporting physician should suggest the most appro-
priate imaging investigation and/or follow-up timing to 
better characterise the finding.

• The information technology (IT) service may play a role 
in the future to automatically recognize actionable find-
ings and avoid underestimation.

Clinical applications

Hybrid imaging combines functional and anatomical infor-
mation; all PET/CT systems permit multi-bed, whole-body 
imaging within a single examination, using the non-diagnos-
tic CT for attenuation correction and anatomical mapping of 
the PET data [16]. Although the low/intermediate-dose CT 
performance remains sub-optimal for a diagnostic intent, it 
can definitely provide important information. The Nuclear 
Medicine physician might not have the comprehensive 
knowledge to accurately define all CT findings; however, he/
she should be confident with the most relevant ones poten-
tially representing a risk for the patient and include them in 
the final report.

In the following paragraphs, our aim is to describe some 
critical findings that could be detected on PET/CT images, 
divided by anatomical district, and to report a suggestion of 
a corresponding category (1–3) in brackets.

Overall, particular attention should be paid to the follow-
ing findings, if unknown (see also Table1):

– Vertebral and femoral bone lytic lesions;
– Collections compatible with haemorrhage;
– Aortic aneurysm;
– Pneumothorax;
– Lung consolidations in keeping with active pneumonia at 

risk of contagiousness (i.e. COVID-19 or open bronchus 
tuberculosis-tbc), requiring isolation;

– Bowel occlusion/sub-occlusion;
– Hydronephrosis.

Skeletal system

Most of the examinations in a PET Centre are performed 
in oncological patients; however ,some actionable findings, 
even if related to the primary oncological disease, may need 
a different specialist evaluation. From our experience, the 
most frequent causes of urgency are unknown spinal bone 
lesions (especially cervical) at risk of instability. Indepen-
dently from their impact on the oncological stage, the spinal 
bone lesions, when significant, could lead to severe acute 
complications and require urgent evaluation.

For example, a patient was addressed to our Nuclear Med-
icine Unit to perform a [18F]-FDG PET/CT scan for staging 
multiple myeloma; a previously unknown large lithic lesion 
of C2 vertebral body, with posterior wall cortical interrup-
tion, was detected on low-dose CT (LDCT) images (category 
1), although non [18F]-FDG avid and without significant 
symptoms (Fig. 1). A high risk of instability and severe 
complication was estimated. The PET/CT report was final-
ised immediately and the patient was sent to the emergency 
department where the orthopaedic counselling prescribed 
the use of a Philadelphia collar. In approximately 1 h, the 
patient was safely discharged with the specific orthopaedic 
collar, and the referring haematologist was informed about 
the clinical evolution.

There are different referring scales designed for traumatic 
fractures that can be used to stratify the risk of fracture also 
in non-traumatic lytic lesions. Specifically, for cervical 
spine, we can refer to the “Anderson and D’alonzo” [17] 
classification with three different types of fractures that can 
derive from the bone lesion. For oncologic lytic lesions, 
we can refer to a useful score system: the Spinal Instabil-
ity Neoplastic Score (SINS) [18]. The SINS score helps to 
assess tumour-related instability of the vertebral column and 
to guide the management of patients with neoplastic spinal 
disease; the final score can stratify and select patients for 
whom an orthopaedic evaluation should be scheduled in the 
short time or those requiring a direct transfer to the emer-
gency department.

Not only the cervical bones are at risk of adverse events 
due to lytic lesions, but also the long bones. The “Mirels” 
[19] classification is a system used to predict the risk of 



132 Clinical and Translational Imaging (2023) 11:127–139

1 3

pathological fracture amongst metastatic long bones, and 
is based on site, location, matrix and other clinical features 
such us the presence of pain. The final score suggests the 
correct management and the risk of fracture if that area 
will be radio-treated. Some studies showed how both SINS 
and Mirels classifications could lead to unnecessary treat-
ment, but we should keep in mind that the intent of the 
Nuclear Medicine physician is to preliminarily identify 
and secure the patient at risk and not to choose the subse-
quent correct treatment for the patient.

In oncological patients, we are used to pay particu-
lar attention to the bone compartment, which can often 
be involved by metastatic localizations. However, it is a 
good practice to explore it routinely and carefully in any 
patient, because lytic lesions (variable category from 1 
to 3, depending on location and characteristics) can be 
found also in non-malignant diseases and without signifi-
cant symptoms. For example, Nanda S. and colleagues 
described a case of extensive asymptomatic osteolytic 
vertebral involvement by sarcoidosis [20]. Histopathologi-
cal characterisation should be warranted to rule out other 
aetiologies of non-caseating epithelioid granuloma such 
as tumour-related granulomas that mimic sarcoid or other 
infectious granulomas (i.e. tbc).

Independently from their nature and according to the 
anatomical structure involved, spinal lesions can be dif-
ferentiated in extradural, extramedullary-intradural and 
intramedullary [21]. Galbusera and colleagues highlighted 
the fundamental role of the tumour size on the fracture risk 
in metastatic spine, but also of the vertebral bulge on the 
transverse plane and of the canal narrowing [22].

In an unexpected lesion, all these parameters can be pre-
liminarily evaluated on PET/CT images, and further inves-
tigated with specific CT reconstruction for a better bone/soft 
tissue resolution, and/or with dedicated MRI sequences to 
support management decisions.

Cardiovascular system

Diffuse or even focal [18F]-FDG uptake without pathologi-
cal significance can be observed in heart tissue in fasted 
patients [23]; for example, focal uptake can be observed in 
papillary muscles, the atria, the base and the distal antero-
apical region of the left ventricle reflecting the physiologic 
heart activity. Other FDG distribution patterns can be con-
sidered abnormal but not related to malignancy and can be 
observed in increased atrial activity associated with atrial 
fibrillation or prominent crista terminalis, lipomatous hyper-
trophy of the interatrial septum, epicardial and pericardial 

Fig. 1  Category 1. Unknown 
lytic lesion of C2 body at risk 
of fracture (arrows) and lytic 
lesions of the skull detected on 
CT images of a whole-body 
[18F]-FDG PET/CT performed 
for staging multiple myeloma. 
a No FDG uptake was shown 
on PET images; b irregular mar-
gins and posterior wall cortical 
interruption was detected on 
the low-dose CT images. In this 
case the patient was sent to the 
emergency department where 
the orthopaedic counselling pre-
scribed the use of a Philadelphia 
collar
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fat, endocarditis, myocarditis, pericarditis and cardiac sar-
coidosis. The detection of unknown intracardiac mass is also 
a challenging diagnostic issue: the presence of hypodense 
mass on CT images can be related to a different diagnostic 
hypothesis and, amongst them, the most frequent are intra-
cardiac thrombus, cardiac tumours or vegetations. FDG 
images could help to better characterise the mass providing 
metabolic information: two recent trials [24, 25] reported 
a good accuracy of FDG PET/CT in distinguishing benign 
from malignant mass. However, in case of malignancy, the 
FDG avidity varies depending on the histopathology [26], 
and sensitivity and specificity could be increased, thanks to 
morphological-CT features: indeed, the presence of irregular 
margins, necrosis, pericardial or pleural effusion, involve-
ment of epicardium or adjacent tissue, are more likely cor-
related with malignant disease [27]. Intracardiac thrombus 
can occur after myocardial infarction, atrial fibrillation or 
mitral stenosis and it is correlated with severe morbidity 
due to embolic events. The FDG uptake in thrombus var-
ies from intense to absent [28] depending on the amount of 
macrophages infiltration and metabolic active tissue; in fact, 
a focal intense uptake has been reported also in organised 
atrial thrombus, mimicking malignancy [29]. It is important 
to be able to correctly distinguish physiologic, abnormal or 
malignant patterns to recognize the possible presence of 
diseases involving heart cameras, paracardiac spaces, myo-
cardium, and pericardium.

Aortic aneurysm is a dilatation of the aortic lumen that 
affects most frequently the abdominal tract than the thorax 
one. The normal aortic diameter varies based on age, sex and 
body surface area but the term “aneurysm” can be used when 
the axial diameter is > 5 cm for the ascending aorta (the 
most commonly affected tract amongst thoracic aneurysm) 
and > 4 cm for the descending aorta [30]. For the abdominal 
tract, the term “aneurysm” can be used when the axial diam-
eter is > 3 cm or 50% greater than the proximal normal tract 
[31]. The risk of rupture and the corresponding category of 
urgency both depend mostly on the aortic diameter [32] but 
it can be influenced by other factors: for example, the risk 
of rupture in male patients with abdominal aortic aneurysm 
from 5.0 to 5.9 cm is low (category 3) (Fig. 2), whilst in 
female patients, the risk is four-times higher suggesting that 
a lower threshold for surgery should be considered in fit 
women (category 2/3). For instance, the risk of rupture of 
abdominal aortic aneurysm greatly increases with diameter 
of 6.0 cm both in male and in female (category 2/3) requir-
ing a prompt surgical counselling. Other features should 
be useful in the report [33]: (1) size and shape: dimension, 
luminal diameter (if luminal thrombus is present), longi-
tudinal length, fusiform or saccular; (2) relationship with 
other vessels (although PET/CT accuracy is limited by the 
absence of contrast media administration): upper distance 
from renal arteries and from common iliac artery, if these 

vessels are interested, location and relationship with other 
branches involved; (3) complications: proximity to bowel, 
presence of mural calcifications or mural thrombus, rupture 
(FDG accumulation amongst the wall similar to blood pool). 
Furthermore, secondary findings correlated with elevated 
risk of complications are: the interval growth (when multi-
ple imaging studies are available), the presence of intramu-
ral hematoma (can be considered a dissection variant and 
require urgent surgical repair) and the suspect of rupture or 
leak (aortic fat stranding, high-density periaortic fluid col-
lection, pleural/pericardial effusion).

Brain and skull

Differentiation between tumour and tumour-like lesions of 
the central nervous system is crucial for planning the correct 
management, prognosis and follow-up. The physiological 
FDG uptake of the brain tissue may decrease PET/CT sensi-
tivity when performed without the specific intent to charac-
terise a brain lesion, particularly in lesions with low glucose 
metabolism. Since several non-neoplastic pathologies may 
present as mass lesion, the reporting physician should be 
aware of the extensive differential diagnoses and identify 
which findings deserve additional studies or follow-up [34].

The presence of acute blood intracranial haemorrhage 
usually appears as an area with mild FDG uptake corre-
sponding to a hyperdense area on CT images (category 1/2), 
but in some cases, organised hematoma may present intense 
focal uptake mimicking malignant mass [35].

Also, skull lesions can be incidentally found on the CT 
component and it is important to be familiar with their imag-
ing characteristics and to recognise those with malignant 
features that require an urgent management (category 2/3). 
Clinical information such as the age of the patient, as well as 
the patient’s history, are fundamental for a correct interpreta-
tion. More frequently benign lesions present sharp margins, 
narrow zone of transition, uninterrupted periosteal rim and 
do not involve the surrounding soft tissue, whereas malig-
nant lesions may present wide zone of transition, poorly 
defined margins and periosteal interruption with soft tissue 
component (category 3). If the imaging reporter does not 
feel confident enough to interpret the nature of the lesions 
as benign or malignant, it remains important to specify if an 
additional diagnostic study is required.

Thorax

As reported in several studies, when [18F]-FDG PET/CT 
is performed for standard clinical application, it is not rare 
to find incidental findings suggestive for infectious diseases 
(e.g. the detection of unexpected pulmonary infiltrates, lung 
consolidation or cavitation) that might require a prompt 
isolation of the patient, even if asymptomatic (category 2) 



134 Clinical and Translational Imaging (2023) 11:127–139

1 3

[36–38].In the last 2 years, the most frequent clinical condi-
tion related to this risk in PET/CT departments was asymp-
tomatic COVID-19 lung infection in patients undergoing 
PET/CT scan for other clinical requests. In patients with 
COVID-19, FDG uptake in lung segmental ground-glass 
opacities and consolidations is the most common feature 

but it remains unspecific, being observed also in pneumonia 
caused by other aetiologies. Other findings suggestive for 
COVID-19 could be considered enlarged pulmonary vessels 
(64%), septal (60%) and pleural thickening (42%), the crazy 
paving pattern (ground glass opacities in combination with 
underlying interlobular septal thickening) and the reversed 

Fig. 2  Category 3. a Abdomi-
nal aortic aneurism (arrows). a 
Maximum Intensity Projection 
(MIP) negative for focal tracer 
uptake. b aneurismatic tract on 
transaxial CT images; c aneu-
rismatic tract on coronal CT 
images; d aneurismatic tract on 
PET/CT images showed physi-
ologic blood pool uptake and 
aneurismatic lumen with mural 
calcifications; e aneurismatic 
tract measurement on transaxial 
CT images. In this case a 
urgent surgical counselling was 
requested to evaluate a possible 
surgical treatment
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halo sign. The reported distribution of the pulmonary CT 
findings is bilateral (79%), multifocal (70%) or sometimes 
patchy, with a predominance of the lung periphery and the 
bases of the lung. Recently, a three grade scale (low, mod-
erate and high) for the suspicion for COVID-19 pneumonia 
has been proposed based on chest CT patterns [39].

Unexpected findings suggestive for tuberculosis infection 
(category 2/3) may have a similar impact on patient’s man-
agement (Fig. 3). In literature, two distinct patterns of pul-
monary tuberculosis have been described: (1) the lymphatic 

pattern, with more enlarged and FDG avid hilar and medi-
astinal lymph nodes and (2) the lung pattern, with FDG avid 
lung consolidation and cavitation surrounded by micronod-
ules and mild uptake within mediastinal lymph nodes [40]. 
FDG PET–CT can help in differentiating active pulmonary 
tuberculosis from previous or inactive disease, because 
active tuberculoma show more avid FDG uptake [41]. To 
note that the most important step is to identify patients with 
high risk of open infectious/active pulmonary tuberculo-
sis who should be isolated (category 1/2): a cavity lesion, 

Fig. 3  Category 2. a FDG-PET/CT showed pulmonary consolidation 
on the right lung close to the broncus with mild FDG uptake. b High 
Resolution CT showed more clearly that the bronchus was going 

through the consolidation. In this case the patient required isolation 
due to the risk of contagious active infection
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consolidation involving the superior segment of the right or 
left lower lobe, consolidation involving the apex or the pos-
terior segment of the right upper lobe or the apicoposterior 
segment of the left upper lobe, the absence of centrilobular 
nodules and clusters of nodules are all findings related with 
higher contagiousness [42].

A clinical and radiological consultation may help in better 
assess the relevance of the finding, because the same one can 
differently impact on the patient’s management depending 
on comorbidities and risk factors.

Cardiac effusion ranges from mild asymptomatic (cat-
egory 2/3) to cardiac tamponade (category 1) with unspecific 
symptoms such as chest pain with tightness, dyspnoea and 
fatigue. The accepted thickness of a normal pericardium on 
CT images is 2 mm and became to be considered pathologi-
cal when > 3–4 mm [43]. Pericardial sac normally contains 
between 15 and 30 ml but is considered physiologic up to 
50 ml. The presence of a large fluid effusion can be related 
to different disease (infection, myocardial disease, trauma, 
malignancies, kidney insufficiency) and warrants reporting.

Other possible mediastinal findings are pericardial 
recesses [44] (aortic, pulmonic, post-caval, posterior peri-
cardial, pulmonary venous), and pericardial cysts, rare and 
usually considered as benign findings [45]. When pericar-
dial fluid pool in the recess, it should not be confused with 
a pathologic lymph node, especially in oncologic patients.

Pneumothorax describes a condition in which there is 
air within the pleural space; it can be spontaneous, related 
to a lung disease (e.g. emphysema, asthma, honeycombing, 
cystic fibrosis, parenchymal necrosis), iatrogenic (percutane-
ous or transbronchial biopsy perforation of the oesophagus, 
radiofrequency ablation of a lung mass, central venous cath-
eterization) or traumatic. Clinical presentation depends on 
the extension and can range from asymptomatic to severe 
dyspnoea. In a PET Centre, pneumothorax can be observed 
in patients performing PET/CT after biopsy procedures [46, 
47] on a lung or pleural lesion: in these patients, a careful 
exploration of the chest is recommended even if no pneumo-
thorax is described after the invasive diagnostic procedure. 
On CT images, even a small pneumothorax can be detected 
thanks to the presence of air (black signal) around the edge 
of the lung; on the other hand, a massive pneumothorax usu-
ally also shows diffuse mild FDG uptake of the collapsed 
lung parenchyma and, in case of tension pneumothorax, a 
typical mediastinal shift (category 1).

Gastrointestinal

Small bowel obstruction presenting with cramping abdomi-
nal pain and abdominal distension with nausea and vomit-
ing but radiographic signs can be evident 6–12 h before the 
onset of clinical symptoms [48]. Suggestive signs on CT 
images may be: dilated small bowel loops ≥ 2.5 cm up and 

normal calibre or collapsed loops distally or small bowel fae-
cal sign (faecal like material in dilated small bowel loops). 
Closed-loop obstructions are diagnosed when a bowel loop 
is occluded at two adjacent points, showing radial distribu-
tion of several dilated, fluid-filled bowel loops, U-shaped 
or C-shaped configuration, beak sign at the site of fusiform 
tapering, whirl sign (rotation of bowel loops around a fixed 
point) [49]. Due to the possible lack of clinical information 
in the routine PET/CT practice, it is important to focus on 
the abnormal bowel aspect and then to communicate directly 
with patient and/or referring clinician for a better interpreta-
tion of the urgent condition (sub-occlusion versus occlusion) 
(category 2 vs. 1).

Gallstone disease is highly prevalent in general popula-
tion and is a frequent cause of hospitalisation; it is more 
frequently observed in elderly population and in females 
[50]. The clinical presentation ranges from asymptomatic, 
non-complicated symptomatic to complicated symptomatic 
disease. In asymptomatic carrier patients, it is important 
to report the presence of gallstone close to the neck of the 
gallbladder (category 3) because it can become lodged in 
common cystic duct and provoke acute cholecystitis, gan-
grene and perforation; gallstone may direct fistulate into the 
duodenum after a period of silent inflammation and lead to 
duodenal obstruction (Bouveret’s syndrome), or compress 
the common hepatic duct leading to jaundice (Mirizzi syn-
drome) [51].

Pneumoperitoneum describes the presence of air within 
the peritoneal cavity and can be an indirect sign of perfora-
tion of intestine (category 1/2).

Hemoperitoneum is the presence of blood in the peri-
toneal cavity (category 1/2); the composition of the fluid 
could be defined by its CT density: recent haemorrhage 
(acute bleed) measures 30–45 HU, clotted blood measures 
45–70 HU, old blood products/seroma or blood in patients 
with anaemia may measure < 30 HU [52].

Genitourinary

Severe hydronephrosis should be reported and promptly 
communicated to the referring clinician (category 1/2) 
because complete urinary blockage can damage the kidney 
and lead to kidney failure whilst, if promptly treated, most 
of the patients can completely recover. Hydronephrosis can 
be due to an obstructive process at any level of the ureter 
(stone, ab-extrinseco compression, abdominal fibrosis) or 
congenital (Hirschsprung’s disease, infection, toxic/hor-
monal/neuromuscular factors). Images can reveal abnormal 
accumulation of the FDG tracer (characterised by physi-
ologic renal excretion) up to obstructed tract, with different 
grade of pelvic dilatation that can be estimated on the cor-
responding CT images.
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Conclusion

In the daily PET/CT practice, it is not rare to report findings 
that might not represent an immediate risk for the patient 
but still require a timely specialist evaluation to avoid com-
plications. These cases fall in a grey zone of communica-
tion between different care figures with the risk of being 
underestimated.

A systematic categorization of the actionable imaging 
findings, according to their urgency, may help the report-
ing physician to choose how and when to communicate 
with the referring clinician and to be more confident with 
cases requiring a prompt clinical evaluation. We revised and 
adapted the ACR Work Group categorization of radiological 
actionable findings specifically focussing on PET/CT daily 
practice. Each institute should construct its internal action-
able finding’s categorization based on their patients’ settings 
and health care environment. Effective communication is 
a critical component of diagnostic imaging: timely receipt 
of the information is more important than the method of 
delivery.
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