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Purpose: Transverse sinus stenosis (TSS) is the most sensitive imaging characteristic of idiopathic intracranial
hypertension (IIH). This study aimed to assess the diagnostic performance of contrast-enhanced magnetic re-
sonance high-resolution variable flip angle turbo-spin-echo (T1 SPACE) technique in TSS patients and evaluate
the diagnostic accuracy of enhanced T1 SPACE, and phase-contrast magnetic resonance venography (PC MRV)
with digital subtraction angiography (DSA) as standard imaging.

Method: This prospective study enrolled 62 patients with suspected IIH and PC MRV-confirmed transverse sinus
stenosis. All patients underwent lumbar puncture, PC MRV, enhanced T1 SPACE sequences and DSA examina-
tion. The accuracy, sensitivity, and specificity of enhanced T1 SPACE in detecting venous sinus stenosis were
calculated and compared with those of PC MRV. Intermodality agreement (Kendall’s rank correlation coefficients
and weighted kappa statistic) was assessed.

Results: Sixty-two patients were enrolled from November 2016 to October 2018. For the measured stenosis,
better correlation was observed in enhanced T1 SPACE and DSA (AUC = 0.953) than PC MRV (AUC = 0.871).
Intermodality agreement of enhanced T1 SPACE (ry = 0.895 and weighted k = 0.868) was better than PC MRV
(r = 0.753 and weighted k = 0.653) compared with DSA. Thirty-seven intrasinus filling defects were detected
by contrast-enhanced T1 SPACE, while only twenty of them were detected on source imaging of PC MRV.
Conclusions: The contrast-enhanced T1 SPACE sequence was more sensitive and specific compared with PC MRV
in assessing stenosis and detecting lesions in TSS patients. Accurate determination of the presence and extent of
TSS using this technique might be useful in patient selection and guiding the treatment.

1. Introduction resonance imaging (MRI) techniques are available for evaluating sus-

pected abnormalities of the transverse sinuses [3,9-11]. The phase-

Transverse sinus stenosis (TSS) has been regarded as the most sen-
sitive imaging characteristic of idiopathic intracranial hypertension
(IIH) [1-4]. Epidemiological studies have estimated that the prevalence
of TSS in patients with IIH ranges from 50% to 90% [5-7]. An early
imaging examination might be useful in choosing optimal medical
therapy or early invasive management. Digital subtraction angiography
(DSA) is the “gold standard” for diagnosing and characterizing in-
tracerebral sinus stenosis [8]. However, DSA is invasive and may lead to
complications associated with the procedure. Various specific magnetic

contrast (PC) MRV has been widely used to detect the stenosis of
transverse sinus in patients with IIH patients. A major pitfall of PC MRV
is the artifactual intravascular signal loss that occurs at predictable
points in the intracranial venous anatomy, namely, the posterior su-
perior transverse sinus, transverse-sigmoid junction, and sigmoid si-
nuses [9,10]. However, the chronic, partially recanalized venous sinus
thrombosis might be misdiagnosed as sinus wall for their similar signals
on PC MRV sequence. Some patients with chronic sinus thrombosis may
be misdiagnosed as IIH and received inappropriate therapy with an

Abbreviations: AUC, area under the curve; T1 SPACE, high-resolution variable flip angle turbo-spin-echo; CNR, carrier noise ratio; TSS, transverse sinus stenosis;
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unfavorable clinical outcome [12]. In this regard, the accuracy of PC
MRV has been questioned [13,14].

T1 SPACE imaging was developed for the detection and evaluation
of brain or meningeal metastasis as it suppresses normal blood vessel
signals in the brain surface [15]. This technique received wide interests
because it can isolate the thrombus from surrounding tissues, including
lumen and wall, to achieve accurate and early detection of the
thrombus in the cerebral venous system. The use of black-blood
thrombus imaging may improve the accuracy of subacute venous sinus
thrombosis diagnosis [16,17], and it might be an effective way to
identify chronic thrombus and hyperplasia of sinus wall. However, the
sensitivity and specificity of this technique in detecting transverse sinus
stenosis are still unknown.

The present study was performed to assess the diagnostic perfor-
mance of contrast-enhanced T1 SPACE in patients with TSS and eval-
uate the diagnostic accuracy and inter-observer variability of enhanced
T1 SPACE, PC MRV compared with DSA as standard imaging.

2. Materials and methods
2.1. Study population

This study was approved by the institutional review board, and
written informed consent was obtained from all patients.

From November 2016 to October 2018, 62 patients with suspected
ITH and PC MRV-confirmed transverse sinus stenosis were prospectively
enrolled in the study. Inclusion criteria for the study are as follows: (1)
age = 18 years; (2) patients admitted to hospital had headache, visual
loss, or tinnitus; (3) transverse sinus stenosis were confirmed by PC
MRV after admission. The exclusion criteria were as follows: (1) the
duration of clinical symptoms was less than 1 month; (2) hydro-
cephalus, intracranial mass, or structural lesion; (3) primary ocular or
aural disease; (4) abnormal coagulation; (5) and abnormal cere-
brospinal fluid composition. All enrolled patients underwent lumbar
puncture, PC MRV, and enhanced T1 SPACE before DSA examination.
The lumber puncture was performed 2-4 days (mean, 3 days) before
MR sequences. Only a few milliliters of cerebrospinal fluid (CSF) were
collected for cytological and biochemical examination. The interval
between two MR sequences ranged from O to 2 days (mean, 1 days), and
the interval between MR sequences and DSA studies ranged from 1 to 4
days (mean, 2 days).

2.2. MR techniques

MR examinations were performed using a 3.0-T MR scanner
(Prisma; Siemens Healthcare, Germany) with a 32-channel head coil for
signal reception. The parameters of the 3D-PC-MRV sequence, en-
hanced T1 SPACE sequence are summarized in Supplement Table 1.
The enhanced T1 SPACE images were obtained with the following
parameters: repetition time =650ms; echo time =13ms; matrix
size = 320; field of view = 260 mm; slice thickness = 0.7 mm; acqui-
sition time =5min 27 s).

2.3. DSA technique

Patients underwent cerebral angiography examinations on a fixed
digital angiographic system with a single-plane flat panel detector (FD
20 Artis; Phillips Medical Systems, France). All procedures were per-
formed with local anesthesia and/or conscious sedation. Blood pres-
sure, and electrocardiogram saturation values were monitored during
the procedure. Femoral arterial access was used in all cases. Contrast
media (Omnipaque 300; GE Healthcare) was injected intra-arterially
over the sheath using a power injector. After a 5-Fr catheter was se-
lectively placed in the internal carotid artery, 8 mL contrast media was
injected at a flow rate of 4 mL/s through the catheter. Imaging of cer-
ebral venous sinuses was performed in both frontal and lateral positions
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Table 1
Baseline characteristics of the study population.
n/N (%)
Demographics
Mean age, year (SD) 37.8 £ 13.3

Sex (% of women) 45/62 (72.48%)
Clinical characteristics

Headache

Papilledema

Focal neurological deficit

Mean BMI, kg/m? (SD)

Mean CSF opening pressure, mmH,0 (SD)
MR characteristics

Intrasinus filling defects

Empty sella

Posterior globe flattening

Vertical tortuosity of the optic nerve

38/62 (61.3%)
21/62 (33.9%)

3/62 (4.8%)

25.77 + 3.48kg/m?
311 * 113 mmH,0

25/62 (40.3%)
17/62 (27.4%)
7/62 (11.3%)

17/62 (27.4%)

BMI: body mass index; CSF: cerebrospinal fluid.

per side. In some cases, magnification, oblique, or high-frame-rate an-
giography was used when appropriate. If intrasinus lesions were con-
firmed by arteriography, femoral venous access was also used, and se-
lected venous pressure measurement was performed. After
examination, the catheter was removed, and hemostasis at the groin
was achieved with manual compression.

2.4. Image evaluation

The right and left sides of the transverse-sigmoid sinus were eval-
uated separately. The number of transverse-sigmoid sinuses in 62 pa-
tients was 124 segments. The grade scale for each transverse-sigmoid
conduit was determined separately, defined by the highest degree of
stenosis encountered from the torcula to the jugular vein, and given a
corresponding number from 0 to 4: 0 = discontinuity (gap) or aplastic
segment; 1 = hypoplasia or severe stenosis within a segment of the
conduit estimated as less than 25% of the cross-sectional diameter of
the lumen of the distal superior sagittal sinus; 2 = moderately stenosed
segment of the conduit (25%-50%); 3 = mildly narrowed segment
(50%-75%); and 4 = no significant narrowing seen (75%-100%) [6].

MR images were interpreted independently by two radiologists who
had an experience in MR angiography for 4 and 6 years, respectively.
They were blinded to patient data and the results of DSA. PC MRV and
enhanced T1 SPACE imaging were evaluated within different reading
sessions.

The imaging analysis was performed on a picture archiving and
communication system. The source data of vein-sinus cavity, mor-
phology of sinus wall-, location of stenosis (peripheral or central), lo-
cation of lesions (intra- or extrasinus), and other characteristic neu-
roimaging features of IIH, including empty sella, posterior globe
flattening, and vertical tortuosity of the optic nerve were recorded
[18,19]. The readers assessed venous sinus visualization, grading of
stenosis or occlusion, arterial contamination, and diagnostic utility
according to the aforementioned categories. Inconsistent individual
assessments were re-evaluated and debated by two readers until a
consensus was reached. The DSA images were analyzed by an experi-
enced neurointerventional professor indenpendently. After the blinded
study, the observers, by consensus, looked for the reason for any in-
correct interpretations on MR sequences using DSA imaging as the re-
ference standard.

2.5. Statistical analysis

Quantitative variables were described as mean + standard devia-
tion (SD); percentages were reported for categorical variables. The
statistical measures of performance of the MR techniques and the spe-
cific signs were calculated using DSA as the reference standard. On the
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basis of cross-tabulations, the sensitivity, specificity, and area under the
curve (AUC) of different MR imaging findings were calculated (95%
confidence interval, CI). Weighted kappa statistics were used to esti-
mate inter-observer agreement with regard to TSS. The relationship
among PC MRV, enhanced T1 SPACE, and DSA in grading stenosis was
analyzed using Kendall’s rank correlation coefficients and weighted
Cohen k coefficients. The values of k of 0.21-0.4, 0.41-0.6, 0.61-0.8,
0.81-0.90, and 0.91-1 were considered poor, fair, moderate, good, and
excellent.

A P value < 0.05 (two-tailed P value) was considered statistically
significant. All calculations were performed using Microsoft Excel 2013
(Microsoft Office; Microsoft, WA, USA) and IBM SPSS Statistics for
Windows version 23.0 (IBM Corp., NY, USA).

3. Results
3.1. Summary of demographic and clinical characteristics

62 patients with clinical symptoms were enrolled (Table 1). These
included 17 males and 45 females with a mean age of 37.8 * 13.3
years and mean body mass index 25.77 + 3.48kg/m> All patients
presented with headache (61.3%, n = 38), visual loss (33.9%, n = 21)
or pulsatile tinnitus (4.8%, n = 3). Empty sella was identified in 27.4%
(n = 17) of the patients, posterior globe flattening was identified in
11.3% (n = 7) of the patients, and vertical tortuosity of the optic nerve
was identified in 27.4% (n = 17) of the patients. Further, all patients
underwent lumbar puncture of which 51 patients show an elevated
intracranial pressure (ICP) 2200 mmH,O, and the mean CSF opening
pressure was 311 = 113 mmH-O.

3.2. Angiography result

In 62 patients, 89.5% stenosis segments (111/124) at the transverse
sinus was detected by DSA; 13 patients had unilateral transverse sinus
stenosis, and 49 patients had bilateral transverse sinus stenosis. No
immediate complications were identified after the procedure.

3.3. Comparison of the two MR sequences

The sensitivity and specificity of stenosis measured with PC MRV
and enhanced T1 SPACE in comparison with DSA are summarized in
Table 2. For the measured stenosis, better correlation was observed in
enhanced T1 SPACE and DSA (AUC = 0.953) compared with PC MRV
(AUC = 0.871).

Based on the 5-grade scale, the agreement with respect to venous
stenosis between the two researchers was similar for PC MRV (weighted
k = 0.813) and enhanced T1 SPACE (weighted x = 0.792, respec-
tively). The consistent results of enhanced T1 SPACE, PC MRV and DSA
were shown in Supplement Table 2.

The agreement for enhanced T1 SPACE (ry, = 0.895) was better than

Table 2
Performance of two MR sequences for detecting TSS compared with DSA.

DSA Sensitivity, %  Specificity, %  AUC (95% CI)
(95% CI) (95% CI)
TSS Y N
MRV Y 108 3 973 76.9 0.871
(91.7-99.3) (46.0-93.8)
N 3 10 (0.733-1.000)
enhancedT1 Y 109 1 982 92.3 0.953
SPACE (93.0-99.7) (62.1-99.6)

N 2 12 (0.867-1.000)

TSS: transverse sinus stenosis; DSA: digital subtraction angiography; MRV:
magnetic resonance venography; T1 SPACE: high-resolution variable flip angle
turbo-spin-echo; CI: confidence interval.
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Table 3
Agreement between enhanced T1 SPACE and DSA for the grades of TSS.

DSA Total 1y Weighted k (95%
CDh
enhancedT1 SPACE o 1 2 3 4
0 23 2 0 0 0 25
1 1 36 7 2 0 46
2 0 0 25 3 0 28
3 o 0 2 8 1 11
4 0O 0 0 2 12 14
Total 24 38 34 15 13 124 0.895 0.868

(0.811-0.926)

r,, Kendall’s rank correlation coefficient; weighted x using squared dis-
crepancies. DSA: digital subtraction angiography; T1 SPACE: high-resolution
variable flip angle turbo-spin-echo; CI: confidence interval.

Table 4
Agreement between MRV and DSA for the grades of TSS.

DSA Total 1 Weighted k (95% CI)
MRV 0 1 2 3 4
0 23 16 3 0 0 42
1 0 22 17 5 0 44
2 1 0 12 2 0 15
3 0 0 2 5 3 10
4 0 0 0 3 10 13
Total 24 38 34 15 13 124 0.753  0.653 (0.565-0.740)

Iy, Kendall’s rank correlation coefficient; weighted x using squared dis-
crepancies. DSA: digital subtraction angiography; MRV: magnetic resonance
venography; CL: confidence interval.

that for PC MRV (ry = 0.753) compared with DSA. For the 5-grade
scale, the intermodality agreement between enhanced T1 SPACE and
DSA was good (weighted k = 0.868, 95% CI 0.811-0.926, Table 3). The
intermodality agreement was moderate between PC MRV and DSA
(weighted x = 0.653, 95% CI 0.565-0.740, Table 4).

3.4. Characterization of enhanced T1 SPACE

Further, 37 intrasinus filling defects were detected in 25 patients
using enhanced T1 SPACE, all of these filling defects were in ac-
cordance with intrasinus filling defects on DSA, while only twenty of
them were detected on source imaging of PC MRV. Also, 59.7%
(n = 37) of patients had TSS without an intrasinus filling defect, 27.4%
(n = 17) had one filling defect, 6.5% (n = 4) had two filling defects,
and 6.5% (n = 4) had three filling defects. Moreover, 78.4% (29/37) of
the filling defects were identified in transverse sinuses, 21.6% (8/37) of
the filling defects were identified in junction of transverse-sigmoid si-
nuses. The geometric shape was funicular in 13.5% (5/37) and granular
in 86.5% (32/37) of these filling defects.

4. Discussion

This prospective study compared the accuracy of enhanced T1
SPACE with PC MRV in detecting transverse sinus stenosis using DSA as
the gold standard. The results demonstrated the superiority of enhanced
T1 SPACE over PC MRV in detecting stenosis (weighted k = 0.868 vs
0.653). The enhanced T1 SPACE sequence could accurately detect in-
trasinus lesions and measure the severity of sinus stenosis, which might
be useful in patient selection before catheter-based DSA imaging and
provide a reference in optimizing medical therapy and guiding early
invasive management, such as acetazolamide or venous sinus stenting
[20,21].

In the present study, the sensitivity of enhanced T1 SPACE in de-
picting venous stenosis was comparable with that of PC MRV, and the
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Fig. 1. Right distal transverse sinus stenosis in a 30-year-old female patient. The stenosis (white arrow) was shown on the sagittal view of (a) PC MRV, (b) T1 SPACE,
(c) enhanced T1 SPACE, (d) DSA. The grade scale of the stenosis was 2 on DSA, 1 on T1 SPACE and enhanced T1 SPACE, but 0 on MRV.

specificity was better than that of PC MRV. Overestimation occurred in
two cases of moderate stenosis because of heterogeneous signals from
the lumen. The distal transverse sinus is often afflicted with stenosis.
MRV imaging demonstrates the intra-sinus blood flow and is usually
challenging in this location owning to the irregular geometry and
complex flow patterns [22]. Consequently, measurements of the distal
transverse sinus stenosis are often inaccurate. MRV cannot differentiate
compression from occlusion. The speed of intra-sinus blood flow affects
the signal intensity. Hence, the sinus with stenosis might be ex-
aggerated as occlusion in case of the abnormal shape and stagnant
blood flow in the transverse sinus. In the present study, nearly more
than 50% patients were overestimated as grade 0 in PC MRV sequence
compared with enhanced T1 SPACE sequence. The enhanced T1 SPACE
technique facilitated the visualization of the wall of venous sinus by
depression of the blood signal inside the sinus [22,23]. The black-blood
contrast helped in reducing the false-positive diagnosis due to flow
artifacts commonly observed on PC MRV, as shown in Fig. 1. The eT1
SPACE sequence demonstrated high intrinsic SNR/CNR efficiency, al-
lowing for volume acquisitions with 0.72-mm resolution along the slice
direction. The technique could depict the structure of the transverse
sinus in detail, and help radiologists to achieve diagnosis with high
inter-observer agreement concerning the wall invasion and lumen oc-
clusion by para-sinus lesions, which actually made up the pitfalls of
MRV [22]. This suggested that the black-blood feature was a major
contributor to the high detection accuracy of TSS in this study.
Hypoplastic or aplastic transverse sinus is a common variation, and
15%-30% of the patients in previous studies had unilateral hypoplasia

or aplasia of the transverse sinus [24,25]. It might be difficult to dis-
tinguish the hypoplastic sinus from thrombosis with PC MRV alone for
the absence of signal within a sinus, usually the left transverse sinus
[13]. This would be more challenging when using conventional T1
SPACE in the cerebral venous system where anatomic variants, in-
cluding sinus atresia/hypoplasia asymmetrical sinus drainage, are
commonly present. There were higher consistency in grade 0-2 com-
pared with DSA, which indicated that the accuracy of enhanced T1
SPACE was better than PC MRV in detecting severe sinus stenosis.
Compared with PC MRV, the enhanced T1 SPACE technique could get
precise imaging of insidious regions with complex flow geometry and
slow flow by its excellent background suppression. In this study, a
substantial improvement in imaging was observed in the artifactual
regions when incorporating T1 SPACE with Gd-DTPA preparation
compared with conventional T1 SPACE imaging. A significantly ele-
vated signal contrast between these lumen regions and the surrounding
vessel wall sufficed to detect the filling defects attached to the wall
effectively.

Intrasinus filling defects were regard as a reason of transverse sinus
stenosis [26]. Some filling defects could be detected by enhanced T1
SPACE and DSA. These filling defects were presumed to be arachnoid
granulations [27,28]. The arachnoid granules were regarded as the
main source of filling defects in the sinus and the chronic thrombus as
another source of filling defects. MRV sequence could only depict filling
defects but cannot distinguish arachnoid granules from sinus wall. The
non-enhanced T1 SPACE depicted a subacute thrombus as a hyper-
intense signal. But the chronic thrombus components might appear
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eT1 SPACE DSA

Vzgnd

Fig. 2. Example of granular and funicular intrasinus filling defect. The abnormal granular signal (white arrowhead) in patient (a) was obviously different from the
funicular signal (white arrow) in patient (b) using PC MRV, T1 SPACE, enhanced T1 SPACE sequences, and DSA.

isointense, which is similar to background tissues such as the blood,
vessel wall, and surrounding brain tissues [16]. As a result, a part of the
chronic thrombus could be mistaken as venous wall or surrounding
brain tissues by non-enhanced T1 SPACE. The sinus anatomy structures,
such as sinus wall, arachnoid granules, and surrounding tissues, were
well visualized on enhanced T1 SPACE. It was concluded that the
arachnoid granules were mostly granular with only surface enhanced.
With gadolinium contrast material diffused into the intravascular
thrombus [3], the chronic thrombus showed heterogeneous funicular
enhancement. Five filling defects of suspected chronic thrombus were
observed in this study, as shown in Fig. 2. Anticoagulant therapy might
be reasonable in the following treatment for patients with an intrasinus
chronic thrombus.

This study had several limitations. First, the sample was from a
single center and had a relatively small size. Further studies are war-
ranted to verify the accuracy of enhanced T1 SPACE in evaluating
transverse sinus stenosis. Second, the artifacts caused by the patients’
movement during examination may affect the result judgment. Third,
the study had no control group of normal patients for the risk of in-
vasive angiography; hence, the prevalence of TSS in cohorts without
clinical symptoms was unclear. Fourth, follow-up imaging was absent
in this study. Therefore, the relationship between the filling defect and
the therapy result remained unclear.

5. Conclusions

Contrast-enhanced T1 SPACE is a valid noninvasive imaging tech-
nique superior to PC MRV sequence in assessing stenosis and detecting
lesions in patients with TSS. Accurate determination of the presence
and extent of TSS using this technique might be useful in patient se-
lection before catheter-based DSA imaging and in guiding the following
therapy.
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