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Abstract

Purpose The aim of this study was to evaluate the diagnostic performance of Inhance 3D Velocity (I3DV) in intracranial venous
thrombosis and investigate the possible impact of venous sinus hypoplasia/aplasia on false thrombosis diagnosis made with [3DV.
Methods This study included 540 patients. Contrast-enhanced magnetic resonance venography combined with conventional
sequences was considered the gold standard test (GST), while I3DV was considered as diagnostic test. We accessed the
diagnostic success of I3DV for intracranial venous thrombosis detection, thrombosed vessel identification, and total/partial
thrombus distinction. The possible relationship between false-positive thrombus diagnosed by I3DV and venous sinus hypopla-
sia or aplasia diagnosed by GST was investigated.

Results The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 13DV in the detection of
intracranial venous thrombosis were 95.7%, 92.1%, 64.1%, 99.3%, and 92.6%, respectively. A significant association was observed
between I3DV and GST in terms of thrombosis detection and total/partial thrombus distinction (p < 0.001). A significant relationship
was observed between false-positive thrombosis diagnosis in I3DV and hypoplasia in the left transverse sinus (p < 0.001).
Conclusion Intracranial venous thrombosis may be diagnosed faster and more accurately than traditional phase contrast magnetic
resonance angiography in [3DV. This technique can be used in situations where contrast medium application is contraindicated.
As in other non-contrast magnetic resonance venography techniques, left transverse sinus hypoplasia can be diagnosed as a
thrombosed vessel in I3DV.
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Introduction usually performed to evaluate intracranial dural venous si-
nuses and related venous structures. The primary pathology
here is intracranial venous thrombosis [1, 2]. Furthermore,
anatomic variations (hypoplasia or aplasia) may often be en-
countered [3].

Although digital subtraction angiography is the gold stan-

dard for evaluating intracranial venous structures, it is not

Magnetic resonance venography (MRYV) is an imaging meth-
od used to evaluate the patency of venous structures. MRV is
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frequently used owing to its invasiveness and the effect of
ionizing radiation [4]. In practice, through advancements in
computed tomography (CT) imaging and magnetic resonance
imaging (MRI) in the last 3 decades, the correct diagnosis is
usually made through non-contrast CT—MRI, CT venogra-
phy, and MRV.

MRYV can be performed either in non-contrast (NCMRYV)
or contrast-enhanced (CEMRV) modes. Luminal patency can
be evaluated with high sensitivity and specificity by using
CEMRYV [5], but it cannot be performed in the setting of
pregnancy, kidney insufficiency, or allergy history. In such
situations, non-contrast MRV (NCMRYV) is generally
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performed. The most commonly used methods for this pur-
pose are 2- or 3-dimensional (2D/3D) time-of-flight (TOF) or
2D/3D phase-contrast (PC) imaging. All defined NCMRV
methods have several advantages and disadvantages [4].

Inhance 3D Velocity (I3DV) is an advanced 3D-PC MR
angiography technique that combines parallel imaging and
optimized filling of the k-space [6, 7]. This technique is
known to have very long scanning times and exceeded motion
artifacts (considered disadvantages of traditional 3D-PC MR
angiography) and an improved background suppression and
contrast-to-noise ratio [6]. However, there is no information
about situations such as transverse sinus hypoplasia or turbu-
lent flow, which may be diagnosed as a false thrombus in
NCMRYV examinations, thereby affecting this sequence [8,
9]. Moreover, the diagnostic performance of I3DV in intracra-
nial venous thrombosis remains unknown.

Therefore, we sought to access the diagnostic performance
of I3DV in intracranial venous thrombosis and investigate the
possible impact of venous sinus hypoplasia/aplasia on falsely
diagnosing thrombosis using I3DV.

Methods

Ethical board consent was obtained for this study.

Patient selection

Cranial MRV examinations done for “venous thrombosis”

were searched through Centricity™ RIS-I 6 (GE Healthcare,
Chicago, IL, USA) program. We noted 589 MRV

examinations performed between June 2016 and November
2020. We also excluded examinations of the same patients
and studies lacking one of the conventional (T1 weighted
and T2 weighted), 13DV, and CEMRYV sequences. We includ-
ed and retrospectively reviewed 540 studies related to differ-
ent patients involving conventional, 13DV, and CEMRYV se-
quences. Before all MRV examinations, informed consent
was obtained from all the patients.

MRI protocol

All MRV examinations were performed using a 1.5T MRI
device (Signa Explorer®, GE Healthcare, Chicago, IL,
USA). First, T1 weighted (T1W), T2 weighted (T2W), and
13DV were obtained before contrast administration. Then, a
pre-contrast 3D-spoiled gradient echo-based CEMRYV se-
quence was acquired. Thereafter, a bolus tracking sequence
was started, and 0.2 mL/kg meglumine gadoterate was applied
with an automated injection device through an intravenous
route at a rate of 4-5 mL/s. A post-contrast CEMRYV sequence
was obtained (similar to the pre-contrast sequence) when
opacification was seen in the superior sagittal sinus (SSS).
The technical parameters of each sequence are listed in
Table 1.

As soon as the post-contrast CEMRYV sequence was obtain-
ed, the MRI console automatically subtracted the pre-contrast
CEMRY sequence from the post-contrast sequence. In addi-
tion, maximum intensity projection (MIP) images were also
obtained from the magnitude images of 13DV and subtracted
images of CEMRV.

Table 1 MRI sequence

parameters 3DV CEMRV T1 FSE T2 propeller
Plane Sagittal Sagittal Axial Axial
2D/3D 3D 3D 2D 2D
TR (msn) 20.20 5.48 652 5686
TE (msn) 5.15 1.69 10 110.61
Flip angle (°) 10 20 110 160
Field of view (mm * mm) 240 x 216 250 x 225 234 x 188 230 x 230
Matrix 288 x 160 288 x 192 288 x 224 320 x 320
Number of slices 124 124 24 24
Slice thickness (mm) 14 14 5 5
Slice gap (mm) 0 0 1 1
Encoding velocity (cm/sn) 20.00 None None None
Bandwidth 28.80 50 27.78 28.41
Echo train length 1 1 3 24
Number of excitations 1 1 2 2
Parallel imaging mode Asset Asset Asset Asset
Acceleration factor 2 2 1,8 3
Duration (min) 06:40 00:32 01:45 01:36
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Imaging interpretation

Two observers reviewed all studies: one with 19-year experi-
ence in neuroradiology and the other with 8 years in general
radiology. In the first assessment, only the 3DV images were
evaluated. In the second, the conventional and CEMRYV se-
quences were analyzed. All observers were blinded to the
results of the assessments. When the assessments were com-
plete, the agreement between the analyses of both observers
was investigated. In cases of disagreement, the last decision
was given by a common consensus. SSS; transverse sinuses
(TS); sigmoid sinuses (SS); jugular bulbs (JB); sinus rectus
(SR); internal cerebral veins (IJV); Rosenthal basal veins
(RBV); veins of Galen (GV), Trolard (TV), and Labbé
(LV); and other cortical veins (OCV) were assessed for throm-
bosis. In addition, main sinuses (SSS, SR, left and right TS—
SS-JB) were evaluated for total/partial thrombosis distinction
in both assessments and for hypoplasia in only CEMRV. In
I3DV evaluation, flow signals were assessed with magnitude,
multiplanar reformation (MPR), and MIP images, while the
anatomic features of the vessel were evaluated using rephased
images. In CEMRYV evaluation, subtraction, MPR, and MIP
images were assessed for diagnosis. Total/partial thrombosis,
hypoplasia, and aplasia assessment criteria used in 13DV as-
sessments are shown in Fig. 1.

Data collection

Patient age and sex were determined. Total/partial thrombosis
findings of the vessels determined in both assessments and
hypoplasia/aplasia findings in the second assessment were
recorded.

Statistical analysis
“CEMRYV combined with conventional sequences” was con-

sidered as gold standard test (GST) and 13DV as diagnostic
test [10]. Sensitivity, specificity, positive predictive value

|Magnitude‘ Rephased ‘ MIP

Normal O

Total Thrombus O

Partial Thrombus O
Hypoplasia o

Aplasia

Fig. 1 Graphical illustration of the assessment criteria used in 13DV
evaluations. Normal vessel: the vessel with normal size and flow signal
in transverse magnitude, transverse rephased, and longitudinal MIP
images. Total thrombus: no flow signal in magnitude and MIP images,
recognizable vessel structure in rephased images. Partial thrombus:
decreased vessel diameter in magnitude and MIP images, in comparison
with rephased images. Hypoplasia: small and similar vessel diameter in
magnitude, rephased, and MIP images. Aplasia: no recognizable vessel
structure in magnitude, rephased, and MIP images

(PPV), negative predictive value (NPV), and accuracy for
the diagnosis of “intracranial venous thrombosis” in patients
were determined. The tolerance for venous thrombosis diag-
nosis and total/partial thrombus distinction between 13DV and
GST were also evaluated using kappa analysis. The relation-
ship between false-positive thrombosis findings in 3DV and
hypoplasia/aplasia findings of GST was assessed using the
Pearson chi-square test for each main sinus. The agreement
level was assessed using Cohen’s kappa coefficient (k). k <0
was defined as poor agreement level, 0-0.2; slight, 0.21-0.4;
fair, 0.41-0.60; moderate, 0.61-0.8; substantial, 0.81-0.99;
almost perfect; and 1 is perfect. p-values less than 0.05 are
considered statistically significant. All analyses were per-
formed using the SPSS 23.0 version for windows.

Results

The mean age of the patients was 36.26 + 17.7 years. We
observed that 35.7% of the study population were male. The
sensitivity of I3DV in diagnosing venous thrombosis was
95.7%, specificity; 92.1%, PPV; 64.1%, NPV; 99.3%, and
accuracy; 92.6% (Table 2). We observed a substantial agree-
ment between [3DV and GST in the setting of venous throm-
bosis (x = 0.725, p < 0.001).

In the thrombosed vessel evaluation (Table 2), SSS, SR,
ISV, RBV, and left TV were assessed with 100% sensitivity,
specificity, PPV, NPV, accuracy, and perfect accordance
(k=1, p<0.001). The right SS, right JB, right TV, right LV,
and OCV were evaluated with a sensitivity of 100%, specific-
ity of 99.2-99.8%, PPV of 80-91.7%, NPV of 100%, and
accuracy of 99.3-99.8%, with an almost perfect accordance
(k =0.888-0.955, p < 0.001). The left SS was evaluated with
a sensitivity of 95.7%, specificity of 99.4%, PPV of 8§8%,
NPV 0f 99.8%, and accuracy of 96.1%, with an almost perfect
agreement (k = 0.913, p < 0.001). Left TS and left JB were
evaluated with a sensitivity of 95.5%, specificity of 96.1—
98.1%, PPV of 51.2-67.7%, NPV of 99.8%, accuracy of
96.1-98.0%, and a moderate agreement (x = 0.648-0.782, p
< 0.001). The right TS was accessed with a sensitivity of
90.9%, specificity of 98.8%, PPV of 76.9%, NPV of 99.6%,
accuracy of 98.6%, and substantial agreement (x = 0.826, p <
0.001).

We evaluated 4320 main venous sinuses of 540 patients for
total/partial thrombus distinction. The accuracy of 3DV was
98.5%. GST was substantial (x = 0.783, p < 0.001). Right and
left TS and left JB were assessed with a substantial agreement
(k =0.619-0.785, p < 0.001) and with an accuracy of 95.7—
98.7%. Right and left SS, right JB, and SSS were assessed
with almost perfect agreement (x = 0.963-0.849, p < 0.001)
and with an accuracy of 98.7-99.6%. SR was accessed with a
perfect accordance (k = 1, p < 0.001) and 100% accuracy
(Table 3).
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Table 2  Diagnostic performance and accordance between GST findings of I3DV for venous thrombosis in patients and vessels

GS (n=540)

3DV (n)

SSS

Right TS
Right SS
Right JB
Left TS
Left SS

Left JB

SR

N

RBV

Right Trolard
Right Labbe
Left Trolard
Left Labbe
ocv

ICVT

Thrombus (+)
Thrombus (—)
Total

Sensitivity (% (n ratio))

100 (28/28)
90.9 (20/22)
100 (22/22)
100 (21/21)
95.5 (21/22)
95.7 (22/23)
95.5 (21/22)
100 (3/3)
100 (2/2)
100 (1/1)
100 (4/4)
100 (6/6)
100 (1/1)
)

100 (5/5)
100 (4/4)

Thrombus (+)
66

3

69

100 (512/512)
98.8 (512/518)
99.6 (516/518)
99.2 (515/519)
96.1 (498/518)
99.4 (514/517)
98.1 (508/518)
100 (537/537)
100 (538/538)
100 (539/539)
99.8 (535/536)
99.8 (533/534)
100 (539/539)
=)

99.8 (534/535)
100 (536/536)

Specificity (% (n ratio))

Thrombus (—)
37

434

471

PPV (% (n ratio)) NPV (% (n ratio))

100 (28/28)
76.9 (20/26)
91.7 (22/24)
84.0 (21/25)
51.2 21/41)
88 (22/25)
67.7 2131)
100 (3/3)
100 (2/2)
100 (1/1)
80 (4/5)
85.7 (6/7)
100 (1/1)
)

83.3 (5/6)
100 (4/4)

Total
103
437
540

100 (512/512)
99.6 (512/514)
100 (516/516)
100 (515/515)
99.8 (498/499)
99.8 (514/515)
99.8 (508/509)
100 (537/537)
100 (538/538)
100 (539/539)
100 (535/535)
100 (533/533)
100 (539/539)
)

100 (534/534)
100 (536/536)

Sensitivity
Specificity
PPV

NPV
Accuracy
Kappa

p value

Accuracy (% (n ratio))

100 (540/540)
98.6 (532/540)
99.6 (538/540)
99.3 (536/540)
96.1 (519/540)
99.3 (536/540)
98.0 (529/540)
100 (540/540)
100 (540/540)
100 (540/540)
99.8 (539/540)
99.8 (539/540)
100 (540/540)
=)

99.8 (539/540)
100 (540/540)

95.7%
92.1%
64.1%
99.3%
92.6%
0.725

<0.001

Kappa (k) p value

1
0.826
0.955
0.909
0.648
0913
0.782
1
1
1
0.888
0.922

)
0.908
1

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
=)

<0.001
<0.001

n, patient count; » ratio, patient ratio; OCV other cortical veins, /CVT isolated cortical venous thrombosis

ICVT was diagnosed in four patients. Right TV was
thrombosed in two patients, right L'V in one patient, and bi-
lateral posterior-superior superficial cortical veins in one

patient. ICVT was diagnosed in 13DV with 100% sensitivity,
specificity, PPV, NPV, accuracy, and perfect accordance (x =
1, p <0.001).

Table 3 Diagnostic performance

and accordance with GST GS (n=4320)
findings of I3DV in total/partial
thrombus distinction Total Partial No Total
13DV (n=4320) Total 77 14 25 116 Kappa 0.819
Partial 0 67 20 87 p value <0.001
No 1 4 4112 4117 Accuracy 98.5%
Total 78 85 4157 4320
Kappa (k) p value Accuracy
SSS 0.963 <0.001 99.6%
Right TS 0.785 <0.001 98.1%
Right SS 0.933 <0.001 99.4%
Right JB 0.888 <0.001 99.1%
Left TS 0.619 <0.001 95.7%
Left SS 0.849 <0.001 98.7%
Left JB 0.726 <0.001 97.4%
SR 1 <0.001 100.0%

n: patient count
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Venous thrombosis cases are displayed in Figs. 2, 3, and 4.

From GST evaluations, hypoplasia/aplasia was ob-
served in 184 left SS, 181 left TS, 177 left JB, 112 right
TS, 105 right SS, 94 right JB, 3 SSS, and 1 SR (Table 4).
In the evaluation of hypoplastic and aplastic sinuses with
I3DV, a very high significant relationship was observed
between left TS hypoplasia in GST and false-positive-left
TS thrombosis in I3DV (p < 0.001). Hypoplasia was more
frequently observed in patients with false-positive TS
thrombosis than the others (Table 5). No significant rela-
tionship was observed between false-positive thrombosis
diagnosed by I3DV and the presence of hypoplasia/
aplasia on GST for SSS, SS, right and left SS, right and
left JB, and right TS (p > 0.05).

A left TS hypoplasia case interpreted as left TS thrombosis
with I3DV is shown in Fig. 5.

Discussion

I3DV is an improved 3D-PC sequence with many advantages
over traditional 3D-PC imaging such as using parallel imaging
with the ASSET technique, decreased repetition and echo
times, T1-weighted rephased images different from proton
density weighted-like images obtained using the traditional

Fig. 2 A case of total thrombosis. Sagittal rephased image of I3DV (a),
recognizable left TS lumen (black arrow). Magnitude image in the same
plane (b) and coronal MIP image (¢) of I3DV, no flow signal in left TS.
T2-weighted image (d), hyperintense left TS (white arrow). Sagittal post-

technique, and advances in k-space filling. Reports reveal that
all the improvements above resulted in improved scanning
time, vascular contrast, and background suppression [6, 7].
The sensitivity, specificity, NPV, and accuracy of I3DV were
very high for intracranial venous thrombosis in our study.
However, the PPV was lower than the other parameters
(64.1% versus > 92%). In studies evaluating the diagnostic
performance of traditional 3D-PC MRV for venous thrombo-
sis, sensitivity levels ranged from 90 to 100%, specificity from
50 to 92%, PPV from 63 to 76%, and NPV from 86 to 97%
[11-13]. Our study shows that I3DV offers a very high-level
diagnostic performance with shorter examination times than
traditional 3D-PC MRV.

In clinical practice, the most commonly used technique for
NCMRYV is 2D-TOF MRV [14]. It has a sensitivity of 51—
100% for cerebral venous thrombosis, specificity of 48-93%,
PPV 0f39-64%, and NPV of 65-100% [13, 15-17]. 2D-TOF
is beneficial over 3D-TOF in that it is sensitive to slow flow
[14, 18]. 2D-TOF imaging is also superior to traditional 3D-
PC MRV in terms of shorter acquisition times (5-8 min vs.
15 min approx.) and lack of knowledge regarding the flow rate
of the vessels in interest [1, 18]. However, 2D-TOF MRV has
several disadvantages. These include signal gaps that may
simulate thrombosis, saturation of in-plane flow signals, and
false-negative diagnoses resulting from T1-shortening

contrast CEMRYV image (e) in the same plane with sagittal 3DV images
above, a complete filling defect in left TS. MIP image reconstructed from
subtracted CEMRYV images (f), no signal in left TS
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Fig.3 A case of partial thrombosis. Coronal rephased image of 3DV (a),
identifiable round lumen of SSS (black arrowheads). Magnitude image of
I3DV (b) in the same plane with (a), only a small flow signal in the left
corner of SSS (white arrowhead) and no signal in other parts. MIP I3DV
image (c), a heterogeneous flow signal and decreased calibration in the
convexity part of SSS (thin white arrows). Sagittal rephased image of

situations (subacute thrombus and adjacent subacute hemor-
rhage) [18, 19]. 3D-PC MRV is not affected by T1 shortening,
though having long image acquisition times; thus, severe mo-
tion artifacts can occur [18]. However, in 13DV, acquisition
time shorter than 3D-PC and at a similar length as 2D-TOF
can be obtained, and it is still independent of T1-shortening
effects because of its PC-based nature. Hence, I3DV could be
used as the primary NCMRYV method in all routine clinical
and emergency conditions, even in the setting of intracranial
hemorrhage. Further investigations may focus on the compar-
ison of 3DV and 2D-TOF efficiency for venous thrombosis
diagnosis.

The most thrombosed vessel according to GST was SSS.
Bilateral TS—SS—JB were frequently thrombosed as well.
Reports show that 62-63% of venous sinus thromboses are
observed in SSS and 41.7-49.0% in TS [20, 21]. The very
high sensitivity and specificity observed for venous sinus
thrombosis in 13DV could be related to the diagnosis of SSS
thrombosis, which is the most frequent vessel thrombosis with
100% accuracy.

There is no information about the efficiency of NCMRV
for total and partial thrombus distinction in the literature. This
differentiation was made in 13DV, with very high accuracy
levels and significant accordance with GST. Total thromboses

@ Springer

13DV (d) same plane with (¢), hyperintense low compartment of SSS
convexity part (thin black arrows), showing no flow signal in (c).
Coronal post-contrast CEMRYV image (e) in the same plane with coronal
I3DV images above, a central filling defect and peripheral enhancement
(white arrowheads with black inside). MIP image of CEMRYV (f), a partial
filling defect in convexity segment

were diagnosed with almost perfect accuracy. However, false
diagnoses were made using I3DV in some of cases with partial
thrombus or with no thrombus (Table 3). 3DV may generally
provide the correct idea for total and partial thrombosis.
However, care must be taken when a low level of false diag-
noses can be made.

Hypoplasia—aplasia findings were most frequently ob-
served in the left SS and left TS by GST examination
(Table 4). Similarly, hypoplasia has been most commonly
seen in the left TS in previous studies [22, 23]. Although a
similar frequency of hypoplasia was observed in the left SS
and left TS, a significant relationship was noted only between
left TS hypoplasia and false-positive left TS diagnosed with
I3DV. This relationship has been described for traditional PC-
MRYV sequences, and it seems that I3DV does not bring any
solution to this situation [24, 25]. This may originate from the
PC basis of 13DV, which is sensitive to the flow rate. Major
anastomotic veins such as the LV or superior petrosal vein
ordinarily drain to the TS-SS junctions. Therefore, the flow
rate could increase from this level towards SS, even in the case
of hypoplasia, and hypoplastic SS may be seen in I3DV.
However, there is no generally draining vessel to hypoplastic
TS; the flow rate in hypoplastic TS may be slow.
Consequently, flow signal may not be observed in it, and
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Fig. 4 The case diagnosed as a total thrombus using I3DV and as partial
thrombus using GST. Sagittal rephased image of 13DV (a), detectable
lumen of right TS-SS junction (arrows). Magnitude (b) and MIP (c)
13DV images in the same plane with (a), no flow signal in the junction.

diagnosis of thrombosis can be performed using [3DV, similar
to other PC-MRYV methods. CEMRYV may correctly diagnose
in these cases. However, in cases where contrast medium is
contraindicated, a hyperintense signal of the sinus in diffused-

Table 4 Hypoplasia and

aplasia counts observed n
in vessels through GST
examination SSS Hypoplasia 1
Aplasia 2
Right TS Hypoplasia 102
Aplasia 10
Right SS Hypoplasia 101
Aplasia 4
Right JB Hypoplasia 91
Aplasia 3
Left TS Hypoplasia 172
Aplasia 9
Left SS Hypoplasia 180
Aplasia 4
Left JB Hypoplasia 170
Aplasia 7
SR Hypoplasia 1
Aplasia 0

Post-contrast (d), subtraction (e), and MIP (f) images of CEMRV in a
same plane with I3DV images above, partial filling defects in the junction
and nearby parts of TS—-SS, which are compatible with partial thrombus

weighted imaging or blooming artifacts in the sinus lumen
may be useful in differentiating thrombus from hypoplasia
[26]. In addition, I3DV could be repeated with at least a
halved encoding velocity value, and a very slow flow in these
sinuses may be demonstrated. However, further investigations
need to be explored to verify this hypothesis.

There are some other imaging techniques and modalities
for the detection of intracranial venous thrombosis. Venous
sinus thrombosis and ICVT can be suspected in non-contrast
CT by searching dense vessel sign examples, such as delta
sign for SSS thrombosis or cord sign for ICVT [18]. A filling
defect can be observed in venous sinuses or superficial and
deep cerebral veins in CT venography. Flow void loss of
venous sinuses or veins in conventional MRI is the most re-
lated finding for cerebral venous sinus thrombosis, but in the

Table 5 Hypoplasia and aplasia counts in patients with and without
false-positive-left TS thrombosis
GS (n=540)
Hypoplasia Aplasia No  Total
3DV (n=540) LeftTSFP(+) 17 0 3 20
Left TSFP(-) 155 9 356 520
Total 172 9 359 540

n: patient count

n: patient count, FP false positive
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Fig. 5 The left TS hypoplasia case interpreted as left TS thrombosis with
I3DV. Sagittal rephased (a), magnitude (b), and MIP (c¢) images belong to
I3DV from the middle of the left TS, recognizable TS contour (black
arrow) on (a), but no flow signal in (b) and (¢) (white arrowheads),
findings considered as total thrombus. T2-weighted image (d),

acute stage, the signal in T1W and T2W may mimic flow void
and cause a false-negative result [4]. All NCMRYV techniques
are flow-dependent, and hypoplastic/aplastic TS or slow flows
may be diagnosed as thrombosis [18]. 3D-CEMRYV over-
comes these situations well, but it requires the timing experi-
ence for the optimal opacification of venous sinuses. The
timing issue can be solved using 4D-CEMRYV (time-
resolved) techniques, but both CEMRV methods are per-
formed with a gadolinium-based contrast agent [ 18]. A current
imaging technique used for venous thrombosis detection is
3D-T1 Black-Blood Imaging, which is based on nulling the
signal in the vessel lumen. It is very sensitive for detecting
subacute thrombosis due to T1 shortening but not much for
acute and chronic forms, in which T1 is not hyperintense [27].
Optimal imaging protocol must be selected considering the
clinical condition of the patient.

Our study has several limitations and strengths. The large
sample size and the applicability of the standard examination
protocol to all cases are the main strengths. However, we
encountered limitations which include the fact that it was a
single-center and retrospective study design and that GST is
not considered as DSA.

@ Springer

hyperintensity of the left TS (white arrow), can be due to slow flow or
thrombus. Post-contrast CEMRYV image (e) in the same plane with sagit-
tal 3DV images above, normal opacification of the left TS lumen (empty
white arrow). Axial MIP image of CEMRYV, hypoplastic left TS

In conclusion, intracranial venous thrombosis can be diag-
nosed in I3DV with high accuracy and shorter acquisition
times compared to traditional PC MRV. This sequence can
be used as the main NCMRYV sequence for routine clinical
practice and emergency cases. However, like other NCMRV
sequences, some left TS hypoplasia may be diagnosed by
mistake as TS thrombosis.
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