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Abstract

Objective

There is limited evidence on when to obtain a central nervous system (CNS) biopsy in suspected

primary angiitis of the central nervous system (PACNS).

Methods

From the multicenter retrospective Cohort of Patients with Primary Vasculitis of the CNS
(COVAC), we included adults with PACNS based on a positive CNS biopsy or otherwise
unexplained intracranial stenoses with additional findings supportive of vasculitis. Baseline
findings were compared between patients with a positive and negative biopsy using logistic

regression models.

Results

200 patients with PACNS were included, among which a biopsy was obtained in 100 (50%) and
was positive in 61 (31%). Patients with a positive biopsy were more frequently female (OR 2.90,
95% Cl 1.25-7.10, p=0.01) and more often presented with seizures (OR 8.31, 95% Cl 2.77-33.04,
p<0.001) or cognitive impairment (OR 2.58, 95% Cl 1.11-6.10, p=0.03). On imaging, biopsy
positive patients more often had non-ischemic parenchymal or leptomeningeal gadolinium
enhancement (OR 52.80, 95% Cl 15.72-233.06, p<0.001) or > 1 cerebral microbleed (OR 8.08,
95% Cl 3.03-25.13, p<0.001), and less often had > 1 acute brain infarct (OR 0.02, 95% Cl 0.004-
0.08, p<0.001). In the multivariable model, non-ischemic parenchymal or leptomeningeal
gadolinium enhancement (aOR 8.27, 95% Cl 1.78-38.46), p<0.01) and absence of > 1 acute brain
infarct (aOR 0.13, 95% CI 0.03-0.65, p=0.01) were significantly associated with a positive biopsy.



Interpretation

Baseline clinical and radiological characteristics differed between biopsy positive and negative
PACNS. These results may help physicians individualize the decision to obtain a CNS biopsy in
suspected PACNS.
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Key messages

Biopsy positive PACNS more often presented with parenchymal or leptomeningeal

enhancement.

Biopsy negative PACNS more often presented with acute brain infarcts.

Parenchymal samples were more often diagnostic of PACNS than leptomeningeal samples,

particularly in purely lymphocytic PACNS.



Introduction

The definitive diagnosis of central nervous system (CNS) vasculitis requires a positive
CNS biopsy. (1, 2) In the absence of a positive biopsy, CNS vasculitis is supported by evidence of
CNS vascular disease (e.g., intracranial stenoses, brain infarcts) and markers of CNS
inflammation (e.g., inflammatory cerebrospinal fluid [CSF], non-ischemic parenchymal or
leptomeningeal gadolinium enhancement, concentric vessel wall enhancement). (3) Physicians
disagree on which findings should motivate a CNS biopsy and obtain the latter in only a

minority of patients with suspected primary angiitis of the CNS (PACNS). (4)

Clinical and radiological characteristics differ between biopsy positive and imaging based
PACNS. (5) In previous studies, seizures, cognitive impairment and non-ischemic parenchymal
or leptomeningeal gadolinium enhancement were more frequent in biopsy positive PACNS,
while acute brain infarcts were more frequent in imaging based PACNS. (6-9) However, since
not all patients with imaging based PACNS were biopsied, it remains unknown whether these
differences result from selection bias or whether they reflect the existence of PACNS subgroups
in which the yield of a CNS biopsy may vary. ldentifying findings that are associated with a
positive biopsy in PACNS may help clinicians individualize the decision to obtain a CNS biopsy. In
this study, the primary objective was to identify which clinical and radiological characteristics
were associated with a positive biopsy in PACNS. The secondary objective was to compare

PACNS histological subtypes.

Methods

This study complies with the Declaration and Helsinki and the study protocol was
approved by the CHU Caen-Normandie institutional review board (#3786), without requirement

for written informed consent. In France, patients were informed of their inclusion and had the



right to request exclusion of their data. Local review board approval was obtained when

required by individual sites.

Population

Adults with PACNS were enrolled from the multicenter retrospective COVAC cohort,
initiated in 2010. (10, 11) The cohort’s inclusion criteria were refined to require 1a) vessel wall
inflammation on CNS biopsy or 1b) > 1 otherwise unexplained intracranial stenosis with > 1/4
additional finding supportive of vasculitis (inflammatory CSF, concentric vessel wall
enhancement, non-ischemic parenchymal or leptomeningeal gadolinium enhancement, or
rapidly progressive and persistent stenoses) and 2) no secondary etiology of CNS vasculitis (e.g.,
CNS infection, autoimmune connective tissue disease, systemic vasculitis, sarcoidosis,
inflammatory bowel disease, active cancer). To allow comparison with previous PACNS cohorts,
we included patients with amyloid-beta related angiitis (ABRA), a subtype of cerebral amyloid
angiopathy-related inflammation where cerebral vasculitis colocalizes with vascular amyloid-
beta deposits. (12-14) Patients with isolated perivascular inflammation were not considered to
have a positive biopsy. (15) No patient had complete reversal of intracranial stenoses on follow-
up imaging, excluding reversible cerebral vasoconstriction syndrome. (16, 17) The likelihood of
including patients with intracranial atherosclerosis that mimicked PACNS was reduced by
evaluating the vascular risk factor profile, extracranial atherosclerosis, end organ damage (e.g.,
hypertension or diabetes related retinopathy), arterial calcifications, and the response to
immunosuppressant drugs. One patient with biopsy positive vasculitis isolated to the spinal
cord was excluded due to the different clinicoradiological presentations of brain and spinal cord

vasculitis.

For the last update, site investigators identified cases diagnosed from 2010-2022 using

locally available methods (archives, data warehouse, list of individual physician’s diagnoses).



The principal investigators (AN, HdB) reviewed each file to validate the diagnosis. A third

investigator (ET) was consulted in case of disagreement.

Variables

The first author extracted variables at baseline (prior to treatment) from patient charts,
CNS imaging, and biopsy reports. Cognitive impairment was defined as any reported cognitive
dysfunction. The CSF was considered inflammatory when white blood cells were > 10/mm? or
proteins > 0.70 g/L. Imaging variables were defined as per the Standards for Reporting Vascular
Changes on Neuroimaging criteria. (18) Acute brain infarcts were considered small if they
measured < 2 cm on diffusion weighted-imaging. A tumor-like lesion was defined as a single or
multiple non-ischemic edematous lesion(s) with mass effect on adjacent parenchymal or
ventricular structures. Pathologists at the participating sites were contacted to stain positive

biopsies for amyloid-beta if this was not previously performed.

Statistics

Baseline characteristics were compared using Chi-square or Fisher’s exact tests for
categorical variables and Student’s t- or Mann-Whitney-U tests for continuous variables.
Patients with a positive and negative biopsy were compared using Firth’s biased-reduced
univariable logistic regression models. (19) After excluding significant multicollinearity (variance
inflation factor > 5), complete case multivariable Firth’s biased-reduced logistic regression was
performed including variables that reached a p-value < 0.10 in univariable analyses. In two
sensitivity analyses, we excluded patients with ABRA and restricted patients with a negative
biopsy to those with inflammatory CSF. In an additional analysis, under the missing at random
hypothesis, we performed multiple imputations with chained equations for missing covariables

in all patients and biopsy results in unbiopsied patients. We generated 50 datasets in a model



that included demographics, clinical and radiological characteristics, and biopsy results. The
results of logistic regressions after multiple imputation were pooled using Rubin’s rules. In
secondary analyses, we compared granulomatous (granulomas in the vessel wall, with or
without lymphocytes) and purely lymphocytic PACNS (lymphocytes in the vessel wall, without
granulomas). A p-value < 0.05 was considered statistically significant. Analyses were performed

using RStudio (version 4.2.0).

Results

Among the 200 patients with PACNS included in the cohort, 83 (42%) were female, with
a mean (SD) age of 48 (14) years. A CNS biopsy was obtained in 100 (50%) patients, more often
in the presence of seizures (p<0.001), cognitive impairment (p<0.001), non-ischemic
parenchymal or leptomeningeal gadolinium enhancement (p<0.001), > 1 cerebral microbleed
(p<0.001), a tumor-like lesion (p<0.001), no acute brain infarct (p<0.001) and intracerebral
hemorrhage (p=0.04) (Supplementary Table S1). A digital subtraction angiogram (DSA) was
obtained in 133 (67%) patients.

Among the 100 patients that underwent a CNS biopsy, the latter was positive in 61
(61%). On CT- or MR-angiogram, 2 1 intracranial stenosis was present in 2 (3%) patients with a
positive biopsy and 34 (87%) patients with a negative biopsy. A DSA was obtained in 34 (56%)
patients with a positive biopsy and 30 (77%) patients with a negative biopsy. The latter
identified > 1 intracranial stenosis in 5 (15%) patients with a positive biopsy and all patients

with a negative biopsy.

Compared to patients with a negative biopsy, patients with a positive biopsy were more
frequently female (OR 2.90, 95% Cl 1.25-7.10, p=0.01) and more often presented with seizures
(OR 8.31, 95% CI 2.77-33.04, p<0.001) or cognitive impairment (OR 2.58, 95% Cl 1.11-6.10,

p=0.03). On CNS imaging, patients with a positive biopsy more often had non-ischemic



parenchymal or leptomeningeal gadolinium enhancement (OR 52.80, 95% Cl 15.72-233.06,
p<0.001) or > 1 cerebral microbleed (OR 8.08, 95% Cl 3.03-25.13, p<0.001), and less often had >
1 acute brain infarct (OR 0.02, 95% CI 0.004-0.08, p<0.001) (Table 1). In multivariable analyses,
non-ischemic parenchymal or leptomeningeal gadolinium enhancement (aOR 8.27, 95% Cl 1.78-
38.46, p<0.01) and absence of > 1 acute brain infarct (aOR 0.13, 95% CI 0.03-0.65, p=0.01) were
significantly associated with a positive biopsy (Table 2). These results were directionally
unchanged in the two sensitivity analyses, as well as after imputing missing covariables and

biopsy results (Supplementary Tables S2-54).

When present, acute brain infarcts were more often exclusively small in patients with a
positive (14/15 [93%]) versus a negative biopsy (23/38 [61%], p=0.02). The median (IQR) delay
between the onset of symptoms and the biopsy was 162 (57-429) days in patients with a

positive biopsy and 239 (64-593) days in patients with a negative biopsy (p=0.45).

Vasculitis was more frequently diagnosed on parenchymal than leptomeningeal samples
(55/97 [57%)] versus 16/62 [26%], p<0.001). In patients with leptomeningeal enhancement,
vasculitis was present in 8/15 (53%) leptomeningeal and 18/22 (82%) parenchymal samples. In
patients with parenchymal enhancement, vasculitis was present in 10/21 (48%) leptomeningeal

and 43/49 (88%) parenchymal samples.

Histological subtypes were purely lymphocytic in 35 (57%), granulomatous in 25 (41%)
and necrotizing in 1 (2%). Fifty-seven (93%) positive biopsies were stained for amyloid-beta,
revealing ABRA in 9 patients (15%). Among the four patients without amyloid staining, all had
lymphocytic PACNS, three were aged less than 40 years old, and one was 42 years old with no
hemorrhagic manifestations on brain MRI. Compared to purely lymphocytic PACNS,
granulomatous PACNS was associated with headaches (OR 4.40, 95% Cl 1.47-14.96, p<0.01),
inflammatory CSF (OR 4.66, 95% Cl 1.36-20.10, p=0.01), acute subarachnoid hemorrhage (OR
11.17,95% Cl 2.24-111.09, p<0.01), > 1 cerebral microbleed (OR 3.21, 95% Cl 1.08-10.45,
p=0.04) and > 1 intracranial stenosis on DSA (OR 7.24, 95% Cl 1.12-80.64, p=0.04). No patients



with purely lymphocytic PACNS had ABRA. Vasculitis was more frequently diagnosed on
parenchymal than leptomeningeal samples in purely lymphocytic PACNS (p<0.001) but not in
granulomatous PACNS (p=0.29) (Table 3). After excluding patients with ABRA, granulomatous

PACNS remained significantly associated with headaches (Supplementary Table S5).

Discussion

In a large cohort of patients with PACNS, of which 50% were biopsied, the baseline
presentation differed between patients with a positive and negative biopsy. Patients with a
positive biopsy more often had cognitive impairment, seizures, non-ischemic parenchymal or
leptomeningeal gadolinium enhancement, and cerebral microbleeds. Intracranial stenoses and
acute brain infarcts were absent at baseline in 89% and 75% of patients with a positive biopsy,
respectively. In patients with acute brain infarcts and intracranial stenoses, the diagnosis of
vasculitis was supported by markers of CNS inflammation, such as inflammatory CSF and/or

concentric vessel wall enhancement.

Limited evidence exists on when to obtain a CNS biopsy in suspected PACNS. A positive
biopsy increases diagnostic certainty, which can support the decision to introduce or escalate
immunosuppressive treatments. A CNS biopsy can also reveal an alternative diagnosis in up to
39% of patients with suspected PACNS. (20, 21) In a single center series, serious complications
occurred after a CNS biopsy in 4% of patients with suspected PACNS. (21) Because of its
reported low diagnostic yield, clinicians may encounter difficulties justifying a CNS biopsy to
patients or their colleagues. The median time between symptom onset and a CNS biopsy was
relatively long, which may have reflected the subacute course of the disease, the delay in

recognizing the indication for a biopsy, or difficulties in obtaining a biopsy.

Previous studies have suggested that biopsies may be negative in PACNS due to irregular
involvement of intracranial vessels or to sampling of normal brain areas. (22, 23) In addition,

the differences between biopsy positive and negative PACNS may reflect the size of the
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involved vessels. (24) In our study, biopsy positive PACNS was associated with markers of small
vessel involvement, such as non-ischemic parenchymal or leptomeningeal gadolinium
enhancement and cerebral microbleeds. Biopsy negative PACNS was associated with
intracranial stenoses and acute brain infarcts, which are more often secondary to involvement
of proximal intracranial vessels that are not usually sampled in a CNS biopsy. When present in
patients with a positive biopsy, acute brain infarcts were exclusively small in 93% of cases,
which further supports that markers of small vessel involvement are associated with biopsy
positive PACNS. The CSF was non-inflammatory in 33% of patients with a positive biopsy, which

suggests that CSF results should not be used in isolation to exclude patients from a CNS biopsy.

Targeting a radiological abnormal area may increase the diagnostic yield. In a study from
the Mayo Clinic PACNS cohort, all of the positive biopsies were targeted to a radiologically
abnormal area. (23) The results of our study support targeting areas of parenchymal or
leptomeningeal enhancement, as the latter were the strongest predictors of a positive CNS
biopsy. All CNS biopsies should include parenchymal samples, as the latter were more often
diagnostic of vasculitis irrespective of the enhancement pattern. When comparing histological
subtypes, the higher yield of parenchymal samples was only identified in purely lymphocytic
PACNS. Amyloid-beta related angiitis was associated with granulomatous vasculitis and is more
likely to affect the leptomeninges, which possibly explains why the yield of leptomeningeal

samples was higher in granulomatous than purely lymphocytic PACNS. (25)

In addition, the baseline presentation varied according to the histological subtype.
Granulomatous PACNS more often presented with hemorrhagic imaging findings, reflecting its
association with ABRA. (25) Biopsies should particularly be analyzed for amyloid-beta deposits
in patients with headaches, microbleeds, and acute subarachnoid hemorrhage. The sensitivity
analysis excluding patients with ABRA supported that differences between biopsy positive and
negative PACNS were not explained by patients with ABRA. Most differences between
histological subtypes were no longer significant after excluding patients with ABRA, although

headaches remained more frequent in amyloid negative granulomatous PACNS. Further studies
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comparing ABRA and amyloid negative biopsy positive PACNS are necessary to determine if

ABRA should continue to be classified as a subgroup of PACNS.

The differences between patients with a positive and negative biopsy are consistent
with a previous report of 45 biopsied patients with PACNS. (23) Unlike the Mayo Clinic cohort,
purely lymphocytic PACNS was more common than granulomatous PACNS. (13) This difference
may be due to the lower proportion of patients with ABRA in our study, as clinicoradiological
criteria for the diagnosis of cerebral amyloid angiopathy-related inflammation may have

decreased the number of patients with ABRA undergoing a biopsy in recent years. (26)

Strengths of this study include its multicenter recruitment and sample size. The number
of biopsied patients was double that of the previous study on this topic. (23) While not all
patients were biopsied, the potential for selection bias was reduced by restricting the primary
analysis to patients that underwent a CNS biopsy and by using multiple imputation models to

predict biopsy results in unbiopsied patients, increasing the robustness of our findings.

Limitations of this study include its retrospective design and that biopsies could not be
centrally reviewed. Concentric vessel wall enhancement has not been validated for the
diagnosis of CNS vasculitis. Inherent to all studies on PACNS, the diagnosis remained unproven
in patients without a positive biopsy. Importantly, patients with intracranial atherosclerosis can
present with isolated involvement of intracranial arteries, no arterial calcifications, mildly
inflammatory CSF and concentric vessel wall enhancement. We cannot rule out that some
included patients had intracranial atherosclerosis mimicking PACNS. However, the inclusion
criteria were narrower than previous studies and the files were reviewed by the principal
investigators, which reduced the likelihood of including mimics of PACNS. Chart review did not
allow us to always determine whether the biopsy was blind or targeted to a radiological lesion.
Clinical and imaging variables were evaluated at baseline but can vary with disease evolution
(e.g., intracranial stenoses and acute brain infarcts can be absent at baseline but appear during

follow-up in patients with PACNS). (7) The study population was not compared to patients with
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suspected PACNS for whom CNS biopsy revealed an alternative diagnosis, as the cohort does
not include this population. Since CNS biopsies can reveal alternate diagnoses in patients with
suspected PACNS (e.g., lymphoma, infection, encephalitis), the findings of this study require
validation in a cohort of patients with undifferentiated disease undergoing a biopsy for
suspected PACNS. Patients with suspected PACNS and no intracranial stenoses require a biopsy
to confirm the diagnosis of PACNS. However, our results suggest that a biopsy is unlikely to be
positive in patients with suspected PACNS who present at baseline with large acute brain

infarcts, intracranial stenoses and no gadolinium enhancing lesions.

In summary, baseline clinical and radiological characteristics differed between patients
with biopsy positive and negative PACNS. These results may help physicians individualize the

decision to obtain a CNS biopsy in suspected PACNS.
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Table 1. Comparison at baseline of biopsy positive and negative primary angiitis of the central nervous

system

Biopsy positive

Biopsy negative

Odds ratio (95% Cl)

p-value

(n=61) (n=39)
Mean (SD) age (years) 47 (16) 49 (13) 0.99 (0.96-1.01) 0.36
Female sex (n, %) 31(51) 10 (26) 2.90 (1.25-7.10) 0.01
Symptoms (n, %)
Seizure 27 (44) 3(8) 8.31(2.77-33.04) < 0.001
Cognitive impairment 46 (75) 21 (54) 2.58 (1.11-6.10) 0.03
Headache 36 (59) 25 (64) 0.81 (0.35-1.84) 0.62
Cerebrospinal fluid (n, %)
White blood cells > 10/mm? or proteins > 0.70 g/L 39 (67) 23 (59) 1.42 (0.62-3.28) 0.41
Imaging (n, %)
> 1 acute brain infarct 15 (25) 37 (95) 0.02 (0.004-0.08) <0.001
Parenchymal enhancement 48 (81) 3(9) 36.76 (11.40-155.73) <0.001
Leptomeningeal enhancement 21 (36) 2 (6) 7.04 (2.04-36.92) <0.01
Parenchymal or leptomeningeal enhancement 51 (86) 3(9) 52.80 (15.72-233.06) <0.001
> 1 cerebral microbleed 33 (58) 5(14) 8.08 (3.03-25.13) <0.001
> 1 intracerebral hemorrhage 8 (13) 2 (5) 2.38 (0.61-13.14) 0.22
Acute subarachnoid hemorrhage 9 (15) 4 (10) 1.43 (0.45-5.21) 0.56

p-value for univariable Firth’s bias-reduced logistic regression
Missing: white blood cells (3), protein level (3), parenchymal enhancement (8), leptomeningeal

enhancement (8), > 1 cerebral microbleed (6)
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Table 2. Multivariable logistic regression comparing biopsy positive and negative primary angiitis of

the central nervous system

Adjusted odds ratio (95% Cl) p-value
Female sex 4.03 (0.75-21.57) 0.10
Seizures 4.22 (0.68-26.28) 0.12
Cognitive impairment 3.96 (0.68-22.96) 0.13
> 1 acute brain infarct 0.13 (0.03-0.65) 0.01
Parenchymal or leptomeningeal gadolinium enhancement 8.27 (1.78-38.46) <0.01
> 1 cerebral microbleed 4.52 (0.98-20.80) 0.053

p-value for multivariable Firth’s bias-reduced logistic regression
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Table 3. Comparison at baseline of granulomatous and purely lymphocytic primary angiitis of the

central nervous system

Granulomatous Purely
lymphocytic Odds ratio (95% Cl) p-value
(n=25)
(n=35)

Mean (SD) age (years) 50 (16) 44 (15) 1.02 (0.99-1.06) 0.16
Female sex (n, %) 14 (56) 17 (49) 1.33 (0.48-3.72) 0.58
Symptoms (n, %)
Seizure 9 (36) 17 (49) 0.61 (0.21-1.69) 0.34
Cognitive impairment 19 (76) 26 (74) 1.08 (0.34-3.55) 0.90
Headache 20 (80) 16 (46) 4.40(1.47-14.96) <0.01
Cerebrospinal fluid (n, %)
White blood cells > 10/mm? or proteins > 0.70 g/L 20 (87) 19 (56) 4.66 (1.36-20.10) 0.01
Imaging (n, %)
> 1 acute brain infarct 9 (36) 6(17) 2.61 (0.83-8.74) 0.10
Parenchymal enhancement 20 (80) 28 (85) 0.72 (0.19-2.74) 0.62
Leptomeningeal enhancement 12 (48) 8 (24) 2.78 (0.95-8.56) 0.06
Parenchymal or leptomeningeal enhancement 22 (88) 28 (85) 1.24 (0.30-5.86) 0.77
> 1 cerebral microbleed 17 (74) 15 (45) 3.21(1.08-10.45) 0.04
> 1 acute intracerebral hemorrhage 5(20) 3(9) 2.49 (0.60-11.78) 0.21
> 1 acute lobar intracerebral hemorrhage 4 (16) 2 (6) 2.80(0.57-17.28) 0.21
Acute subarachnoid hemorrhage 8(32) 1(3) 11.17 (2.24-111.09) <0.01
Tumor-like lesion 7 (28) 15 (43) 0.54 (0.18-1.54) 0.25
> 1 intracranial stenosis (any imaging) 5(20) 2 (6) 3.60 (0.78-21.54) 0.10
> 1 intracranial stenosis (digital subtraction angiogram) 4 (33) 1(5) 7.24 (1.12-80.64) 0.04
Biopsy (n, %)
Leptomeningeal vasculitis 11/15 (73) 4/11 (36) 4.26 (0.90-23.14) 0.07
Parenchymal vasculitis 20/23 (87) 34/35 (97) 0.25 (0.02-1.68) 0.16
Amyloid-beta positive 8(32) 0 30.60 (3.46-4045.08) | <0.001

p-value for univariable Firth’s bias-reduced logistic regression
Missing values: white blood cells (3), protein level (3), parenchymal enhancement (2), leptomeningeal
enhancement (2), 2 1 cerebral microbleed (4), stenosis (digital subtraction angiogram) (27), amyloid-

beta positive (4)
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