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ABSTRACT

Objective. Polyarteritis nodosa (PAN)
is a rare vasculitis in childhood and
poor information is known about its
long-term outcome. Our aim was to
describe the clinical features, at onset
and during the disease course, of child-
hood-onset PAN and identify a potential
correlation with persistent organ dam-
age and worse outcome in a cohort of
paediatric patients with a confirmed
diagnosis of PAN.

Methods. A retrospective collection
of demographic and clinical data of
52 Caucasian children diagnosed with
PAN, fulfilling the EULAR/PRES di-
agnostic criteria, recruited from eight
paediatric rheumatologic centres and
one transition unit, was performed. A
statistical correlation was made be-
tween clinical involvement at onset or
during the overall disease course and
patients’ final outcome.

Results. Data from 52 patients (31
males, 21 females) were collected: their
mean age at onset was 7.9 years (me-
dian 6.3) and mean follow-up period
was 6.2 years (median 5.4). At the last
follow-up visit, 27 patients (51.9%)
were off therapy in clinical remission,
17 (32.7%) were in clinical remission
while on medication, and 6 (11.6%)
had a persistent or relapsing disease
course. Two patients (3.8%) deceased
because of severe cerebral involvement.
Cranial nerve palsy during the disease
course was significantly correlated with
a worse prognosis (p=0.011). The pres-
ence of nephrogenic hypertension at
onset and seizures during the disease
course were significantly associated
with the development of irreversible
organ damage (p= 0.040 and 0.011, re-
spectively).

Conclusion. Childhood PAN is a se-
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vere disease with substantial risk of
long-term morbidities. In our cohort of
patients the worst outcome was signifi-
cantly correlated with renal and neuro-
logical involvement.

Introduction

Polyarteritis nodosa (PAN) is a ne-
crotising vasculitis mainly defined by
aneurysmal nodules along the walls
of small and medium-sized muscular
arteries, leading to subsequent multi-
organ damage (1). While management
recommendations are available for
Kawasaki disease (2), no guidelines,
and few evidence-based studies are
available in the medical literature for
PAN occurring in childhood. Although
complete remission may be obtained
in children and adolescents with PAN,
various complications due to the sever-
ity of the vasculitic process may devel-
op during the disease course, mainly if
treatment is delayed or inappropriate.
Late morbidity can also occur years af-
ter the onset of vascular injury, result-
ing in a precocious diffuse atheroscle-
rosis (3). PAN clinical course is often
characterised by improvements and re-
lapses, frequently triggered by viral or
streptococcal infections (4-5). To date,
very few outcome studies have been
published with controversial results. A
recent large multicentre study from ter-
tiary referral centres, including around
one third of cutaneous forms, reported
1.1% of mortality rate for PAN (6).
Another study from a major tertiary re-
ferral centre mainly following children
with aggressive advanced disease re-
ported a 10% mortality rate (1). These
discordant results, probably related to
the heterogeneous classification crite-
ria used and possible selection bias can
explain the difficulty in identifying po-
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tential predictors of disease outcome.
Aim of our study was to retrospectively
evaluate demographic and clinical data
of 52 Caucasian children with a definite
diagnosis of PAN either at their disease
onset or during the disease course, and
to define any potential correlation with
their final outcome.

Patients and methods

Demographic and clinical data of pae-
diatric patients diagnosed with PAN,
defined according to EULAR/PRES
diagnostic criteria (7) and recruited in
eight paediatric rheumatologic centres
and one transition clinic in Italy, were
retrospectively collected. According
to these criteria, a patient was classi-
fied as having PAN in the presence of a
mandatory criterion — a systemic illness
characterised by either a biopsy show-
ing small and mid-size artery necrotis-
ing vasculitis (i.e. granulocyte or mixed
leucocyte infiltrate in an arterial wall)
or confirmed angiographic abnormali-
ties (in terms of vascular aneurysms
and occlusions) - plus at least one of
the following five clinical items: skin
signs, myalgia or muscle tenderness,
peripheral neuropathy, hypertension,
or renal vascular disease. Patients with
an initial diagnosis of cutaneous PAN
were also included in our evaluation:
this necrotising vasculitis of medium-
sized arteries occurs within the skin,
with no involvement of internal organs,
and a clinical picture characterised by
fever, painful subcutaneous nodules,
livedo reticularis, arthralgias, or my-
algias (8). Demographic information
included gender, age at disease onset,
age at diagnosis, and disease duration
at the time of the last follow-up visit
for at least one year. Clinical data in-
cluded signs and symptoms at disease
onset and after follow-up, which were
grouped in eight categories according

to the organ involvement: constitutional
symptoms, cutaneous, musculoskeletal,
renal, neurological (central or periph-
eral), cardiac, gastrointestinal, and res-
piratory. Information on the treatment
approach was also collected. Patients’
outcome was classified as Clinical Re-
mission (CR) if they were symptom-
free after stopping treatment for at
least 6 months; Clinical Remission on
Medication (CRM) if they maintained
the remission status on one or more
immune-modulating drugs; Refractory-
Relapsing disease (RR) in the case of
persistently uncontrolled disease, not-
withstanding any treatment, or death.
Disease damage was classified into two
entities: irreversible organ damage or
death and absence of damage.

Statistical analysis

A descriptive analysis of all clinical
features of PAN at onset and during
its course was performed. Qualitative
variables were expressed as numbers
and percentages. Outcome was meas-
ured with respect to baseline demo-
graphic/general and clinical data using
Student’s #-test, chi-square test, and
Fisher’s exact test, where appropriate.
Bivariate analysis was carried out by
comparing signs and symptoms at dis-
ease onset and during the disease course
with patients’ final outcome, defined as
remitted disease (CR groupe) and unre-
mitting disease (CRM and RR groups).
All data were processed using the sta-
tistical software SPSS 14.0 (SPSS Inc.,
Chicago IL). A p-value <0.05 (2-tailed
test) was considered as significant.

Results

The charts of 52 Caucasian patients, 31
males (59.6%) and 21 females (40.4%),
with PAN were carefully evaluated
(Table I). The mean age at disease on-
set was 7.9 years (range 2-16 years),
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the mean age at diagnosis was 8.9
years (range 3.6-16.2), the mean dura-
tion of follow-up was 6.2 years (range
1.0-16.4). Two patients were siblings.
All patients were vaccinated against
hepatitis B, and had antibody protec-
tive levels against the virus. The clini-
cal manifestations at onset and during
the disease course are summarised in
Table II. Fever, painful subcutaneous
nodules, arthralgia, and myalgia were
the most frequent symptoms at disease
onset. Skin and systemic signs were the
most frequent initial manifestations of
disease, followed by musculoskeletal,
renal, and neurological involvement;
cardiac and gastrointestinal signs have
been less reported. Among the clinical
manifestations during the overall course
of the disease, constitutional, musculo-
skeletal and cutaneous symptoms were
the most frequently reported (in around
80% of the patients) while one third had
renal or neurological signs. Cutaneous
manifestations were present at disease
onset in 27 patients (51.9%). Later on,
11 presented other clinical signs that
prompted a diagnosis of systemic PAN.
The remaining 16 patients persisted as
cutaneous PAN during the course of the
disease (Table II). The additional sys-
temic manifestations of the 11 patients
who shifted from the cutaneous to the
systemic subtype were cranial nerve
palsy (1 patient), motor mononeuritis
multiplex (1), sensory peripheral neu-
ropathy (2), renal involvement (3), vis-
ual impairment (2) abdominal pain (2).
As shown in Table III, all patients were
treated with oral or intravenous (IV)
corticosteroids, 16 (30.8%) with aza-
thioprine, 15 (28.8%) with oral and 5
(9.6%) with IV cyclophosphamide, 9
(17.3%) with thalidomide, 7 (13.5%)
with IV immunoglobulins, 5 (9.6%),
with methotrexate, 4 (7.7%) with my-
cophenolate mofetil and 2 (3.8%) with

Table I. Demographic characteristics of childhood-onset polyarteritis nodosa.

Cutaneous PAN Systemic PAN Overall
Gender (F : M) 6:10 15:21 21:31
Mean Median Std. Dev. Mean Median Std. Dev. Mean Median Std. Dev.
Age at onset (years) 7.7 6.1 3.8 79 6.7 3.8 79 6.3 3.8
Age at diagnosis (years) 7.8 6.3 37 94 94 32 89 8.0 34
Follow-up (years) 45 2.8 45 70 64 4.6 6.2 54 4.7

S-135



PAEDIATRIC RHEUMATOLOGY

anti-tumour necrosis factor agents
(etanercept or infliximab). At the time of
the last evaluation, 27 patients (51.9%)
were off-therapy in CR, 17 (32.7%)
were in CRM and 6 (11.6%) still had
a RR course. Final outcome was not
evaluable for 2 patients who were lost
to follow-up (3.8%). Two patients died
because of severe central nervous sys-
tem involvement, dramatically compli-
cated by cerebral infarction.

As for organ damage, 8 patients
(15.4%) reported nephrogenic hyper-
tension, 2 (3.8%) underwent digital am-
putation due to necrotising vasculitis, 1
underwent hemicolectomy, and another
developed diabetes insipidus, due to
cerebral vasculitis. During the disease
course, central nervous system involve-
ment, and in particular cranial nerve
palsy, was significantly associated with
a severe disease course (p=0.011). The
presence of nephrogenic hypertension
at disease onset and the occurrence of
seizures during the disease course were
the only two parameters that signifi-
cantly correlated with the development
of irreversible organ damage (p=0.040
and 0.011, respectively).

Discussion

Skin, the musculo-skeletal system,
kidneys, and gastrointestinal tract are
the most frequently affected organs in
PAN, while cardiac, neurological and
respiratory manifestations occur less
frequently both in children and adoles-
cents (9). The exact etiology of PAN
remains unknown, although many data
support the role of hepatitis B virus,
parvovirus B19, and cytomegalovirus
in the disease pathogenesis (10). Also
group A streptococcal infections may
generate a subset of poststreptococcal
PAN, requiring both penicillin prophy-
laxis and steroid treatment for effective
disease control in the long term (11).
It is widely established that a perma-
nent remission can be achieved in most
paediatric patients with PAN, but the
possibility of relapses is likewise docu-
mented (12). Actually, long-term evalu-
ation studies related to outcome of PAN
in paediatrics are poor.

Our data confirm that juvenile PAN,
although managed in tertiary paediat-
ric rheumatology centres, is a severe
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Table II. Organ involvement and signs or symptoms at onset and during the overall disease

course.
Organ Type At onsetOverall Signs or symptoms Atonset Overall
involvement (%) course (%) course
(%) (%)
Cut 438 68.8 Fever 67.3 78.8
Constitutional ~ Syst 861 833 Fatigue 154 192
All 731 78.8 Welght loss 9.6 7.7
Testicular pain 38 19
Painful nodules 423 48.1
Cut 100 938 Ppurpuric rash 28.8 32.7
Cutaneous Syst 63.9 77.8  Maculo-papular rash 9.6 7.7
All 75.0 g27  Livedo reticularis 9.6 17.3
Other 3.8 11.5
(digital ulcers, desquamation)
Cut 375 68.8  Arthralgia 48.1 63.5
Musculoskeletal Syst 61.1 83.3  Myalgia 21.2 28.8
All 53.8 78.8  Arthritis 7.7 5.8
Cut _ 63 Hypertension 11.5 255
Renal Syst 16.7 41.7 .
All 115 308 Haematuria 1.9 5.8
Headache 5.8 9.6
Cut 6.3 63 Seizure 3.8 7.7
Central nervous Syst 220 44 4  Cranial nerve palsy 38 154
system Ataxia 1.9 -
All 17.3 327  Stroke - 58
Visual impairment 19 9.6
. Cut - - L. .
Peripheral nervous Syst 83 250  Motor mononeuritis multiplex 6 12
system All 5 8 173 Sensory peripheral neuropathy - 6
) Cut 00 00 Coronary artery disease 3.8 38
Cardiac Syst 8.3 56 Ppericarditis 19 19
All 5.8 3.8
Cut - -
Gastrointestinal Syst 5.6 25.0  Abdominal pain 3.8 17.3
All 3.8 17.3

and life-threatening disease. We found
a slightly higher prevalence in males,
and the mortality rate was 3.8%, much
lower than that reported in adult PAN,
where it can be as high as 20% (13). A
“cutaneous” presentation was observed
in around half of the patients but later
on, 40% of them developed other fea-
tures of systemic PAN. This high per-
centage of cutaneous forms might be
explained by the prompt clinical iden-
tification of patients, which were earlier
referred to tertiary care centres. We also
found a high rate of complete remis-
sion, up to 52% of cases. This was not
related to a milder onset since only 16
patients had a “cutaneous” onset and
complete remission was found only in
less than half of them (7 patients).

This paradigm can be applied for CRM
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patients (32.7% of the whole cohort),
who had an initial cutaneous onset in
41% of cases. We may also speculate
that this good outcome was related to
the aggressive treatment, as the major-
ity of patients (80%) was treated with
at least one immunosuppressive drug
in combination with corticosteroids
(Table III). A similar remission rate
was recently reported in a cohort of 12
patients with juvenile PAN in whom,
however, the mortality rate was higher
than in our series (17%), probably be-
cause immunosuppressive drugs were
used in only half of them (14). Unfor-
tunately, 24% of patients in our series
had various degree of organ damage,
ranging from chronic hypertension
(15.4%) to cerebral infarction (3.8%).
Neurological involvement during the



Polyarteritis nodosa in childhood / F. Falcini et al.

Table III. Treatment, clinical course and organ damage.

Cutaneous PAN  Systemic PAN Overall
n=16 n=36 n=52
Treatment Corticosteroids 16 100% 36 100% 52 100%
Cyclophosphamide 6 37.5% 15  41.7% 21 40.4%
Azathioprine 6 375% 10 27.8% 16 30.8%
Thalidomide 2 12.5% 7 19.4% 9 173%
Intravenous immunoglobulins 2 12.5% 5 13.9% 7 13.5%
Methotrexate - - 5 13.9% 5 9.6%
Biological agents - - 2 5.6% 2 3.8%
Clinical Clinical remission (CR) 9 56.2% 18 50.0% 27 51.9%
course Clinical remission on medication 7 43.8% 10 27.8% 17 327%
(CRM)
Refractory-relapsing course (RR) - - 6 16.7% 6 11.6%
Lost to follow-up - - 2 5.6% 2 3.8%
Death - - 2 5.6% 2 3.8%
Organ Hypertension - - 8 222% 8 15.4%
damage  Digital amputation - - 2 5.6% 2 3.8%
Hemicholectomy - - 1 2.8% 1 1.9%
Diabetes insipidus - - 1 2.8% 1 1.9%

disease course significantly correlated
with a more aggressive disease course;
indeed, the onset of seizures, as a mani-
festation of central nervous system
vasculitis, was significantly correlated
with the development of irreversible or-
gan damage. The same can be said for
the renal involvement, as the presence
of nephrogenic hypertension at disease
onset significantly correlated with the
development of irreversible organ dam-
age. These findings are similar to what
has been reported in adult PAN, as both
renal and neurological manifestations,
especially at disease onset, are close-
ly related with both a severe disease
course and irreversible organ damage
(15, 16).

Our data have some limitations as the
retrospective analysis did not allow us
to find any correlation between the var-
ious treatment approaches and the final
outcome. In addition, the small size of
our cohort has limited a comprehensive
multivariate analysis.

In conclusion, childhood-onset PAN is a
rare disease and remains a severe condi-
tion despite the use of immunosuppres-
sive treatment for the majority of pa-
tients. Renal and central nervous system
involvement, either at onset or during
the disease course, correlate definitely
with the worst outcome. Therefore an
aggressive approach has to be applied
from the very early onset of the disease.
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