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Background: To compare 3-dimensional gadolinium-enhanced elliptic centric-ordered (3D GEC) magnetic resonance
venography (MRV) with traditional 2-dimensional time-of-flight (2D TOF) MRV for imaging of the intracranial venous system.
Methods: Fifty-three patients underwent 2D and 3D MRV, whereby venous structures were evaluated by 2 neuroradiologists.
Results: Of the 53 patients, 10 were diagnosed with dural venous sinus thrombosis and 12 with intracranial tumors. 3D
GEC MRV displayed superior sensitivity/specificity (90.9%/96.8%) compared to 2D TOF MRV (63.6%/48.4%). Analysis
of the areas under the receiver operating characteristic curves also showed superiority of 3D GEC (0.91) versus 2D TOF
(0.53) MRV. Of the remaining 31 healthy patients, the rate of complete visibility of venous structures was also greater for
3D GEC (95.8%) than for 2D TOF (62.1%) MRV.

Conclusion: 3D GEC MRV is superior to 2D TOF MRV for providing more detail of the intracranial venous system, and can

Introduction

Imaging of the complex intracranial venous system is
important in a variety of clinical situations, such as
the diagnosis of intracranial venous thrombosis and
the preoperative assessment of meningioma or other
intracranial tumors, in which the patency of adjacent
dural venous sinuses need to be clearly depicted. Con-
ventional catheter angiography has traditionally been
considered the standard of reference for imaging the
intracranial venous system.! This is, however, an inva-
sive procedure with well-known associated risks such
as transient or permanent neurologic complications
and puncture-site hematomas.?

Two-dimensional time-of-flight (2D TOF) magnetic
resonance venography (MRV) has been widely used
as a noninvasive means of visualizing the intracranial
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lead to better diagnosis of venous conditions. [J Chin Med Assoc 2010;73(3):131-138]
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venous system.>* However, a major limitation of 2D
TOF MRV is the artifactual intravascular signal loss
either due to in-plane saturation of spins or tortuosity
and turbulent flow that occurs at certain points, namely,
the posterior portion of the superior sagittal sinus,
torcular herophili, transverse sinus, transverse-sigmoid
junction, and sigmoid sinuses.>® To overcome this lim-
itation, contrast-enhanced MRV techniques have been
proposed, such as 3-dimensional gadolinium-enhanced
elliptic centric-ordered (3D GEC) MRV.® 3D GEC
MRV is flow-insensitive, and common flow-related arti-
facts seen on 2D TOF MRV can be avoided. The rep-
etition time is shortened, the signal of background
tissue is suppressed to a greater degree, and images of
higher spatial resolution are obtained in less scanning
time with 3D GEC MRV than with 2D TOF MRV.%”
However, there are few reports in the literature of 3D
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GEC MRV for imaging of the intracranial venous sys-
tem.%” Farb et al published their initial experience in
2003, but they lacked systematic comparison of the
imaging quality and diagnostic value of 3D GEC MRV
with those of 2D TOF MRV.

The purpose of this study was to retrospectively
evaluate the quality and investigate the diagnostic value
of 3D GEC MRV for imaging the intracranial venous
system versus conventional 2D TOF MRV techniques.

Methods

Patients

From July 2004 through February 2009 at Kaohsiung
Veterans General Hospital, 3D GEC MRV and 2D
TOF MRV were both performed in 53 patients
(20 men, 33 women; age range, 1676 years; mean age,
46.6 years).

All patients underwent MR examinations that in-
cluded administration of contrast agent and imaging
of the venous system. Examinations were requested by
physicians for clinical reasons including possible dural
sinus thrombosis and elucidation of venous anatomy in
relation to a known intracranial tumor. Informed con-
sent for administration of contrast material and MR
examination was obtained from all patients. The final
clinical diagnosis was based on the discharge report.

MR examinations

All examinations were performed using a supercon-
ducting 1.5-T MR system (Signa Excite HD; GE
Medical Systems, Milwaukee, WI, USA) with a stan-
dard head coil.

The routine imaging studies included axial and cor-
onal T1-weighted spin-echo [500/30/2 (repetition
time /echo time /excitations) |, T2-weighted fast spin-
echo (4,000/100/2) with echo train length 8, fast
fluid-attenuated inversion recovery [9,000/2,200/
133/1 (repetition time/inversion time/echo time/
number of excitations) | and diffusion-weighted imag-
ing using a single-shot spin-echo echo-planar imaging
[10,000/93 (repetition time/echo time)] with dif-
fusion sensitivity b=0s/mm? and b=1,000s/mm?.
Axial, coronal, and sagittal postcontrast T1-weighted
images were acquired.

2D TOF MRV with coronal acquisition from oc-
ciput to the coronal suture used the following param-
eters: 23/4.0 (repetition time msec/echo time msec);
flip angle, 50°; fractional echo acquisition; field of
view, 24 cm; matrix, 256 x 256; bandwidth, 15.6 kHz;
section thickness, 2 mm; and acquisition of approxi-
mately 60-65 sections, yielding a total imaging time
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of approximately 5 minutes. Resulting voxel dimen-
sions were 0.96 x 0.96 x 2 mm.

In 3D GEC MRYV, coordination of the intravenous
injection of contrast medium and the start of imaging
was performed using a software-based triggering tool
(Fluoro Trigger). Details of this trigger method have
previously been reported.® Briefly, at the outset, a
combined 2D fluoroscopic and 3D angiographic pulse
sequence was loaded into the pulse sequence controller
of the MR imager. The region of interest of the 2D
fluoroscopic sequence was placed over the superior
sagittal sinus. The MR technologist monitored the flu-
oroscopic scanning after contrast medium injection
began, and the 3D angiographic pulse sequence was in-
itiated immediately after sinus opacification was seen.

For contrast medium injection during MR imag-
ing, a 2-cylinder MR-compatible injector (Optistar
Mallinckrodt; Covidien Imaging Solutions, Hazelwood,
MO, USA) was used. Intravenous access was obtained
with a 22-gauge intravenous catheter located in the
right antecubital vein. Twenty-five milliliters of con-
trast material was injected at a rate of 2-2.5 mL/sec
and was followed immediately with a 30-mL bolus of
normal saline at the same rate. This injection protocol
was followed for all patients.

A 3D GEC fast spoiled gradient-echo sequence was
oriented in the sagittal plane with coverage from ear to
car by using the following parameters: 5.8 /1.9 (repeti-
tion time msec/echo time msec); flip angle, 35°; frac-
tional echo acquisition; field of view (FOV), 25 cm;
matrix, 320 x 320; phase FOV, 0.8; number of excita-
tions, 0.75; bandwidth, 62.5 kHz; section thickness,
1.4 mm; 128 sections, resulting in a 17.9-cm-thick vol-
ume; and an imaging time of 2 minutes 28 seconds.
Resulting voxel dimensions were 0.78 x 0.78 x 1.4 mm.

Post-imaging processing and veading
Source image data obtained with 2D TOF and 3D
GEC MRV were transferred to a workstation (Advan-
tage Windows, version 4.2; GE Medical Systems) for
image manipulation. Maximum intensity projections
were created for each TOF and GEC MRV data set,
and rotated to provide 12 images (1 maximum inten-
sity projection every 15° through 180° of rotation).
Two experienced neuroradiologists independently
assessed the visibility of 15 predefined intracranial
venous structures at each MRV examination: superior
and inferior sagittal sinuses, straight sinus, right and left
transverse and sigmoid sinuses, right and left junctions
of the transverse and sigmoid sinuses, torcular herophili,
vein of Galen, right and left basal veins of Rosenthal,
and right and left internal cerebral veins. Visualization
of these structures was reported as not visible, partially
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visible, or completely visible. In addition, interobserver
agreement was evaluated using « statistics.

All conventional MR and MRV images were re-
viewed independently by the 2 readers, who were blind
to the final diagnosis. The imaging diagnoses were
made by consensus of the 2 readers. The sensitivity,
specificity, positive predictive value and negative pre-
dictive value of the imaging diagnosis of each 2D
TOF MRV and 3D GEC MRV with respect to a final
diagnosis were calculated to assess the efficacy of these
modalities. To compare the performance of these 2
imaging modalities, receiver operating characteristic
(ROC) curve analysis was performed, and the 2 areas
under the ROC curves (AUCs) were calculated and
compared since they are measurements of the overall
performance of the 2 different diagnostic tests.” The
software used for statistical analysis was STATA version
8.0 (Stata, College Station, TX, USA) for Windows.
A p value less than 0.05 was considered to indicate a
significant difference.

Results

Of the 53 patients examined, 10 were diagnosed with
dural venous sinus thrombosis. In 5 of these cases,

3D MRV of intracranial venous system

2D TOF MRV could not differentiate thrombosis from
dural sinus hypoplasia, resulting in a wrong imaging
diagnosis (Figure 1). This therefore depicts the pit-
falls of the 2D TOF MRV method. The extent of
thrombosis was overestimated in 3 patients using
2D TOF MRV as compared with 3D GEC MRV
(Figure 2). Two patients with chronic venous sinus
thrombosis were initially missed by 3D GEC MRY,
but were found by source image data and confirmed
by conventional catheter angiography.

In addition, 12 of the 53 patients examined were
diagnosed to have intracranial tumors. One patient had
a metastatic tumor, while the other 11 displayed a me-
ningioma. Six of these patients had a tumor without
venous sinus invasion, whereby 3D GEC and 2D TOF
MRV imaging were equivalent in the depiction of pa-
tent superior sagittal sinus. The other 6 patients dis-
played tumor with venous sinus invasion. 3D GEC and
2D TOF MRV were equivalent in the depiction of in-
vaded dural sinuses in 3 patients, but 3D GEC MRV
demonstrated residual blood flow in the invaded supe-
rior sagittal sinus in 3 patients compared to 2D TOF
MRV, which revealed no flow signal (Figure 3).

The remaining 31 patients examined were found
to be healthy with normal venous anatomy. The visi-
bility of their 15 predefined venous structures that were

Figure 1. A patient with acute dural sinus thrombosis visualized using: (A-D) 3D GEC MRV; and (E-H) 2D TOF MRV. (A, E) Lateral maxi-
mum intensity projection. (B, F) Anteroposterior projection. (C, G) Left anterior oblique projection. (D, H) Right anterior oblique projec-
tion. 3D GEC MRV shows occlusion of the right sigmoid sinus [arrows in (B) and (D)] and acute thrombus as a filling defect in the right
transverse sinus [double arrows in (B) and (C)]. Patency of the right internal jugular vein is noted via collateral reconstitution using 3D
GEC MRV. 2D TOF MRV suggests ipsilateral dural sinus hypoplasia because of total nonvisualization of the right transverse and sigmoid

sinuses, as well as the internal jugular vein (E-H).
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Figure 2. A patient with cerebral venous sinus thrombosis. (A) Lateral and (B) anteroposterior maximum-intensity projections of 3D GEC
MRV show an absence of the straight sinus, the vein of Galen and internal cerebral veins (A), absent left transverse and sigmoid
sinuses [arrows in (B)], and absent left vein of Labbe [arrowhead in (B)]. (C-E) Source images of 3D GEC MRV confirm hypointense
clots in the straight sinus, vein of Galen and left sigmoid sinus (arrows). (F, G) Lateral and anteroposterior maximum-intensity projec-
tions of 2D TOF MRV show similar findings in the large venous sinuses, but the extent of thrombosis was overestimated with nonvisual-
ization of the torcular herophili and inferior sagittal sinus, which indeed was due to pitfalls of 2D TOF MRV. (H) Axial fluid-attenuated
inversion recovery MR imaging reveals heterogeneous hyperintense areas in the right basal ganglion, right thalamus and left temporal

lobe, indicating venous infarction.

analyzed by the 2 independent readers is summarized
in Table 1. The large dural venous structures (superior
sagittal sinus, straight sinus, torcular herophili, right and
left transverse sinuses, transverse-sigmoid junctions and
sigmoid sinuses) were 100% (558 of 558 readings)
completely visible using 3D GEC MRV, but only 64%
(357 of 558 readings) completely visible using 2D TOF
MRV. The torcular herophili ranked last, with only
14.5% (9 of 62 readings) complete visibility using 2D
TOF MRV. The rate of complete visibility of the 15
predefined venous structures was 95.8% (891 of 930
readings) using 3D GEC MRV and only 62.1% (577
0f 930) using 2D TOF MRV (Table 1, Figure 4). When
the analysis of the 2 independent readers were com-
pared, it was found that they agreed more often when
using the 3D GEC MRV reading (k=0.93) as opposed
to the 2D TOF MRV reading (k=0.68), indicating
superior interobserver reliability with the 3D GEC
MRV method.

Regarding the 22 patients diagnosed with either
venous sinus thrombosis or tumor mentioned above,
the sensitivity, specificity, positive predictive value, neg-
ative predictive value, and AUC for 2D TOF MRV
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and 3D GEC MRV, including 95% confidence intervals,
are given in Table 2. The AUC for 2D TOF MRV was
0.53 and for 3D GEC MRV was 0.91, indicating a
significant difference between the 2 (<0.001), with
superiority of 3D GEC MRV over 2D TOF MRV
(Figure 5).

Discussion

The use of 3D GEC MRYV for imaging of the intracra-
nial venous system has not been extensively studied.®”
In Farb et al’s initial experience with 3D GEC MRV,®
the region of interest of the 2D bolus-detection se-
quence was positioned at the cavernous carotid arter-
ies. After the arrival of contrast material at the cavernous
carotid level and an additional preprogrammed delay
of 8 seconds, the 3D MR angiographic sequence was
initiated. The delay of 8 seconds was chosen empiri-
cally on the basis of the mean normal cerebrovascular
arterial-to-venous transit time. In the present study,
we used a convenient and robust real-time fluoroscopic
triggering method, by which the 3D MR angiographic
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Figure 3. A patient with parasagittal meningioma. (A) Midline sagittal contrast-enhanced T1-weighted MR image reveals an enhanced
tumor (asterisk). (B, C) Lateral and inferosuperior maximum intensity projections of 3D GEC MRV show infiltration of the tumor into the
superior sagittal sinus (arrows). (D, E) Sagittal source images of 3D GEC MRV confirm the patency of the superior sagittal sinus with
residual blood flow (arrowheads). (F) 2D TOF MRV lateral maximum intensity projection shows no flow signal in the invaded segment of

the superior sagittal sinus.

sequence was initiated precisely when contrast medium
was filling in the superior sagittal sinus, and the error
of estimation of cerebrovascular arterial-to-venous tran-
sit time could be avoided.

The view order for this 3D GEC MRV angiographic
sequence is an elliptic centric order phase encoding,
similar to that previously reported.®®19 The elliptic
centric ordering of phase encoding ensures that low-
frequency k-space data (which dictate major structure
signal intensity in the final image) are collected early
in imaging, thus enhancing vessel contrast.

The advantage of superior venous structure depic-
tion of 3D GEC MRV over 2D TOF MRV is impor-
tant. When a venous structure is not seen, it is either
hypoplastic or truly pathologically invaded or throm-
bosed. Our study demonstrated that 3D GEC MRV
(95.8%) was better than 2D TOF MRV (62.1%) in
the rate of complete visibility of the 15 predefined
normal venous structures. 3D GEC MRV (k=0.93)
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also had superior interobserver reliability compared
with 2D TOF MRV (k=0.68). In addition, 2D TOF
MRV often overestimated the extent of venous sinus
thrombosis and tumoral sinus invasion because of mis-
interpretation of invisible venous structures as being
pathologically thrombosed or invaded, which actually
were patent but invisible due to artifactual signal loss
or slower blood flow.

In cases of dural venous sinus thrombosis, other
than the extent of thrombosis of the dural sinuses, we
also want to know if there is any deep vein or cortical
vein involvement, which is important in prediction of
prognosis. The excellent quality and thin slices of source
images of 3D GEC MRV allow us to achieve this goal,
and it can be confidently used as a diagnostic tool in
these conditions.” The information provided can, as
illustrated in Figures 1, 2 and 4, be used for the differ-
ential diagnosis of venous sinus thrombosis or slow
flow/in-plane flow. In these cases, 2D TOF MRV was
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Table 1. Results of 3D GEC MRV and 2D TOF MRV in 31 healthy patients* "

3D GEC 2D TOF
Venous structure . Partially Completely " Partially Completely
Not visible . . Not visible o o
visible visible visible visible

Superior sagittal sinus 0 0 62 0 9 53
Inferior sagittal sinus 0 10 52 22 17 23
Torcular herophili (0] 0 62 4 49 9
Straight sinus 0 0 62 1 2 59
Transverse sinus

Right [¢] 0 62 1 15 46

Left 0 0 62 4 34 24
Transverse-sigmoid junction

Right [¢] [¢] 62 1 9 52

Left 0 0 62 4 15 43
Sigmoid sinus

Right 0 (0] 62 2 20 40

Left 0 0 62 18 13 31
Internal cerebral vein

Right 0 0 62 4 10 48

Left 0 2 60 2 17 43
Basal vein of Rosenthal

Right 3 7 52 26 11 25

Left 5 12 45 29 9 24
Vein of Galen 0 0 62 4 1 57
Total 8(0.9) 31(3.3) 891 (95.8) 122 (13.1) 231 (24.8) 577 (62.1)

*Data are presented as n or n (%); Tresults are for 31 patients from 2 independent readers for a total of 62 readings per structure (930 readings overall).

misleading and might result in an erroneous diagnosis.
3D GEC MRV may lead to false-negative results in
patients with late-stage venous sinus thrombosis, as a
chronic and/or partially recanalized thrombus may
enhance mimicking blood flow.” Therefore, a careful
evaluation of source image data is needed.

In tumoral cases, especially in parasagittal menin-
giomas, total resection of the tumor may require re-
moval of a portion of the superior sagittal sinus. In the
case of a completely occluded sinus by tumor invasion,
sufficient collaterals may have formed to allow total
removal of the sinus. However, tumor resection may
lead to abrupt venous infarction if the superior sagit-
tal sinus is invaded but patent, which could not be
well differentiated using 2D TOF MRV. In contrast,
3D GEC MRV clearly depicts residual blood flow in
the invaded sinus and collateral cortical veins, which
facilitates surgical planning. Our results agree with
those of previous studies.!!!? Overall, the sensitivity,/
specificity of 3D GEC MRV were 90.9%,/96.8%,
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compared to 63.6%,/48.4% for 2D TOF MRV. The
present study indicates that 3D GEC MRV is useful
for imaging of the intracranial venous system.

Our study has several limitations. First, conventional
catheter angiography as gold standard was not avail-
able in the majority of cases due to its invasiveness and
its potential risks; it was thus only reserved for those
in whom MRV was non-conclusive. Second, the study
design was retrospective and not randomized. We per-
formed MRV only under clinical request to evaluate
the intracranial venous system. Third, correlation with
surgical findings was not available in tumoral cases,
which was also attributed to the retrospective study
design.

In conclusion, 3D GEC MRV is superior to 2D
TOF MRV for providing more detail and high-quality
images of the intracranial venous system. It is also our
recommended method of choice for the diagnosis of
dural venous sinus thrombosis as well as tumor inva-
sion into dural sinuses.
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Figure 4. Venous anatomy of a healthy patient seen on: (A-D) 3D GEC MRV; and (E-H) 2D TOF MRV. (A, E) Lateral maximum intensity
projection. (B, F) Anteroposterior projection. (C, G) Left anterior oblique projection. (D, H) Right anterior oblique projection. (B, D) 3D
GEC MRV shows that the left transverse sinus is patent; (F, H) while narrowing is noted on 2D TOF MRV (arrows). This pitfall with the 2D
TOF method was due to in-place flow. Note that the signal intensity and visibility of the cerebral veins and sinuses are superior when

imaged with 3D GEC MRV than with 2D TOF MRV.

Table 2. Overall sensitivity, specificity, PPV, NPV and AUC of 3D GEC and 2D TOF MRV used to diagnose the 22 patients with venous
sinus thrombosis and tumor (95% confidence intervals in parentheses)

Sensitivity (%) Specificity (%)

PPV (%) NPV (%) AUC*

3D GEC MRV
2D TOF MRV

90.9 (61.5-99.2)
63.6 (34.9-90.1)

96.8 (72.5-99.9)
48.4 (22.5-75.4)

95.2 (68.7-99.9)
46.7 (20.2-73.8)

93.8 (64.37-99.8)
65.2 (36.7-92.4)

0.91 (0.78-1.00)
0.53 (0.32-0.75)

*p<0.001. PPV = positive predictive value; NPV = negative predictive value; AUC = area under the receiver operating characteristic curve.
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Figure 5. Areas under the receiver operating characteristic (ROC)
curves of 2D TOF MRV and 3D GEC MRV.
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