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Background: Bilateral transverse sinus stenosis (BTSS) is associated with
intracranial hypertension. Enlarged vertebral venous plexus (EVVP) refers to
a compensation mechanism against elevated intracranial pressure (ICP) in
patients with BTSS. This study aims to investigate the influencing factors
of EVVP.

Methods: Patients with BTSS were prospectively recruited from the neurology
department and neurosurgery department of Xuanwu Hospital Capital Medical
University from January 2020 to December 2021.

Results: A total of 37 patients were enrolled with a mean age of 45.42
+ 15.64 years. Women tend to be more susceptible to BTSS. The most
common co-morbid disease was hypertension. The most common clinical
manifestations were visual disorders, headaches, and tinnitus. BMI and DBP
were significantly higher in BTSS patients without EVVP than those with EVVP.
Multivariate analysis revealed that diastolic blood pressure (DBP) was negatively
correlated with EVVP. In addition, a positive correlation between DBP and the
ICP was also observed. A DBP of 81.5 mmHg was calculated as the cutoff value
for the presence of EVVP. BTSS patients with DBP < 81.5 mmHg had a higher
incidence of EVVP and a lower ICP compared to those with DBP > 81.5 mmHg.

Conclusions: DBP was identified as an independent predictor of EVVP. DBP
was lower (<81.5 mmHg) in patients with EVVP and therefore was associated
with a lower ICP in patients with BTSS.
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Introduction

Transverse sinus stenosis is known as the narrowing
of the wunilateral or bilateral transverse sinus, with the
prevalence of unilateral TSS and bilateral TSS (BTSS) in
the general population of 33% and 5%, respectively (1).
However, cases of symptomatic unilateral TSS are rarely
reported (2); contrastively, BTSS is deemed as an independent
cause of intracranial hypertension (IH), bringing about clinical
symptoms, such as headache, tinnitus, and blurred vision
(3, 4). Nonetheless, it is noteworthy that not every patient
with BTSS experiences IH (5). Our previous study reported
that the presence of enlarged vertebral venous plexus (EVVP)
compensates for the elevated intracranial pressure (ICP) in
patients with BTSS (6). However, no previous study has reported
any influencing factor of EVVP. This study aims to find out the
influencing factors of EVVP.

Materials and methods

Patient recruitment

In this study, we prospectively recruited patients with
BTSS who were admitted to the neurology department
and neurosurgery department at Xuanwu Hospital Capital
Medical University from January 2020 to December 2021.
The inclusion criteria were as follows: symptomatic cases
diagnosed as BTSS by magnetic resonance venography
(MRV)
The representative images of BTSS and EVVP were as
(6).
defined as follows: patients with (1) drug-related IH;

and/or digital subtraction angiography (DSA).

previously mentioned The exclusion criteria were
(2) brain parenchymal lesions; (3) moderate to severe
stenosis in intracranial, carotid, or vertebral arteries, (3)
moderate to severe stenosis in internal jugular veins or
intracranial sinuses other than transverse sinus. All patients
signed the informed consent, and their anonymity was
preserved. This study was approved by the Xuanwu Hospital
ethics committee.

Data collection

Since ICP measured by lumbar puncture agreed
well with that measured intracranially (7), lumbar
puncture was performed in the morning of the
2nd day of hospitalization to obtain the ICP of
each patient. Age, gender, body mass index (BMI),
past medical history, personal history, vital signs at

admission, clinical manifestations, neuroimaging, and ICP

were recorded.
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Statistical analysis

All statistical analyses were conducted using SPSS Version
16 (SPSS, Inc., Chicago, Illinois, United States). Continuous
data were expressed as mean =+ standard deviation (SD)
and processed by using student’s t-test. Categorical data
were reported as numbers (percentage) and processed by
using the chi-square test. Linear regression was used to
predict the relationship between two variables. Binary logistic
regression analysis was conducted with the enter method to
identify the odds ratio (OR) and the corresponding 95% CL
A cutoff point was calculated by using receiver operating
characteristics (ROC) curves. A p-value of <0.05 was considered
statistically significant.

Results

A total of 37 eligible patients with BTSS were included in this
study, with a mean age of 45.42 & 15.64 years and an average
body mass index (BMI) of 25.47 £ 4.26. A gender-specific
prevalence of BTSS in women was 83.8%. The most common
co-morbid disease was hypertension (29.7%). The smoking rate
(5.4%), and alcohol rate (2.7%) in patients with BTSS were
apparently lower than those in the general population in China
(8). The vital signs were within the normal ranges. Moreover,
visual disorder (62.2%), headache (56.8%), and tinnitus (37.8%)
were the top three clinical manifestations of BTSS (Table 1).

Demographic characteristics of patients with BTSS with or
without EVVP were summarized in Table 2. BMI (p = 0.011)
and DBP (p = 0.01) were significantly higher in patients with
BTSS without EVVP than those with EVVP (Table 2).

Univariate logistic regression analysis showed that BMI
(OR = 0.785, p =0.014) and DBP (OR = 0.873, p = 0.005)
were negatively correlated with EVVP (Table 3). Whereas,
multivariate logistic regression analysis revealed that only DBP
correlated with EVVP (OR = 0.891, p = 0.021, Table 3).

Subsequently, the impact of BMI and DBP on ICP was
investigated. Univariate linear regression analysis showed that
BMI (Coefficient = 6.451, p = 0.049, Table4) and DBP
(Coefficient = 3.968, p = 0.01, Table 4) positively correlated with
ICP. However, multivariate linear regression analysis revealed
that only DBP (Coefficient = 3.305, p = 0.04, Table 4) correlated
with ICP.

In order to identify a cutoff value of DBP to predict the
presence of EVVP, the ROC curve was performed. A DBP of
81.5 mmHg was calculated as the cutoff value for the presence
of EVVP (AUC = 0.813, 95%CI = 0.6867-0.9394, p < 0.001,
Figure 1A). DBP < 81.5 mmHg indicated the presence of EVVP
in patients with BTSS. Further analysis confirmed that the
incidence of EVVP was significantly higher in patients with
BTSS with DBP < 81.5 mmHg than those with DBP > 81.5
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TABLE 1 Demographic features of the BTSS patients.

Characteristics Patients with BTSS (n = 37) (%)
Age (years) 4542 + 15.64 NA
Female 31 83.8
BMI 2547 £4.26 NA
Past medical history

Hypertension 11 29.7
Diabetes mellitus 0 0
Coronary artery disease 1 2.7
Hyperlipidemia 7 19.5
Hyperuricemia 2 5.4
Personal history

Smoking 2 5.4
Alcohol 1 2.7
Vital signs at admission

Systolic pressure (mmHg) 129.77 £+ 12.60 NA
Diastolic pressure (mmHg) 81.26 £9.26 NA
Heart rate (bpm) 78.23 +10.63 NA
Respiratory rate (/min) 18.97 £1.78 NA
Body temperature (°C) 36.45 £ 0.27 NA
Clinical manifestations

Tinnitus 14 37.8
Tinnitus cerebri 11 29.7
Headache 21 56.8
Dizziness 10 27.0
Neck discomfort 5 13.5
Sleep disturbance 7 18.9
Hearing disorder 7 18.9
Visual disorder 23 62.2
Subjective memory decline 5 13.5

BMI, body mass index; BTSS, bilateral transverse sinus stenosis; NA, not available.

mmHg (p = 0.002, Figure 1B). Moreover, ICP was significantly
lower in patients with BTSS with DBP < 81.5 mmHg than those
with DBP > 81.5 mmHg (p = 0.008, Figure 1C).

Discussion

As the results above have clearly demonstrated, BTSS is more
prevalent in women. Miyachi et al. (9) also report a female
predominance in patients with BTSS. The possible explanation
is that sex hormones are involved in the pathogenesis of
BTSS. However, further investigations are required to prove this
hypothesis. Low percentages of smoking and alcohol rates may
be due to the low proportion of male patients.

It has been reported that BTSS is correlated with IH (3).
Results from our previous study also supported this finding
(6). A triad of TH which manifested as headache, tinnitus, and
papilledema are confirmed as the most common symptoms
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TABLE 2 The demographic characteristics of the BTSS patients with or
without EVVP.

Characteristics BTSS BTSS 4
patients patients
with EVVP without
(n=18) EVVP
(n=19)
Age (years) 48.44 1 17.59 42.20 +13.07 0.274
Female (n, %) 15 (83.33) 16 (84.21) 0.942
BMI 23.65 £ 4.09 27.42 + 4.86 0.011*
Co-morbid disease (n, %)
Hypertension 5(27.78) 6(31.58) 0.800
Diabetes mellitus 0 0 NA
Coronary artery disease 0(0) 1(5.26) 1.000
Hyperlipidemia 3(16.67) 4(21.05) 1.000
Hyperuricemia 1 (5.56) 1(5.26) 1.000
Personal history (n, %)
Smoking 0(0) 2(10.53) 0.486
Alcohol 0(0) 1(5.26) 1.000
Vital signs at admission
Systolic pressure (mmHg) 125.50 + 6.92 134.33 + 15.68 0.059
Diastolic pressure (mmHg) 77.25 £ 8.77 85.53 +7.95 0.010*
Heart rate (bpm) 76.50 = 10.62 80.07 £ 10.68 0.359
Respiratory rate (/min) 18.75 £ 2.05 19.20 £ 1.47 0.491
Body temperature (°C) 36.41 £0.27 36.50 £ 0.27 0.382

*p < 0.05. BMI, body mass index; BTSS, bilateral transverse sinus stenosis; EVVP,
enlarged vertebral venous plexus; NA, not available.

in patients with BTSS in this study. Moreover, hypertension
has been identified as the most common comorbid disease for
maintaining cerebral perfusion pressure in the presence of TH.

However, the causality between BTSS and IH has not been
completely elaborated. Markey et al. (3) supported that venous
sinus stenosis disturbs the reflux of cerebrospinal fluid with a
resultant rise in ICP. Whereas Volpe et al. (10) yield a seemingly
inconsistent result that elevated ICP compresses the venous
sinus and leads to secondary venous sinus segmental stenosis.
Karahalios et al. demonstrated that venous sinus stenosis still
exists even if ICP has been reduced to a normal level (11). From
our perspective, there may be an enhanced loop between BTSS
and IH, featuring the exacerbation of either BTSS or IH while
the other one emerges.

The transverse sinus-sigmoid sinus-internal jugular vein
and the vertebral venous plexus are two main outflow tracts
of intracranial venous blood (12). In the presence of BTSS,
it is predicted that the intracranial venous blood was mainly
drained through the vertebral venous plexus (13). Therefore,
the presence of EVVP would guarantee sufficient cerebral
venous reflux. Our previous report has demonstrated that EVVP
compensates for the elevated ICP in patients with BTSS (6).
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TABLE 3 Univariate logistic regression analysis showed that BMI and DBP negatively correlated with EVVP.
Independent variables Dependent variables OR SE p 95% CI

Lower Upper

Univariate logistic regression

BMI EVVP 0.785 0.099 0.014* 0.647 0.953
DBP 0.873 0.048 0.005* 0.795 0.960
Multivariate logistic regression

BMI EVVP 0.869 0.095 0.137 0.721 1.046
DBP 0.891 0.050 0.021* 0.808 0.982

Multivariate logistic regression analysis revealed that only DBP correlated with EVVP. *p < 0.05. BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; EVVP,
enlarged vertebral venous plexus; OR, odds ratio; SE, standard error.

TABLE 4 Univariate linear regression analysis showed that BMI and DBP positively correlated with ICP.
Independent variables Dependent variables Coefficient SE p 95% CI

Lower Upper

Univariate linear regression

BMI icp 6.451 3.155 0.049* 0.015 12.886
DBP 3.968 1.443 0.010* 1.018 6.918
Multivariate linear regression

BMI ICP 4.017 3.330 0.238 —2.805 10.839
DBP 3.305 1.533 0.040* 0.164 6.446

Multivariate linear regression analysis revealed that only DBP correlated with ICP. *p < 0.05. BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; ICP, intracranial
pressure; SE, standard error.
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FIGURE 1

Receiver operating characteristic curve showed that DBP < 81.5 mmHg indicated the presence of EVVP in BTSS patients (A). The incidence of
EVVP was significantly higher (B) and ICP was significantly lower (C) in BTSS patients with DBP < 81.5 mmHg than those with DBP > 81.5
mmHg. * p < 0.05. BTSS, bilateral transverse sinus stenosis; DBP, diastolic blood pressure; EVVP, enlarged vertebral venous plexus; ICP,
intracranial pressure.

Although BMI was significantly higher in patients with BTSS for DBP. It is suggested that BMI is incapable of predicting
without EVVP than those with EVVP, BMI was not correlated EVVP and ICP.

with EVVP after adjusting for DBP. It has been reported that In the meanwhile, we also found that DBP was significantly
obesity is a risk factor for idiopathic IH (14, 15). However, we higher in patients with BTSS without EVVP than in those
found that BMI was not correlated with ICP after being adjusted with EVVP. DBP was identified as an independent predictor
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of EVVP and ICP after adjusting for BMI. ROC analysis
showed that DBP < 81.5 mmHg indicated the presence
of EVVP in patients with BTSS. Patients with BTSS with
DBP < 81.5 mmHg had a higher incidence of EVVP and
a lower ICP compared to those with DBP > 81.5 mmHg.
It is suggested that DBP < 81.5 mmHg indicates a higher
incidence of EVVP and therefore predicts a lower ICP in patients
with BTSS.

It has been demonstrated that elevated venous pressure
promotes the contraction of arteriolar smooth muscle, thus
resulting in an increase in peripheral vascular resistance,
which in turn leads to elevated DBP (16, 17). Therefore,
lower DBP may be correlated with lower central venous
pressure (CVP). The higher pressure gradient between ICP
and CVP increases shear stress in the vertebral venous plexus
and thereby causing EVVP. However, this hypothesis requires
further verification.

The limitation of this study was the small sample size.
Further validation with a larger sample size will be conducted
in the future.

Conclusion

Diastolic blood pressure was identified as an independent
predictor of EVVP. DBP was lower (<81.5 mmHg) in patients
with EVVP and therefore was associated with a lower ICP in
patients with BTSS.
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