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Purpose: Primary angiitis of the adult central nervous system (PACNS) is an increasingly recognized but limited disease. Using 
previous case reports, we sought to summarize the clinical symptoms, imaging manifestations, treatment, and prognosis of patients 
with biopsy-confirmed PACNS to guide clinical diagnosis and management.
Methods: We searched the Web of Science database for studies published from January 2000 to April 2023, with the language set to 
English and the document type limited to [Article or Review or Letter or Editorial Material]. A systematic review of all case reports 
met the inclusion and exclusion criteria was performed. These patients’ clinical, pathological, and imaging characteristics were 
analyzed, and treatment and prognostic data were summarized.
Results: We analyzed 69 articles, including 76 patients with biopsy-confirmed PACNS. And 57.9% of the patients were male, the median 
age at presentation was 47.0 years, and focal neurological deficits were the most common symptom in patients (78.9%), followed by 
headache (52.6%). The median duration of biopsy was 1.1 months, of which 49 (64.5%) patients were lymphocytic, 13 (17.1%) were 
granulomatous, 11 (14.5%) were amyloidotic, and 3 (3.9%) were necrotizing PACNS. Relapse events occurred in 41 (53.9%) patients, 
including 34 (44.2%) relapses and 8 (10.5%) deaths. Univariate logistic regression analysis revealed that symptomatic epilepsy, prolonged 
biopsy time window, and CD20 expression in pathological tissues might be independent risk factors for recurrent events in patients 
(HR=4.69, 95% CI: 1.51–14.54, p=0.007; HR=1.11, 95% CI: 1.00–1.22, p=0.043; HR=5.33, 95% CI: 1.07–26.61, p=0.041).
Conclusion: Adult PACNS is associated with frequent relapses and high mortality. Symptomatic epilepsy, prolonged biopsy time 
window, and CD20 expression in pathological tissue may be associated with recurrent events.
Keywords: PACNS, biopsy, recurrence, CD20, comprehensive review

Introduction
Primary angiitis of the central nervous system (PACNS) in adults is a rare idiopathic inflammatory disease affecting only 
intracranial and spinal cord vessels, predominantly small and medium-sized vessels. Harbitz first reported this vasculitis 
of unknown origin in 1922.1 Subsequently, Calabrese and Mallek systematically reported eight cases of this type of 
disease in 1988, unified them under the name PACNS, and proposed clinical diagnostic criteria.2 In 2005, Scolding 
further named granulomatous vasculitis due to β-amyloid as Aβ-related angiitis (ABRA).3 Clinical symptoms include 
focal neurological deficits, headache, symptomatic epilepsy, and cognitive impairment, and the diagnosis is mainly 
confirmed by biopsy or angiography. Easily confused with intracranial tumors in terms of imaging.4 The pathological 
types are lymphocytic, granulomatous, necrotizing, and ABRA.5 The low incidence and diagnostic difficulties have led to 
a lack of prospective randomized studies on PACNS in adults.

The 191 cases of PACNS reported by Salvarani et al at the Mayo Clinic, USA, in 2020 is the most extensive sample report 
on the disease. These cases were collected over 35 years (1983–2017), with 120 patients diagnosed by angiographic findings 
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and 71 diagnosed by biopsy findings.6 The following most significant sample was the French multicenter registry project 
(COVAC), initiated in 2010, which reported 110 patients in 2018, 78 of whom were diagnosed by angiographic findings and 
32 by biopsy findings.7 Beuker et al reviewed PubMed articles related to PACNS from 1988 to 2020, resulting in a systematic 
review and meta-analysis of 46 cohort studies including a total of 911 patients, of which 41% were biopsy confirmed, 43% 
angiographically guaranteed, and 16% not assigned to a diagnostic procedure.8 Although knowledge of PACNS is becoming 
more advanced, it still needs to be improved, and therefore a systematic review of previous case information is warranted.

In this study, we summarized the clinical, pathological, and imaging characteristics of adult patients with PACNS 
diagnosed by previous biopsy through a systematic review of case reports of these patients. We reported the treatment 
outcomes, recurrence events, and mortality rates of different drugs to facilitate understanding and research on this disease.

Method
Data Sources and Search Strategies
We searched the Web of Science Core Collection (WOSCC) database for articles related to PACNS reported between 
January 1, 2000, and April 30, 2023. Our search strategy was based on the following combination of medical subject 
terms and keywords: subject set to [TS=“primary angiitis of the central nervous system” OR “primary angiitis of the 
central nervous system” OR “primary central nervous system vasculitis”], document type set to [Article or Review or 
Letter or Editorial Material], and the language was set to English. In addition, we performed a manual search for the list 
of references in the retrieved articles.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) article type as case report (2) diagnosis confirmed by pathological biopsy (3) several reported cases 
≤3; Exclusion criteria: (1) missing pathological information (2) missing follow-up information.

Study Selection and Data Extraction
We screened all retrieved literature for titles and abstracts, and for those that met the criteria, we conducted a full-text 
review and finalized the literature for inclusion. Two authors (LP and CL) screened the literature, and consensus resolved 
disagreements. Predefined data were extracted using standardized forms. Extracted study and patient characteristics 
included article information (year of publication, number of reports), baseline characteristics (sex, age), clinical 
symptoms (focal neurological deficits, headache, symptomatic epilepsy, cognitive impairment), cerebrospinal fluid 
characteristics (white blood corpuscle and protein content), biopsy information (time window, number, pathological 
classification), imaging characteristics (site of involvement, vascular status, occupancy effects, enhancement), treatment 
modalities (Glucocorticoid, cyclophosphamide, azathioprine, rituximab, mycophenolate mofetil, methotrexate, gamma 
globulin, and etanercept), and prognostic information (follow-up time, recurrent events, and mortality outcome). If not 
specified in the article, the default time window from hospitalization to biopsy is 0.25 months.

Outcome
Relapse was defined as a recurrence or worsening of neurological symptoms or new evidence of neuroimaging findings. 
Death was defined as all-cause mortality. A relapse event was defined as the occurrence of a recurrence and death.

Statistical Analysis
Continuous variables are represented by median and Quartile spacing, and Categorical variable are represented by 
frequency (percentage). Analysis of variance or Wilcoxon rank sum test was used to compare continuous variables 
between groups, while Pearson Chi-squared test was used to compare Categorical variable. Calculate the hazard ratio 
(HR) of the 95% confidence interval using univariate logistic regression. A two-sided test of P<0.05 was considered 
statistically significant. All statistical analyses were performed using IBM SPSS Statistics 23 software, and graphs were 
created in Excel (Microsoft® Excel 2019).
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Results
The literature search included 383 articles, including 246 papers in [Article], 68 articles in [Review], 32 articles in 
[Letter], and 37 articles in [Editorial Material]. After title and abstract screening, 259 articles were excluded. The 
remaining 125 articles were reviewed in full text, of which 22 were diagnosed with PACNS confirmed by imaging, 11 
had incomplete biopsy information, and 22 were pediatric-related case reports. Finally, 69 studies met the inclusion 
criteria,9–77 including 76 adult PACNS patients (Figure 1).

Publications Analysis
Sixty-nine studies reported 76 cases of PACNS in adults between 2001 and 2022. All analyses were cited 517 times, with 
a mean of 7.49 citations and a single highest source of 44. All studies were primarily from 49 journals, 22 countries, and 
383 authors, of which Appendix Table 1 lists the top 10 journals, governments, and authors in terms of the number of 
articles published.

Figure 1 Study population flowchart.
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Baseline Characteristics
Of the 76 adult patients with biopsy-confirmed PACNS, 57.9% (44/76) were male, and the median age of onset was 47 
years. Focal neurological deficits were the most common symptom in patients (60/76, 78.9%), followed by headache (41/ 
76, 52.6%), cognitive deficits (29/76, 38.2%), and seizures (23/76, 30.3%). And 77.6% (59/76) of the patients reported 
the results of cerebrospinal fluid analysis, with missing information in the remaining patients. Of 59 patients, 47 (79.7%) 
had abnormal cerebrospinal fluid, of which 55.9% (33/59) had an elevated white blood cell count (> four cells/μL) and 
76.3% (45/59) had a high protein level (>0.45 g/L). Most patients had lesions involving the brain (65/76, 85.5%), a few 
involved the spinal cord (5/76, 6.6%), and only six patients (7.9%) had both brain and spinal cord involvement. 
Angiography suggested stenosis in 28.8% (15/52) of the patients, a dominant effect was present in 61.8% (47/76) of 
the lesions, and enhancement was present in 92.3% (60/65) of the lesions (Table 1).

Biopsy Characteristics
The median time window from onset to biopsy was 1.1 (0.3–6.8) months in 76 patients, of which 10.5% (8/76) were 
diagnosed by second biopsy. A total of 63 (82.9%) patients reported biopsy sites, including 5 (7.9%) patients whose 
diagnosis was confirmed by autopsy, with the most common being the temporal lobe (20/63, 31.7%), followed by the 

Table 1 Baseline Characteristics of 76 PACNS Patients Confirmed by Histopathology

Parameters All  
(N=76)

Lymphocytic 
(N=49)

Granulomatous 
(N=13)

ABRA  
(N=11)

Necrotizing 
(N=3)

Cases

Basic Information
Male, n(%) 44(57.9) 26(53.1) 11(84.6) 7(63.6) 0(0) 76

Age, years 47.0(35.0–57.0) 46.0(34.0–52.0) 35.0(28.0–48.0) 72(58.0–76.0) / 76
Neurological symptoms, n(%)
Focal symptoms 60(78.9) 41(83.7) 10(76.9) 7(63.6) 2(66.7) 76
Seizures 23(30.3) 16(32.7) 2(15.4) 3(27.3) 2(66.7) 76

Headache 41(52.6) 25(51.0) 8(61.5) 5(45.5) 2(66.7) 76

Cognition 29(38.2) 9(18.4) 7(53.8) 11(100) 2(66.7) 76
CSF parameters, n(%)
Elevated WBC 33(55.9) 19(51.4) 8(80.0) 5(55.6) 1(33.3) 59

Elevated Protein 45(76.3) 28(75.7) 9(90.0) 6(66.7) 2(66.7) 59
Imaging, n(%)
Spinal cord involvement 11(14.5) 7(14.3) 3(23.1) 0(0) 1(33.3) 76

Vascular stenosis 15(28.8) 11(30.6) 2(28.6) 1(16.7) 1(33.3) 52
Mass effect 47(61.8) 29(59.2) 6(46.2) 10(90.9) 2(66.7) 76

Enhancement 60(92.3) 38(90.5) 11(91.7) 8(100) 3(100) 65

Biopsy
Time window, months* 1.1(0.3–6.8) 0.5(0.3–5.0) 5.0(0.9–24.0) 2.0(0.3–7.0) / 76

Number=2, n(%) 8(10.5) 4(8.2) 1(7.7) 1(9.1) 2(66.7) 76

Antibody
CD3/4/8 22 (68.8) 17(70.8) 2(50.0) 3(75.0) / 32

CD20 11 (34.4) 11(45.8) 0(0) 0(0) / 32

CD68 16 (50.0) 10(41.7) 2(50.0) 4(100.0) / 32
Treatment, n(%)
Hormone 69(90.8) 43(87.8) 12(93.3) 11(100.0) 3(100.0) 76

Immunotherapy 54(71.1) 34(69.4) 11(84.6) 7(63.6) 2(66.7) 76
Number of drugs 2(1–3) 2(1–2) 2(1–3) 2(1–2) / 76

Follow-up
Time, months 17.3(6.3–32.4) 15.0(6.0–29.3) 33.0(8.0–60.0) 10.8(8.0–24.0) / 76
Recurrent events, n(%) 41(53.9) 23(46.9) 8(61.5) 7(63.6) 3(100.0) 76

Abbreviations: PACNS, primary angiitis of the adult central nervous system; ABRA, Aβ-related angiitis; CSF, cerebrospinal fluid; WBC, white blood cell; CD3/4/8, 
T lymphocytes antigen CD3/4/8; CD20, B-lymphocyte antigen CD20; CD68, macrophage antigen CD68.
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frontal lobe (15/63, 23.8%), parietal (11/63, 17.5%), spinal cord (6/63, 9.5%), cerebellum (4/63, 6.3%), occipital (1.6%) 
and thalamus (1/63, 1.6%). The final pathological findings were lymphocytic in 64.5% (49/76) of the patients, 
granulomatous in 17.1% (13/76), ABRA in 14.5% (11/76), and necrotizing PACNS in 3.9% (3/76). Histopathological 
staining was reported in 32 (42.1%) patients, of whom 68.8% (22/32) were positive for CD3/4/8 antibodies, 34.4% (11/ 
32) for CD20 antibodies, and 50.0% (16/32) for CD68 antibodies β-amyloid staining was reported in 24 (31.6%) patients, 
of which 45.8% (11/24) were positive (Table 1).

In a dichotomous analysis, other pathological types were compared, and we found that ABRA patients were older 
(72.0 vs 44.0 years, p < 0.001) and more likely to have cognitive decline (100.0% vs 27.3%, p < 0.001), with no 
significant differences seen in the rest (Appendix Table 2).

Treatment and Follow-Up
Eight immunotherapeutic agents were used in combination, including glucocorticoid in 90.8% (69/76) of the patients, 
cyclophosphamide in 63.2% (48/76), azathioprine in 11.8% (9/76), rituximab in 10.5% (8/76), mycophenolate mofetil in 
10.5% (8/76), methotrexate in 5.3% (4/76) patients were treated with methotrexate, 3.9% (3/76) patients with gamma 
globulin, and 1.4% (1/76) patients with etanercept (Table 2). The median time from onset to last follow-up was 17.3 (6.3– 
32.4) months, with 53.9% (41/76) of patients experiencing a relapse event, including 34 (44.2%) relapses and 8 (10.5%) 
deaths (Table 1, Figures 2 and 3).

In terms of recurrent events, patients with recurrent events had a higher incidence of symptomatic epilepsy (43.9% vs 
14.3%, p=0.005), a longer time window for biopsy (4.0 vs 0.5, p=0.003), more CD20 expression in pathological tissue 
(53.3% vs 17.6%, p=0.034), and a higher percentage of intracranial enhancement compared to patients without recurrent 
events higher (100% vs 83.9%, p=0.049). In univariate logistic regression, symptomatic epilepsy, biopsy time window, 

Table 2 Baseline Characteristics of 7 Therapeutic Drugs

Parameters (N=76) GC (N=69) CYC (N=48) AZA (N=9) RTX (N=8) MMF (N=8) MTX (N=4) IVIG (N=3)

Basic Information

Male, n(%) 39(56.5) 31(64.6) 6(66.7) 6(75.0) 5(62.5) 1(25.5) 3(100.0)

Age, years 47.0(35.0–57.0) 50.0(39.0–56.8) 39.0(25.0–53.0) 34.0(29.5–41.5) 32.5(22.3–47.3) 50.0(47.8–59.0) /

Neurological symptoms, n(%)

Focal symptoms 56(81.2) 38(79.2) 7(77.8) 7(87.5) 7(87.5) 4(100.0) 3(100.0)

Seizures 19(27.5) 15(31.3) 4(44.4) 3(37.5) 4(50.0) 1(25.0) 1(33.3)

Headache 37(53.6) 26(54.2) 5(55.6) 2(25.0) 5(62.5) 2(50.0) 1(33.3)

Cognition 28(40.6) 20(41.7) 4(44.4) 1(12.5) 2(25.0) 1(25.0) 3(100.0)

CSF parameters, n(%)

Elevated WBC 31(57.4) 23(62.2) 5(71.4) 2(40.0) 4(57.1) 3(100.0) 2(66.7)

Elevated Protein 42(77.8) 31(83.8) 6(85.7) 4(80.0) 7(100.0) 2(66.7) 3(100.0)

Imaging, n(%)

Involvement Spinal cord 11(15.9) 10(20.8) 3(33.3) 1(12.5) 2(25.0) 0(0) 0(0)

Vascular stenosis 14(29.8) 9(27.3) 1(16.7) 2(50.0) 3(42.9) 1(33.3) 0(0)

Mass effect 43(62.3) 26(54.2) 5(55.6) 5(62.5) 4(50.0) 3(75.0) (0)

Enhancement 54(93.1) 34(89.5) 6(100) 6(85.7) 7(100.0) 2(66.7) 2(100.0)

Biopsy

Time window, months 1.3(0.3–7.0) 3.0(0.3–8.0) 1.0(0.3–9.0) 3.0(0.3–5.0) 2.5(0.3–20.0) 3.8(0.3–10.8) /

Number=2, n(%) 7(10.1) 5(10.4) 1(11.1) 8(11.6) 0(0) 0(0) 0(0)

Antibody

CD3/4/8 20(71.4) 12(70.6) 4(80.0) 3(100.0) 1(33.3) 2(100.0) 1(50.0)

CD20 9(32.1) 5(29.4) 2(40.0) 3(100.0) 0(0) 0(0) 0(0)

CD68 14(50.0) 10(58.8) 3(60.0) 1(33.3) 2(66.7) 0(0) 1(50.0)

Follow-up

Time, months 19.0(6.5–34.5) 23.3(9.0–39.8) 28.0(21.5–60.0) 19.0(9.8–27.0) 45.0(10.9–72.6) 20.3(10.9–28.9) /

Recurrence frequency 37(53.6) 27(56.3) 6(66.7) 7(87.5) 8(100.0) 2(50.0) 2(66.7)

Abbreviations: CSF, cerebrospinal fluid; WBC, white blood cell; CD3/4/8, T lymphocytes antigen CD3/4/8; CD20, B-lymphocyte antigen CD20; CD68, macrophage 
antigen CD68; GC, glucocorticoid; CTX, cyclophosphamide; AZA, azathioprine; RTX, rituximab; MMF, mycophenolate mofetil; MTX, methotrexate; IVIG, gamma globulins.
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and CD20 expression in pathological tissues may be independent risk factors for patients presenting with recurrent events 
(HR=4.69, 95% CI: 1.51–14.54, p=0.007; HR=1.11, 95% CI: 1.003–1.22, p= 0.043; HR=5.33, 95% CI: 1.07–26.61, 
p=0.041, Table 3).

In terms of mortality outcomes, patients who died had a higher incidence of secondary biopsies (37.5% vs 7.4%, 
p=0.043), lower rates of immunosuppression (25.0% vs 76.5%, p=0.009), and shorter follow-up (3.3 vs 19.0 months, 
p=0.012, Table 3) compared to those who survived.

Discussion
We systematically reviewed 69 PACNS-related case reports, including 76 adult patients. Adult PACNS was associated 
with frequent relapses and high mortality. Symptomatic epilepsy, prolonged biopsy time window, and CD20 expression 
in pathological tissue may be associated with recurrent events.

To our knowledge, this is the first study to pool case reports of adult PACNS. All of our patients were confirmed by 
biopsy, and some reported histopathological staining results, while the Mayo Clinic cohort and the French COVAC 
cohort had approximately 30% of biopsy-confirmed cases.6,7 The sex ratio was comparable to the two large cohorts. The 
median age was consistent with the COVAC cohort and younger than the Mayo Clinic cohort (47.0 vs 58.0 years), 
possibly due to the lower proportion of patients with ABRA. There was heterogeneity in the four pathological patterns of 
adult PACNS, with different histopathological ways leading to variability between cohorts. The pathological typing in 
our cohort was similar to that of the French COVAC cohort, which was predominantly lymphocytic with more than half 
(64.5%). In contrast, the Mayo Clinic cohort was predominantly ABRA (33.8%), followed by granulomatous (28.2%). 
Necrotizing vasculitis may be a less common pattern, with the lowest percentage in the Mayo Clinic cohort (14.1%) and 
present in only 3.9% of the patients in our cohort. Salvarani et al summarized ABRA in the Mayo Clinic cohort and 
found that ABRA patients were older and more likely to have cognitive changes and seizures. Significant inflammatory 

Figure 2 Combination of different treatment options in a no-recurrent population. 
Abbreviations: GC, glucocorticoid; CTX, cyclophosphamide; AZA, azathioprine; RTX, rituximab; MMF, mycophenolate mofetil; MTX, methotrexate; IVIG, gamma 
globulins; Eta, etanercept.
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vessel wall disruption was seen in ABRA that was not found in inflammatory cerebral amyloid angiopathy, suggesting 
that ABRA represents a distinct subset of PACNS.78 So, like previous PACNS studies, we included patients with ABRA. 
The median age of ABRA patients in our study was 72 years, consistent with previous studies (65.2 years), significantly 

Figure 3 Combination of different treatment regimens in populations with relapses and deaths. The red star represents a relapse. 
Abbreviations: GC, glucocorticoid; CTX, cyclophosphamide; AZA, azathioprine; RTX, rituximab; MMF, mycophenolate mofetil; MTX, methotrexate; IVIG, gamma 
globulins; Eta, etanercept.

Table 3 Characteristics of Patients with Recurrent Events and Death Outcomes

Parameters (N=76) Relapse Events p-value Death p-value

No (N=35) Yes (N=41) No (N=68) Yes (N=8)

Basic Information
Male, n(%) 18(51.4) 26(63.4) 0.291 40(68.8) 4(50.0) 0.921

Age, years 47.0(35.0–57.0) 47.(31.0–60.0) 0.827 46.0(33.5–57.0) 52.0(38.0–63.5) 0.477

Neurological symptoms, n(%)
Focal symptoms 27(77.1) 33(80.5) 0.721 53(77.9) 7(87.5) 0.866

Seizures 5(14.3) 18(43.9) 0.005 20(29.4) 3(37.5) 0.949

Headache 17(48.6) 23(56.1) 0.512 35(51.5) 5(62.5) 0.828
Cognition 11(31.4) 18(43.8) 0.265 26(38.2) 3(37.5) 1.000

CSF parameters, n(%)
Elevated WBC 12(50.0) 21(60.0) 0.447 27(51.9) 6(85.7) 0.199
Elevated Protein 16(66.7) 29(82.9) 0.151 39(75.0) 6(85.7) 0.879

Imaging, n(%)
Involvement Spinal cord 3(8.6) 8(19.5) 0.177 9 (13.2) 2 (25.0) 0.716
Vascular stenosis 7(31.8) 8(26.7) 0.685 13(27.7) 2(40.0) 0.952

Mass effect 23(65.7) 24(58.5) 0.521 43(63.2) 4(50.0) 0.731

Enhancement 26(83.9) 34(100.0) 0.049 53(91.4) 7(100.0) 0.954

(Continued)
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higher than sarcoidosis (35 years) and lymphocytic PACNS (46 years), and had significant cognitive impairment but no 
difference in the occurrence of symptomatic epilepsy.

Since no drug-related randomized clinical trials exist for adult PACNS, its treatment strategies are primarily derived 
from other vasculitis cohorts. The eight different immunologic agents in this study were combined, reflecting variability 
in disease perception and management. In two large cohorts, almost all patients were initially treated with steroid 
hormones (96% vs 98%). In our study, 69 (90.8%) patients were initially treated with steroid hormones, including 34 in 
combination with cyclophosphamide; 3 (3.9%) patients were initially treated with immunosuppressants only; and 4 
(5.3%) patients were not treated, of whom 2 had a fatal outcome. A recent prospective observational study found that 
MMF significantly reduced the incidence of new neurological events in adults with PACNS.79 In our cohort, the use of 
MMF was present only in relapsed patients (20% vs 0%, P=0.012), mainly as second-line treatment. In the future, MMF 
may act as an effective immunosuppressive agent for the induction and maintenance of PACNS in adults, reducing the 
incidence of relapse events.

More than half of the patients in our study had recurrent events, higher than the two large cohorts (53.9% vs 30% vs 
34%), which may be due to the different cohort structure, with previous studies showing that patients with angiogra-
phically negative PACNS had more frequent recurrences.80,81 Unfortunately, the data on stenosis in this study were 
incomplete and did not allow for a valid comparison. The French COVAC cohort showed that symptomatic epilepsy and 
focal intensification were associated with frequent recurrences, partially consistent with our study. However, no correla-
tion between focal intensification and recurrent events was found in our research, despite the trend.81,82 Also, our study 
found that a prolonged biopsy time window was associated with recurrence events, which may be because a lengthy 
biopsy time window increases the time to diagnosis and initial treatment of PACNS. Interestingly, we found that CD20 
expression in pathological tissues may be associated with relapse events, and to our knowledge, this is the first study to 
summarize the expression of PACNS pathological tissues, and this finding provides a basis for precision medicine, and 
CD20 testing is recommended routinely for brain tissue staining in patients with suspected PACNS. In this study, the use 
of rituximab was higher in the CD20-expressing group compared to the CD20 non-expressing group. However, the 
difference was not statistically significant due to the small sample size (0% vs 27.3%, p=0.061), and the existence of 
effectiveness of target-specific therapy needs to be verified in a larger cohort. Our cohort had a mortality outcome in 
10.5% of the patients between the two large cohorts (15.0% vs 6.0%), including five rapidly progressive deaths and three 
long-term follow-up deaths. Although the Mayo Clinic cohort showed deaths only with sarcoidosis and necrotizing 
PACNS, 8.2% of the lymphocytic PACNS in our cohort died, and the higher proportion of lymphocytic PACNS and case 
report bias may be potential causes.

Table 3 (Continued). 

Parameters (N=76) Relapse Events p-value Death p-value

No (N=35) Yes (N=41) No (N=68) Yes (N=8)

Biopsy
Time window, months 0.5(0.3–4.0) 4.0(0.5–9.5) 0.003 1.4(0.3–7.0) 0.8(0.3–5.8) 0.493
Number=2, n(%) 2(5.7) 6(14.6) 0.207 5 (7.4) 3 (37.5) 0.043

ABRA 4(11.4) 7(17.1) 0.486 11(47.8) 0(0) 1.000

Antibody
CD3/4/8 11(64.7) 11(73.3) 0.886 9 (29.0) 1(100.0) 0.681

CD20 3(17.6) 8(53.3) 0.034 20 (64.5) 1 (100.0) 1.000

CD68 6(35.3) 10(66.7) 0.077 16 (51.6) 0 (0) 1.000
Treatment, n(%)
Immunotherapy 23(65.7) 31(75.6) 0.343 52(76.5) 2(25.0) 0.009

Follow-up
Time, months 8.0(4.5–30.5) 19.0(9.5–34.5) 0.079 19.0(6.9–36.0) 3.3(0.6–17.6) 0.012

Abbreviations: ABR, Aβ-related angiitis; CSF, cerebrospinal fluid; WBC, white blood cell; CD3/4/8, T lymphocytes antigen CD3/4/8; CD20, B-lymphocyte antigen CD20; 
CD68, macrophage antigen CD68.
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Our study has some limitations. First, although our cohort is the largest pathological biopsy cohort available, 
however, due to the rarity of PACNS and the diversity of pathological types, classification into four pathological types 
does not allow statistical comparison due to the small sample size. Secondly, all data were extracted from case reports 
and the completeness of the data relied on the article itself, for most of the data we could only count qualitatively and 
could not distinguish the severity and know the exact time of biopsy, follow-up and medication administration. 
Considering the difficulty of large-scale prospective studies of PACNS, a global large-scale retrospective study of case 
reports may be useful.

Conclusion
PACNS, associated with frequent relapses and high mortality, is a collective term for various pathological types of 
neurovascular inflammatory diseases with heterogeneity in clinical features and drug response. A large global retro-
spective case report study may help us to further explore the treatment and prognostic factors of different PACNS 
subtypes.
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