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Abstract
Objective

Aortic valve regurgitation (AR) caused by Behçet’s syndrome (BS) has high mortality. Preoperative biologics 
reduced systemic inflammation, but their effect on lesion inflammation remains unclear.

Methods
Twenty-two BS patients with severe AR who underwent cardiac surgery with retained pathological specimens were 

included. The pathology of the aortic wall and/or valve was re-analysed based on their preoperative disease activity 
and treatment strategy. Immunohistochemistry (IHC) assessed the distribution of CD4+, CD8+, CD20+ and CD68+ cells.

Results
The mean diagnosis age was 39.6±13.1 years, with a median disease duration of 9 (3-35) years. Seven (31.8%) 

underwent cardiac surgery during the active phase due to uncontrollable disease progression, while 15 (68.2%) were 
in remission. Pathologically, severe AR caused by BS is characterised by mixed inflammatory cell infiltration in the 

aortic wall. Active cases showed significantly more diffuse infiltration of CD4+ (100% vs. 8.3%, p=0.0002) and 
CD8+ (71.4% vs. 20%, p=0.058) T cells in the aortic adventitia, with more neutrophil infiltration in the aortic valve 

(60% vs. 7.7%, p=0.044). Notably, less CD68+ macrophage infiltration (57.2% vs. 0%, p=0.045), CD4+ T cell 
diffusion (57.1% vs. 0%, p=0.045), and vasa vasorum mucoid degeneration (85.7% vs. 20%, p=0.017) were 
observed in the aortic adventitia of patients receiving preoperative biologics, together with less aortic valve 

necrosis (71.4% vs. 0%, p=0.023).

Conclusion
Overall, our study provides valuable insights into the pathology of severe AR caused by BS as a mixed inflammatory 
infiltration and provides the first pathological rationale for achieving preoperative remission and early biologics to 

improve the prognosis.
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Introduction
Behçet’s syndrome (BS) is a chronic, re-
lapsing, systemic vasculitis of unknown 
aetiology (1, 2). Cardiac involvement in 
BS, particularly severe aortic regurgita-
tion (AR), has a poor prognosis (3, 4). 
Severe AR caused by BS primarily in-
volves significant changes in the aortic 
wall and aortic valve (5, 6). In particu-
lar, aortic wall dilatation is observed in 
most patients with severe AR caused by 
BS, which may lead to aneurysm forma-
tion (7-11). Therefore, the Bentall pro-
cedure is now considered to have better 
efficacy and prognosis than the isolated 
aortic valve replacement (AVR) for the 
treatment of AR caused by BS (12-15). 
In addition, BS-induced inflammation 
thickens, elongates, and disrupts the 
alignment of the aortic valve leaflets 
(16, 17). The severe AR caused by BS is 
associated with a high incidence of seri-
ous postoperative complications such as 
paravalvular leak (PVL), valve detach-
ment, and aortic root pseudoaneurysm, 
significantly increasing the risk of reop-
eration and potentially life-threatening 
conditions that impose a significant so-
cial burden (13, 18). However, the ae-
tiopathogenesis and pathophysiology of 
severe AR caused by BS remain largely 
to be elucidated.
It is crucial to control inflammation 
before surgery, as high inflammatory 
indicators correlate with an increased 
risk of postoperative PVL and mortality 
(19, 20). Preoperative immunosuppres-
sive therapy (IST), including glucocor-
ticoids (GCs) and immunosuppressants 
has been indicated to prevent postopera-
tive PVL (19, 21, 22), but some patients 
may not respond adequately. Our team 
has recently demonstrated that perioper-
ative biologics rapidly reduce systemic 
inflammation in patients with severe AR 
caused by BS, as clinically evidenced 
by a reduction in erythrocyte sedimen-
tation rate (ESR) and C-reactive protein 
(CRP), leading to a notably reduced in-
cidence of postoperative PVL (5, 23). 
However, the pathological evidence of 
their potential effectiveness in reduc-
ing inflammation of the aortic wall and 
valve remains to be investigated.
The pathological features of severe AR 
caused by BS have been reported in only 
a few case series and case reports (6, 24-

27). Most of them have a poor progno-
sis due to delayed diagnosis and lack 
of preoperative IST. A study of 9 cases 
revealed cystic degeneration, fibrosis, 
and acute inflammatory cell infiltration 
in the aortic wall of patients with se-
vere AR caused by BS (27). The aortic 
valve exhibited extensive mucinous de-
generation and fibrous deposition, with 
focal necrosis in 1 case. None of these 
patients received preoperative IST, re-
sulting in multiple valve replacements, 
complications, and even death. Another 
study highlighted endothelial damage, 
mixed inflammatory infiltrates, and 
granulation tissue in 8 cases (6). They 
demonstrated that BS-induced AR and 
intracardiac thrombosis share a com-
mon pathology with acute endotheli-
alitis caused by extensive and persistent 
neutrophil infiltration. Notably, serious 
postoperative complications occurred in 
patients without preoperative IST (6).
In this study, we comprehensively eval-
uated the clinical and pathological fea-
tures of severe AR caused by BS. To the 
best of our knowledge, this is the first 
and largest study to combine haema-
toxylin and eosin (H&E) and immuno-
histochemical (IHC) staining to analyse 
the histopathological features of severe 
AR caused by BS stratified by preop-
erative disease activity and treatment 
strategy. It provides a pathological 
rationale for promoting active preop-
erative management and improving the 
prognosis of severe AR caused by BS.

Materials and methods
Patient enrolment and 
pathology tissue acquisition
This retrospective study was based on 
a registry database of BS patients at 
Peking Union Medical College Hos-
pital (PUMCH) from January 2012 to 
September 2023 and patients diagnosed 
with severe AR who underwent surgi-
cal procedures with pathological speci-
mens of the aortic wall and (or) aortic 
valve obtained in our institution were 
included. BS was diagnosed according 
to the 2014 International Criteria for 
Behçet’ Disease (ICBD)(28), and pa-
tients who did not meet the ICBD cri-
teria were clinically diagnosed with BS 
by the unanimous consensus of a cardi-
ologist, rheumatologist, cardiac surgeon 
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and pathologist. Confirmation of severe 
AR caused by BS was based on the 
subject’s clinical manifestations, im-
aging findings (echocardiography and 
computed tomography angiography), 
and pathological evaluation of surgical 
specimen (29). Multiple characteristic 
echocardiographic manifestations of 
AR caused by BS were observed, in-
cluding aneurysmal aortic valve chang-
es, vegetation-like lesions, and aortic 
lesions, as previously reported (18, 30, 
31). Patients with the presence of other 
known causes of aortic valve (AV) dis-
eases were excluded, such as rheumatic 
fever, Marfan syndrome, congenital 
heart disease, infective endocarditis, 
syphilis, and AV degeneration. This 
study complied with the Declaration of 
Helsinki and was approved by the Insti-
tutional Review Board of PUMCH (ap-
proval no. K3295). Patient information 
was anonymised and de-identified for 
pathology evaluation.

Data collection
We collected the demographic char-
acteristics, clinical manifestations (in-
cluding cardiac involvement and ext-
racardiac involvement) of BS patients, 
the number of aortic surgeries during 
the disease course, and their prognosis 
(Table I). Additionally, surgical proce-
dures for collecting pathological speci-
mens, perioperative disease activity and 
treatment strategies were recorded. The 
disease activity was assessed using the 
Behçet Disease Current Activity Form 
(BDCAF) 2006 (http://www.Behçet.
ws/pdf/BehçetDiseaseCurrentActivity-
Form.pdf), and laboratory tests of in-
flammatory markers such as ESR and 
CRP. Active BS was defined as those 
with elevated inflammatory markers 
and/ or BDCAF≥1 (32, 33). In addi-
tion, echocardiography is routinely 
performed every 3 to 6 months during 
follow-up to assess PVL after surgery. 
The poor prognosis of severe AR caused 
by BS has been defined as the develop-
ment of PVL.

Tissue samples and 
pathological assessment
Nineteen cases of aortic wall and 18 cas-
es of aortic valve were neutral-buffered 
formalin-fixed and paraffin-embedded. 

Blocks were serially sectioned (4μm) 
and stained with HE. Two specialists 
from the Department of Pathology of 
PUMCH reviewed the archived histo-
pathological sections and recorded the 
pathological profiles in detail. Given the 
variable degree of mucoid degeneration 
in different cases and locations and its 
potential correlation with the activity of 
inflammation, we differ using a mag-
nification-based dichotomy: ‘severe’ 
when the characteristic colour of mucin 
deposition could be observed under a 
low-power lens, and ‘mild’ otherwise. 
Likewise, based on different distribu-
tion patterns of lymphocytes, we de-
fine ‘scattered’ as lymphocytes sparsely 
distributing, ‘diffuse’ as lymphocytes 
infiltrating across the whole layer, and 
‘focal’ as lymphocytes gathering around 
a certain spot, usually a vasa vasorum. 
IHC staining for T cells, B cells and 
macrophages was carried out for 19 cas-
es of aortic walls and 10 cases of valves 
using monoclonal antibodies of CD4 
(Cat. ZA-0519), CD8 (Cat. ZA-0508), 
CD20 (Cat. ZM-0039) and CD68 (Cat. 
ZM-0060) from ZSGB-BIO company 
(China).

Statistical analysis
Data with Gaussian distribution was 
presented as mean value ± standard 
deviation. Data with non-Gaussian-dis-

tributed data were described as median 
values (range). Categorical variables 
were expressed as numbers (percentag-
es). Between-group comparisons were 
performed using the Student’s t-test or 
Mann-Whitney test of the continuous 
variables and Fisher’s exact test for the 
categorical variables. p-values <0.05 
were considered a statistically sig-
nificant difference. Statistical analyses 
were performed using the SPSS (v. 23.0, 
IBM Corp, Armonk, NY, USA).

Results
Demographic and clinical 
characteristics of patients
Twenty-two patients with severe AR 
caused by BS were enrolled. Among 
them, 21 patients (95.5%) fulfilled the 
2014 ICBD criteria, and 1 (4.6%) was 
clinically diagnosed. The mean age 
at diagnosis was 39.6±13.1 years; the 
median disease duration was 9 (range 
3–35) years; and the median number 
of operations was 1 (1-3) time. All pa-
tients had severe AR on preoperative 
echocardiography, with aortic root or 
ascending aortic dilation/aneurysm in 
18 (81.8%) cases (pseudoaneurysm, 
n=1), aortic valve vegetations in 5 
(22.7%) cases (Table I). In addition, 
moderate to severe mitral and tricuspid 
regurgitation were present in 8 (36.4%) 
and 3 (13.6%) cases, respectively. No-

Table I. Demographic and clinical characteristics of BS patients.

Parameter	 value

Sex (male/female)	 15/7
Age at diagnosis (mean ± SD, years)	 39.6 ± 13.1
Disease course (medium (range), years)	 9 	 (3-35)
Cardiac involvement
    Severe aortic valve regurgitation	 22 	 (100%)
    Aortic root or ascending aorta dilation/aneurysm/pseudoaneurysm	 18 	 (81.8%)
    Aortic valve vegetation	 5 	 (22.7%)
    Mitral regurgitation (moderate/severe)	 8 	 (36.4%)
    Tricuspid regurgitation (moderate/severe)	 3 	 (13.6%)
Extracardiac manifestations
    Oral ulceration	 22 	 (100%)
    Genital ulceration	 14 	 (63.6%)
    Skin lesion	 16 	 (72.7%)
    Ocular involvement	 2 	 (9.1%)
    Gastrointestinal involvement	 1 	 (4.6%)
    Extracardiac vascular involvement	 4 	 (13.6%)
    Arthritis/arthralgia	 4 	 (18.2%)
Type of surgery
    Aortic valve replacement	 4 	 (18.2%)
    Bentall	 17 	 (77.3%)
    Cabrol/Modified Cabrol	 1 	 (4.6%)
Follow-up (medium (range), month	 19.5 	 (3-120)
Number of surgeries (medium (range), times	 1 	 (1-3)
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tably, 6 (27.3%) patients had suffered 
severe PVL in previous operations.
Except for cardiac valve involvement, 
oral ulcers were present in all 22 patients 
during BS, followed by genital ulcers 
(63.6%), skin lesions (72.7%, including 
pseudo-folliculitis, erythema nodosum, 
and pathergy), extracardiac vascular 
involvement (13.6%), arthralgia/arthri-
tis (18.2%), ocular involvement (9.1%) 
and gastrointestinal involvement (4.6%) 
(Table I).

Perioperative interventions 
and prognosis in patients with 
severe AR caused by BS
All patients underwent surgery by ex-
perienced cardiac surgeons. Seven 
(31.8%) were inadequately treated with 
high disease activity indicators (ESR 18 
(2–75); CRP 14.03 (7.47–109); BDCAF 
1 (0–2)) and underwent cardiac surgery 
due to uncontrolled disease progres-
sion. The remaining 15 were managed 
in remission, receiving GCs, immuno-
suppressants, and biologics (n=5) for a 
median of 6 (0.25–24) months. Surger-
ies included AVR in 4 (18.2%) cases, 
Bentall procedures in 17 (77.3%) cases, 

and Cabrol procedures in 1 (4.6%) case 
(Table I). Additionally, 8 (36.4%) re-
ceived postoperative immunosuppres-
sants and biologics therapy. After a me-
dian follow-up of 19.5 (3-120) months, 
20 (90.9%) patients were free of post-
operative complications such as PVL, 
and 2 (9.1%) were lost to follow-up.

Pathological characteristics 
of the aortic wall in patients with 
severe AR caused by BS
Two pathologists independently and 
anonymously reviewed the archived 
HE and IHC staining of the 19 aortic 
walls. HE analysis revealed the infiltra-
tion of lymphocytes, neutrophils, and 
plasma cells, which is consistent with 
previous reports (6, 34). Notably, active 
cases are characterised by prominent 
neutrophil infiltration (Table II and Fig. 
1A). Detailed analysis of the three aor-
tic layers (intima, media, and adventi-
tia) in each subject indicated that active 
cases had more diffuse inflammatory in-
filtration in the intima (40% vs. 8.3%), 
media (14.3% vs. 0%), and adventitia 
(42.9% vs. 9.1%), with more neutro-
phil infiltration in the media (14.3% vs. 

0%) and adventitia (71.4% vs. 36.4%). 
Furthermore, active cases exhibited in-
creased mucoid degeneration (14.3% 
vs. 8.3%), granulation tissue (57.1% vs. 
16.7%), vasa vasorum mucoid degener-
ation (57.1% vs. 27.3%) and vasculitis 
(100% vs. 72.7%) in the adventitia (Fig. 
1B-D and Supplementary Fig. S1A-B), 
as well as neurofibril thickening (Fig. 
1E). IHC analysis revealed that active 
cases had significantly higher CD4+ 
(100% vs. 8.3%, p=0.0002) and CD8+ 
(71.4% vs. 20%, p=0.058) T cell dif-
fuse infiltration in the aortic adventitia 
(Fig. 1F-H and Suppl. Fig. S1C-E). 
Consistent with the aortic valve, CD20+ 
B cells distribution was only scattered/
focal (Fig. 1 and Suppl. Fig. 1F). Patho-
logically, our findings provide the first 
evidence that preoperative remission 
mitigates the aortic wall inflammation 
and tissue fragility.

Pathological characteristics
of the aortic valve in patients with 
severe AR caused by BS
Consistent with the pathology of aortic 
wall, HE analysis of 18 aortic valves 
revealed a mixed inflammatory cell 

Table II. Pathological parameter of the aortic wall in patients with severe AR caused by BS.

Pathological parameter of aortic wall	 Intima	 Media	 Adventitia

	 Active BS	 Remission BS	 Active BS	 Remission BS	 Active BS	 Remission BS

Inflammatory cell infiltration		  5/7 	71.4%)	 12/12 	(100%)	 7/7 	(100%)	 12/12 	(100%)	 7/7 	(100%)	 11/12 	(91.7%)
HE assessment	 Cell type	 Neutrophils	 0/5 	(0%)	 0/12 	(0%)	 1/7 	(14.3%)	 0/12 	(0%)	 5/7 	(71.4%)	 4/11 	(36.4%)
		  Eosinophils	 0/5 	(0%)	 0/12 	(0%)	 0/7 	(0%)	 0/12 	(0%)	 5/7 	(71.4%)	 6/11 	(54.6%)
		  Lymphocytes	 5/5 	(100%)	 12/12 	(100%)	 7/7 	(100%)	 12/12 	(100%)	 7/7 	(100%)	 11/11 	(100%)
		  Plasma cells	 0/5 	(0%)	 0/12 	(0%)	 0/7 	(0%)	 0/12 	(0%)	 7/7 	(100%)	 11/11 	(100%)
	 Distribution	 Diffuse	 2/5 	(40%)	 1/12 	(8. 3%)	 1/7 	(14.3%)	 0/12 	(0%)	 3/7 	(42.9%)	 1/11 	(9.1%)
		  Scattered/Focal	 4/5 	(80%)	 11/12 	(91.7%)	 6/7 	(85.7%)	 12/12 	(100%)	 4/7 	(57.1%)	 10/11 	(90.9%)

IHC assessment	 CD4+ T cell infiltration	 4/7 	(57.2%)	 6/12 	(50%)	 4/7 	(57.2%)	 3/12 	(25%)	 7/7 	(100%)	 12/12 	(100%)
	 Distribution	 Diffuse	 2/4 	(50%)	 1/6 	(16.7%)	 2/4 	(50%)	 0/3 	(0%)	 7/7 	(100%)*	 1/12 	(8.3%)*
		  Scattered/Focal	 2/4 	(50%)	 5/6 	(83.3%)	 2/4 	(50%)	 3/3 	(100%)	 0/7 	(0%)*	 11/12 	(91.7%)*
	 CD8+ T cell infiltration	 5/7 	(71.4%)	 11/12 	(91.7%)	 4/7 	(57.2%)	 9/12 	(75%)	 7/7 	(100%)	 10/12 	(83.3%)
	 Distribution	 Diffuse	 1/5 	(20%)	 1/11 	(9.1%)	 1/4 	(25%)	 0/9 	(0%)	 5/7 	(71.4%)	 2/10 	(20%)
		  Scattered/Focal	 4/5 	(80%)	 10/11 	(90.9%)	 3/4 	(75%)	 9/9 	(100%)	 2/7 	(28.6%)	 8/10 	(80%)
	 CD20+ B cell infiltration	 1/7 	(14.3%)	 0/12 	(0%)	 3/7 	(42.9%)*	 0/12 	(0%)*	 7/7 	(100%)	 9/12 	(75%)
	 Distribution	 Diffuse	 0/1 	(0%)	 /		  0/3 	(0%)	 /		  0/7 	(0%)	 0/9 	(0%)
		  Scattered/Focal	 1/1 	(100%)	 /		  3/3 	(100%)	 /		  7/7 	(100%)	 9/9 	(100%)
	 CD68+ macrophage infiltration	 3/7 	(42.9%)	 4/12 	(33.3%)	 3/7 	(42.9%)	 2/12	 (16.7%)	 5/7 	(71.4%)	 3/12 	(25%)
	 Distribution	 Diffuse	 0/3 	(0%)	 0/4 	(0%)	 0/3 	(0%)	 0/2 	(0%)	 2/5 	(40%)	 0/3 	(0%)
		  Scattered/Focal	 3/3 	(100%)	 4/4 	(100%)	 3/3 	(100%)	 2/2	 (100%)	 3/5 	(60%)	 3/3	 (100%)

Mucoid degeneration		  4/7 	(57.1%)	 10/12 	(83.3%)	 3/7 	(42.9%)	 8/12 	(66.7%)	 1/7 	(14.3%)	 1/12 	(8.3%)
Fibrous tissue proliferation		  5/7 	(71.4%)	 12/12 	(100%)	 7/7 	(100%)	 12/12 	(100%)	 6/7 	(85.7%)	 11/12 	(91.7%)
Vasa vasorum			   /		  /		  /		  /		  7/7 	(100%)	 11/12	 (91.7%)
    Classical vasculitis 		  /		  /		  /		  /		  7/7 	(100%)	 8/11 	(72.7%)
    Mucoid degeneration		  /		  /		  /		  /		  4/7 	(57.1%)	 3/11 	(27.3%)
Granulation tissue			   /		  /		  /		  /		  4/7 	(57.1%)	 2/12 	(16.7%)

HE: haematoxylin and eosin; IHC: immunohistochemistry; /: not applicable. *indicates a statistically significant difference between active BS and remission BS, with 
p<0.05.
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infiltration, including neutrophils, 
lymphocytes, eosinophils, and plasma 
cells. Active cases showed more dif-
fuse inflammatory cell infiltration 
compared to remission cases (80% vs. 
30.8%) (Suppl. Table S1). Remarkably, 
active cases exhibited significantly 
higher neutrophil infiltration (60% vs. 
7.7%, p=0.044) (Fig. 2A-2B). Fibrosis 
was present in all cases. Mucoid de-
generation was diffuse in active cases 
and mild to moderate in remission 
cases (Fig. 2C-D and Supplementary 
Fig. S2A-B). Necrosis, an indicator of 
tissue fragility and vulnerability, was 
more common in active cases (80% vs. 
46.2%) (Fig. 2D and Suppl. Fig. S2B). 
Neovascularisation, which is not typi-
cally observed in normal aortic valves, 
was more frequent in active cases (80% 
vs. 53.9%). IHC analysis demonstrated 
that all aortic valves showed CD4+ T 
cells infiltration, with a more diffuse 
infiltration in active cases (60% vs. 
20%). Active cases had a more diffuse 
infiltration of CD8+ T cells (75% vs. 

25%) and CD68+ macrophages (75% 
vs. 0%). In contrast, the distribution 
of CD20+ B cells was only scattered/
focal (Fig. 2E-I and Suppl. Fig. S2C-
F). These findings suggest that achiev-
ing preoperative remission may reduce 
acute inflammation and destruction of 
the aortic valve, potentially preventing 
PVL development (35).

Reduce aortic wall and valve 
inflammation in patients treated 
with preoperative biologics
Our previous study demonstrated that 
perioperative biologics reduced the in-
cidence of postoperative PVL (5). To 
further investigate their involvement 
in improving pathology, we analysed 
BS in groups according to preopera-
tive treatment strategies. Of note, pa-
tients treated with preoperative biolog-
ics showed less infiltration of neutro-
phils (61.6% vs. 20%), CD20+ B cells 
(85.7% vs. 80%), CD68+ macrophages 
(57.2% vs. 0%, p=0.045), and less dif-
fusion of CD4+ T cells (57.1% vs. 0%, 

p=0.045) and CD8+ T cells (50% vs. 
20%) in the aortic adventitia (Suppl. 
Table S2). Moreover, less vasa vaso-
rum mucoid degeneration (85.7% vs. 
20%, p=0.017), neurofibril thickening 
(71.4% vs. 20%), and granulation tis-
sue (42.9% vs. 0) were also noted in the 
aortic adventitia of the preoperative bi-
ologics group (Suppl. Table S2). In Ad-
dition, patients receiving preoperative 
biologics showed reduced infiltration 
of neutrophils (28.6% vs. 0) and CD20+ 

B cells (75% vs. 0%), less diffusion of 
CD4+ T (50% vs. 0%), CD8+ T (57.14% 
vs. 0%) and CD68+ macrophages (50% 
vs. 0%), and less necrosis (71.4% vs. 
0, p=0.023) in the aortic valves (Suppl. 
Table S3) were observed. The above 
observation suggests that early bio-
logic treatment may reduce the inflam-
mation and improve the prognosis of 
severe AR caused by BS.

Discussion
In this study, we demonstrated that se-
vere AR caused by BS is histopatholog-

Fig. 1. Representative images of the aortic wall in active patients with severe AR caused by BS.
A: Neutrophils diffuse in the adventitia of aortic wall (HE); B: The abnormal vasa vasorum with wall thickening and lumen narrowing is accompanied by 
both severe mucoid degeneration and vasculitis (HE); C-D: Significant mucoid degeneration and thickness of aortic intima and media (HE); E: Thickened 
nerve fibre in the adventitia (HE); F-I: The IHC image of HE (F), CD4+ (G). CD8+ (H) and CD20+ (I) at the corresponding location in the serial sections.
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ically characterised by a mixed inflam-
matory cell infiltration, with neutrophil 
and CD4+ T cell infiltration being the 
most prominent manifestation. Of note, 
active cases showed significantly more 
diffuse infiltration of CD4+ and CD8+ T 
cells in the aortic adventitia, and more 
neutrophil infiltration in the aortic 
valve. Compared to the conventional 
IST, preoperative biologics notably re-
duced CD68+ macrophage infiltrations, 
and CD4+ T cells diffusions in the aor-
tic adventitia. These findings indicate 
that preoperative biologics play a piv-
otal role in alleviating tissue inflam-
mation and preserving structural and 
functional integrity, thereby preventing 
life-threatening complications. This is 
the first study to pathologically evalu-
ate severe AR caused by BS stratified 
by preoperative disease activity and 
treatment strategy, with the largest co-
hort and longest follow-up.
Innate immune activation, particularly 
neutrophil hyperactivation plays a cen-
tral role in BS pathogenesis (36-39), 

and thus BS has also been recognised 
as a ‘neutrophilic vasculitis’ (40-42). 
Neutrophil infiltration has been dem-
onstrated in the cutaneous, vascular, 
articular, ocular, intestinal, and neuro-
logical systems in patients with BS (40, 
43-49). Previous studies have indicated 
that the pathology of AR caused by BS 
is characterised by a mixed inflamma-
tory infiltration, with a notable presence 
of neutrophils and CD3+ T cells (6, 27, 
34, 50, 51). In particular, neutrophil in-
filtration was thought to persist in patho-
logical cardiac BS tissues, regardless of 
predilection sites or disease stage (6). 
However, our study found a substantial 
reduction in neutrophil infiltration in 
both the aortic wall and valve of remis-
sion cases, possibly due to appropriate 
preoperative management. Further-
more, our study identified extensive 
infiltration of CD68+ macrophages and 
CD4+ T cells in the aortic wall and valve 
by large-scale IHC staining analyses, 
especially in active cases. A histological 
layer-by-layer analysis of the aortic wall 

was also performed and revealed that all 
active cases exhibited diffuse infiltration 
of CD4+ T cells in the aortic adventitia, 
whereas the majority of remission cases 
demonstrated only focal infiltration. B-
cell infiltration in BS lesions is extreme-
ly rare and has only been sporadically 
reported in intestinal (52) and synovial 
tissues (47). Upon careful review, we 
found that some cases showed CD20+ 
B cells infiltration, especially in active 
cases. This suggests a potential involve-
ment of B cells in BS pathogenesis, 
which requires further investigation. 
Eosinophils are involved in inflamma-
tory disease progression (53), but there 
are currently no reports of eosinophilic 
infiltration in BS lesions. In this study, 
eosinophils were observed in some cas-
es, especially active ones, which might 
be a sign of progressive inflammation, 
despite normal peripheral blood eosin-
ophil levels in these cases. Our results 
demonstrate a mixed inflammatory cell 
infiltration in the aortic valve and wall 
in patients with severe AR caused by 

Fig. 2. Representative images of the aortic valve in active patient with severe aortic valve reggurgitation caused by BS.
A-B: Neutrophils diffuse in the inflammatory exudate around the valve at different powers (HE); C: Low power shows diffused mucoid degeneration, and 
the normal structure of aortic valve is severely disrupted (HE); D: High power shows typical stellar cells in the mucoid degeneration background with focal 
fibrosis (HE); E-H: Lymphocytes aggregate focally in the IHC image of HE (E), CD4+ (F), CD8+ (G) and CD20+ (H) at the corresponding location in the 
serial sections. I: CD68+ at a different location of the same patient.
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BS, and that achieving preoperative re-
mission contributes to the reduction of 
tissue inflammation.
Surgery during active disease in BS pa-
tients with severe AR carries a high risk 
of life-threatening complications (25, 
35, 54, 55), and control of perioperative 
inflammation is crucial to reduce post-
operative PVL (5, 19, 22, 29, 56). For 
BS patients who are refractory to con-
ventional IST, perioperative biologics 
have been clinically proven to be effec-
tive in reducing systemic inflammation 
and improving prognosis (5, 23). This 
study provides the first evidence that 
patients treated with preoperative bio-
logics showed significantly lower dif-
fuse infiltration of multiple inflamma-
tory cells, including neutrophils, CD4+ 
T cells, CD8+ T cells, and CD68+ mac-
rophages, in both aortic wall and valve. 
These findings indicate that preopera-
tive biologics may improve structural 
integrity and reduce the vulnerability of 
aortic tissue by reducing inflammation. 
They provide pathological evidence for 
the potential benefits of preoperative bi-
ologics in reducing tissue inflammation.
Fibrous tissue proliferation is well-
documented in patients with AR caused 
by BS (6, 27, 50). Consistently, almost 
all aortic walls and valves in our study 
showed fibrous tissue proliferation. 
Granulomatous reactions, although re-
ported in some cases (6, 27), were rare 
in our study and appeared related to 
surgery-related foreign material, rather 
than BS itself, given the visible foreign 
material around vessel. Interestingly, 
we found granulation tissue at the pe-
riphery of the aortic adventitia, particu-
larly in active cases. The cause remains 
unclear, but insidious inflammation in 
adjacent areas (like the pleural space) 
might be involved. Furthermore, calci-
fication and complete necrosis indicate 
tissue vulnerability and potential com-
plications (6, 27). In our cohort, com-
plete aortic wall necrosis was absent, 
and calcification was present in only 3 
(15.8%) cases. In addition, 10 (55.6%) 
and 3 (16.8%) cases had necrosis and 
calcification of the aortic valve, re-
spectively, but all had good prognoses, 
likely due to preoperative IST. Notably, 
none of the patients receiving preopera-
tive biologics developed aortic valve 

calcification or necrosis, implying that 
early biologic therapy might improve 
aortic valve fragility. Taken together, 
preoperative remission and biologics 
potentially reduce the inflammation and 
damage of lesions, indicating their im-
portance in improving prognosis.

Limitations
We acknowledge some limitations of 
this study. First, the number of patients 
enrolled in this study was relatively lim-
ited due to the low incidence of severe 
AR caused by BS, and the requirement 
to re-analyse pathological specimens 
from patients who underwent surgery at 
our institution. Despite this, our patho-
logical cohort represents the largest, 
with longest follow-up, and best prog-
nostic data for severe AR caused by 
BS to date. Second, as a retrospective 
single-centre study, there is a potential 
for selection bias. Third, disease con-
trols were not included in this study, as 
the aim of this study is to focus on the 
relationship between systemic preoper-
ative disease activity and lesion inflam-
mation. Finally, some recently enrolled 
patients require long-term follow-up. 
Future longer follow-up and the inclu-
sion of more patients from potentially 
multiple centres are needed.

Conclusion
Our study highlights the pathology of 
severe AR caused by BS as a mixed 
inflammatory infiltration. A compre-
hensive histological examination, com-
bining HE and IHC analysis, revealed 
a significant reduction in acute inflam-
mation, characterised by neutrophils, 
and chronic inflammation, dominated 
by CD4+ T cell infiltration, in patients 
who underwent surgery in remission or 
received preoperative biologics. It pro-
vides the first pathological rationale for 
achieving preoperative remission and 
early biologics therapy to improve the 
prognosis of severe AR caused by BS.
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