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Abstract
Objective

Patients with Behçet’s disease (BD) with cardiovascular involvement often have more post-operative complications in 
correcting the pathology by surgical means. This study aims to explore the benefits of pre-operative immunosuppressive 

therapy, predict complications using inflammatory biomarkers, and evaluate optimal surgery timing.

Methods
This retrospective study analysed predictors of post-operative complications in BD patients who underwent 

cardiovascular surgery with perioperative immunosuppressive therapy at Guangdong Provincial People’s Hospital 
from 2012 to 2024.

Results
In-hospital complications were lower in patients who received pre-operative immunosuppressive therapy (9% vs. 58.8%, 

p<0.001). Rheumatoid factor (RF, hazard ratio [HR] 1.088; 95% confidence interval [CI], 0.998–1.187; p=0.056), 
platelet-to-lymphocyte ratio (PLR, HR 1.004; 95% CI, 1.000–1.008; p=0.075), and neutrophil-to-lymphocyte ratio 

(NLR, HR 1.065; 95% CI, 1.002–1.133; p=0.045) were identified as independent risk factors for post-operative 
complications, while pre-operative immunosuppressive therapy (HR 0.206; 95% CI, 0.061–0.693; p=0.011) was a 
protective factor. The area under the curve (AUC) for the receiver operating characteristic curve for four or more 

positive biomarkers was 0.849.

Conclusion
Pre-operative immunosuppressive therapy is vital for BD patients. Monitoring inflammatory biomarkers helps

 identify the best timing for surgery and reduces complications.
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Introduction
Behçet’s disease (BD) is a rare multi-
system inflammatory disorder with an 
unclear pathogenesis. According to a 
systematic autopsy study from Japan, 
up to 16.5% of BD patients have car-
diac involvement (1), primarily mani-
festing as aortic regurgitation, aortic 
sinus aneurysm, coronary artery an-
eurysm, intracardiac thrombus, and 
endocardial or myocardial fibrosis (2). 
Although cardiac involvement is rela-
tively uncommon, inflammation and 
tissue fragility caused by BD in peri-
aortic tissues significantly increase the 
risk of post-operative complications, 
such as paravalvular leakage, BD re-
currence requiring reoperation, and 
other adverse outcomes.
Numerous studies have suggested that 
perioperative immunosuppressive ther-
apy (IST) can reduce post-operative 
complications and reoperation (3-5). A 
study demonstrated that post-operative 
IST was an independent protective 
factor for reducing paravalvular leak-
age after surgery (HR 0.38, 95% CI 
0.17–0.89, p=0.025) (6). Most studies 
agree that pre-operative IST can reduce 
post-operative complications. How-
ever, considering that long-term IST 
increases infection and surgical risk, 
evaluating the effectiveness of IST and 
the optimal timing of surgical interven-
tion requires further research.
Several biomarkers have been proposed 
to assess the activity and severity of 
inflammation. The platelet-to-lympho-
cyte ratio (PLR) and neutrophil-to-lym-
phocyte ratio (NLR) have been widely 
used in diabetes, hypertension, autoim-
mune diseases, and malignancies (7, 8). 
Elevated NLR, caused by either neutro-
philia or lymphopenia, indicates active 
inflammation. NLR can be used to as-
sess the inflammatory state in BD pa-
tients (9). Similarly, PLR and NLR are 
considered to have higher sensitivity 
and are often used to evaluate BD ac-
tivity (10, 11). Additionally, MPV has 
been applied in assessing the activity of 
BD, which is higher in the BD group 
compared to those without but lower in 
stable BD patients compared with flare 
BD patients (12). A study on inflamma-
tion biomarkers in BD has shown that 
NLR is an independent predictor of in-

flammation, with PLR and MPV differ-
ing significantly between groups with 
varying disease severity (113).
Future research on BD focuses on acces-
sible biomarkers for diagnosis, monitor-
ing, and prognosis. However, studies on 
cardiovascular complications, particu-
larly in patients receiving pre-operative 
IST combined with surgery, are limited. 
Most research on single markers has 
shown limited predictive value, and 
there is a lack of studies assessing the 
effectiveness of pre-operative immuno-
suppressive therapy and optimal surgery 
timing. More research is needed to im-
prove treatment and outcomes.

Methods
Clinical data
A retrospective analysis was conducted 
on BD patients who underwent cardio-
vascular surgeries in Guangdong Pro-
vincial People’s Hospital from 2012 to 
2024. Two patients underwent a second 
cardiac surgery in our hospital due to 
paravalvular leakage during follow-up. 
A total of 50 cardiovascular surgeries 
were divided into two groups based on 
whether received pre-operative IST: 33 
surgeries in the IST group and 17 in the 
non-IST group. Demographic charac-
teristics, clinical features, surgical data, 
laboratory tests, and clinical outcomes 
were retrospectively collected for 
48 patients across 50 surgeries using 
electronic medical records. This study 
was approved by the Ethics Commit-
tee of Guangdong Provincial People’s 
Hospital (approval no: KY2024-044). 
Written informed consent was obtained 
from the patients.
Post-operative complications were 
defined as death or any of the follow-
ing confirmed by echocardiography or 
coronary angiography: ventricular sep-
tal dissection, aneurysm (with or with-
out rupture), thrombosis, paravalvular 
leakage, paravalvular abscess, infec-
tive endocarditis, prosthetic material 
infection, sepsis, acute BD recurrence, 
or valve prolapse. Follow-up data in-
cluded death, cardiovascular reopera-
tion, and the complications above.

Diagnostic data
Forty-three patients met the Interna-
tional Criteria for Behçet’s Disease 
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(ICBD) (14) and the revised criteria es-
tablished by the Behçet’s Disease Re-
search Committee of Japan (15). The 
remaining seven patients did not pre-
sent with typical symptoms or signs of 
BD upon admission. However, intraop-
erative biopsy revealed neutrophil and 
mononuclear infiltration, endothelial 
loss, and fibrin deposition, confirming 
Behçet’s vasculitis.
Patients with suspected BD-related car-
diovascular involvement were evaluat-
ed by a multidisciplinary team, includ-
ing cardiac surgeons, rheumatologists, 
echocardiographers, radiologists, and 
pathologists, using echocardiographic, 
surgical, and pathological findings.

Surgery and pre-operative IST
A median sternotomy was performed, 
and various procedures, including 
valve and aortic replacements, cardiac 
mass resection, coronary fistula repair, 
and concomitant valve surgeries, were 
conducted under hypothermic cardio-
pulmonary bypass.
IST use was adjusted based on inflam-
matory markers and clinical presenta-
tion. IST was tapered off one day be-
fore surgery, and all patients received 
post-operative IST.

Statistical analysis
Statistical analyses were performed 
using SPSS 26.0 (IBM, Armonk, NY, 
USA). Continuous variables are ex-
pressed as mean ± standard deviation 
and categorical variables as frequen-
cies and percentages. The two-sample 
t-test or Mann-Whitney U-test was ap-
plied for continuous variables, while 
the chi-square test or Fisher’s exact test 
was used for categorical data. Kaplan-
Meier curves analysed post-operative 
complication probabilities.
Multivariate Cox regression identified 
risk factors for complications, and re-
ceiver operating characteristic (ROC) 
curve analysis in RStudio assessed the 
predictive efficacy of pre-operative in-
flammatory biomarkers. A p-value of 
less than 0.05 was deemed significant.

Results
Characteristics of BD patients
Thirty-one patients (62%) were male, 
and the mean age at first surgery was 

38.98±10.1 years. Seven cases (14%) 
were initially misdiagnosed. A com-
parison between patients with and 
without pre-operative IST showed no 
significant differences in age at di-
agnosis (41.36±12.5 vs. 37.63±7.93, 
p=0.65), age at surgery (41.79±12.60 
vs. 39.07±8.58, p=0.85), male propor-
tion (64.7% vs. 60.6%, p=0.78), left 
ventricular ejection fraction (LVEF, 
57.07±9.38 vs. 55.85±9.86%, p=0.93), 
left ventricular end-diastolic diameter 
(LVEDd, 59.86±9.36 vs. 61.22±8.72 
mm, p=0.90), left ventricular end-sys-
tolic diameter (LVESd, 41.57±8.32 vs. 
42.96±8.57 mm, p=0.93), interventricu-
lar septal thickness (IVD, 9.66±1.73 vs. 
9.78±1.49 mm, p=0.24), or ascending 
aortic diameter (AAO, 34.79±7.89 vs. 
34.56±7.22 mm, p=0.31) (Table I).
The IST group had significantly lower 
ESR (20.33±28.09 vs. 40.50±26.82 
mm/h, p=0.04) and rheumatoid fac-
tor (RF, 9.46±4.02 vs. 14.57±6.32 IU/
mL, p=0.004). There were no signifi-
cant differences in PLR (131.75±55.57 
vs. 156.65±156.70, p=0.56) or MPV 
(10.70±1.38 vs. 10.59±1.29 fL, p=0.71). 
However, NLR was significantly high-
er in the IST group (7.06±10.66 vs. 
2.61±1.84, p=0.028) (Table I).
Among all patients, aortic valve replace-
ment (AVR) was performed in 45 cases 
(90%), including 42 cases (93.3%) with 
mechanical prostheses, and aortic root 
replacement (Bentall procedure) was 
performed in 22 cases (44%). There 
were no significant differences between 
the IST and non-IST groups in the 
proportion of AVR (93.9% vs. 82.4%, 
p=0.43) or Bentall procedures (51.5% 
vs. 29.4%, p=0.14). Four patients had 
coronary artery bypass grafting (8%), 
two patients had coronary fistula re-
pair (4%), and two patients had Cabrol 
procedures (4%). There were no sig-
nificant differences in cardiopulmonary 
bypass (CPB) time (182.57±97.81 vs. 
235.81±107.10 minutes, p=0.20), aortic 
cross-clamp (ACC) time (115.50±54.35 
vs. 161.04±76.70 minutes, p=0.054), or 
post-operative intensive care unit (ICU) 
stay (7.21±10.41 vs. 7.7±9.85 days, 
p=0.99).
Twelve patients (24%) had in-hospi-
tal complications, including one in-
hospital death (2%) and one case of 

paravalvular leakage (PVL) (2%). Two 
patients (4%) with severe pulmonary 
infections were transferred to local 
hospitals for further treatment. The IST 
group had fewer in-hospital complica-
tions (9.1% vs. 58.8%, p<0.001). There 
were no significant differences in the 
post-operative PVL (3% vs. 0%, p=1), 
sepsis (5.9% vs. 6.1%, p=1), or throm-
bosis (6.1% vs. 5.9%, p=1).
The mean follow-up duration was 
31.63±25.46 months. During follow-
up, six patients (12%) died, three pa-
tients (6%) had paravalvular leakage, 
two patients (4%) had BD relapse and 
three patients (6%) underwent reop-
erations. The IST and non-IST groups 
had no significant difference in all-time 
mortality (5.88% vs. 18.2%, p=0.40) 
and PVL (11.7% vs. 6%, p=0.88).

Biomarkers associated with 
post-operative complications
Among all patients, 21 (42%) had 
post-operative complications. Com-
pared with those without complica-
tions, group with complications had 
higher levels of ESR (39.11±35.69 
vs. 17.91±18.36, p=0.063), CRP 
(39.41±12.15 vs. 8.53±1.04, p=0.007), 
PLR (191.68±184.21 vs. 114.07±46.02, 
p=0.038), and RF (14.22±6.06 vs. 
8.85±3.45, p=0.003). MPV (10.43±1.30 
vs. 10.79±1.32, p=0.27) and NLR 
(8.67±12.55 vs. 3.08±2.93, p=0.093) 
showed no significant difference, al-
though NLR tended to be higher in the 
group with complications. These find-
ings indicate that patients with post-
operative complications were in an ac-
tive inflammatory state pre-operatively, 
which negatively impacted surgical 
outcomes (Table II).
Among patients who received pre-
operative IST, the complication group 
had higher levels of ESR (29.75±44.53 
vs. 15.43±16.52, p=1), RF (11.6±5.47 
vs. 8.44±2.73, p=0.09), NLR 
(15.92±12.91 vs. 3.34±2.91, p<0.01), 
PLR (255.99±262.66 vs. 113.79±45.08, 
p=0.07), and CRP (59.29±62.15 vs. 
11.11±22.28, p<0.01), while MPV 
was lower (9.95±0.69 vs. 10.83±1.28, 
p=0.06). CRP and NLR showed statis-
tically significant differences (Fig. 1, 
Supplementary Fig. S1).
Univariate analysis included diagnos-
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tic age, first surgery age, missed di-
agnosis, concurrent infective endocar-
ditis, IST, and inflammatory biomark-

ers, different type of operation. The 
results showed RF (HR 1.22; 95% CI 
1.065–1.398; p=0.006) as a risk factor 

for post-operative complications and 
IST (HR 0.058; 95% CI 0.006–0.6; 
p=0.017) as a protective factor.

Table I. Clinical data of patients with Behcet’s disease.

Variable	 All (n=50)	 Without IST (n=17)	 With IST (n=33)	 p-value

Age (years)
Diagnosed age	 37.96	±	9.81	 41.36	±	12.5	 37.63	±	7.93	 0.65
First surgery age	 38.98	±	10.13	 41.79	±	12.60	 39.07	±	8.58	 0.85
Male	 31	 (62%)	 11	 (64.7%)	 20	 (60.6%)	 0.78
Missed diagnosis	 7	 (14%)	 7	 (41.2%)	 0		  <0.001
Smoke	 1	 (2%)	 0		  1	 (2%)	 1
Hypertension	 7	 (14%)	 3	 (17.6%)	 4	 (12.1%)	 0.918
Diabetes	 2	 (4%)	 1	 (5.8%)	 1	 (3%)	 1
Involvement patterns
   Mucocutaneous involvement	 39	 (78%)	 11	 (64.7%)	 28	 (84.8%)	 0.21
   Articular involvement	 25	 (50%)	 10	 (58.8%)	 15	 (45.5%)	 0.37
   Vascular involvement	 20	 (40%)	 8	 (47.1%)	 12	 (36.4%)	 0.47
   Ocular involvement	 7	 (14%)	 2	 (11.7%)	 5	 (15.2%)	 0.74
   Pathergy test	 9	 (18%)	 2	 (11.7%)	 7	 (21.2%)	 0.66
Inflammatory biomarkers
   Neutrophils(109/L)	 7.06	±	7.08	 5.20	±	2.93	 8.01	±	8.35	 0.19
   Lymphocytes(109/L)	 1.97	±	0.85	 2.06	±	0.63	 1.93	±	0.95	 0.60
   ESR(mm/h)	 24.41	±	27.40	 40.50	±	26.82	 20.33	±	28.09	 0.04
   RF(IU/mL)	 11.12	±	5.48	 14.57	±	6.32	 9.46	±	4.02	 0.004
   CRP(mg/L)	 22.34	±	37.85	 21.55	±	32.25	 22.36	±	41.40	 0.70
   PLR	 139.17	±	120.81	 131.75	±	55.57	 156.65	±	156.70	 0.56
   NLR	 5.45	±	8.28	 2.61	±	1.84	 7.06	±	10.66	 0.028
   MPV(fL)	 10.64	±	1.32	 10.70	±	1.38	 10.59	±	1.29	 0.71
Immunosuppressive medication
   Glucocorticoids	 33	 (66%)	 /		  33	 (100%)	 /
   Thalidomide	 6	 (12%)	 /		  6	 (18.2%)	 /
   Cyclophosphamide	 6	 (12%)	 /		  6	 (18.2%)	 /
   Hydroxychloroquine	 6	 (12%)	 /		  6	 (18.2%)	 /
Pre-operative echocardiography
   LVEF (%)	 57.27	±	9.81	 57.07	±	9.38	 55.85	±	9.86	 0.93
   LVEDd (mm)	 60.11	±	8.90	 59.86	±	9.36	 61.22	±	8.72	 0.90
   LVESd (mm)	 41.76	±	8.76	 41.57	±	8.32	 42.96	±	8.57	 0.93
   IVD (mm)	 8.73	±	3.29	 9.66	±	1.73	 9.78	±	1.49	 0.24
   AAO (mm)	 31.22	±	12.65	 34.79	±	7.89	 34.56	±	7.22	 0.31
   Infective endocarditis	 6(12%)	2(11.8%)	 4(12.1%)	>0.99
Operation
   Aortic valve replacement	 45	 (90%)	 14	 (82.4%)	 31	 (93.9%)	 0.43
   Mechanical valve	 42	 (93.3%)	 13	 (76.5%)	 29	 (87.9%)	 >0.99
   Aortic root replacement (Bentall)	 22	 (44%)	 5	 (29.4%)	 17	 (51.5%)	 0.14
   Cardiac mass resection	 1	 (2%)	 1	 (5.9%)	 0		  0.34
   CABG	 4	 (8%)	 1	 (5.9%)	 3	 (9.1%)	 >0.99
   Coronary artery fistula repair	 2	 (4%)	 0		  2	 (6.1%)	 0.54
   Cabrol procedure	 2	 (4%)	 0		  2	 (6.1%)	 0.54
CPB time (min)	 217.26	±	101.21	 182.57	±	97.81	 235.81	±	107.10	 0.20
ACC time (min)	 145.26	±	69.51	 115.50	±	54.35	 161.04	±	76.70	 0.054
Post-operative ICU stay (days)	 7.14	±	9.19	 7.21	±	10.41	 7.7	±	9.85	 0.99
In-hospital complication	 12	 (24%)	 9	 (52.9%)	 3	 (9.1%)	 <0.001
Death	 1	 (2%)	 0		  1	 (3%)	 >0.99
Sepsis	 3	 (6%)	 1	 (5.9%)	 2	 (6.1%)	 >0.99
Paravalvular leakage	 1	 (2%)	 1	 (5.9%)	 0		  0.34
Thrombosis	 2	 (4%)	 1	 (5.9%)	 1	 (3%)	 >0.99
Follow-up
   Death	 7	 (14%)	 1	 (5.9%)	 6	 (18.8%)	 0.40
   BD relapse	 2	 (4%)	 2	 (12%)	 0		  0.04
   Paravalvular leakage	 4	 (6%)	 2	 (12%)	 2	 (6.3%)	 0.88
   Reoperation	 3	 (6%)	 1	 (5.9%)	 2	 (6.3%)	 >0.99
   Complication time (months)	 18.78	±	18.97	 10.19	±	12.53	 23.21	±	20.33	 0.016
   Follow-up time (months)	 31.63	±	25.46	 41.81	±	30.25	 26.40	±	21.25	 0.073

IST: immunosuppressive therapy; ESR: erythrocyte sedimentation rate; RF: rheumatoid factor; CRP: C-reactive protein; PLR: platelet-to-lymphocyte ratio; 
NLR: neutrophil-to-lymphocyte ratio; MPV: mean platelet volume; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end-diastolic dimen-
sion; LVESD: left ventricular end-systolic dimension; IVD: interventricular septum dimension; AAO: ascending aorta; CABG: coronary artery bypass 
grafting; CPB: cardiopulmonary bypass; ACC: aortic cross-clamp; ICU: intensive care unit.
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Multivariate Cox regression analysis 
further indicated that RF (hazard ratio 
1.088; 95% CI 0.998–1.187; p=0.056), 
PLR (HR 1.004; 95% CI 1.000–1.008; 
p=0.075), and NLR (HR 1.065; 95% CI 
1.002–1.133; p=0.045) were independ-
ent risk factors. Meanwhile, IST (HR 
0.206; 95% CI 0.061–0.693; p=0.011) 
was an independent protective factor.

Predictive biomarkers
We analysed PLR, NLR, RF, and MPV 
using the ROC curve. The PLR cut-off 
value was 95.62, with a sensitivity of 
90.5%, specificity of 41.4%, and AUC 
of 0.673. The NLR cut-off value was 

2.04, with a sensitivity of 81%, a speci-
ficity of 48.3%, and an AUC of 0.64. 
The cut-off value for MPV was 9.39, 
with a sensitivity of 28.6%, a specific-
ity of 93.1%, and an AUC of 0.592. The 
cut-off value for pre-operative RF was 
9.5, with a sensitivity of 66.7%, a speci-
ficity of 88.9%, and an AUC of 0.745 
(Suppl. Tables S1, S2).
We developed a clinical model us-
ing various variables. In this model, 
inflammatory biomarkers (excluding 
MPV) are negative if below the cut-off 
value, while MPV is negative only if it 
exceeds. ROC curve analysis indicated 
that having four or more positive bio-

markers resulted in an AUC of 0.849, 
with a sensitivity of 90.5% and a speci-
ficity of 79.3% (Fig. 2).

Survival analysis
The K-M survival analysis compares 
post-operative complications sur-
vival probability based on grouping 
RF, ESR, CRP, PLR, NLR, and MPV 
by their respective cut-off values. The 
results showed that patients with high 
RF (p<0.001), PLR (p=0.026), NLR 
(p=0.027), CRP (p=0.0035), ESR 
(p=0.015), and low MPV (p=0.01) had 
significantly higher cumulative inci-
dences of post-operative complications 
(Fig. 3).
There was a significant difference in the 
cumulative incidence of post-operative 
complications between the IST and non-
IST groups (58.8% vs. 9.1%, p<0.001). 
The time to complication occurrence 
also differed significantly (23.21±20.33 
vs. 10.19±12.53, p=0.016). IST group 
showed significantly higher complica-
tion-free survival rates (p<0.001), al-
though there was no significant differ-
ence in long-term survival rates (p=0.2) 
(Fig. 4).

Comment
Behçet’s disease
This study summarises the clinical 
characteristics and surgical outcomes 
of BD-related cardiovascular disease. 
Echocardiography can be used to eval-
uate cardiovascular involvement. The 
main cardiovascular manifestations 

Table II. Univariate and multivariate Cox regression analysis of post-operative complications.

Variable	 Univariate analysis	 Multivariate analysis

	 HR	 95%CI	 p-value	 HR	 95%CI	 p-value

Diagnosed age (years)	 0.763	 0.419, 1.392	 0.378			 
First surgery age (years)	 1.332	 0.738, 2.402	 0.341			 
ESR (mm/h)	 1.000	 0.961, 1.040	 0.984			 
RF (IU/mL)	 1.22	 1.065, 1.398	 0.006	 1.126	 1.023, 1.238	 0.015
CRP (mg/L)	 1.039	 0.981, 1.101	 0.196	 1.015	 1.000, 1.030	 0.047
PLR	 0.999	 0.980, 1.018	 0.920			 
NLR	 1.079	 0.947, 1.229	 0.252	 1.065	 1.002, 1.133	 0.034
MPV (fL)	 0.843	 0.458, 1.552	 0.584			 
Infective endocarditis	 6.558	 0.679, 63.940	 0.106			 
Pre-op IST	 0.058	 0.006, 0.6	 0.017	 0.139	 0.039, 0.487	 0.002
Cabrol	 27.308	 1.879, 396.781	 0.015	 18.771	 1.820, 193.611	 0.014
Aortic root replacement (Bentall)	 0.593	 0.136, 2.583	 0.486			 
CABG	 0.555	 0.056, 5.528	 0.615			 

ESR: erythrocyte sedimentation rate; RF: rheumatoid factor; CRP: c-reactive protein; PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte 
ratio; MPV: mean platelet volume; Pre-op IST: pre-operative immunosuppressive therapy.

Fig. 1. Flow diagram of the inclusive and exclusive process of the study.
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of BD include severe aortic regurgita-
tion, aortic valve prolapse, aneurys-
mal changes, and cardiac thrombosis. 
Aneurysmal prolapse may lead to left 
ventricular outflow tract obstruction, 
requiring heightened awareness of BD. 
Intracardiac thrombosis is an uncom-
mon presentation of BD, typically oc-

curring in the ventricles or right atrium. 
BD should be suspected in the absence 
of conventional high-risk factors for 
thromboembolism. Differentiation be-
tween BD and infective endocarditis 
(IE) requires attention to the charac-
teristic feature of sterile aneurysmal 
changes. A study has highlighted the 

potential threat of asymptomatic car-
diovascular involvement, underscoring 
the need for early detection through 
echocardiography or cardiac MRI (16).

Pre-operative immunosuppressive
Theoretically, pre-operative IST can 
help control the progression of vascu-

Fig. 2. Receiver operating characteristic curve of inflammatory indicators and predictive model.
A: ROC curve of novel inflammatory biomarkers; B: ROC curve of biochemical inflammatory biomarkers; C: ROC curve of predictive model.
ESR: erythrocyte sedimentation rate; RF: rheumatoid factor; CRP: C-reactive protein; PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte 
ratio; MPV: mean platelet volume; Pre-1:The clinical prediction model based on at least 1 positive biomarkers; Pre-2:The clinical prediction model based 
on at least 2 positive biomarkers; Pre-3:The clinical prediction model based on at least 3 positive biomarkers; Pre-4:The clinical prediction model based on 
at least 4 positive biomarkers; Pre-5:The clinical prediction model based on at least 5 positive biomarkers; Pre-6:The clinical prediction model based on at 
least 6 positive biomarkers.

Fig. 3. Complication-free Kaplan-Meier curves for different inflammatory indicators grouped by cut-off points.
PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte ratio; MPV: mean platelet volume; RF: rheumatoid factor; ESR: erythrocyte sedimenta-
tion rate; CRP: c-reactive protein.
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litis and promote stabilisation of the 
periprosthetic tissues. In the IST group, 
we observed reduced endothelial dam-
age, inflammatory cell infiltration, and 
fibrin deposition in the aortic wall. In 
this study, data showed that the IST 
group had lower inflammatory biomark-
ers, with a significant difference in RF 
(14.57±6.32 vs. 9.46±4.02, p=0.004), 
NLR (2.61±1.84 vs. 7.06±10.66, 
p=0.028), suggesting that the non-IST 
group pre-operatively was in an active 
inflammatory phase. Among patients 
receiving IST, those who developed 
complications had higher levels of 
these markers, with several showing 
significant differences (Suppl. Fig. S1). 
Therefore, regardless of immunosup-
pressive therapy status, we used these 
markers to assess pre-operative inflam-
matory activity and predict post-opera-
tive complications. Considering medi-
cation effects on neutrophils and lym-
phocytes, we analysed the neutrophils 
count and lymphocytes count between 
IST and Without IST group, the results 
showed that no significant differences.
Studies indicate that vascular inflam-
mation is key in thrombosis in BD: 
pre-operative IST is associated with 
the complete resolution of intracardiac 
thrombosis (17). Research also con-
firms that PLR is an independent risk 
factor for lower limb venous thrombo-
sis, with a PLR higher than 151 show-
ing 77% sensitivity and 77.3% speci-
ficity for predicting thrombosis (18). 
In our study, one patient with right 
ventricular thrombosis who did not re-
ceive pre-operative IST had a PLR of 

299. After thrombus removal surgery, 
the patient experienced recurrent right 
ventricular thrombosis two years later.
PVL is a major post-operative compli-
cation of BD. While IST has been shown 
to reduce PVL incidence significantly 
(6, 19), it was not confirmed in our 
study. Among 42 patients undergoing 
aortic valve replacement, four patients 
had PVL. A comparison of pre-oper-
ative markers between patients with 
and without PVL showed that RF was 
significantly higher in those with PVL 
(10.04±4.78 vs. 17.5±50, p=0.007), 
while MPV (10.77±1.22 vs. 9.5±1.24, 
P=0.099), PLR (142.43±130.23 vs. 
113.34±19.56, p=0.95), and NLR 
(4.82±7.51 vs. 3.80±0.751, p=0.25) 
showed no significant differences. 
However, given this study’s low inci-
dence of PVL (8%) and short follow-
up period, these biomarkers failed to 
demonstrate clear associations. Further 
large-scale studies are needed to ex-
plore these relationships.
Additionally, we found that NLR was 
higher in the IST group (7.06±10.6 vs. 
2.61±1.84, p=0.028). Three patients 
had high NLR values (35.4, 34.57, 
37.1). Excluding these outliers, no sig-
nificant difference in NLR (3.94±3.60 
vs. 2.77±1.74, p=0.319). One of them 
exhibited severe immune inflamma-
tion of the valves and large vessels 
post-operatively despite receiving IST, 
with persistently high inflammatory 
biomarkers. The other two patients had 
concomitant IE, and all three had poor 
post-operative outcomes despite pre-
operative high-dose IST. These find-

ings suggest that long-term high-dose 
IST and its association with subsequent 
IE may contribute to complications. 
This raises concerns regarding the 
perioperative use of IST in cardiovas-
cular surgery patients. Pre-operative 
IST cannot be considered a “golden 
pardon” against complications, and sur-
gical timing should be guided by close 
monitoring of inflammatory biomarkers 
to reduce post-operative complications.
Furthermore, the side effects of IST 
warrant attention. In one case, a patient 
received long-term IST (including Trip-
terygium glycosides) but with higher 
pre-operative inflammatory markers 
(NLR: 36.58, PLR: 866.67) and con-
comitant IE. Long-term IST and dose 
adjustments increase infection and sur-
gical risks, and the patient had a poor 
outcome. This highlights the need for 
rheumatology and immunology spe-
cialists to carefully evaluate IST regi-
mens for such patients, balancing the 
potential risks of infection and surgical 
complications while managing active-
phase inflammation.

Multivariate analysis
Research has proposed that high NLR 
is associated with endothelial dysfunc-
tion and can reflect the activity of BD 
(20). Previous studies have shown that 
an NLR cut-off of 1.455 predicts ac-
tive BD with high sensitivity (93.8%) 
and specificity (71%), with an AUC of 
0.844. These studies assessed disease 
activity using the Behçet’s Disease 
Clinical Activity Form (BDCAF). Ak-
kurt et al. proposed an NLR cut-off of 

Fig. 4. Comparison of survival curves between groups with and without pre-operative immunosuppressive therapy. 
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1.85, distinguishing active BD from 
inactive BD with 62.9% sensitivity and 
61.6% specificity (21). Alan et al. sug-
gested a cut-off of 2.5 for effectively 
distinguishing active BD (22). This 
study’s NLR cut-off of 2.04 for periop-
erative cardiac patients predicted post-
operative complications with 81% sen-
sitivity and 48.3% specificity.
Additionally, PLR is a new biomark-
er of inflammation; a PLR cut-off of 
144.05 showed a sensitivity of 62.5% 
and specificity of 57.1% (AUC=0.625) 
(22), while in our study, a PLR cut-off 
of 95.618 had a 90.5% sensitivity and 
41.4% specificity.
In some studies, MPV, a novel inflam-
matory biomarker reflecting platelet ac-
tivation and function, has been linked to 
BD involvement. Research has shown 
that MPV differs significantly between 
flare and stable BD, with lower MPV 
in the flare group (12). Although MPV 
did not show significant differences be-
tween groups in our study, it was iden-
tified as a protective factor in univari-
ate analysis, with a high specificity of 
93.1%.
Recent studies focus on single inflam-
matory biomarkers with low predictive 
efficacy, lacking comprehensive analy-
sis of multiple markers. This study de-
veloped a clinical model combining in-
flammatory markers and pre-operative 
IST to predict post-operative complica-
tions. When ≥4 biomarkers were posi-
tive, the model achieved an AUC of 
0.849, sensitivity of 90.5%, and speci-
ficity of 79.3%. We recommend assess-
ing inflammatory markers after initiat-
ing IST in BD-related cardiovascular 
surgery candidates. If ≥4 biomarkers 
are positive, surgery should be delayed; 
otherwise, it can proceed, potentially 
reducing complications and improving 
outcomes.
Our study differs from previous re-
search in the following ways: i) This 
study firstly uses inflammatory bio-
markers in patients requiring cardiac 
surgery for cardiovascular involve-
ment in BD. Individual variations in 
cardiovascular manifestations may 
reduce biomarker sensitivity; ii) Previ-
ous studies highlighted the necessity of 
pre-operative IST but without further 
research. Our study further evaluates 

the effectiveness of pre-operative IST 
and builds a clinical model, compre-
hensively assessing pre-operative in-
flammatory status and surgical timing; 
iii) We used post-operative complica-
tions as the outcome measure to assess 
whether these biomarkers can evaluate 
the inflammatory state and guide appro-
priate surgical timing, thereby reducing 
post-operative complications.
The main study limitation is that the 
results cannot fully confirm the pre-
dictive performance, due to the small 
sample size and retrospective nature of 
the study. Additionally, some patients 
receiving IST had short follow-up dura-
tions, during which complications may 
not have been observed. More exten-
sive prospective studies are needed to 
provide convincing findings.
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