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Abstract
Background and Objectives
To facilitate and improve the diagnostic and therapeutic process by systematically reviewing
studies on patients with primary angiitis of the CNS (PACNS).
Methods
We searched PubMed, looking at the period between 1988 and February 2020. Studies with
adult patients with PACNS were included. We extracted and pooled proportions using ﬁxedeﬀects models. Main outcomes were proportions of patients with certain clinical, imaging, and
laboratory characteristics and neurologic outcomes.
Results
We identiﬁed 46 cohort studies including a total of 911 patients (41% biopsy conﬁrmed, 43%
angiogram conﬁrmed, and 16% without clear assignment to the diagnostic procedure). The
most frequent onset symptoms were focal neurologic signs (63%), headache (51%), and
cognitive impairment (41%). Biopsy- compared with angiogram-conﬁrmed cases had higher
occurrences of cognitive impairment (55% vs 39%) and seizures (36% vs 16%), whereas focal
neurologic signs occurred less often (56% vs 95%). CSF abnormalities were present in 75% vs
65% and MRI abnormalities in 97% vs 98% of patients. Digital subtraction angiography was
positive in 33% of biopsy conﬁrmed, and biopsy was positive in 8% of angiogram-conﬁrmed
cases. In 2 large cohorts, mortality was 23% and 8%, and the relapse rate was 30% and 34%,
during a median follow-up of 19 and 57 months, respectively. There are no randomized trials on
the treatment of PACNS. The initial treatment usually includes glucocorticoids and
cyclophosphamide.
Discussion
PACNS is associated with disabling symptoms, frequent relapses, and signiﬁcant mortality.
Diﬀerences in symptoms and neuroimaging results and low overlap between biopsy and angiogram suggest that biopsy- and angiogram-conﬁrmed cases represent diﬀerent histopathologic types of PACNS. The optimal treatment is unknown.
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Glossary
DSA = digital subtraction angiography; MRA = magnetic resonance angiography; mRS = modiﬁed Rankin Scale; PACNS =
primary angiitis of the CNS; RCVS = reversible cerebral vasoconstriction syndrome.

Primary angiitis of the CNS (PACNS) is a rare and severe
form of vasculitis limited to the brain, spinal cord, and leptomeninges, resulting in inﬂammation of CNS vessels with
subsequent cerebral ischemia and less frequently hemorrhage.1 The exact etiology and pathogenesis of PACNS are
unknown. The main histopathologic patterns include granulomatous inﬂammation, lymphocytic cellular inﬁltrates, and
acute necrotizing vasculitis.2,3 Clinical features at diagnosis are
headache, altered cognition, and focal neurologic deﬁcits (e.g.,
hemiparesis, ataxia, aphasia, dysarthria, and visual disturbances).1 The diagnostic criteria proposed by Calabrese and
Mallek in 1988 require the presence of an acquired, otherwise
unexplained neurologic or psychiatric deﬁcit, the presence of
either classic angiographic or histopathologic features of
angiitis within the CNS, and excluded evidence of systemic
vasculitis or any disorder that could cause or mimic the angiographic or pathologic features of the disease.4,5 The diagnosis of PACNS can be either biopsy or angiogram
conﬁrmed. Newer diagnostic criteria emphasize the inclusion
of CSF for establishing the diagnosis of PACNS.6 However,
virtually, all recent cohort studies on PACNS refer to the wellestablished criteria by Calabrese and Mallek.
PACNS is a rare disease with an estimated prevalence of 2.4/
1,000,000 person-years in North America.7 The diverse disease manifestations and multiple diﬀerential diagnoses including reversible cerebral vasoconstriction syndrome
(RCVS), secondary cerebral vasculitis, and infections complicate its diagnosis.7 No prospective randomized studies on
PACNS exist; therefore, therapeutic strategies have been
derived from the treatment of systemic vasculitides and from
cohort studies.

Data Extraction
Data were collected independently by 2 reviewers (D.S. and
C.B). Discrepancies were resolved by consensus after further
review of the relevant publications (D.S. and C.B.) or, if
necessary, by a third reviewer (J.M.). Extracted study and
patient characteristics included year of publication, sample
size, study period, study location, study design, follow-up
period, initial clinical presentation, qualitative changes in
CSF parameters and inﬂammatory markers, radiographic
and histologic ﬁndings, treatments, and outcomes. Diﬀerent
n-numbers in diﬀerent parts of our analysis are due to the
structure and extent of data given by the respective studies.
Statistical Analysis
We used R version 3.5.0 to perform the statistical analyses.
The following packages were used: Metafor and Forestplot.
We extracted and pooled proportions using ﬁxed-eﬀects
models. To quantify the heterogeneity of the collected data, I2
was calculated for each item under investigation.
Data Availability
Anonymized data not published within this article will be
made available by request from any qualiﬁed investigator.

Results

The data in our systematic review and meta-analysis were
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.8

A total of 46 eligible articles (eFigure 1, links.lww.com/NXI/
A629), comprising 911 unique patients diagnosed with
PACNS, were included in the meta-analysis: 372 biopsyconﬁrmed, 394 angiogram-conﬁrmed, and 145 patients who
could not be assigned to a diagnostic procedure (eTable 1,
links.lww.com/NXI/A628).3,9-13,14-53 A majority of the included studies (n = 29, 63%) reported cases from Western
Europe and the United States between 1988 and 2018. The
median follow-up duration ranged from 0.75 to 61.2 months.
To assess bias, we created funnel plots of all the studies
included in the respective forest plots in our meta-analysis,
which conformed to the expected shape of the curve and
demonstrated overall left-right symmetry.

Search Strategy and Study Selection
We systematically searched articles in PubMed, looking at the
period between 1988 when current diagnostic criteria for
PACNS were established, and February 2020, using the following search terms: “Primary angiitis of the central nervous

Patient Baseline Characteristics
The description and analysis of patients’ demographic and
clinical characteristics at baseline comprised 311 biopsy
conﬁrmed and 327 angiogram conﬁrmed (Table 1; eTable 1,
links.lww.com/NXI/A628). For certain patients, neither

This systematic review and meta-analysis summarizes clinical,
imaging, and laboratory characteristics of patients with
PACNS separated in biopsy- and angiogram-conﬁrmed cases.
In addition, relapse rates, mortality, neurologic outcome, and
the association of treatment with outcome are reported.

Methods
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system” OR “Primary central nervous system vasculitis” OR
“Cerebral Vasculitis.” A detailed description of the search
strategy and study selection is provided in the eMethods,
links.lww.com/NXI/A628.
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brain biopsy nor angiogram could be attributed, although the
diagnostic criteria introduced by Calabrese and Mallek were
fulﬁlled.24,26,30 Further 61 patients, could not be assigned to
a speciﬁc diagnostic procedure group leading to ﬁnal
diagnosis.15,31,39,49,53 However, these patients were only
indicated in the summary of study characteristics, therapies,
and outcome (eTables 1 and 2, links.lww.com/NXI/A628).
Patients with both positive brain biopsy and positive angiogram were classiﬁed as biopsy conﬁrmed.6 Given the low
number of patients with positive results in both examinations and the far-reaching lack of correspondent (para-)
clinical information, we renounced forming a third group of
patients for further analysis. Overlapping cases presented in
separate studies by de Boysson et al.9,10 and Salvarani
et al.,11-13 respectively, were not taken into account; only the
more informative study was analyzed regarding, e.g., PACNS
symptoms and therapeutic strategies.
Mean age was 42 years, ranging from 24 to 63 years. Information on sex was available in 40 studies, with 48% female
patients. This proportion amounted to 19% in biopsy- and 25%
in angiogram-conﬁrmed cases, but not all authors report on sex
distribution. The most frequent onset symptoms were focal
neurologic signs (63%), headache (51%), and cognitive

impairment (41%) (data not shown). Biopsy- compared with
angiogram-conﬁrmed cases had higher occurrences of cognitive
impairment (55% vs 39%) and seizures (36% vs 16%), whereas
focal neurologic signs occurred less often (56% vs 95%)
(Table 1). These data did not diﬀer signiﬁcantly in subgroup
analysis of histopathologic subtypes and autopsy cases.
Neuroimaging
Forty studies reported neuroimaging results (Figure 1). MRI
abnormalities such as cerebral infarction, hemorrhage, leptomeningeal and/or parenchymal gadolinium enhancement
or other abnormalities as deﬁned by the respective authors
were found in 169 (97%) biopsy- and 122 (98%) angiogramconﬁrmed patients (Figure 1, A and B). Cerebral infarcts were
found in 54 (34%) biopsy- and 141 (68%) angiogramconﬁrmed patients (Figure 1, C and D). Bilateral infarcts were
found in 16 (19%) biopsy- and 76 (46%) angiogramconﬁrmed cases. Intracranial hemorrhage was less frequent
and was diagnosed in 34 (25%) biopsy- and in 29 (18%)
angiogram-conﬁrmed cases. Ninety-seven (69%) biopsy- and
39 (22%) angiogram-conﬁrmed patients presented with parenchymal and/or leptomeningeal enhancement. Overall,
parenchymal gadolinium enhancement was more frequent
than meningeal enhancement (37% vs 16%).

Table 1 Patient Baseline Characteristics
All patients

Biopsy confirmed

Angiogram confirmed

Clinical manifestation

n/Total

Proportion (95% CI)

I2

n/Total

Proportion (95% CI)

I2

n/Total

Proportion (95% CI)

I2

Focal neurologic signs

192/304

0.63 (0.54, 0.71)

86.4

43/77

0.56 (0.51, 0.76)

0

36/38

0.95 (0.72, 0.98)

0

Paresis

76/369

0.21 (0.16, 0.29)

67.2

30/114

0.26 (0.09, 0.54)

48

12/156

0.08 (0.02, 0.33)

42

Hemiparesis

137/310

0.44 (0.35, 0.51)

3,4

37/114

0.32 (0.18, 0.58)

37

86/159

0.54 (0.44, 0.60)

0

Ataxia

69/365

0.19 (0.16, 0.25)

0

19/115

0.17 (0.09, 0.27)

9,5

35/176

0.20 (0.15, 0.27)

0

Unilateral numbness of the skin

47/160

0.29 (0.23, 0.43)

0

11/31

0.35 (0.10, 0.58)

0

14/54

0.26 (0.18, 0.53)

0

Dysarthria

23/116

0.20 (0.11, 0.25)

0

10/47

0.21 (0.08, 0.30)

0

08/47

0.17 (0.04, 0.43)

0

Aphasia

104/390

0.26 (0.22, 0.31)

0

31/118

0.26 (0.20, 0.36)

0

49/192

0.26 (0.19, 0.32)

0

Headache

387/754

0.51 (0.46, 0.61)

49,6

107/202

0.53 (0.43, 0.60)

0

113/197

0.57 (0.54, 0.69)

14

Dizziness and vertigo

28/170

0.16 (0.10, 0.25)

1,6

07/49

0.14 (0.05, 0.23)

0

15/76

0.20 (0.15, 0.40)

38

Cognitive impairment

266/651

0.41 (0.31, 0.49)

60,2

93/169

0.55 (0.49, 0.66)

17

70/178

0.39 (0.33, 0.48)

46

Seizures

161/685

0.24 (0.19, 0.27)

28,1

64/180

0.36 (0.19, 0.44)

16

28/172

0.16 (0.12, 0.23)

12

Psychiatric symptoms

51/346

0.15 (0.08, 0.27)

63,4

21/114

0.18 (0.08, 0.28)

36

15/163

0.09 (0.05, 0.16)

59

Impaired vilgilance

39/173

0.23 (0.17, 0.33)

7,4

17/46

0.37 (0.13, 0.41)

0

12/69

0.17 (0.11, 0.43)

24

Constitutional symptoms

51/319

0.16 (0.08, 0.20)

50,9

22/107

0.21 (0.09, 0.32)

42

19/167

0.11 (0.04, 0.22)

0

Fever

30/260

0.12 (0.08, 0.16)

0

16/97

0.16 (0.09, 0.24)

0

12/139

0.09 (0.05, 0.14)

0

Visual disturbances

128/472

0.27 (0.18, 0.33)

22,7

36/142

0.25 (0.18, 0.33)

0

54/193

0.28 (0.21, 0.35)

31

Abbreviation: CI = confidence interval.
Not all authors have reported initial clinical symptoms. Therefore, n-numbers are lower than the total number of included cases in other parts of our analysis.
I2, measure of degree of heterogeneity; n, number of patients with certain characteristic. Angiogram-confirmed, by means of conventional/magnetic
resonance or CT angiography; paresis indicates mono- and tetraparesis.
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Analyses of histologic subtypes showed that MRI abnormalities were more frequent in lymphocytic (84%) compared
with granulomatous (77%) and necrotizing (75%) subtypes
(eFigure 2A, links.lww.com/NXI/A630). Infarctions were
observed in 39% of lymphocytic, in 23% of granulomatous,
and in 25% of necrotizing cases (eFigure 2B, links.lww.com/
NXI/A630). Intracranial hemorrhage was found in 50% of
necrotizing, in 32% of lymphocytic, and in 31% of granulomatous cases (eFigure 2C, links.lww.com/NXI/A630).
Seventy-seven percent of granulomatous cases showed parenchymal and/or leptomeningeal enhancement, whereas
only 46% of lymphocytic and 37% of necrotizing cases presented with this abnormality (eFigure 2D, links.lww.com/
NXI/A630). In autopsy cases, MRI abnormalities were found
in 78% of the patients (eFigure 3A, links.lww.com/NXI/
A631). Intracranial hemorrhage (34%) and parenchymal
and/or leptomeningeal enhancement (45%) were less frequently found compared with cerebral infarcts (59%) among
autopsy cases (eFigure 3, B–D, links.lww.com/NXI/A631).

In patients with spinal cord involvement, parenchymal and/or
leptomeningeal enhancement was the most frequent abnormal imaging ﬁnding (61%) (eFigure 4, A–D, links.lww.com/
NXI/A632).
Of 159 biopsy-conﬁrmed patients who were also examined by
means of catheter angiography, 53 (33%) had positive digital
subtraction angiographies (DSAs) in terms of segmental
stenosis and dilatation (beading), vessel occlusion, collateral
circulation, and/or microaneurysms (Figure 2A). In 19 (29%)
of 66 biopsy-conﬁrmed patients, magnetic resonance angiography (MRA) showed classical features of vasculitis
(Figure 2B). Five of 62 (8%) biopsies conducted in angiogramconﬁrmed patients showed histologic features of PACNS
(Figure 2C). Of 76 DSA-conﬁrmed cases, 56 (74%) had a
positive MRA (Figure 2D).
High-resolution contrast-enhanced MRI in terms of vessel wall
imaging was performed in 5 studies. Contrast enhancement of

Figure 1 Imaging Characteristics of Biopsy- and Angiogram-Confirmed Cases

All estimators represent the proportions of abnormal results in relation to the number of performed examinations. The size of the estimator is proportional to
the size of the cohort in the respective study. The indicator I-squared indicates the heterogeneity of the data. Error bars indicate 95% CIs. Abnormalities may,
e.g., consist of infarction, hemorrhage, or gadolinium enhancement or other characteristics as defined by the respective author. CI = confidence intervals; gd =
gadolinium.
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Figure 2 Imaging and Histologic Characteristics: Overlap Between Biopsy- and Angiogram-Confirmed Cases

All estimators represent the proportions of abnormal results in relation to the number of performed examinations. The size of the estimator is proportional to
the size of the cohort in the respective study. The indicator I-squared indicates the heterogeneity of the data. Error bars indicate 95% CIs. The term abnormal
refers to findings typical of primary angiitis of the CNS (PACNS). CI = confidence interval; DSA, digital subtraction angiography; MRA, magnetic resonance
angiography.

the vessel wall was more often found among patients with
angiogram- compared with biopsy-conﬁrmed PACNS. This
diﬀerence was statistically signiﬁcant (p < 0.0001).

puncture more often revealed pathologic ﬁndings (77%, 80%)
in comparison to angiogram-conﬁrmed cases (eFigures 6 and 7,
links.lww.com/NXI/A634 and links.lww.com/NXI/A635).

Blood and CSF Analyses
Thirty-one studies reported results of blood and CSF analyses
(Figure 3). A lumbar puncture was performed in 581 patients
with PACNS. Pathologic results in terms of elevated leukocyte
count (>4 cells/μL) and/or increased protein concentration
(>450 mg/L) were apparent in 134 (75%) biopsy- and 115
(65%) angiogram-conﬁrmed cases. A pleocytosis was present
in 86 (61%) biopsy- and 48 (35%) angiogram-conﬁrmed cases
(Figure 3, C and D). An elevated protein concentration was
found in 81 (72%) biopsy- and 79 (59%) angiogram-conﬁrmed
cases (Figure 3, A and B). Abnormal CSF ﬁndings were apparent in all histologic subtypes in more than 50% of the cases
(eFigure 5, A–C, links.lww.com/NXI/A633). In both, autopsy
cases and patients with spinal cord involvement, lumbar

Pathogenetic Mechanisms
The pathogenesis of PACNS is largely unknown. Infectious
agents such as varicella zoster virus have been associated with
PACNS.1 However, the detailed mechanisms of infection mediating PACNS have not been clariﬁed. To date, PACNS is deﬁned
as a noninfectious disease distinct from infectious (secondary)
CNS vasculitis. It is known from histopathologic studies that
diﬀerent types of immune cells inﬁltrate cerebral vessels resulting
in distinct histopathologic subtypes.1 For instance, the necrotizing
vasculitis subtype is frequently found to be associated with vessel
wall destruction and intracerebral bleeding.1 Among the reviewed
studies, only a few data on etiology, pathogenesis, and immunologic mechanisms involved in PACNS were provided. MandelBrehm et al.14 found evidence of a deregulated alternative

Neurology.org/NN
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Figure 3 CSF Abnormalities in Biopsy- and Angiogram-Confirmed Cases

All estimators represent the proportions of abnormal results in relation to the number of performed examinations. The size of the estimator is proportional to
the size of the cohort in the respective study. The indicator I-squared indicates the heterogeneity of the data. Error bars indicate 95% CIs. CSF is considered
abnormal when the cell count exceeds 4/μL (pleocytosis) or the protein concentration exceeds 450 mg/L. CI = confidence interval.

pathway of complement activation in CSF from biopsy-proven
PACNS compared with a group of mimicking conditions. In a
histopathologic study from Mihm et al.,32 PACNS was shown to
be characterized by MRP8-positive intermediate/late-activated
macrophages. Regarding PACNS subtypes, ABRA is suspected to
be a spontaneous form of autoimmune disease directed at amyloid β peptide (Aβ) characterized by an immune response directed against Aβ and causing leptomeningeal and parenchymal
inﬂammation, clearance of parenchymal Aβ, and increased deposition of Aβ in cortical and leptomeningeal blood vessels.
Hence, further research is needed to unravel the pathophysiologic
mechanisms of distinct PACNS subtypes and to be able to develop subtype-speciﬁc treatment options.
Neurologic Outcomes
Reporting of outcomes was heterogeneous and thus could not
be summarized by means of meta-analysis (eTable 2). Follow-up
duration ranged from discharge up to 356 months. Only a few
6

studies reported relapse frequencies. In 2 of the largest cohorts,
relapses occurred in 34% and 30% of patients during a median
follow-up of 57 and 19 months, respectively.9,11 Reported
mortality was also very heterogeneous across the included
studies: 8% (9 of 112 patients) during a median follow-up of 57
months in a study by de Boysson, 16% (7 of 45 patients) during a
median follow-up of 33 months in a study by Sundaram, and
23% (44 of 191 patients) during a median follow-up of 19
months in a study by Salvarani.9,11,17
In the largest included cohort, 131 (69%) of 191 patients had
a modiﬁed Rankin Scale (mRS) score of 0–3, indicating a low
or intermediate disability, and 16 (8%) of 191 patients had an
mRS score of 4 or 5, indicating a severe disability at last followup (median 19 months, range: 0–337 months).11,54 De
Boysson et al.9 report an mRS score of 0–2, indicating a good
neurologic outcome in 63 (56%) of 112 patients at last followup (median 53 months, range 0–198 months).
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Treatment of PACNS
PACNS treatments can be divided into induction and maintenance therapies. However, not all included studies adhere to
this classiﬁcation (eTable 2).9 Induction treatment comprised
glucocorticoids and/or cyclophosphamide in the majority of
studies. The 2 largest included studies giving information on
neurologic outcome report oral or IV glucocorticoid treatment in the induction phase for 110 (98%) of 112 patients
and for 184 (96%) of 191 patients.9,11 Explicitly mentioned
oral glucocorticoids, administered with the usual dosage of
1 mg/kg/day or more in 16 of 30 studies reporting therapeutic
strategies, were administered over a treatment period of
0.4–159 months, followed by or including tapering of the
dose.9,11 IV glucocorticoids, chosen in 17 of 30 studies, were
mostly administered in a daily dosage of 1 g for 3–5 days.9,11
Some authors draw the conclusion that the path of administration chosen for glucocorticoids should depend on the initial severity of the disease course.40 A minority of patients
received glucocorticoids as induction treatment only. In the
majority of studies, a combination of glucocorticoids and at
least 1 further immunosuppressive drug was given. Among
these complementary drugs, cyclophosphamide plays the
most prominent role. IV pulses were the preferred form of
administration, given 2–12 times (median of 6 according to de
Boysson et al.) over 2–10 months (median of 6 according to
de Boysson et al. 2020).9,35,40 IV cyclophosphamide was administered in 13 of 30 studies. Salvarani et al. report a median
dose of 1 g and Oon et al. a median dose of 800–1000 mg/mo11,35
Oral cyclophosphamide was administered in 9 of 30 studies and
was given daily with a median starting dose of 150 mg/day and
a median treatment duration of 7 months, with a median
starting dose of 100 mg/day and a median treatment duration
of 10 months, or with 2 mg/kg/day and a treatment duration
of 6 months.11,25,34,43,49,52 Five studies did not report whether
glucocorticoids or cyclophosphamide were given orally or
IV.3,37,38,47,48 Other induction treatments include cyclophosphamide alone or combinations of glucocorticoids with azathioprine, mycophenolate mofetil, rituximab, or methotrexate.9,11,39,46
IV immunoglobulins, inﬂiximab, and plasma exchange were applied as well in single cases.11
With regard to maintenance therapy, a combination of immunosuppressants with oral glucocorticoids being gradually
tapered is frequently reported.13,40,43,46,47,49 Common immunosuppressive agents are azathioprine (1.5 or 2 mg/kg/
day or 100–200 mg/day), mycophenolate mofetil (2–3g/
day), and methotrexate (0.3–0.5 mg/kg/wk or 7.5–20 mg/
wk).9,11,12,16,20 Rituximab was used for induction (2 1000 mg
infusions separated by 2 weeks or weekly rituximab admission
(375 mg/m2) for 4 weeks) and/or maintenance therapy
(1,000 mg every 6 months) in 5 of 30 studies.9,11,16,19,20 Patients with disease resistant to conventional immunosuppressive agents including azathioprine, mycophenolate
mofetil, and methotrexate treated with rituximab were found
to have improvement of neurologic ﬁndings and imaging and
reduction in the number of relapses.11,20 In the cohort of de
Neurology.org/NN

Boysson (n = 112), all 106 (95%) patients who achieved
remission after induction therapy were treated with glucocorticoids, most frequently combined with cyclophosphamide
(n = 89) as an additional immunosuppressive treatment.9 The
most frequently administered immunosuppressive agent in
this (n = 41) and also in other cohorts was azathioprine.9 Best
functional outcome was achieved by patients being treated
with a combination of glucocorticoids and another immunosuppressive drug, followed by maintenance therapy.
According to the data of de Boysson, maintenance drugs were
started at a median time of 4 (3–18) months after initiation of
induction therapy for median duration of 24 (6–72) months.9
In relapsing patients, a reinduction was performed with the
same drugs as applied as induction treatment.9 Salvarani
et al.13 described 2 cases refractory to ﬁrst-line treatment with
glucocorticoids and cyclophosphamide, for which inﬂiximab
and etanercept provided successful treatment options.
The association between treatment and outcome was analyzed in some studies (eTable 2). However, no randomized
clinical trials on treatment of PACNS exist. A (partially)
prospective study included in this systematic review reports
a signiﬁcant association in a multivariate analysis of maintenance therapy with prolonged remission (odds ratio 4.32,
p = 0.002) and better functional outcome (odds ratio 8.09,
p < 0.0001) compared with no maintenance therapy.

Discussion
In this systematic review and meta-analysis, we summarize
data from 46 cohort studies with 912 patients with PACNS.
Our analysis yields the following main ﬁndings: (1) MRI
shows abnormal ﬁndings in virtually all patients with PACNS
regardless of biopsy- or angiogram-conﬁrmed diagnosis (97%
vs 98%); (2) CSF is abnormal in about two-thirds (66%) of
patients, whereas less than half (47%) of the patients have a
CSF pleocytosis, questioning the applicability and reliability
of newer diagnostic criteria; (3) about one- third of patients
have relapses during the ﬁrst years after diagnosis, and mortality after diagnosis is up to one-fourth—although outcomes
diﬀer considerably between cohorts; (4) initial treatment
usually includes glucocorticoids and cyclophosphamide, administered IV or orally; and (5) PACNS represents a spectrum of disorders with diﬀerent sized vessels involved,
requiring diﬀerent diagnostic approaches, i.e., biopsy vs angiogram (Figure 4).
Considering the severity of the disease, an accurate and timely
diagnosis of PACNS is required but remains challenging due
to the absence of speciﬁc clinical, imaging, and laboratory
characteristics. Serologic tests for PACNS are not available,
and established markers for inﬂammation including
C-reactive protein and erythrocyte sedimentation rate have
normal levels in the majority of patients. MRI and CSF examinations are usually performed in patients with suspected
PACNS but are not part of the established diagnostic
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criteria.55 MRI is highly sensitive but less speciﬁc. A normal
MRI almost rules out PACNS. However, the most frequently
observed changes, including cerebral infarcts, intracranial
hemorrhages, and parenchymal or leptomeningeal contrast
enhancement, often have other causes. CSF analysis is considered a central part for evaluating patients with PACNS.6,7
However, sensitivity is moderate and speciﬁcity is low. In this
context, our systematic analysis contradicts more recent diagnostic criteria that attribute a high relevance to CSF tests for
diagnosing PACNS.6 Nevertheless, the major role for CSF
analysis is to exclude malignant or infectious diseases.6 Altogether, the deﬁnite diagnosis can only be proven by brain
biopsy in case of PACNS suspicion. However, due to the focal
and segmental distribution of the disease, the sensitivity of
brain biopsy is often reduced as a result of sampling errors.
Glucocorticoids combined with cyclophosphamide are the standard for treating PACNS. However, there are no randomized
clinical trials investigating optimal initial glucocorticoid and cyclophosphamide dose, administration route, or tapering regimes.
Current treatment recommendations are based on observational
studies or are derived from the management of systemic vasculitides. Glucocorticoid treatment should be initiated as soon as
PACNS is diagnosed. Pizzanelli et al.40 suggest that glucocorticoid dosage and administration route should be chosen according
to the degree of disease severity at onset. In most observational
studies, daily oral or intermittent (usually monthly) IV cyclophosphamide is given in addition to glucocorticoids. These recommendations are in line with recent nonsystematic reviews.6,7
Drawing conclusions on the long-term disease development
of PACNS is limited due to the heterogeneity of the reviewed

studies regarding follow-up duration and selection of outcome
assessments. The only (partly) prospective study included in
the review reported a relapse frequency of 34% and a mortality of 8% during a median follow-up of 57 months9
We found a low agreement between histology and angiography. One explanation could be sample artifacts (i.e., including
biopsies of nonaﬀected tissue due to the patchy pattern of the
disease).56 Another reason could be that biopsy- and
angiogram-conﬁrmed cases represent diﬀerent parts of the
PACNS spectrum (Figure 4). The most striking diﬀerence
between biopsy- and angiogram-conﬁrmed cases is the affected vessel size. Based on the size of predominantly aﬀected
vessels, a small- and a medium-vessel vasculitis have been
described.57 Growing evidence supports the fact that biopsyconﬁrmed PACNS represents small-vessel vasculitis, whereas
angiogram-conﬁrmed PACNS represents medium to largevessel vasculitis.58 Further clinical and laboratory diﬀerences
summarized in Figure 4 support this concept.
Our study has strengths and limitations. Left-right symmetry
in the funnel plots indicates that studies with high and low
proportions were equally represented in the literature, and
concordance with the expected shape of the curve shows that
larger studies had proportions closer to the overall proportion
than smaller studies. As stated by Egger et al.,59 these observations argue against the presence of bias. Recommendations
regarding the treatment of PACNS are limited by the scarcity
of randomized clinical trials, and conclusions on the longterm outcome are limited by the lack of prospective studies.
Interpretation of data on both response to treatment and
outcome is further limited by the heterogeneous data

Figure 4 PACNS—A Disease Spectrum

There are overlapping (para-)clinical attributes between
biopsy- (blue bars) and angiogram-confirmed (red
bars) cases of PACNS, and also distinct characteristics. DSA = digital subtraction angiography; GD =
gadolinium; MRA = magnetic resonance angiography; PACNS = primary angiitis of the CNS.
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reported. We included several rather small observational
studies resulting in a considerable degree of heterogeneity.
Furthermore, angiogram-conﬁrmed cases bear the risk of
representing a mimic of PACNS such as RCVS, intracranial
atherosclerosis, and secondary vasculitis. Therefore, the necessity of additional examinations ruling out such diﬀerential
diagnoses is unquestionable. Another weakness of our study is
the inclusion of patients with highly probable PACNS, that
bear the risk of being misdiagnosed, to treatment and outcome analysis. Nevertheless, our systematic review combines
the available evidence on PACNS and gives a concise overview of clinical characteristics, diagnostics, treatment, and
outcome of PACNS.
In conclusion, PACNS is a severe disorder with disabling
symptoms, frequent relapses, and signiﬁcant mortality.
Diﬀerences in symptoms and neuroimaging results and the
only moderate overlap between biopsy and angiogram indicate that biopsy- and angiogram-conﬁrmed cases represent diﬀerent parts of the PACNS spectrum (i.e., small
vessel vs medium-sized and large vessel aﬀection). Most
frequently used for induction therapy are glucocorticoids
combined with cyclophosphamide and for maintenance
therapy azathioprine, mycophenolate mofetil, rituximab, or
methotrexate.
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