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Abstract: Objectives: To investigate the findings associated with juvenile polyarteritis no-
dosa (PAN) on F18-FluoroDeoxyglucose (FDG), positron emission tomography combined
with computed tomography (PET-CT). Methods: Patients diagnosed with juvenile PAN
(onset <18 years) who underwent a PET-CT at diagnosis (before therapy) were enrolled.
PET-CT images were systematically analyzed to identify abnormal findings associated with
PAN. In addition, a systematic literature review was performed to identify previously pub-
lished cases. Results: Six patients with biopsy-confirmed PAN were identified (age at onset
10–17 years). PET-CT was abnormal in all patients. Patchy muscular and subcutaneous
FDG uptake with a symmetric distribution in the lower limbs was present in 4/6 patients.
Increased FDG uptake in large arteries was found in 1/6 patients. FDG-avid bone lesions
were identified in 2/6; additional MRI and bone biopsy results were consistent with chronic
non-infectious osteomyelitis (CNO). Unspecific inflammatory findings (medullar and lym-
phoid organs hypermetabolism) were present in 6/6; these were the only abnormalities
present in 2/6 patients. We found this pattern of PET-CT muscular involvement to differ
from juvenile dermatomyositis and septic emboli (n = 7 and 2 patients, respectively). In
addition, we identified four previously published cases of juvenile PAN investigated with
PET-CT: one with FDG-avid muscular and subcutaneous foci, one with increased uptake
in large arteries, and two with nonspecific signs (lymphoid organs hypermetabolism).
Conclusions: This is the first series of juvenile PAN investigated with PET-CT. Diffuse,
patchy hypermetabolic foci in the muscular and subcutaneous tissue of the lower limbs
were the most common findings. These features should lead to suspicion of PAN. Further
research is needed to assess the diagnostic value of PET-CT in PAN.

Keywords: juvenile polyarteritis nodosa; PET-CT; vasculitis; CNO; CRMO; MRI

1. Introduction
Juvenile polyarteritis nodosa (PAN) is a rare systemic vasculitis (estimated annual

frequency ~1/106 in Sweden [1]), with onset before 18 years. PAN predominantly affects
medium- and small-sized arteries, leading to intramural inflammatory infiltration, fibrinoid
necrosis, and endovascular thrombi [2]. Although this phenotype may result from germline
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or somatic monogenic defects or chronic infectious diseases [3–5], detailed pathophysiology
remains indeterminate in the majority of sporadic, idiopathic cases.

PAN is considered in many clinical contexts: fever/inflammatory syndrome of un-
known origin, vasculitis rash or subcutaneous nodules, severe musculoskeletal pain, or
specific organ involvement (i.e., renal, digestive, genital, nervous system). PAN diag-
nosis in children relies on demonstration of small- or medium-vessel vasculitis on tissue
biopsy, or vessel abnormalities on imaging (typically conventional angiography or magnetic
resonance imaging (MRI)) [6]. Recently, interest has grown for complementary radiolog-
ical modalities such as F18-FluoroDeoxyglucose (FDG), positron emission tomography
combined with computed tomography (PET-CT) in adult-onset PAN [7]. Thus, the most
frequent feature in the single published cohort was a diffuse, patchy hypermetabolic signal
in skin and muscles (a pattern called ‘leopard skin’ appearance). In juvenile-onset PAN,
description of PET-CT findings is limited to scarce case reports [8–11].

Here, we collected the first series of juvenile-onset PAN investigated by PET-CT, and
performed a literature search of previously published cases to provide an overview of
PET-CT findings in juvenile-onset PAN.

2. Materials and Methods
2.1. Patients

This is a single-center retrospective observational study performed at Centre Hospi-
talier Universitaire Sainte-Justine (CHUSJ), Montréal. This study was approved by the
Research Ethics Board of CHUSJ (REB#3251). Inclusion criteria were the following: (i) diag-
nosis of PAN at CHUSJ based on EULAR/PReS classification criteria [6], (ii) onset before
18 years, and (iii) investigation with 18F-Fluorodeoxyglucose (FDG), positron emission
tomography with computed tomography (PET-CT) at diagnosis, before immune suppres-
sive therapy. Patients not fulfilling EULAR/PReS criteria or receiving immunosuppressive
therapy before PET-CT were excluded. Clinical, biological, histological, and radiological
data (from PET-CT ± corresponding magnetic resonance imaging (MRI)) were collected.

2.2. PET-CT

All patients fasted (including discontinuation of dextrose-containing intravenous
solutions) for at least four hours prior to 18Fluorodeoxyglucose administration. The blood
glucose level was verified prior to injection to ensure values ≤ 8 mmol/L. PET acquisitions
were initially performed after injection of 3.5 MBq/kg (range: 37–444 MBq). Imaging was
performed between 65 and 85 min after F-18-FDG administration. Imaging was performed
using a Philips Gemini 16 time-of-flight PET-CT scanner. The acquisition duration was
2.5 min/FOV. CT parameters for attenuation correction were as follows: 120 kVp, pitch
0.813, rotation time 0.5 s, slice thickness 5 mm, and collimation 16 × 1.5 mm. For whole-
body scanning, the CT tube current (mAs) was adjusted according to weight (≤45 kg:
22 mAs; 46–67 kg: 33 mAs; 68–90 kg: 44 mAs; >91 kg: 66 mAs). PET images were acquired
in three-dimensional mode and reconstructed using a row-action maximum likelihood
algorithm (3 iterations, 33 subsets). No children needed or received sedation for the purpose
of PET imaging. The maximum standardized uptake value (SUVmax) was determined
from the weight and injected activity using irregular regions of interest.

Maximum intensity projection (MIP) and combined attenuation corrected (CTAC)
and non-attenuation corrected (NAC) PET/low-dose CT images were analyzed by expert
nuclear medicine specialists (T.S.; L.R.). The following features were evaluated: (i) presence
of muscular or fusiform muscular FDG uptake and its distribution; (ii) presence of cuta-
neous/subcutaneous FDG uptake; (iii) increased FDG uptake in large vessels; (iv) medullar,
spleen and lymph nodes metabolism; (v) bone or articular FDG uptake.
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We also collected additional imaging performed contemporaneously with PET-CT to
enhance the characterization of findings on PET-CT.

2.3. Literature Search

We performed a PubMed and Embase search using the following terms: “pedi-
atric/juvenile/childhood onset polyarteritis nodosa” AND “positron emission tomog-
raphy/PET”. All articles were individually reviewed for the extraction of clinical and
radiological data.

2.4. PET-CT in Non-PAN Patients

We searched the in-house CHUSJ database of PET-CT with the keyword “myositis” to
identify patients with muscle involvement and a diagnosis other than PAN. PET-CT was
performed in the same manner as for PAN patients. All cases were reviewed by an expert
nuclear medicine specialist (T.S.).

2.5. Statistical Analyses

Only descriptive statistics were used. Data are expressed as the median (range) for
continuous variables, or as proportions for categorical variables.

3. Results
3.1. Cohort Description

Six PAN patients were included in the study. Clinical and laboratory data are avail-
able in Table 1. The median age at onset was 15 years (range 10–17 years). PET-CT was
performed before any immunosuppressive therapy, after a reported symptom duration of
3 to 16 weeks. All patients presented with general malaise, and 5/6 reported prolonged
or recurrent fever. Weight loss was confirmed in 2/6. Cutaneous lesions occurred in
6/6 (painful subcutaneous nodules in 6/6, livedo in 3/6, skin ulceration in 1/6), arthral-
gia/myalgia (predominant in the lower limbs) in 6/6, arthritis or extremity edema in 3/6,
and testicular pain in 2/4 males. No patient suffered from elevated blood pressure or
renal or digestive involvement. The median peak CRP at onset was 99.5 mg/L (range
52.2–224 mg/L). Antinuclear antibodies (ANA), antineutrophil cytoplasmic antibodies
(ANCA), and creatine kinase (CK) were tested as normal in all individuals. Three patients
tested negative for deficiency in adenosine deaminase type 2 (DADA2) (the others were
not tested). Skin biopsy confirmed necrotizing vasculitis in all patients.

Table 1. PET-CT findings and clinical and biological features in the cohort.

Patient n◦ 1 2 3 4 5 6

Clinical and
biological
features

Age at onset (years) 10 17 16 15 15 15

Time between reported
symptoms onset and

PET-CT
3 weeks 8 weeks 3 weeks 12 weeks 3 weeks 16 weeks

Prolonged fever Y N Y Y Y N

Generalized weakness,
malaise Y Y Y Y Y Y

Weight loss Y Y N N N N

Cutaneous lesions Y Y Y Y Y Y

Details on
cutaneous lesions

Livedo
racemosa,

subcutaneous
nodules

Subcutaneous
nodules

Subcutaneous
nodules

Subcutaneous
nodules

Livedo,
subcutaneous

nodules

Livedo,
subcutaneous

nodules
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Table 1. Cont.

Patient n◦ 1 2 3 4 5 6

Myalgia, arthralgia Y Y Y Y Y Y

Arthritis/
extremities swelling Y N Y N Y N

Testicular involvement
Y (pain,
normal

ultrasound)
N N Y (scrotal

ulceration) NA NA

Renal involvement N N N N N N

Hypertension N N N N N N

Digestive involvement N N N N N N

Peak CRP at
onset (mg/l) 224 106 80 153 93 52.2

CK (reference values:
30–200 UI/L) 40 91 19 113 25 29

Cytopenia N N N Yes Anemia N

ANCA negative negative negative negative negative negative

ANA negative negative negative negative negative negative

ADA2 deficiency not tested not tested not tested
negative
(genetic

screening)

negative
(genetic

screening)

negative
(enzymatic

activity)

Confirmation of PAN
on biopsy Y (skin) Y (skin) Y (skin) Y (skin) Y (skin) Y (skin)

Treatment Steroids, IVIG Steroids Steroids
Steroids,

Mycophenolate
mofetil

Steroids and
colchicine

Steroids and
colchicine

PET-CT
findings

Abnormal focal
muscular uptake Y Y Y Y N N

Abnormal focal
subcutaneous uptake Y Y Y Y N N

Large vessels uptake N Y N N N N

Bone marrow
and spleen

hypermetabolism
Y Y Y Y Y Y

Lymph nodes
hypermetabolism

Y (inguinal
and popliteal)

Y (axillary,
inguinal and

popliteal)

Y (popliteal
right, inguinal

left)

Y (axillary,
inguinal and

popliteal)
Y (inguinal) Y (popliteal

right)

Additional
hypermetabolic focus N Bone (n = 1) N Bone (n = 3) N N

SUVmax of
muscle/subcutaneous

tissue lesions
2.2 4.7 2.6 NA NA NA

ADA2: adenosine deaminase 2; ANA: antinuclear antibodies; ANCA: antineutrophil cytoplasm antibodies; CK:
creatine kinase; CRP: C-reactive protein; IVIG: intravenous immunoglobulins; PAN: polyarteritis nodosa; PET-CT:
positron emission tomography combined with computed tomography. SUV: standardized uptake value.

3.2. PET-CT (±MRI) Findings in Juvenile Onset PAN

PET-CT findings of each patient are summarized in Table 1. We found focal heteroge-
neous muscular FDG uptake in 4/6 patients, with a symmetric distribution (Figure 1A–G).
In the same four patients, cutaneous/subcutaneous hypermetabolic foci were also present
(Figure 1G). These findings were predominant in the muscles and skin of the lower legs.
When numerous, a combination of these abnormalities can result in the so-called ‘leopard
skin’ sign (Figure 1A). The intensity of the muscular and cutaneous/subcutaneous hyper-
metabolism was moderate (SUVmax ranging from 2.2 to 4.7). In addition, increased FDG
uptake in large vessels (brachial arteries) was found in 1/6 patients (Figure 1C).
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acquired in two patients (patients 3 and 4), both positive for the aforementioned PET-CT 
findings (Figure 2A). In both, MRI confirmed diffuse, patchy T2-hyperintense signal lo-
calized in the muscles and subcutaneous tissue (Figure 2B–E). 

Two patients (2 and 4) also displayed bone abnormalities. Patient 4 had three hyper-
metabolic bone lesions (both femoral lateral condyles and sternum (Figure 2F–G and Sup-
plementary Figure S1A)), with an SUVmax of 5.5. The right lateral femoral condyle lesion 
showed moderate lysis on CT. On MRI, the lesions were T1 hypointense and T2 hyperin-
tense (Figure 2H–I). Biopsy was suggestive of chronic aseptic osteomyelitis (plasmocytic 
infiltrate and mild medullary fibrosis, Figure 2J–K). The second patient with abnormal 
bone PET-CT was found to have a hypermetabolic (SUVmax 5.1) pelvic bone lesion (Sup-
plementary Figure S1B). 

Figure 1. (A,B) Maximal intensity projection (MIP) (A) and representative fused FDG PET-CT coronal
view (B) of patient 1, showing diffuse hypermetabolic foci in the lower limbs. (C) MIP FDG PET-CT
of patient 2, showing diffuse hypermetabolic foci in the lower limbs, vascular uptake in both brachial
arteries (black arrowhead), and the right popliteal region. (D–G) Fused FDG PET-CT transverse
views showing foci of increased muscular and subcutaneous FDG uptake in patients 1 and 2 (levels
of the cross-sectional views are shown by black arrows in (A,C)).

MRI images of the lower limbs, contemporaneous (within 7 days) to PET-CT, were
acquired in two patients (patients 3 and 4), both positive for the aforementioned PET-
CT findings (Figure 2A). In both, MRI confirmed diffuse, patchy T2-hyperintense signal
localized in the muscles and subcutaneous tissue (Figure 2B–E).

Two patients (2 and 4) also displayed bone abnormalities. Patient 4 had three hy-
permetabolic bone lesions (both femoral lateral condyles and sternum (Figure 2F–G and
Supplementary Figure S1A)), with an SUVmax of 5.5. The right lateral femoral condyle
lesion showed moderate lysis on CT. .On MRI, the lesions were T1 hypointense and T2
hyperintense (Figure 2H–I). Biopsy was suggestive of chronic aseptic osteomyelitis (plas-
mocytic infiltrate and mild medullary fibrosis, Figure 2J–K). The second patient with
abnormal bone PET-CT was found to have a hypermetabolic (SUVmax 5.1) pelvic bone
lesion (Supplementary Figure S1B).

We also found nonspecific, inflammation-related findings: hypermetabolic lym-
phadenopathies in 4/6 and splenic/medullary/thymic hypermetabolism in 6/6 (Figure 1B).
These were the only abnormalities present in 2/6 patients. We found no association between
clinical or biological features and PET-CT patterns.
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in the subcutaneous or muscular tissue of limbs in 5/10 patients, in the large arteries in 
2/10, and in bones in 2/10. Nonspecific, inflammation-related PET-CT findings (hyper-
metabolic spleen, and/or bone marrow and/or lymphadenopathies) were present in all 
patients. These were the only PET-CT abnormalities present in 4/10 patients. 

  

Figure 2. (A) FDG PET-CT MIP of patient 3, showing patchy hypermetabolic foci in the limbs,
predominantly in the legs (arrows). (B–D) Axial and coronal MRI of the lower legs of patient 3,
showing patchy and diffuse muscular and subcutaneous hypersignal (T2FS sequence in (B,D), T1 FS
in (C)). (E) Axial MRI of the lower legs of patient 4, showing patchy and diffuse muscular and
subcutaneous hypersignals (T1 FS). (F) FDG PET-CT MIP of patient 4, demonstrating increased bone
uptake in both lateral femoral condyles (thick arrows). (G) Fused transverse FDG PET-CT views of
the bone lesions in the lateral femoral condyles, with underlying lytic lesions. (H–I) MRI imaging
showing T1 hypointense (T1 TSE sequence in (H)), and T2 hyperintense (T2 SPAIR sequence in (I))
aspects of the bone lesions. (J,K) Bone biopsy (right femoral condyle) of patient 4, demonstrating
plasmocytic infiltrate and mild medullary fibrosis (Hematoxylin eosin staining in (J) and anti-CD138
staining in (K) (brown)).

3.3. Literature Review

We identified four cases of juvenile-onset PAN with descriptions of PET-CT findings
published in the literature (Table 2). One patient (8 years old) displayed ‘leopard skin’ sign
on PET: diffuse hypermetabolic nodules in the soft tissues of arms and legs [8]. FDG uptake
in the arterial walls of the arms and legs was reported in a second patient (9 years old) [9].
An additional two patients had nonspecific findings on PET-CT: hypermetabolic signal in
the spleen and bone marrow, or FDG-uptake in lymphadenopathies and intestine [10,11].
Combining published cases with our cohort, we found increased FDG uptake in the
subcutaneous or muscular tissue of limbs in 5/10 patients, in the large arteries in 2/10,
and in bones in 2/10. Nonspecific, inflammation-related PET-CT findings (hypermetabolic
spleen, and/or bone marrow and/or lymphadenopathies) were present in all patients.
These were the only PET-CT abnormalities present in 4/10 patients.
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Table 2. PET-CT findings and clinical and biological features of patients previously described in
the literature.

Patient Shimizu
et al., 2016 [8]

Pijl
et al., 2020 [9]

Ropers
et al., 2020 [10]

Jasper
et al., 2010 [11]

PET-CT findings Abnormal focal muscular and
subcutaneous uptake Y N N N

Abnormal focal (subcutaneous) uptake Y N N N

Large vessels uptake N Y N N

Increased FDG uptake in lymph nodes,
spleen, bone marrow, thymus Y Y Y Y

Additional hypermetabolic focus N N Intestine (diffuse) N

SUVmax of muscle/subcutaneous
tissue lesions NA NA NA NA

Clinical features Age at onset (years) 8 9 NA NA

Time between reported symptoms onset
and PET-CT (weeks) NA NA NA NA

Prolonged fever Y Y NA NA

Generalized weakness NA Y NA NA

Weight loss NA NA NA NA

Cutaneous lesions Y N NA NA

Details on cutaneous lesions subcutaneous
nodules N NA NA

Myalgia, arthralgia Y Y NA NA

Arthritis/extremities swelling Y N NA NA

Testicular NA N NA NA

Renal N N NA NA

Hypertension N N NA NA

Digestive N Y Y NA

CRP at onset (mg/l) 14 307 NA NA

CK (30–200 UI/L) NA NA NA NA

cytopenia NA NA NA NA

ANCA NA NA NA NA

ANA NA NA NA NA

DADA2 NA NA NA NA

Confirmation of PAN on biopsy Y (skin) N NA NA

ANA: antinuclear antibodies; ANCA: antineutrophil cytoplasm antibodies; CK: creatine kinase; CRP: C-reactive
protein; DADA2: deficiency in adenosine deaminase 2; IVIG: intravenous immunoglobulins; PAN: polyarteritis
nodosa; PET-CT: positron emission tomography combined with computed tomography. SUV: standardized
uptake value.

3.4. PET-CT Findings in Other Conditions

To assess whether the muscular and cutaneous/subcutaneous heterogeneous FDG
uptake could be differentiated from muscle inflammation found in other conditions, we
searched the local CHUSJ PET-CT database. We compared the PET-CT of PAN patients
with that of patients with other inflammatory myositis (n = 7) (idiopathic dermatomyositis
or myositis of mixed connective tissue disorder), or septic muscular emboli (n = 2). The
PET-CT of inflammatory myositis displayed the following differences: (i) an absence of
cutaneous/subcutaneous FDG uptake; (ii) a more proximal and homogeneous, linear
distribution of the muscular FDG uptake (Figure 3A–C). The muscular PET-CT findings in
the patients with septic emboli displayed no robust difference from PAN (Figure 3D–E).
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Figure 3. (A–C) Illustrative examples of PET-CT findings in juvenile dermatomyositis (jDM) or mixed
connective tissue disorders (MCTD): symmetrical, diffuse, linear increased muscular uptake affecting
the limbs, more marked proximally than distally. No cutaneous/subcutaneous lesions. Anti-MDA5
in (A), anti-Ro52 in (B), and anti-SRP in (C). (D,E) Illustrative examples of PET-CT findings in patients
with septic emboli (Staphylococcus Aureus bacteremia in the context of bacterial endocarditis in (D),
during a stem cell transplantation for leukemia in (E)). Non-symmetrical random regions of uptake
in soft tissues of the lower extremities (arrows), including the right greater trochanter bursa in patient
(D) (arrowhead).

4. Discussion
We report the first series of juvenile-onset PAN patients evaluated with PET-CT. We

describe multiple findings, ranging from diffuse, patchy tracer uptake in muscles ± sub-
cutaneous tissue, to hypermetabolic large-size arterial walls, to nonspecific inflammation-
related changes. On MRI (n = 2), the same pattern of diffuse heterogeneous involvement of
the muscles and subcutaneous fat was found.

Diagnosis of PAN in children is highly challenging. There is no validated diagnostic
test or criteria to confirm a diagnosis of PAN. A consensus exists on a set of classification
criteria, which requires, as a mandatory finding, the following: necrotizing vasculitis in
a small/medium-sized artery on biopsy or angiographic abnormalities (in addition to
other signs) [6]. Yet, the yield of angiographic imaging is usually low in children, possibly
because most have PAN without organ involvement [12,13]. Conventional angiography
and MR angiography in children may also have side effects or require sedation. Therefore,
the utility of alternative imaging techniques is relevant to investigate.

The value of PET-CT in diagnosing large-vessel vasculitis (i.e., Takayasu disease, giant
cell arteritis) is well established in children and adults [14,15]. By contrast, there is a paucity
of data regarding its possible usefulness in PAN, a vasculitis predominantly involving
medium- and small-sized arteries. The first cohort of adult patients (n = 10, median age
67 years) has been recently published [7]. The authors reported findings comparable to
ours: increased FDG uptake in muscles was present in 7/10, and in large-sized arteries
in 4/10. Two out of ten patients displayed only non-specific PET-CT findings. Bone
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hypermetabolism was not reported. Our data demonstrate that muscle involvement is also
the most frequent specific finding on PET-CT in juvenile-onset PAN.

Interestingly, we found hypermetabolic bone lesions (in addition to soft-tissue involve-
ment) in 2/6 PAN patients in our cohort. MRI and biopsy of one lesion were suggestive
of chronic non-bacterial osteomyelitis (CNO). To the best of our knowledge, CNO has
been previously associated with other systemic vasculitis (Takayasu arteritis or ANCA-
associated vasculitis), but has only been reported once in the context of PAN [16]. As PAN
patients frequently have diffuse pain and are not systematically investigated with dedicated
imaging techniques, bone involvement may have been underdiagnosed in this condition.

Importantly, PET-CT findings must be interpreted in their clinical context, as other
conditions have been reported with a similar pattern of “leopard sign” in a few adult case
reports: dermatomyositis, sarcoidosis myopathy, VEXAS (vacuoles, E1 enzyme, X-linked,
autoinflammatory, somatic) syndrome, and hemopathies [17–19]. In our series, we found
that the PET-CT aspect of juvenile-onset PAN differed from classic dermatomyositis, but
we added septic muscular emboli as a possible mimicker.

Several limitations should be considered in the interpretation of our data. First, the
retrospective design and sample size prevent direct extrapolation of using PET-CT to
confirm a suspected diagnosis of PAN. On the other hand, our data might directly help
clinicians to recognize PAN-suggestive findings on a PET-CT performed in the context of
a broad differential diagnosis (i.e., in a patient with fever, diffuse pain, and weight loss).
For instance, in our cohort, PET-CT was abnormal in two patients two weeks before the
typical rash appeared and was biopsied. Another limitation pertains to the specificity
of the pathological muscular tracer uptake: we compared our PAN cohort with other
conditions reported to have similar PET-CT aspects. Yet, this comparison was performed
on small numbers, using qualitative assessment only, and without blinded evaluation.
Finally, the sensitivity of PET-CT to detect signs suggestive of PAN also deserves further
investigation: in fact, only nonspecific inflammatory signs were found in 4/10 patients
(our series + published cases) [10,11]. This is also in line with the recently published adult
series [7]. Thus far, it is unclear if the patients with only nonspecific findings differ from
the others in terms of clinical activity, tissue involvement, disease duration, and/or stage.

In conclusion, this is the first series to describe PET-CT findings in juvenile-onset
PAN. PET-CT was abnormal in all individuals. The most common specific sign was
heterogeneous FDG uptake in muscular and cutaneous/subcutaneous tissue (‘leopard skin’
pattern). Our data suggest that PET-CT may be a useful investigation in a patient with
suspected PAN. Larger, prospective studies are required to investigate the added value of
PET-CT for diagnosing PAN, as well as its potential use as a marker of disease activity and
response to therapy.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm14093012/s1, Supplementary Figure S1: A–B. Fused PET
FDG-CT axial views showing FDG-avid bone lesion in the sternum (A, patient 4) and pelvic bone
(B, patient 2) (white arrows).
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