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The Utility of the Systemic Inmune-Inflammation Index (SIl) and the Systemic
Immune-Response Index (SIRI) in predicting pregnancy-related cerebral venous
sinus thrombosis: An experience from a tertiary center
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ABSTRACT

Aim: Our aim in this study was to investigate the difference of systemic
immune inflammatory index (SIl) and systemic inflammatory response index
(SIRI) indices between pregnancy-related cerebral venous sinus thrombosis
(CVST) patients and healthy pregnant and postpartum women and to evaluate
the association between these indices and disease severity and prognosis in
the CVST group.

Materials and Methods: This retrospective study included 21 patients with
CVST and 80 healthy pregnant and postpartum patients as the control group.
We looked at whether there was a statistical difference in demographic and
clinical characteristics and laboratory results between the groups. Then we
compared the Sll and SIRI values, whose prognostic value has been studied as
new inflammatory indices in many subjects.

Results: Neutrophil, monocyte, lymphocyte and platelet counts were similar
between the groups. SIl and SIRI were significantly higher in the CVST group
(p:0.006, p:0.043; respectively). It was found that the Sl and SIRI indices were
higher in the group with severe disease and the poor prognosis, but the results
were not statistically significant.

Conclusion: These results showed us that the Sl and SIRI indices can be
used as a supporting factor for the diagnosis in patients with suspected CVST.
Studies with more patients may help to demonstrate the impact of Sl and SIRI
indices on disease severity and prognosis.
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inflammatory response index, systemic immune inflammation index, thrombo-
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Amag: Gebelikle iliskili serebral vendz siniis trombozu (SVST) hastalar ile
saglikh gebe ve dogum sonrasi kadinlar arasinda sistemik immiin inflamasyon
indeksi (Sll) ve sistemik inflamatuar yanit indeksi (SIRI) arasindaki fark
arastirmak ve bu indeksler ile hastalik siddeti ve prognoz arasindaki iliskiyi
degerlendirmektir.

Gerec ve Yontemler: Bu retrospektif calismaya 21 SVST hastasi ve kontrol
grubu olarak 80 sagliki gebe ve postpartum hasta dahil edildi. Gruplarin
demografik ve Klinik ozellikleri, laboratuvar sonuglari, Sl ve SIRI indeksleri
karsilastinldi. SVST grubunda SlI ve SIRI indekslerinin hastaligin siddeti ve
prognozu ile iliskisi arastirildi.

Bulgular: Gruplar arasinda nétrofil, monosit, lenfosit ve trombosit sayilar
benzerdi. SlI ve SIRI degerleri SVST grubunda daha yiiksekti ve fark istatistiksel
olarak anlamli olarak anlamliydi (sirasiyla; p:0,006, p:0,043). Siddetli hastalik
ve kotii prognozlu grupta SlI ve SIRI indekslerinin daha yiiksek oldugu goriildii
ancak sonuglar istatistiksel olarak anlamli degildi.

Sonug: SVST icin klinik siiphe olan hastalarda taniyi destekleyici bir faktor
olarak Sl ve SIRI degerleri kullanilabilir. Daha fazla hasta sayili ¢alismalar SlI
ve SIRI indekslerinin hastalik siddeti ve prognozundaki etkisini gostermeye
yardimci olabilir.

Anahtar Kelimeler: Serebral vendz siniis trombozu, gebelik, sistemik

inflamatuar yanit indeksi, sistemik immiin inflamasyon indeksi, trombo-
inflamatuar belirtegler
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INTRODUCTION

Cerebral venous sinus thrombosis (CVST) is a rare subtype of
stroke that accounts for 0.5-1% of all strokes (1). In the general
population, the incidence of CVST is on average three times higher
in women than in men (2,3).This gender difference has been
associated with sex-specific risk factors such as oral contraceptive
use, pregnancy, puerperium, or hormone replacement therapy (4).
In a prospective international study of crebral vein and dural sinus
thrombosis (ISCVT), 20% of patients presented during pregnancy
and the puerperium (5). CVST accounts for approximately 2%
of pregnancy-related strokes and occurs in up to 0.01% of all
pregnancies (6). Pregnancy-related CVST occurs more frequently
in the third trimester or in the puerperium (7). Studies have been
performed to determine various risk scores to predict the prognosis
of patients with cerebral venous and dural sinus thrombosis (8,9).

It is well known that changes in cellular content in peripheral blood
are indicative of the inflammatory response in various diseases
(10,11). In addition, systemic inflammatory response index (SIRI)
and systemic immune inflammation index (Sll) have been studied
as more complicated inflammatory markers in various diseases
and cancers (12-15). Although the effects of inflammation on
CVST have not been fully elucidated, conditions such as infections,
coagulation factor deficiency, and systemic autoimmune diseases,
which are risk factors for CVST, are associated with inflammatory
responses (16). This suggests that inflammation plays a role in the
etiopathogenesis of CVST (16). The role of inflammation has been
confirmed by studies showing markedly elevated inflammatory
markers in serum and cerebrospinal fluid (CSF) in CVST (17,18).
The SlI, based on peripheral lymphocyte, neutrophil, and platelet
counts, and the SIRI, based on peripheral lymphocyte, neutrophil,
and monocyte, are the new inflammatory indices that reflect in
detail the patient’s immune and inflammatory state. The role of
inflammation in the prognosis of CVST has been proven in a small
number of studies. The systemic immune inflammation index was
first investigated in CVST patients in a 2020 study by Li et al (17).
Although pregnancy and puerperium are known risk factors for
CVST, publications on this group of patients are limited to small
series (3). Our aim in this study was to investigate the difference
of Sll and SIRI indices between pregnancy-related CVST patients
and healthy pregnant and postpartum women and to evaluate
the association between these indices and disease severity and
prognosis in the CVST group.

MATERIAL AND METHODS

Study population
We conducted this retrospective cohort study between September

2019 and June 2021 in the Maternal-Fetal Medicine Department
of Ankara City Hospital. The study was approved by the Ethics
Committee of Ankara City Hospital (Date: No.:E2-21-624). Study
was carried out in accordance with the tenets of the Declaration
of Helsinki. Written informed consent was obtained from all the
participants.

A total of 21 patients with CVST and 80 healthy pregnant and
postpartum patients at the same gestational week were included
as the control group. Primarily, all patients who were diagnosed
with CVST in our hospital between September 2019 and November
2022 or who were referred to our hospital with this diagnosis
during prenatal care or the postpartum period were identified. The
inclusion criteria were as follows: (1) presence of clinical signs
such as headache, visual disturbances, seizures, focal neurological
deficits, consciousness disorders, (2) presence of cerebral sinus
filling defect on magnetic resonance venography (MRV), (3) acute
and subacute patients (less than thirty days from the onset of
symptoms). The exclusion criteria were as follows: (1) patients with
insufficient clinical data and (2) chronic patients.

Demographic characteristics of the CVST group such as age,
presence of known disease, smoking, family history, and disease-
related outcomes such as time of onset of symptoms, gestational
age or duration of postpartum, current symptoms, laboratory
results at admission, presence of preeclampsia, autoimmune
disease, or thrombophilia, and imaging findings (location of clot
and cerebral infarction or hemorrhage) were extracted. Healthy
pregnant and postpartum patients whose gestational age matched
that of the CVST group were identified, and a control group was
formed with four control subjects for each patient. Disability was
graded according to the modified Rankin Scale (mRS, 0=complete
recovery, 6=dead)(5).

In this study, we first performed a descriptive analysis of the CVST
group, which consisted of 21 pregnant and postpartum patients we
cared for in our hospital. Then, we looked at whether there was
a statistical difference in demographic and clinical characteristics
and laboratory results between the study and control group and
we compared the Sl (neutrophilXplatelet/lymphocyte) and SIRI
(neutrophilXmonocyte/lymphocyte) values, whose prognostic value
has been studied as new inflammatory indices in many subjects
(control group, n:80). Furthermore, we analyzed these inflammatory
markers within the CVST group and evaluated whether they had an
impact on predicting the severity or prognosis of the disease.

Statistical Analysis
All statistical analyzes were performed using SPSS 26 (IBM Inc,
Chicago, IL, USA). First, the Shapiro-Wilk test was used to determine
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whether the data were normally distributed or not. Because the data
were not normally distributed, median and interquartile range values
were used to represent related variables, and the Mann-Whitney U
test was performed to compare median values between groups.
Categorical variables were presented as numbers and percentages.
Next, a receiver operating characteristic curve analysis (ROC) was
performed to determine the optimal cut-off values for Sll and SIRI
for predicting pregnancy-related CVST. Then, a ROC analysis was
performed to determine the optimal cut-off values for Sll and SIRI
for predicting adverse outcomes in the study group. The Youden
index was used to select appropriate cut-off values for Sll and SIRI.
P values <0.05 was assumed as statistically significant.

RESULTS

A total of 101 patients were included in this study (n:21 patients in
the CVST group and n:80 cases in the control group). The baseline
data of the study group are shown in Table 1. Of the 21 patients in
the cohort, 18 (85.7%) were pregnant, 3 (14.3%) were postpartum,
3 (14.3%) were suffering in the first trimester, 5 (23.8%) in the
second trimester, and 10 (47.6%) in the third trimester. All pregnant

Table 1. Baseline characteristics of pregnancy-related CVST patients

patients had a live birth, one of them at 23 weeks’ gestation with
an Apgar score of 2 at 5 minutes. 4 other patients had a preterm
delivery due to preeclampsia and fetal indications.

The most common symptoms were headache (76%) and paresthesias
(28.6%). Other less common signs and symptoms were seizures
(14.3%), motor weakness (14.3%), dysarthria/aphasia (9.5%),
mental status disorders (14.3%), and visual disturbances (4.8%).
The diagnosis was confirmed by MR venography in patients who had
symptoms and were suspected of having CVST. Thrombi were most
commonly located in the transverse sinuses (76.2%) and superior
sagittal sinuses (52.4%). Concomitant thrombophilia was found
in 81% of patients. Two of the patients who developed CVST had
rheumatologic disease and two others had active infection (Covid-19).
Two of the patients who developed CVST in the postpartum period
delivered after a diagnosis of preeclampsia. In addition, preeclampsia
developed in the later weeks of pregnancy in two of the patients who
were diagnosed with CVST in the second trimester.

Anticoagulant therapy was initiated in all patients. In addition to
anticoagulant treatment, antiepileptic treatment was required in
5 patients, hypertonic solution in 4 patients, and steroid use in

n:21 (100%) \ n:21 (100%)

Pregnant 18(85.7%) Clot Location
First trimester 3(14.3%) Superior sagital sinus 11(52.4%)
Second trimester 5(23.8%) Sigmoid sinus 8(38.1%)
Third trimester 10(47.6%) Straight sinus 2(9.5%)
Postpartum 3(14.3%) Transverse sinus 16(76.2%)
Signs and symptoms One sinus 9(42.9%)
Headaches 16(76.2%) Two sinus 8(38.1%)
Paresthesias 6(28.6%) More than two 4(19.0%)
Seizure 3(14.3%) Intracranial complications
Motor weakness 3(14.3%) Intracranial hemorrhage 1(4.8%)
Visual disturbance 1(4.8%) Cerebral infarction 6(28.6%)
Mental status disorder 3(14.3%) Treatment
Dysarthria/aphasia 2(9.5%) Anticoagulant 21(100%)
Coma 1(4.8%) Antiepileptic 5(23.8%)
Thrombophilia 17(81.0%) Hipertonic solution 4(19.0%)
Preeclampsia 3(14.3%)

Steroid 2(9.5%)
Infection (Covid-19) 2(9.5%)
mRS score on admission Outcome at 3 months
1-2 14(66.7%) Complete recovery (mRS 0-1) 17(81.0%)
3-4 5(23.8%) Disability (mRS 2-5) 3(14.3%)
5 2(9.5%) Hospital mortality (mRS 6). 1(4.8%)

Data are given %. mRS, modified Rankin Scale.
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Table 2. Comparison of demographic and clinical characteristics between the study and control groups

Control (n = 80) CVST (n = 21)
Interquartile Interquartile
Median Range Median Range p-Value
Age, years 28 6 26 13 0.671
Gravity 2.0 1 2.0 2 0.277
Parity 0.0 1 1.0 2 0.219
Miscarriage 0.0 0 0.0 0 0.843
Birth weight (g) 3400 540 2780 1690 <.0.001
Apgar score at first minute 8.0 7 1 0.301
Apgar score at fifth minute 9.0 0 9 1 0.302
Hemoglobin (g/dL) 11.8 15 12.2 29 0.471
White blood cell (10°/L) 9760 2490 10510 4930 0.688
Neutrophil (10°/L) 7310 2590 8650 3125 0.098
Monocyte (10°/L) 480 240 520 265 0.552
Lymphocyte (10°/L) 1790 730 1860 710 0.525
Platelet (10°/L) 249000 76000 271000 119000 0.100
p value < 0,05 was considered statistically significant. g, gram; dL, deciliter; L, liter.
Table 3. Sll and SIRI for predicting CVST
Cut-off AUC 95%Cl p-Value Sensitivity(%) Specificity(%)
Sll 1251.55 0.695 0.557-0.832 0.006 61.9 78.0
SIRI 2.109 0.644 0.504-0.784 0.043 66.7 63.7

AUC, Area under the curve; Cl, confidence interval; SlI, systemic immun inflammation index; SIRI, systemic immun inflammatory index
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Figure 1. ROC curve of Sll and SIRI for predicting the presence of CVST.

CVST, cerebral venous sinus thrombosis; ROC, receiver operating curve; SlI, systemic
immune inflammation index; SIRI, systemic immune response index.

2 patients. Four patients that presented coma or mental status
disorder at the time of admission. Mortality was observed in 1
patient (4.8%), disability (mRS 2-5) was observed in 3 patients
(14,3%) after treatment.

Comparison of demographic and clinical characteristics between
the study and control groups were shown in Table 2. No statistically

significant difference was found between the two group, except for
birth weight. Neutrophil, monocyte, lymphocyte and platelet counts
were similar between the groups.

After descriptive analysis of the CVST group, we evaluated the
ability to discriminate between the patient and healthy groups of SlI
and SIRI values using the AUC on the ROC curve. Sll and SIRI were
significantly higher in the CVST group. The discriminatory power
of Sl based on the area under the ROC curve was 0.695 (95%
confidence interval [Cl]: 0.557-0.832, p< 0.05) for CVST, and at a
cut-off value of 1251.55. The discriminatory power of the SIRI value
using the area under the ROC curve was 0.644 (95% CI: 0.504 -
0.784, p< 0.05) for CVST, and using a cut-off value of 2.109. The
sensitivity and specificity of predicting CVST using SIl was 61.9%
and 78.0%, wheras using SIRI was 66.7% and 63.7%, as shown in
(Figure 1) (Table 3).

The ability of Sll and SIRI scores to discriminate disease severity and
prognosis within the CVST group was also assessed. Those who had
an mRS score of 0-1 at diagnosis were classified as having mild
disease, while those with a score of 2 or more were considered to
have severe disease. It was found that the Sl and SIRI indices were
higher in the group with severe disease, but the results were not
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Table 4. Sl and SIRI for assessing disease severity in the CVST group

Cut-off AUC 95%Cl p-Value Sensitivity(%) Specificity(%)
Sl 1174.04 0.731 0.511-0.951 0.082 76.9 62.5
SIRI 2.169 0.635 0.386-0.883 0.311 69.2 62.5

AUC, Area under the curve; Cl, confidence interval; SlI, systemic immun inflammatio

n index; SIRI, systemic immun inflammatory index
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Figure 2. ROC curve of Sl and SIRI in assessing disease severity in the CVST
group.

CVST, cerebral venous sinus thrombosis; ROC, receiver operating curve; Sll, systemic
immune inflammation index; SIRI, systemic immune response index.

statistically significant. The discriminating power of the Sl and SIRI
based on the area under the ROC curve was 0.731 (95% confidence
interval [CI]: 0.511 - 0.951, p>0.05) and 0.635 (95% CI: 0.386 -
0.883, p>0.05) for severe disease. When Sll is used to estimate the
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Figure 3. ROC curve of Sl and SIRI in assessing prognosis in the CVST
group.

CVST, cerebral venous sinus thrombosis; ROC, receiver operating curve; Sll, systemic
immune inflammation index; SIRI, systemic immune response index.

Table 5. Sl and SIRI for assessing prognosis in the CVST group

severity of the disease, if the cut-off value is accepted as 1174.04, the
sensitivity was 76.9% and the specificity was 62.5%, when we use
SIRI and accepted cut-off value of 2.169, the sensitivity was 69.2%
and the specificity was 62.5%, as shown in (Figure 2) (Table 4).

The mRS scores at the third month of treatment were used to
assess prognosis. Those with an mRS score of 0-1 were classified
as having a good prognosis, and those with an mRS score of 2 or
more were classified as having a poor prognosis. It was found that
the Sll and SIRI indices were higher in the poor prognosis group,
but the results were not statistically significant. The discriminatory
power of the Sl and SIRI using the area under the ROC curve
was 0.765 (95% confidence interval [Cl]: 0.548 - 0.981, p>0.05)
and 0.691 (95% CI: 0.366 - 0.1000, p>0.05) for poor prognosis.
When Sl is used to estimate poor prognosis, if the cut-off value is
accepted as 1577.07, the sensitivity was 75.0% and the specificity
was 71.6%, when we use SIRI and accepted cut-off value of 2.684,
the sensitivity was 75.0% and the specificity was 71.6%, as shown
in (Figure 3) (Table 5).

DISCUSSION

CVST can be life-threatening, and morbidity and mortality increase
significantly, especially when diagnosis and treatment are delayed.
Prompt diagnosis and treatment is one of the most important factors
that reduce morbidity and mortality and improve outcomes. Due
to the difficulty in diagnosis and the importance of early diagnosis
and treatment, cost-effective and easily accessible methods are
becoming increasingly important.

In our study, we basically investigated whether there was a
difference between Sl and SIRI indices between pregnancy-related
CVST patients and healthy pregnant and postpartum women.
Our main finding was that Sl and SIRI scores were significantly
higher in the CVST group at the time of hospital admission. We also
examined the effect of Sll and SIRI indices in predicting the severity
of the disease and prognosis in the group with CVST patients, and

Cut-off AUC 95%Cl P value Sensitivity(%) Specificity(%)
Sl 1577.07 0.765 0.548-0.981 0.107 75.0 71.6
SIRI 2.684 0.691 0.366-0.1000 0.244 75.0 71.6

AUC, Area under the curve; Cl, confidence interval; SI, systemic immun inflammation index; SIRI, systemic immun inflammatory index
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although the scores were higher in patients with severe and poor
prognosis, we could not obtain a statistically significant result.

CVST is a rare form of stroke, and diagnosis can be challenging due
to nonspecific findings (3). Although the etiopathogenesis of CVST
is not fully understood, it is thought that the disease is multifactorial
and thrombo-inflammatory processes play the most important role
(18). In addition to draining blood, the cerebral sinuses are essential
for CSF transport. Occlusion of the cerebral sinuses blocks CSF
transport, resulting in intracranial hypertension. In the second
mechanism, occlusion of a cortical vessel blocks blood flow from
brain tissue, resulting in increased vasculer pressure and disruption
of the blood-brain barrier (19). This process can lead to brain tissue
damage. Headache is the most common symptom, but it does not
occur in a minority of patients, while almost half of them experience
seizures in the acute phase. Patients may present with various
combinations of symptoms (20). Bentley et al. reported that most
patients are misdiagnosed and that in 40% of patients admitted
to the hospital, the diagnosis is delayed for days (21). Patients
with pregnancy-related CVST are more likely to have a delayed or
missed diagnosis than other CVST patients. Symptoms and signs
of preeclampsia and eclampsia, as well as headache used are
magnetic resonance imaging (MRI) with MR-venography, computed
tomography (CT)-venography, and catheter angiography, but MRI
with MR-venography being the most commonly preferred method
(7). Moreover, MRI is not always positive for the diagnosis of CVST
in the acute phase. For this reason, new parameters that facilitate
diagnosis are gaining importance.

Inflammation, infection, hypercoagulability, and stasis are well-
defined risk factors in the etiopathogenesis of CVST (22,23).
Although the mechanism of CVST is still not fully understood,
previous evidence suggests that it is a multifactorial disease in
which thromboinflammatory processes play an important role (24).

Many thrombotic and inflammatory markers have been studied
in assessing disease severity and predicting prognosis in patients
(18). In a 2014 study, it was shown that high D-dimer levels can
be an important biomarker for CVST, while the positive predictive
value of an elevated D-dimer-fibrinogen combination is even higher
(25). Neutrophil-to-lymphocyte ratio (NLR) has been identified as an
important inflammatory marker in cerebral arterial ischemia, but
its role in CVST is not clear. Although there are conflicting results
in the literature, a 2022 review by Ding et al. found that NLR is
significantly elevated in patients with CVST (26). In addition to the
known inflammatory effect of neutrophils; it has also been shown
in studies that it is a tissue factor that provokes thrombus formation
(27). In another recent study, high NLR and platelet-to-lymphocyte
ratio (PLR) levels were found to be associated with the presence

of CVST (28). In previous studies, Sl has been shown to be more
reliable than other leukocyte-based indicators of inflammation,
including PLR and lymphocyte-to-monocyte ratio (LMR) (28). SIRI
has also received more attention after some studies showed that
it is able to predict the progression of diseases such as cancer,
cardiovascular disease, and ischemic stroke (29-31). Moreover, the
association between high SIRI levels and mortality in stroke patients
has been previously demonstrated (32). All these studies show us
that biomarkers indicating thromboinflammatory state and their
combinations occupy an important place in the diagnosis of CVST.

Our results show that Sll and SIRI indices, which are easily
accessible and can be combined with some thromboinflammatory
parameters, can be used to predict pregnancy-related CVST. But,
of course, these indices alone cannot be used to tell whether CVST
is present or not. They can be used as a diagnostic aid in patients
with clinical suspicion. The small number of CVST patients may be
the reason why we could not obtain statistically significant results
in terms of disease severity and prognosis, and this relationship can
be demonstrated by studies with a larger number of patients.
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