Journal of Inflammation Research Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

The Joint Effect of C-Reactive Protein and
Fibrinogen in Predicting Intracranial Hypertension
of Cerebral Venous Sinus Thrombosis Patients

Yingying Xu'**, Jiahui Yan'*, Manli Lu', Zhichao Huang', Jiangiang Ni?, Xia Zhang'

'Department of Neurology and Clinical Research Center of Neurological Disease, the Second Affiliated Hospital of Soochow University, Suzhou,
Jiangsu, People’s Republic of China; 2Department of Neurology, the First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, People’s Republic
of China

*These authors contributed equally to this work

Correspondence: Xia Zhang, Department of Neurology and Clinical Research Center of Neurological Disease, the Second Affiliated Hospital
of Soochow University, No. 1055, Sanxiang Road, Suzhou, Jiangsu, 215004, People’s Republic of China, Tel +86 512 67784786,

Email stefencel025@163.com; Jiangiang Ni, Department of Neurology, the First Affiliated Hospital of Soochow University, No. 899, Pinghai
Road, Suzhou, Jiangsu, 215031, People’s Republic of China, Tel +86 512 67780327, Email njg@suda.edu.cn

Purpose: Intracranial hypertension is the most common symptom of cerebral venous sinus thrombosis. Recent studies have indicated
that both the coagulation and inflammation systems play roles in the occurrence and development of cerebral venous sinus thrombosis.
Therefore, this study aimed to explore the individual and combined effects of coagulation-related biomarker [fibrinogen (FIB)] and
inflammation-related biomarker [C-reactive Protein (CRP)] in predicting intracranial hypertension.

Patients and Methods: We retrospectively and consecutively included 157 cerebral venous sinus thrombosis patients, who were
divided into four groups according to the cut-offs of CRP and FIB by the receiver operating characteristics curves: low CRP low FIB,
high CRP low FIB, low CRP high FIB and high CRP high FIB. Logistic regression models were used to compute the odds ratios and
95% confidence intervals for intracranial hypertension across the four subgroups.

Results: Cerebral venous sinus thrombosis patients with intracranial hypertension had much higher CRP and FIB levels than those
without intracranial hypertension did (all P<0.05). After adjusted by gender, age, modified Rankin scale, duration, headache, seizure,
smoking, history of thrombosis and other risk factors, white blood cell, systemic immune-inflammation index and estimated
glomerular filtration rate, patients in high CRP high FIB group were 5.286 (95% CI: 2.04-13.701, P=0.001) times more frequent to
experience intracranial hypertension than those in low CRP low FIB group did. The addition of CRP and FIB to the basic model
significantly improved discriminatory power for intracranial hypertension, as area under the curve increased from 0.692 (95% CI:
0.609-0.775, P<0.001) to 0.767 (95% CI: 0.692-0.843, P<0.001).

Conclusion: Higher levels of both CRP and FIB are associated with an increased risk of intracranial hypertension following cerebral
venous sinus thrombosis. The combination of CRP and FIB has a better predictive ability for intracranial hypertension in patients with
cerebral venous sinus thrombosis than either CRP or FIB alone.

Keywords: inflammation biomarker, coagulation factor, cerebrovascular disease, joint effect

Introduction

Cerebral venous sinus thrombosis (CVST) is a special cerebrovascular disease caused by thrombosis of the dural sinuses and/
or intracranial veins, with an estimated annual incidence of 1.3 to 3.16 cases per 100,000 adults."> CVST is a rare yet
potentially life-threatening cerebrovascular disorder, characterized by four distinct clinical phenotypes that correlate closely
with the location and extent of venous sinus occlusion-an association critical for timely clinical recognition and early
intervention. The most prevalent phenotype is isolated intracranial hypertension (IH), typically secondary to occlusion of
major cerebrospinal fluid (CSF)-resorbing sinuses. Hallmark features include persistent headache, papilledema, and elevated
opening pressure on lumbar puncture, with the notable absence of focal neurological deficits. By contrast, focal neurological
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syndrome arises from impaired regional venous drainage, manifesting as corresponding focal deficits (eg, hemiparesis) often
accompanied by headache or seizures. Diffuse encephalopathy, a life-threatening subtype induced by extensive multi-sinus
occlusion, is defined by altered consciousness and carries a high risk of cerebral herniation. Finally, cavernous sinus
syndrome represents a rare, location-specific phenotype, presenting with a triad of ophthalmoplegia, trigeminal nerve
dysfunction, and proptosis. Among these, IH is the most common symptom, which affected 28% to 83% of selected
CVST patients.> > TH leads to headache, emesis, and permanent visual impairment, obviously aggravating the condition of
CVST patients.> Thus, the prompt identification of TH seems important. Nowadays, lumbar puncture remains the most
common-used method for measurement of the open pressure of CSF to detect [H, which can be challenged by the use of
anticoagulants and disease severity with invasiveness.® Therefore, rapid and noninvasive assessment of TH is urgently needed
to facilitate early identification and timely intervention of high-risk CVST patients for better prognosis.

CVST could be caused by infection or nonspecific inflammation of the head and face or other sites or non-
inflammatory factors such as hypercoagulability. The association of inflammation biomarkers with diagnosis, severity,
and poor prognosis of CVST has already been reported, especially C-reactive protein (CRP). Increased baseline CRP
level was reported to be associated with unfavorable functional outcome at day 90 of CVST patients.” Fibrinogen (FIB)
is a coagulation factor in plasma, which has been revealed to be closely related to inflammation reaction.® Pathological
FIB elevation demonstrates a hypercoagulable state with the increased possibility of thrombosis. Previous reports have
shown that a high level of FIB was strongly correlated with CVST progression and severity.” Meng et al showed 73.5%
of CVST patients had FIB elevation and the sensitivity and specificity of FIB for diagnosis of CVST were 73.5% and
83.9%, respectively.® Zhang et al explored the dynamic changes of CRP and FIB in 82 patients with progressive cerebral
infarction and 186 with non-progressive disease. Results showed that in the progressive group, CRP levels peaked on day
3 then declined but remained significantly higher than in the non-progressive group (P<0.01), while FIB levels were
consistently elevated on days 3, 7 and 14 (P<0.01), indicating dynamic monitoring of these biomarkers may facilitate
early identification and timely treatment of progressive ischemic strokes.'® A prospective study demonstrated that
elevated FIB levels show a trend towards association with poor prognosis in ischemic cerebrovascular disease and
their impact on prognosis may be indirectly mediated through the correlation with CRP.'" However, their single or joint
effect on IH of CVST patients has not been explored yet. For traumatic brain injury (TBI) patients, both CRP and FIB
have been identified as a robust indicator of IH.'? Thus, the present study aimed to investigate the single and joint effect
of CRP and FIB in predicting IH of CVST patients.
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Materials and Methods

Study Design and Participants

Patients with a first episode of CVST from the Department of Neurology at the First and Second Affiliated Hospital of
Soochow University between January 2011 and June 2024 (Figure 1) were retrospectively and consecutively enrolled.
Those aged >14 years with a confirmed diagnosis of CVST by magnetic resonance imaging (MRI) combined with
magnetic resonance venography (MRV), computed tomography venography (CTV) or digital subtraction angiography
(DSA), following established diagnostic criteria were included.'® Lumbar puncture and all laboratory tests were done
before any treatment and valid information was available. Prior to lumbar puncture, written informed consent was
obtained from each patient or their legal guardians. Participants without complete data of CRP, FIB and lumbar puncture
were excluded. Moreover, those with inflammatory diseases like pneumonia were ineligible. All enrolled patients signed
written informed consent. This study involved a mixture of adult and minor participants, and for minors, consent was
obtained from the parents/legal guardians. The study protocol was approved by the Ethics Committee of the Second
Affiliated Hospital of Soochow University, China (JD-HG-2024-027) and conducted in accordance with the Declaration
of Helsinki. The data that support the findings of this study are available from the corresponding author upon reasonable
request.

Data Acquisition and Outcome Assessment
Data of all participants were standardly collected including demographic characteristics, symptoms, disease duration, risk
factors of CVST such as history of stroke and venous thrombosis disease, medication history (antiplatelet drugs,
anticoagulation drugs, estrogen-progesterone, puerperium, oral contraceptives), sex-specific factors (pregnancy), heredi-
tary thrombophilia factors (protein C, S, or antithrombin III deficiency). Intracranial pressure (ICP) was presented by the
open pressure of CSF through lumbar puncture. The patient was positioned in the left lateral decubitus with flexed knees,
hips, and neck, hands clasped around the knees to draw them tightly against the abdomen. The primary puncture site was
the intersection of the bilateral iliac crest line and posterior midline, preferring the L3-L4 interspinous space (adjustable
to adjacent spaces based on body habitus). After successful puncture, the stylet was slowly withdrawn, a manometer
attached, and the patient instructed to extend both lower extremities.” CSF pressure was recorded once the manometer
fluid level stabilized with slight respiratory fluctuations. An ICP of higher than 250 mmH20 was defined as IH.'*
Blood samples were collected within 24 hours of hospital admission before any treatment. CRP was measured by the
Mindray CRP-M100 specific protein immune analyzer (Mindray CRP-M100, Shenzhen, China) using immunity trans-
mission turbidity. FIB was measured with Sysmex CA-1500 automatic coagulation analyzer (Sysmex CA-1500, Tokyo,
Japan) by the von Clauss method. The estimated glomerular filtration rate (eGFR) was calculated by applying the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation with an adjusted coefficient of 1.1 for Chinese

216 CVST Patients from department of
neurology, the First and Second Affiliated
Hospital of Soochow University between

January 2011 and June 2024

12 Without full laboratory data
40 Without lumbar puncture
7 With data after treatment

v

[ 157 Patients included J

Figure | Patients’ flow chart.
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populations: 141 *min (CR/k, 1) a *max (CR/k, 1)-1.209%0.993Age*1.018[if female]*1.1, x is 0.7 for females and 0.9 for
males, a is —0.329 for females and —0.411 for males, min indicates the minimum of CR/k or 1, and max indicates the
maximum of CR/x or 1.1

Statistical Analysis
All patients were divided into two groups according to ICP: CVST with normal ICP (CVST-IH) and CVST with IH
(CVST+IH). The Shapiro—Wilk test was used to test normality of continuous variables. The baseline characteristics of
continuous variables were presented as medians with interquartile ranges (IQRs) and were compared using Mann—
Whitney U-test or Kruskal-Wallis test. The categorical variables were expressed as a percentage, and compared using
Chi-square test. We further examined the single and joint effect of CRP and FIB. Receiver operating characteristic (ROC)
curve analysis was employed to evaluate FIB and CRP as predictors of intracranial hypertension in patients with CVST.
The area under the curve (AUC) and corresponding 95% confidence intervals (CIs) were calculated to quantify predictive
performance. Given the clinical imperative to minimize both false-negative and false-positive results, the maximum
Youden’s Index method was prioritized for determining the optimal cut-off values, as it achieves a balanced trade-off
between sensitivity and specificity. The optimal cut-off values were identified as 5.55 g/L for CRP and 3.44 mg/L for
FIB. The patients were categorized into four groups: low CRP and low FIB (LCLF), high CRP and low FIB (HCLF), low
CRP and high FIB (LCHF), and high CRP and high FIB (HCHF). Logistic regression models were used to compute the
odds ratios (ORs) and 95% Cls of IH. Gender, age, modified rankin scale (mRS), duration, headache, seizure, smoking,
history of thrombosis and others, white blood cell (WBC), Systemic Immune-Inflammation Index (SII), and eGFR were
included in the multivariable-adjusted model. ROC curve analysis was used to evaluate the predictive ability of CRP and
FIB for IH in CVST patients.

All P values were 2-tailed, and a significance level of 0.05 was used. Statistical analysis was conducted using SPSS
26.0 statistical software (IBM Corp., NY)).

Results

Clinical Characteristics Between CVT Patients with and without IH

A total of 157 patients (78 men and 79 women) were finally analyzed with a median age of 37 years (IQR, 27-48) and
disease duration from the onset was 7 days (IQR, 4-17). The median baseline mRS score was 2 (IQR, 2-3). And the
median baseline CSF pressure was 220 mmH20 (IQR, 140-280). Sixty-one patients (38.9%) had IH. One hundred and
twenty-one patients (77%) complained of headache and 17 patients (10.8%) had seizures. In addition, 20 patients
(12.7%) had a history of thrombosis and 18 patients (11.4%) had other risk factors. Among them, age, disease duration,
headache/epilepsy incidence, comorbid risk factors, smoking history, and medication history were comparable between
the two groups. The proportion of male and the mRS were higher in CVST+IH group (all P<0.05). Patients in CVST+IH
group had much higher CRP and FIB levels than those in CVST-IH group did (all P<0.05) (Table 1). However, the
number of WBC, lymphocyte, monocye, neutrophils, SII, and eGFR between the two groups showed no significant
difference (all P>0.05) (Table 1).

Independently Predictive Significance for IH: Role of CRP and FIB

After adjusting for gender, age, mRS, duration, headache, seizure, smoking, history of thrombosis and other risk factors,
WBC, SII, eGFR, both high CRP and FIB levels were associated with IH. The multivariable adjusted OR of CRP for IH
was 1.334 (95% CI: 1-1.778, P=0.002) and FIB was 1.334 (95% CI: 1-1.778, P=0.050), respectively (Table 2). Patients
with CRP>5.55mg/L or FIB>3.44g/L. were more likely to experience IH with sensitivity and specificity of 68.9% and
59.4%, or 59.0% and 69.8%, respectively (Figure 2).

The Combined Predictive Ability of CRP and FIB for IH

We further assessed the joint predictive value of CRP and FIB for IH. Patients were categorized into four groups
according to the cutoffs of CRP and FIB by ROC curves: LCLF, HCLF, LCHF and HCHF groups. Table 3 shows the
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Table | Demographic Variables and Clinical Assessments Between CVST Patients with and Without IH

Factors CVT-IH (n=96) CVT+IH (n=61) All Patients (n=157)

Gender (female, n, %) 55, 57.2% 24, 39.3% 79, 50.3% 0.028*
Age (y) 35 (26, 49.75) 38 (27.5, 45) 37 (27, 48) 0.397*
mRS 2(23) 2(23) 2(23) 0.015*%
Disease duration (d) 8 (4, 20) 6 (4, 14) 74, 17) 0.066*
Headache (n, %) 69, 71.8% 52, 85.2% 121, 77.0% 0.052F
Seizure (n, %) 9,9.3% 8, 13.1% 17, 10.8% 0.462F
History of risks 35, 36.4% 23, 37.3% 58, 36.9% 0.875%
Smoking history (n, %) 15, 15.6% 13, 21.3% 28, 17.8% 0.364%
History of venous thrombosis (n, %) 12, 12.5% 8, 13.1% 20, 12.7% 0.910*
History of medication and other risk factors 13, 13.5% 5,8.1% 18, 11.4% 0.306*
White blood cell (10°/L) 7.55 (6.23, 9.48) 8.60 (6.14, 10.4) 8.00 (6.17, 9.77) 0.21I*
Lymphocyte (10°/L) 1.86 (1.39, 2.48) 1.76 (1.17, 2.21) 1.80 (1.30, 2.36) 0.124%*
Monocyte (10°/L) 0.47 (0.37, 0.62) 0.53 (0.4, 0.68) 0.49 (0.39, 0.66) 0.238%*
Neutrophils (10%/L) 5.65 (3.61,7) 5.70 (4, 8.08) 5.2 (3.77, 7.38) 0.116*
Platelet (10%/L) 229.5 (193, 278) 220 (176, 264.5) 228 (187, 270) 0.344*
NI 589.91 (323.44, 1112.29) | 742.78 (389.86, 1185.62) | 669.65 (361.19, 1150.2) | 0.l161*
CRP (mg/L) 5.25 (3.01, 7.68) 7.00 (4.59, 15.03) 5.70 (3.31, 10.33) 0.002*
eGFR (mL/min/1.73 m?) 137.06 (121, 155.89) 129.83 (117.20, 155.74) | 135.93 (117.64, 155.79) | 0.378*
FIB (g/L) 291 (239, 3.8) 3.66 (2.78, 4.41) 3.09 (2.49, 4.05) 0.007*
D-dimer (ug/mL) 1.02 (0.37, 1.73) 1.27 (0.5, 2.61) 1.05 (0.42, 1.99) 0.107*
CSF pressure (mmH,O) 160 (116.25, 200) 300 (270.00, 380) 220 (140, 280) <0.001*

Notes: *P values estimated using the Mann—Whitney U-test; *P values estimated using the Chi-square test.
Abbreviations: CVST, cerebral venous sinus thrombosis; IH, intracranial hypertension; CVST-IH, CVST without IH; CVST+IH, CVST with IH; mRS, modified
Ranking Scale; SlI, Systemic Immune-Inflammation Index; CRP, C-reaction protein; INR, international normalized ratio; eGFR, estimated glomerular filtration rate;

CSF, cerebrospinal fluid.

Table 2 ORs and 95% Cls for IH According to CRP and FIB Separately

Factors Unadjusted OR P Adjusted ORI P Adjusted OR2 P
(95% CI) (95% ClI) (95% CI)
Gender (Female) 0.484 (0.251, 0.930) 0.029 0.641 (0.26, 1.58) 0.706 0.641 (0.26, 1.58) 0.334
Age 1.003 (0.983, 1.023) 0.786 0.985 (0.953, 1.018) | 0.477 | 0.985 (0.953, 1.018) | 0.375
mRS 1.532 (1.072, 2.188) 0.019 1.585 (0.986, 2.549) | 0.138 | 1.585 (0.986, 2.549) | 0.057
Disease duration 0.983 (0.964, 1.003) 0.103 0.988 (0.969, 1.007) | 0.191 | 0.988 (0.969, 1.007) | 0.219
Headache 2.261 (0.980, 5.215) 0.056 2.609 (0.914, 7.447) | 0.071 | 2.609 (0.914, 7.447) | 0.073
Seizure 1.459 (0.531, 4.013) 0.464 0.9 (0.205, 3.946) 0.543 0.9 (0.205, 3.946) 0.889
Smoking history 1.462 (0.642, 3.334) 0.366 1.423 (0.403, 5.023) | 0.335 | 1.423 (0.403, 5.023) | 0.584
(Continued)
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Table 2 (Continued).

Factors Unadjusted OR P Adjusted ORI P Adjusted OR2 P
(95% CI) (95% CI) (95% ClI)
History of venous thrombosis 1.057 (0.405, 2.755) 0910 0.961 (0.295, 3.127) | 0.718 | 0.961 (0.295, 3.127) | 0.947

History of medication and other risk factors | 0.570 (0.192, 1.688) 0310 0.547 (0.158, 1.889) | 0.471 | 0.547 (0.158, 1.889) | 0.340

WBC 1051 (0.950, 1.163) | 0336 | 0.978 (0.844, 1.133) | 0.753 | 0.978 (0.844, 1.133) | 0.768
sl 1,000 (1.000, 1.000) | 0.335 (1, 1) 0.931 (L) 0.635
eGFR 0.996 (0.987, 1.006) | 0.431 | 0.999 (0.987, 1.011) | 0.753 | 0.999 (0.987, 1.011) | 0.834
CRP I.114 (1.050, 1.182) | <0.001 1334 (1, 1.778) | 0.002 - -

FIB 1358 (1.015, 1.763) | 0.022 - - 1334 (1, 1.778) | 0.050

Notes: P values estimated from binary logistic regression models adjusted for gender, age, mRS, duration, headache, seizure, smoking, history of venous thrombosis and
others, WBC, SlI, eGFR.

Abbreviations: OR, Odds ratio; Cl, confidence interval; IH, intracranial hypertension; CRP, C-reaction protein; FIB, fibrinogen; mRS, modified Ranking Scale; WBC, White
blood cell; SlI, Systemic Immune-Inflammation Index; eGFR, estimated glomerular filtration rate.

baseline characteristics of four groups. Compared with patients in LCLF group, those in HCHF group were more likely to
have higher monocyte, neutrophils, CRP, FIB and have higher CSF pressure.

After adjusted by gender, age, mRS, duration, headache, seizure, smoking, history of thrombosis and other risk
factors, WBC, SII, and eGFR, patients in HCHF group were 5.286 (95% CI:2.04—13.701, P=0.001) times more frequent
to experience IH than those in LCLF group did (Table 4). Patients in HCHF group had the highest risk of IH. The
addition of CRP and FIB to the basic model significantly improved discriminatory power for IH, as AUC increased from
0.692 (95% CI: 0.609-0.775, P<0.001) to 0.767 (95% CI: 0.692—0.843, P<0.001) (Figure 3).

Discussion

The present study demonstrated for the first time the prognostic role of CRP and FIB, especially their joint effect, in IH
of CVST patients. For CVST patients, CRP >5.55mg/L and FIB>3.44g/L were associated with the increased risk of IH.
Furthermore, CVST patients with both high CRP and FIB levels had the highest risk for IH, which was 5.286-fold in the
HCHF group compared with that in LCLF group. Following analysis showed our model with good predictive ability,
which indicated the combination of CRP and FIB could enhance the predictive value for IH of CVST patients. The
notable quantitative improvement in prognostic metrics (the model’s AUC increased from 0.692 to 0.767, P<0.001) after

100 100-

80- 80- v
= . v
£ 60 2 60 v d
2 a ‘D =

20 /l AUC: 0.648 20 /I AUC: 0.628

(95%C1 0.554-0.742, P=0.002) / (95%CI 0.537-0.719, P=0.007)
0 T T T T 1 0 T T T T |
0 20 40 60 80 100 0 20 40 60 80 100

A 100% - Specificity % B 100% - Specificity%

Figure 2 Cut-off value of biomarkers: (A) CRP; (B) FIB.
Abbreviations: AUC, area under curve; CRP, C-reaction protein; FIB, fibrinogen.
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Table 3 Demographic Variables and Clinical Assessments According to the Combination of CRP and FIB

Factors LCLF (n=57) HCLF (n=35) LCHF (n=19) HCHF (n=46) P
Gender (female, n, %) 33, 57.8% 17, 48.5% 9, 47.3% 20, 43.4% 0517+
Age (y) 38 (27, 51) 31 (25, 41) 39 (27, 45) 39.5 (30, 49.75) 0.116*
mRS 223) 22.3) 2(2,3) 2(2,3) 0.117*
Disease duration (d) 8 (4, 25) 6 (3, 30) 7 (5, 20) 7 (3, 10) 0.180*
Headache (n, %) 40, 70.1% 27,77.1% 15, 78.9% 39, 84.7% 0.374%
Seizure (n, %) 5, 87% 6, 17.1% 0, 0% 6, 13.0% 0.237%
Smoking history (n, %) 10, 17.5% 5, 142% 5,26.3% 8, 17.3% 0.743*
History of thrombosis (n, %) 7, 122% 4, 11.4% 1, 5.2% 8, 17.3% 0.590%
History of other risk factors (n, %) 7,122% 3,85% 2, 10.5% 6, 13.0% 0.929%
White blood cell (|09/L) 7.32 (5.88, 9.035) 7.5 (6, 9.84) 831 (7.1, 10.09) 8.86 (6.568,10.725) 0.071*
Lymphocyte (10°/L) 179 (1.345,2.315) 1.9 (1.46, 2.55) 1.81 (13, 237) 1.52 (1.16, 2.383) 0.642*
Monocyte (10°/L) 0.44 (0315, 0.54) 0.45 (0.37, 0.62) 0.5 (0.2, 0.72) 0.6 (0.463, 0.733) 0.007*
Neutrophils (|09/L) 4.53 (3.125, 6.94) 5 (3.65, 6.4) 6.46 (4.72, 7.26) 6.08 (4.128, 8.625) 0.016*
Platelet (10°/L) 230 (203, 274.5) 217 (166, 280) 228 (180, 305) 230 (179.25,265.25) 0.504*
Sli 566.974 (341.772,1181.413) 509.823 (286.448, 850.2) 808.877 (511.071,987.692) 767.119 (388.629, 1419.58) 0.144*
CRP (mg/L) 3.47 (1.335, 5.1) 7.32 (6.3, 11.37) 1.44 (0.7, 4.07) 12.665 (7.785, 5.36) <0.001*
eGFR (mL/min/1.73 m?) 136.39 (117.33, 157.75) 136.56 (120.99, 161.57) 132.05 (125.89, 157.72) 132.86 (114.12, 148.05) 0.625*
FIB 2619 (2.13,29) 2.7 (2.22, 3.09) 4.03 (3.72, 4.46) 4.41 (3.875, 5.078) <0.001*
CSF pressure (mmH,0) 170 (130, 232.5) 220 (120, 300) 200 (115, 400) 265 (200, 320) <0.001*

Notes: *P values estimated using the Kruskal-Wallis test; *P values estimated using the Chi-square test.

Abbreviations: mRS, modified Ranking Scale; SlI, Systemic Immune-Inflammation Index; CRP, C-reaction protein; INR, international normalized ratio; eGFR, estimated
glomerular filtration rate; FIB, fibrinogen; CSF, cerebrospinal fluid; LCLF, low CRP and low FIB; HCLF, high CRP and low FIB; LCHF, low CRP and high FIB; HCHF, high CRP

and high FIB.

Table 4 ORs and 95% Cls for IH According to the Combination of CRP and FIB

Factors Unadjusted OR (95% Cl) | P | Adjusted OR (95%CI) | P
Gender (Female) 0.484 (0.251, 0.930) 0.029 0.706 (0.277, 1.803) | 0.467
Age 1.003 (0.983, 1.023) 0.786 0.987 (0.954, 1.021) 0.448
mRS 1.532 (1.072, 2.188) 0.019 1.522 (0.928, 2.497) | 0.09%6
Disease duration 0.983 (0.964, 1.003) 0.103 0.989 (0.971, 1.008) 0.262
Headache 2.261 (0.980, 5.215) 0.056 2361 (0.795, 7.006) | 0.122
Seizure 1459 (0.531, 4.013) 0.464 0.877 (0.191, 4.02) 0.866
Smoking history 1462 (0.642, 3.334) 0.366 1.643 (0.454, 5.95) 0.449
History of thrombosis 1.057 (0.405, 2.755) 0.910 0.873 (0.252, 3.025) 0.831
History of other risk factors 0.570 (0.192, 1.688) 0.310 0.556 (0.158, 1.952) 0.360
White blood cell 1.051 (0.950, 1.163) 0.336 0.955 (0.819, I.113) 0.553
Sl 1.000 (1.000, 1.000) 0.335 0.706 (0.277, 1.803) 0.555

(Continued)
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Table 4 (Continued).

Factors Unadjusted OR (95% CI) P Adjusted OR (95% CI) P
eGFR (mL/min/1.73 m?) 0.996 (0.987, 1.006) 0.431 0.998 (0.986, 1.011) 0.751
CRP&FIB

LCLF (ref) (ref) (ref) (ref)
HCLF 2.778 (1.085, 7.161) 0.033 2.37 (0.857, 6.554) 0.096
LCHF 3.041 (0.989, 9.353) 0.052 2,661 (0.791, 8.946) 0.114
HCHF 6.505 (2.685, 15.763) <0.001 5.286 (2.04, 13.701) 0.001

Notes: P values estimated from binary logistic regression models adjusted for gender, age, mRS, duration, headache, seizure,
smoking, history of venous thrombosis and others, WBC, Sll, eGFR.

Abbreviations: OR, Odds ratio; Cl, confidence interval; IH, intracranial hypertension; CRP, C-reaction protein; FIB, fibrinogen; mRS,
modified Ranking Scale; WBC, White blood cell; SlI, Systemic Immune-Inflammation Index; eGFR, estimated glomerular filtration
rate; LCLF, low CRP and low FIB; HCLF, high CRP and low FIB; LCHF, low CRP and high FIB; HCHF, high CRP and high FIB.

incorporating CRP and FIB into the multivariate regression analysis, and the enhanced clinical utility for risk stratifica-
tion in CVST patients. While we acknowledge that biomarker value overlap is an inherent limitation of this observational
study, attributable to the substantial heterogeneity of CVST patients in etiology, disease severity, and comorbidities, the
observed statistical differences can still inform clinical practice by optimizing admission risk stratification, guiding
individualized treatment de-escalation for borderline-risk patients, and enabling evidence-based prognostic counseling.
The findings provide a rapid, convenient and noninvasive way to monitor ICP, facilitating early identification of IH and
prompt treatment of high-risk CVST patients to improve their outcomes. This model should serve as an adjunct clinical
tool rather than a standalone decision-making criterion, and future prospective studies with larger sample sizes and
standardized data collection are needed to further validate its clinical utility.

Inflammatory cells were detected throughout all brain specimens of animal models of acute liver failure (ALF) with
increased ICP.'® Hannah et al demonstrated that the glucagon-like peptide-1 receptor agonist exendin-4 was able to
reduce ICP in a rat model of hydrocephalus, which might be partly due to its anti-inflammatory effects.!” Moreover,
a rabbit model of cerebral venous infarction showed that FIB increased as ICP gradient increased.'® All the data implied

100

_____ confounders
AUC: 0.692 (95% CI 0.609-0.775, P<0.001)

80

40 AUC: 0.767 (95% C10.692-0.843, P<0.001)

______ confounders+CRP
° AUC: 0.735 (95% C1 0.655-0.814, P<0.001)
}} 604 .ol L confounders+FIB
= AUC: 0.734 (95% C10.654-0.815, P<0.001)
}E confounders+CRP+FIB
@
=
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n
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Figure 3 ROC curves of IH by confounders, CRP, and FIB. Logistic confounding factors: gender, age, mRS, duration, headache, seizure, smoking, history of thrombosis and
other risk factors, WBC, SlI, eGFR.

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve; CRP, C-reaction protein; FIB, fibrinogen; WBC, White blood cell; S, Systemic Immune-
Inflammation Index; eGFR, estimated glomerular filtration rate.
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that both inflammation and coagulation systems might contribute to the formation of IH through animal models, which
has not been extensively explored in CVST, especially in CVST patients.

CRP is a kind of acute-phase response protein synthesized and secreted by liver under certain pathological conditions,
sensitively reflecting the activation of inflammatory response in the body. CRP can activate monocytes, promote tissue
factor secretion, and initiate coagulation activation, which then promote the synthesis of coagulation factors and
accelerate the formation of thrombosis.'® Inflammatory biomarkers associated with diagnosis, severity, and poor prog-
nosis of CVST have been reported.'” 2! A multicenter prospective observational study conducted in Portugal with 62
patients, demonstrated that elevated inflammatory biomarkers such as neutrophil to lymphocyte ratio and interleukin-6
were independently predictive factors for poor prognosis of CVST patients. Moreover, three inflammatory biomarkers,
including CRP, were evaluated as predictors of evolution.”' A hospital-based CVST study found that higher CRP,
measured on the first day of admission, was associated with both hospital fatality and poor outcome.** However, there
have been few studies on the association between CRP and IH in CVST patients. For TBI patients, CRP has been
indicated as an indicator of IH,'* which is consistent with our study. In the etiology of idiopathic intracranial hyperten-
sion (IH), the contribution of inflammatory mechanisms and changes in cytokine levels have been proposed.”*** We
hypothesized that inflammatory factor could also affect ICP in a similar way. Additionally, a retrospective study showed
both CRP and ICP were significantly decreased after patients were treated with glucocorticoid and anticoagulation,
indicating a possible interaction between IH and inflammatory reaction in CVST.*>

Pathological elevation of FIB implicates a hypercoagulable and inflammatory state with increased possibility of
thrombosis.**® The most common location of thrombosis for CVST patients with TH is superior sagittal and transverse
sinuses.”’ Impaired cerebral venous drainage and abnormal CSF absorption act as the two most important pathogenesis of
IH. Therefore, FIB might play a vital role in the formation of IH of CVST patients. The diagnostic sensitivity and specificity
of FIB for CVST were 73.5-77.5% and 60-83.9%, respectively.’ Kiyohira et al showed that low FIB levels were associated
with ICP elevation in patients with severe acute subdural hematoma (ASDH), indicating a possible correlation between FIB
levels and ICP.?® However, it has not been extensively explored in CVST patients. In the multivariate regression analysis,
the unadjusted OR of FIB was associated with a statistically significant P-value of 0.022, whereas the P-value for the
adjusted OR was 0.05. The conventional threshold for statistical significance (P<0.05) is an arbitrarily defined criterion.
A P-value of 0.05 is considered “marginally significant”, indicating a weak trend of statistical association rather than no
association at all. In exploratory studies, variables should not be arbitrarily excluded solely based on P>0.05, especially
when there is a clear biological mechanism supporting the variable. And the 95% CI was (1, 1.778), which excluded the
null value of 1 at its lower bound, suggesting a potential trend of association between exposure factors and outcomes.
Patients with FIB>3.44 g/L were more likely to experience IH, which was consistent with the animal study.'®

Increasing evidence points to extensive cross-talk between inflammation and coagulation systems, whereby inflam-
mation leads not only to activation of coagulation, but coagulation also considerably affects inflammatory activity,
especially in thrombotic diseases.’® Coagulation factors (such as thrombin) or anticoagulant proteins (such as activated
protein C) may activate specific cell receptors on mononuclear cells or endothelial cells, which may affect, for example,
cytokine production or inflammatory cell apoptosis.”’ We previously reported combined prognostic significance of WBC
and D-dimer on in-hospital outcomes of acute ischemic stroke (AIS) patients, indicating the cross-talk between
inflammation and coagulation in the pathogenesis of AIS.*° Billoir et al also found that both C-reactive protein and
D-dimer could help predict bad prognosis in CVST.?® In the present study, we first found the combination of CRP and
FIB could better predict IH in CVST, which implied both systems contributed to its occurrence with synergistic effect.

The mRS score was higher in IH of CVST patients, which is readily understandable. Notably, the IH group had a higher
proportion of male patients. Anatomical studies have demonstrated that males exhibit thicker skulls and relatively narrower
intracranial venous sinus lumens, with the average diameter of the transverse sinus in males being 8-12% smaller than that
in females. The cerebral blood flow increases more substantially with elevations in body mass index (BMI). When
thrombosis occurs, these narrow lumens are more prone to obstruction, leading to an acute increase in venous return
resistance. This, in turn, induces cerebral congestion and edema, which ultimately compress the CSF circulation pathway

and result in elevated intracranial pressure. Additionally, males are more likely to present with unilateral transverse sinus
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hypoplasia. If thrombosis develops in the contralateral (healthy) transverse sinus, the absence of effective collateral
circulation compensation precipitates the rapid progression of venous return impairment to overt intracranial hypertension.3 !

The strength of our study included being the first study to explore the joint effect of CRP and FIB on IH of CVST
patients, providing a useful and convenient tool for the timely identification of high-risk patients, facilitating appropriate
treatment, which is also noninvasive compared to lumbar puncture. However, there are still some potential limitations
that merit considerations. First, the study participants were from two centers in China, which may limit the general-
izability of our findings. Secondly, a proportion of patients were excluded due to a lack of CRP and FIB data, which may
lead to selection bias. Thirdly, data on alcohol consumption in this study were derived from medical record review.
However, detailed records of drinking status (eg, alcohol intake, drinking frequency, exposure duration) were lacking in
the medical records of some patients, with only 21.5% of patients having clear documentation of their drinking history.
Due to insufficient data completeness, standardized classification (eg, light/excessive drinking) and statistical analysis
were not feasible, so this variable was not included in the study. Finally, a longer follow-up period might be needed to
comprehensively understand the correlation of the crosstalk between inflammation and coagulation systems and the
pathogenesis of CVST. In the future, a multicenter study with a larger sample-size, longer follow-up period and broader
range of inflammatory and coagulation biomarkers will help deepen our understanding of pathogenesis of IH of CVST.

Conclusion
In conclusion, higher CRP and FIB levels were both associated with increased risk of IH subsequent to CVST. The
combination of high CRP and FIB levels could better predict IH of CVST patients than CRP and FIB levels alone.
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