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A B S T R A C T   

Purpose: To evaluate the clinical utility of intravenous gadolinium-enhanced heavily T2-weighted 3D fluid- 
attenuated inversion recovery (HT2-FLAIR) imaging for identifying spinal cerebrospinal fluid (CSF) leaks in 
patients with spontaneous intracranial hypotension (SIH). 
Methods: Patients with SIH underwent MR myelography and post-contrast HT2-FLAIR imaging after an intra-
venous gadolinium injection. Two types of CSF leaks (epidural fluid collection and CSF leaks around the nerve 
root sleeve) at each vertebral level were compared between the 2 sequences. The total numbers of CSF leaks and 
vertebral levels involved were recorded for the whole spine. The sequence that was superior for the overall 
visualization of epidural and paraspinal fluid collection was then selected. 
Results: Nine patients with SIH were included in the present study. HT2-FLAIR imaging was equivalent or su-
perior to MR myelography at each level for detecting the 2 types of CSF leaks. In the 2 types of CSF leaks, the 
total numbers of CSF leaks and levels involved were higher on HT2-FLAIR images than on MR myelography, 
while no significant difference was observed for CSF leaks around the nerve root sleeve. In all 9 patients, HT2- 
FLAIR imaging was superior to MR myelography for the overall visualization of epidural and paraspinal fluid 
collection. 
Conclusion: Intravenous gadolinium-enhanced HT2-FLAIR imaging was superior to MR myelography for the 
visualization of CSF leaks in patients with SIH. This method can be useful for identifying spinal CSF leaks.   

1. Introduction 

Spontaneous intracranial hypotension (SIH) is caused by sponta-
neous cerebrospinal fluid (CSF) leaks from the spine. Although the 
mechanisms underlying spontaneous CSF leaks remain unclear, a com-
bination of weak spinal meninges and trauma is generally suspected. 
Previous studies reported relationships between CSF leaks and various 
factors related to meningeal weakness, including meningeal diverticula, 
bony osteophytes, and calcified intervertebral discs [1]. Since SIH shows 
a broad spectrum of clinical and imaging manifestations [2], the diag-
nosis of this condition remains challenging and, thus, it is often 

misdiagnosed [3]. Clinical manifestations are generally characterized by 
orthostatic headache and low CSF pressure. However, different types of 
headaches as well as focal or generalized neurological abnormalities 
have been reported, and normal CSF pressure is not uncommon in pa-
tients with SIH [4]. 

Imaging manifestations of the brain and spine are typically explained 
by spinal CSF leaks, followed by CSF volume losses and subsequent 
compensatory responses (the Monro-Kellie doctrine). One of the char-
acteristic features on brain magnetic resonance imaging (MRI) is diffuse 
pachymeningeal enhancement; however, this is not observed in 
approximately 20 % of patients with SIH [5]. In contrast, spinal imaging, 
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including CT myelography [6], digital subtraction myelography [7], 
MRI [8], MR myelography [9,10], intrathecal gadolinium-enhanced MR 
myelography [6,11], and radioisotope cisternography [12], mainly al-
lows for the detection of CSF leaks [1]. CT myelography is a reliable 
technique for identifying the exact sites of CSF leaks, with good spatial 
resolution and the rapid acquisition of images [6]. Despite its clinical 
advantages, radiation exposure is a cause of concern for patients who 
undergo this examination. Intrathecal gadolinium-enhanced MR mye-
lography typically creates images based on fat-suppressed T1-weighted 
(T1W) imaging with a diluted contrast agent [11,13]. This technique has 
no risk of radiation exposure, while the intrathecal injection of a 
gadolinium-based contrast agent is off-label use in Japan and world-
wide. Radioisotope cisternography allows for long-term observations of 
CSF leaks [12]. However, this technique does not show the precise 
localization of a leak because of poor spatial resolution and inferior 
anatomical delineations. Furthermore, since this method may not be 
used to accurately discriminate CSF leaks within the epidural space from 
CSF within the subarachnoid space, its sensitivity for detecting a small 
epidural CSF leak may be low. The greatest disadvantages of these 3 
techniques are their invasiveness and the complexity of the procedure, 
which is mainly attributed to lumbar puncture. Other drawbacks include 
iatrogenic CSF leaks [14] and worsening symptoms [15] caused by 
lumbar puncture. Therefore, non-contrast spinal MRI may be used as the 
first-line method of choice for the diagnosis of CSF leaks, including 
fat-suppressed T2-weighted (T2W) imaging and MR myelography. 

MR myelography is based on heavily T2W sequences and enhances 
CSF signals by suppressing the adjacent background signal. This method 
has been increasingly applied in clinical practice using 2D [9,16,17] or 
3D [10,18] sequences. Previous studies reported similarities between 
MR myelography and CT myelography [17] or radioisotope scintigraphy 
[16]. Nevertheless, non-contrast MR imaging has the following limita-
tions: the unclear definition of CSF leaks [10], difficulty differentiating 
between CSF leaks and tissues with similar signal intensities [8,19], and 
the requirement for homogenous fat suppression [1]. 

Fluid-attenuated inversion recovery (FLAIR) is an MRI sequence with 
inversion recovery to suppress signals from water. FLAIR imaging pro-
vides greater sensitivity for detecting subtle T1-shortening induced by 
contrast material than T1W imaging, and has been applied to various 
intracranial lesions [20]. However, to the best of our knowledge, the 
enhancement of spinal CSF leaks in patients with SIH has not been 
observed using intravenous gadolinium-enhanced T1W imaging or 
FLAIR imaging. Heavily T2W 3D FLAIR (HT2-FLAIR) is a variant of the 
3D turbo spin echo (TSE) FLAIR sequence with variable flip-angle 
refocusing pulses [21]. This sequence allows for greater sensitivity to 
low concentrations of contrast material than conventional 3D FLAIR, 
and has been applied to the inner ear and brain [20]. A previous study 
demonstrated that the anterior eye segment and various areas of the 
cranial subarachnoid space were enhanced on HT2-FLAIR in patients 
without eye disease or subarachnoid space disease [22]. In our clinical 
practice, we noted that CSF leaks at the posterior upper neck were 
enhanced when patients with SIH underwent gadolinium-enhanced 
HT2-FLAIR imaging for head evaluations. The purpose of the present 
study was to assess the clinical utility of intravenous 
gadolinium-enhanced HT2-FLAIR imaging by comparing the visualiza-
tion of CSF leaks to MR myelography at 3 T. 

2. Materials and methods 

2.1. Patients 

This retrospective study was conducted at a single institution and 
approved by the Institutional Review Board of our institution. We ob-
tained written informed consent for the procedures and opt-out consent 
for the use of retrospective clinical data from all patients/ from parents 
or legal guardian of patient less than 18 years. We reviewed the imaging 
records of 12 consecutive patients diagnosed with SIH according to the 

criteria proposed by Shievink [23] or the Headache Classification 
Committee of the International Headache Society, 3rd edition (ICHD-3) 
[24] between November 2018 and July 2020. Patients who met the 
following inclusion criteria were enrolled: 1) spinal MR myelography 
was available, 2) spinal HT2-FLAIR imaging with and without 
gadolinium-based contrast material was available, and 3) CSF leaks 
were identified by spinal MR myelography. Patients were excluded if 
image quality was insufficient for image interpretation. 

2.2. MRI 

All MRI examinations were performed using the 3 T MRI unit 
(MAGNETOM Skyra, Siemens, Erlangen, Germany) with a phased-array 
spinal coil. All patients with SIH underwent MRI of the whole spine, 
which was scanned using 2 separate FOVs (the cervicothoracic and 
thoracolumbosacral spines) with partial overlapping at the edges of the 
scans. 

All examinations consisted of the following 3 images: sagittal MR 
myelography and pre- and post-contrast sagittal HT2-FLAIR images. The 
parameters of MRI are summarized in Table 1. Post-contrast sagittal 
HT2-FLAIR images were obtained immediately after an intravenous 
injection of gadolinium-HP-DO3A (Gadoteridol) at a single dose of 
0.2 mL/kg (0.1 mmol/kg). 

We reconstructed axial and coronal multiplanar reconstruction 
(MPR) images with thin slices from sagittal MR myelography and HT2- 
FLAIR imaging. Subtraction images were generated by subtracting 
initial pre-contrast HT2-FLAIR images from the corresponding post- 
contrast HT2-FLAIR images. Cases 4 and 5 in Table 2 underwent 
sagittal fat-suppressed T2W imaging at the thoracolumbosacral level. 
Additionally, in case 4, pre-contrast MR cisternography, HT2-FLAIR, 
and fat-suppressed T1W spin echo imaging of the head were per-
formed followed by post-contrast HT2-FLAIR and fat-suppressed T1W 
spin echo imaging after post-contrast spinal HT2-FLAIR imaging. 

2.3. Imaging analysis 

MR myelography and HT2-FLAIR images were evaluated indepen-
dently in a random order by 2 board-certified radiologists with 10 and 
30 years of experience, respectively. The readers reviewed these images 
in 3 orthogonal planes (sagittal, reformatted axial, and reformatted 
coronal), and were blinded to clinical information and sequence pa-
rameters. Any discrepancies between the readers were resolved through 
discussion until a consensus was reached. 

The MRI review was performed in 2 sessions. In the first session, 
readers were asked to count CSF leaks, including epidural and para-
spinal fluid collection, at each vertebral level. Epidural fluid collection 

Table 1 
Scan parameters of spinal MRI.   

MR myelography HT2-FLAIR 

TR/TE (ms) 4000/425 9000/541 
Inversion time (ms) – 2250 
CHESS fat suppression 

prepulse 
+ +

Flip angle Average flip angle 
110◦

Average flip angle 110◦

Echo train length 519 519 
Matrix size 384 × 384 384 × 384 
FOV (mm2) 350 × 350 350 × 350 
Sagittal slices 128 128 
In-plane resolution (mm) 0.9 × 0.9 0.5 × 0.5 (after 

interpolation) 
Slice thickness (mm) 0.9 0.9 
Bandwidth (Hz/pixel) 434 434 
Acceleration factor 2 using GRAPPA 3 using GRAPPA 
Number of excitations 1.4 1.4 
Total time (min) 3.42 5.26 

CHESS chemical shift selective. 
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represents the fluid signal intensity outside the dura mater within the 
spinal canal [8,9,17,25], and was divided into 3 types based on its 
location relative to the dural sac: 1) fluid mainly located ventral to the 
dural sac, 2) fluid circularly surrounding the dural sac, and 3) fluid 
mainly located dorsal to the dural sac [25]. The ventral or dorsal leak 
was counted as 1 leak at each level (C1 to L5), while the circular leak was 
counted as 2 leaks. Paraspinal fluid collection is defined as the fluid 
signal around the outside of the spine, including CSF leaks around the 
nerve root sleeve and the C1− 2 sign [8,9,17]. The C1− 2 sign is referred 
to as fluid signal intensity in soft tissues at C1− 2 [26]. A right or left leak 
around the nerve root sleeve was counted as 1 leak at each level (C1− 2 
to L2− 3), while bilateral leaks were counted as 2 leaks. Other paraspinal 
CSF leaks, such as the C1− 2 sign, were not included in the CSF leak 
count. Furthermore, the total numbers of CSF leaks and vertebral levels 
involved were recorded at the whole spine. 

In the second reading session, each reader individually compared 
both sequences side-by-side, and was asked of their overall preferred 
sequence for the visualization of CSF leaks, including epidural and 
paraspinal fluid collection. We herein evaluated all cases of epidural 
(including CSF leaks at the S level) and paraspinal fluid collection 
(including CSF leaks in the interspinous space and the C1− 2 sign). 

2.4. Statistical analysis 

The Wilcoxon signed-rank test was used to evaluate whether the 
sequence affected the detection of the total numbers of CSF leaks and 
vertebral levels involved or the visualization of CSF leaks. Values 

represented the mean per patient ± standard deviation. JMP 14.0.0 
software (SAS Institute, Cary, NC, USA) was used for statistical analyses. 
Two-tailed p values less than 0.05 were considered to be significant. 

3. Results 

3.1. Patients 

We identified 12 patients with SIH. Nine patients underwent MR 
myelography and HT2-FLAIR imaging with and without gadolinium- 
based contrast material. Of the 9 patients with available spinal im-
ages, all showed CSF leaks identified by MR myelography. Furthermore, 
among the 9 patients who satisfied the inclusion criteria, none met the 
exclusion criteria. Patient characteristics are summarized in Table 2. The 
patient cohort included 3 males and 6 females, with an average age of 36 
years (range, 14–60 years). 

3.2. Comparison between MR myelography and HT2-FLAIR imaging 

Fig. 1 shows that HT2-FLAIR imaging was equivalent or superior to 
MR myelography at each level for detecting the 2 types of CSF leaks 
(epidural fluid collection and CSF leaks around the nerve root sleeve). 
Regarding epidural fluid collection, the total numbers of CSF leaks and 
levels involved were higher on HT2-FLAIR images than on MR mye-
lography (CSF leaks; 31.9 ± 29.9 vs 10.7 ± 10.9, p = 0.031, levels 
involved; 12.2 ± 10.9 vs 8.4 ± 8.3, p = 0.031). Regarding CSF leaks 
around the nerve root sleeve, the total numbers of CSF leaks and levels 

Table 2 
Clinical characteristics and spinal MRI of patients with SIH (n = 9).  

Patient 
No. 

Age 
(years) 

Sex Symptoms CSF pressure 
(cmH2O) 

Spinal MRI findings      

Epidural fluid collection 
(location) 

Paraspinal fluid collection 
(location) 

C1− 2 
sign 

1 14 F Headache NA + (S) – – 
2 60 F Orthostatic headache 9.2 + (S) – – 
3 32 F Orthostatic headache, tinnitus NA + (T/S) – – 
4 50 F Orthostatic headache, tinnitus, ear 

fullness 
NA + (C/T/L/S) + (C/L) +

5 16 M Headache NA + (S) – – 
6 40 F Headache, tinnitus, sensorineural 

hearing loss 
NA + (T) + (C/T) – 

7 52 F Headache, sensorineural hearing loss NA + (T) + (T) – 
8 28 M Headache, nausea NA + (C/T/L/S) + (C/T/L) +

9 31 M Orthostatic headache, nausea NA + (C/T/L/S) + (C/T/L) +

NA not available, C cervical spine, T thoracic spine, L lumbar spine, S sacral spine. 

Fig. 1. Distribution of CSF leaks on MR myelography and HT2-FLAIR images. Two types of CSF leaks are most commonly observed at the T level (epidural fluid 
collection in (a) and CSF leaks around the nerve root sleeve in (b)). 
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involved were slightly higher on HT2-FLAIR images than on MR mye-
lography (CSF leaks; 9.1 ± 10.5 vs 4.8 ± 6.6, p = 0.13, levels involved; 
4.9 ± 5.6 vs 2.8 ± 3.6, p = 0.13). 

HT2-FLAIR imaging was superior to MR myelography in all 9 pa-
tients for the overall visualization of epidural fluid collection (p =

0.004) and paraspinal fluid collection (p = 0.004) (Figs. 2–5). There 
was no contrast enhancement in the meningeal diverticula (Fig. 6), 
dilated epidural venous plexus (Fig. 7), or subarachnoid space 
(Figs. 2–5,7, and 8). 

In cases 4 and 5, CSF leaks were more strongly enhanced than the 
epidural venous plexus and/or basivertebral vein on post-contrast HT2- 
FLAIR images (Figs. 4 and 5). Regarding post-contrast HT2-FLAIR im-
aging of the head in case 4, the C1− 2 sign and epidural fluid collection 
showed contrast enhancement, while the suboccipital cavernous sinus 
and epidural venous plexus did not or only showed weak contrast 
enhancement (Fig. 8). 

4. Discussion 

The present study demonstrated the clinical utility of intravenous 
gadolinium-enhanced HT2-FLAIR imaging for the visualization of spinal 
CSF leaks in patients with SIH. HT2-FLAIR imaging identified more CSF 
leaks and vertebral levels involved, and the overall visualization of CSF 
leaks was superior to that with MR myelography. 

MR myelography is based on heavily T2W sequences and may 
enhance CSF signals by suppressing the adjacent background signal. 
This method has become increasingly available in clinical practice using 
2D [9,16,17] or 3D [10,18] sequences. The major advantages of MR 
myelography include no radiation exposure, no need for lumber punc-
ture or the intrathecal administration of contrast material or a radio-
active isotope, and multiple imaging planes. Previous studies reported 
similarities between MR myelography and CT myelography [17] or 
radioisotope cisternography [16] for CSF leak detection. However, other 

fluid-filled structures (paravertebral veins and the cystic dilatation of 
nerve root sleeves or meningeal diverticula) or unsuppressed fat, both of 
which exhibit hyperintensity on MR myelography similar to that of CSF, 
may be misinterpreted as CSF leaks because the suppression of back-
ground signals may cause poor anatomical orientation. 

2D single thick-slice MR myelography provides better background 
suppression from paravertebral veins or fat with shorter acquisition 
times than multislice MR myelography [27]. Thick-slice acquisition in a 
coronal or sagittal direction allows for delineation of the whole spine in 
a single projection image and does not require a postprocessing pro-
cedure, such as maximum intensity projection (MIP). However, a single 
projection image cannot be reconstructed in other directions, which 
makes additional image acquisitions necessary at desirable angles. 
Furthermore, 2D single thick-slice MR myelography may not have the 
capacity to differentiate between epidural CSF leaks and subarachnoid 
CSF, particularly on coronal images, because low spatial resolution ob-
scures details in the dura mater between the 2 fluid-filled spaces. In the 
present study, we used 3D MR myelography in which a 3D data set 
generates MPR images of arbitrarily reformatted directions as well as 
MIP images for a panoramic view. 

FLAIR is an MRI sequence with inversion recovery to a null signal 
intensity from water. This technique provides greater sensitivity for 
detecting subtle T1-shortening induced by contrast material than T1W 
imaging, and has been applied to various intracranial lesions [20]. 3D 
FLAIR offers higher spatial resolution and fewer CSF flow artifacts than 
2D FLAIR [28]. The 3D sequence allows for the reconstruction of image 
data using various techniques, including MIP and MPR. This technique 
can also suppress the vessel signal and promote the recognition of sub-
arachnoid pathologies [29]. HT2-FLAIR is a variant of the 3D TSE FLAIR 
sequence with variable flip-angle refocusing pulses [21]. This sequence 
allows for greater sensitivity to low concentrations of contrast material 
than conventional 3D FLAIR, and has been applied to the inner ear and 
brain [20]. Furthermore, heavily T2 weighting is used to produce images 

Fig. 2. A 52-year-old female with SIH (case 7). Sagittal MR myelography (a) shows epidural fluid collection within the spinal canal dorsal to the dural sac at T5-8 
(arrowheads). Epidural fluid collection ventral to the dural sac is invisible. Sagittal post-contrast HT2-FLAIR imaging (b) reveals contrast enhancement within the 
spinal canal that was absent in pre-contrast imaging (c), corresponding to epidural fluid collection shown in A. Note that enhanced CSF leaks are more widely 
distributed at T4, T9-11 dorsal, and T1-6 ventral to the dural sac (arrowheads). Axial MR myelography (d) shows CSF leaks in the dorsal epidural space (arrowhead) 
and around the left T6 nerve root sleeve (arrow). Unsuppressed fat, which is slightly hyperintense, obscures the CSF leak (asterisks). The dura mater is visible as a 
hypointense band-like structure (small arrow). Axial subtraction HT2-FLAIR imaging (e) depicts CSF leaks circularly surrounding the dural sac and around bilateral 
nerve sleeves (arrows). CSF is not enhanced in the subarachnoid space. MIP of MR myelography (f) provides a panoramic view of CSF leaks, with CSF leaks around 
the nerve root sleeves being more conspicuous on MIP of subtracted HT2-FLAIR imaging (g, arrowheads). Of note, epidural fluid collection, which was not 
differentiated from subarachnoid CSF on MIP of myelography, is clearly visible. 

I. Osawa et al.                                                                                                                                                                                                                                   



European Journal of Radiology Open 8 (2021) 100352

5

Fig. 3. A 50-year-old female with SIH (case 4). Sagittal MR myelography (a) shows retrospinal fluid collection at C1-2 (arrow) also known as the C1-2 sign. 
Unsuppressed paraspinal and subcutaneous fat is observed in the posterior neck (arrowhead), obscuring or mimicking the CSF leak. Sagittal post-contrast HT2-FLAIR 
imaging (b) shows the enhancement of the retrospinal CSF leak (arrow), which is more clearly visible on subtracted HT2-FLAIR images (c) due to the canceling of the 
fat signal. Paraspinal CSF leaks in the interspinous space are also noted at C3-4 to C6-7 (arrows). 

Fig. 4. A 50-year-old female with SIH (case 4, same patient as in Fig. 3). Sagittal fat-suppressed T2W imaging (a) displays subtle arched hyperintensities in the 
interspinous epidural space at the lumbar level (arrows), termed the “Dinosaur tail sign”, which may reflect a subtle amount of CSF leakage. MR myelography (b) 
shows this sign at L2-3 to L4-5 (arrows). This sign is stronger on post-contrast HT2-FLAIR images (c) than on pre-contrast images (d), and is more conspicuous, 
particularly at T12-L1 and L1-2 (arrows). Epidural fluid collection, which is observed dorsal and ventral to the dural sac as a hypointense line (b, small arrows), is also 
more clearly visible. Each image in the lower row (e-h) shows the magnification of the lumbosacral traditional area in the upper row (a-d). On fat-suppressed T2W 
images (e), epidural venous plexuses (arrowheads) are more hypointense than epidural fluid collection (arrows) ventral to the dura mater (small arrows). MR 
myelography (f) shows that epidural venous plexuses (arrowheads) are more hypointense than epidural fluid collection (arrows), indicating stronger contrast be-
tween veins and fluid than on fat-suppressed T2W images. Of note, post-contrast HT2-FLAIR imaging (g) showed no or the weaker enhancement of veins (arrow-
heads) than that of CSF leaks (arrows). These venous structures are mildly hyperintense on pre-contrast HT2-FLAIR images (h, arrowheads). 
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Fig. 5. A 16-year-old male with SIH (case 5). Sagittal MR myelography (a) and fat-suppressed T2W imaging (b) show linear-shaped fluid collection (arrow) within 
sacral epidural fat caudally extending from the distal termination of the dural sac, which reflects an epidural CSF leak. The filum terminale internum (a, small arrow) 
fuses with the distal end of the dura mater. The basivertebral veins (arrowheads) and epidural venous plexuses (dotted arrows) are mildly hyperintense on MR 
myelography (a), while these venous structures exhibit hyperintensity on fat-suppressed T2W imaging (b). In contrast to pre-contrast HT2-FLAIR imaging (c), post- 
contrast HT2-FLAIR imaging (d) shows the marked enhancement of the CSF leak and greater conspicuity than MR myelography. Of note, post-contrast HT2-FLAIR 
imaging shows no or only the weak enhancement of the veins described above (d, arrowheads and dotted arrows). 

Fig. 6. A 40-year-old female with SIH (case 6). Sagittal MR myelography (a) shows a meningeal diverticulum at the left S2 (arrowhead), while post-contrast HT2- 
FLAIR imaging (b) shows no enhancement of the meningeal diverticulum despite enhancing CSF leaks in the epidural space (arrowheads). 
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with greater contrast between T1 shortening material and background 
tissues. 

To the best of our knowledge, this is the first study to demonstrate 
the contrast enhancement of CSF leaks using HT2-FLAIR imaging. Pre-
vious studies may not have reported this phenomenon because T1W 
imaging cannot identify contrast material in CSF leaks due to its low 
concentrations. On the other hand, post-contrast T1W imaging may 
enhance vessel signals due to high concentrations of gadolinium, while 
HT2-FLAIR imaging may suppress vessel signals and increase contrast 
between vessels and CSF leaks, which facilitates the differentiation of 
CSF leaks from vessels (Fig. 7). The present study revealed contrast 
enhancement of the suboccipital cavernous sinus and epidural venous 
plexus on post-contrast T1W spin echo images (Fig. 8), which may be 
explained by the loss of flow voids in spin echo techniques due to slow 
flow in these vessels. Additionally, the contrast enhancement of these 
venous structures was stronger than that of CSF leaks on T1W images, 
reflecting higher concentrations of gadolinium within the veins. On the 
other hand, HT2-FLAIR imaging showed no or only the weak enhance-
ment of these venous structures, while CSF leaks were strongly 

enhanced. The difference in contrast enhancement between veins and 
CSF leaks was also observed on spinal HT2-FLAIR images (Figs. 4 and 5). 
A previous study demonstrated that 3D FLAIR imaging was more sen-
sitive to not only slow flow, but also lower concentrations of gadolinium 
than T1W imaging [29]. Therefore, HT2-FLAIR imaging has the capacity 
to suppress signals from slow-flow vessels with high intravascular con-
centrations of gadolinium. Although it was not possible to completely 
rule out the presence of veins in some contrast-enhanced structures on 
HT2-FLAIR images, contrast enhancement was considered to predomi-
nantly occur in CSF leaks, not veins. 

Epidural fluid collection represents fluid signal intensity outside the 
dura mater within the spinal canal. Epidural fluid collection generally 
does not localize the precise site of a leak and frequently extends along 
multiple spinal levels. Nevertheless, this is a sensitive feature for diag-
nosing the presence of CSF leaks, particularly when T2W imaging is used 
to evaluate suspected SIH. Regarding the identification of epidural fluid 
collection, the present study showed that HT2-FLAIR imaging was su-
perior to MR myelography (Figs. 2 and 4). 

The three critical factors that influence the identification of epidural 

Fig. 7. A 31-year-old male with SIH (case 9). Axial MR myelography (a) shows the dilated epidural venous plexus (arrowhead) within epidural fluid collection and 
the dura mater (arrows). Post-contrast HT2-FLAIR imaging (b) shows no enhancement of the epidural venous plexus (arrowhead) with the enhanced CSF leak. 
Furthermore, CSF is not enhanced in the subarachnoid space. 

Fig. 8. A 50-year-old female with SIH (case 4, 
same patient as in Fig. 3). Axial MR cisternog-
raphy (a) of the head shows the C1-2 sign 
(arrow). In contrast to pre-contrast HT2-FLAIR 
imaging (b), post-contrast HT2-FLAIR imaging 
(c) shows contrast enhancement of the C1-2 
sign (arrow), while fat-suppressed T1W imag-
ing (d) shows the weak enhancement of this 
sign (arrow). This retrospinal fluid collection is 
continuous with epidural fluid collection (c, 
small arrow). Of note, the suboccipital 
cavernous sinus (arrowheads) and epidural 
venous plexus (dotted arrows) show no or 
weaker contrast enhancement on post-contrast 
HT2-FLAIR imaging (c) than on T1W imaging 
(d). These venous structures exhibit stronger 
contrast enhancement than CSF leaks on T1W 
imaging.   
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fluid collection are: 1) detection of the dura mater, 2) a sufficient volume 
of CSF leakage for diagnosis, and 3) the differentiation of epidural fat 
from a CSF leak. Regarding the first factor, since CSF is enhanced on 
HT2-FLAIR images in the epidural space, but not in the arachnoid space, 
CSF may be identified without the need to consider the dura mater. In 
the second factor, a previous study demonstrated the diagnostic utility 
of subtle arched hyperintensity of the interspinous epidural space on 
sagittal fat-suppressed T2W images in patients with CSF leaks, which 
was termed the “Dinosaur tail sign” based on its shape [30]. This may 
reflect a subtle amount of epidural fluid collection and compensatory 
dilatation of the epidural venous plexus. In the present study, 
HT2-FLAIR imaging showed this sign more clearly than MR myelog-
raphy (Fig. 4), and, thus, has the potential to visualize small CSF leaks by 
increased contrast between CSF leaks and the surrounding structures. 
Regarding the third factor, in contrast to MR myelography, HT2-FLAIR 
imaging allows the fat signal to be eliminated by subtracting 
pre-contrast images from corresponding post-contrast images. 

Paraspinal fluid collection is defined as a fluid signal outside of the 
spine, including CSF leaks around the nerve root sleeve. Previous studies 
suggested that CSF leaks around the nerve root sleeve indicated the 
exact CSF leak site [8], while a recent study demonstrated that peri-
radicular leaks were not restricted to the level of the dural defect in 
patients with CSF leaks after lumbar puncture [15]. Periradicular leaks 
may not necessarily represent the precise site of a CSF leak and lumbar 
puncture may cause an iatrogenic CSF leak. Therefore, periradicular 
leaks need to be cautiously interpreted, particularly when evaluated 
using imaging modalities with lumbar puncture. Intravenous 
gadolinium-enhanced MR imaging proposed herein may be more suit-
able for evaluating periradicular leaks when planning to inject a tracer 
of CSF, such as a contrast agent or radioactive isotope. 

Regarding paraspinal fluid collection, the present study showed that 
HT2-FLAIR imaging provided the better visualization of leaks than MR 
myelography (Figs. 2 and 3), which may be attributed to improved 
contrast between CSF leaks and the surrounding tissues. Previous studies 
defined the grading of CSF leaks using coronal [16] or axial [10] MR 
myelography; however, an overlap was reported in MR findings between 
SIH patients and controls [10]. This may have been due to the hyper-
intensity of nearby structures, such as fat or blood vessels. In contrast, 
HT2-FLAIR imaging may identify enhanced CSF leaks, similar to CT 
myelography and intrathecal gadolinium-enhanced MR myelography, 
and provide the better visualization of CSF leaks than non-contrast MRI, 
even when interpreted by radiologists unfamiliar with SIH. Another 
important reason for the better visualization of leaks on HT2-FLAIR 
images may be the lack of misinterpretation between meningeal diver-
ticula and CSF leaks (Fig. 6). Meningeal diverticula may occasionally 
mimic CSF leaks along the nerve root sleeves [8]. Enhanced CSF leaks 
may be distinguished from meningeal diverticula on HT2-FLAIR images 
because CSF in the subarachnoid space within meningeal diverticula has 
no contrast enhancement. 

The C1− 2 sign is characterized by retrospinal fluid collection at 
C1− 2 in patients with SIH [26]. This sign does not necessarily represent 
the precise site of a CSF leak and needs to be interpreted with caution. 
The present study showed the better visualization of this CSF leak with 
HT2-FLAIR imaging than with MR myelography (Fig. 3). This may be 
due to the clear differentiation between CSF leaks and unsuppressed fat. 
Magnetic field inhomogeneity in the neck is caused by anatomical ge-
ometry and susceptibility effects, resulting in incomplete fat suppression 
[31,32]. Although a chemical shift selective (CHESS) prepulse is mainly 
used for fat suppression, its main limitation is sensitivity to magnetic 
field homogeneity. Unsuppressed fat tissue may prevent the identifica-
tion of pathology and mimic CSF leaks. The better visualization of CSF 
leaks on HT2-FLAIR images may be explained as follows: the canceling 
of the fat signal by subtraction from pre-contrast images and the 
enhancement of CSF leaks. 

The present study demonstrated that CSF leaks were enhanced on 
HT2-FLAIR images; however, the underlying mechanisms remain 

unclear. One potential reason may be the small amount of blood released 
from torn dura mater vessels. Recent studies reported that SIH was 
associated with superficial siderosis [33,34]. Superficial siderosis of the 
central nervous system is characterized by hemosiderin deposition in the 
subpial layers of the brain and spinal cord. Wilson et al. classified this 
entity into 2 groups: type 1 (classical) and type 2 (secondary) [34]. Dural 
abnormality was a potential cause in 83 % of patients with type 1, 
including ventral thoracic extra-arachnoid CSF collection and nerve root 
pseudomeningocele. Type 1 superficial siderosis may be a consequence 
of persistent or recurrent bleeding into the subarachnoid space, possibly 
from the micro- or venous vasculature at the dural defect. These con-
stellations are supported by increases in red blood cells or xanthochro-
mia within the CSF of patients with SIH [35,36]. 

We herein demonstrated that CSF was enhanced in the extra- 
arachnoid space, but not in the subarachnoid space. Although the un-
derlying mechanisms remain unknown, one possible reason is associated 
with characteristic CSF flow in patients with SIH. Since CSF mainly flows 
from the subarachnoid space into the extra-arachnoid space through 
tears at the dura mater, a contrast agent may preferentially accumulate 
in the extra-arachnoid space. Furthermore, the volume and flow of CSF 
in the subarachnoid space may contribute to this phenomenon. Since the 
volume of the subarachnoid space is larger than that of the extra- 
arachnoid space, extravasated contrast medium may be further diluted 
within the subarachnoid space. CSF flow within the subarachnoid space 
may be sufficiently fast to result in a flow-related signal loss effect on 3D 
FLAIR images [29]. These 2 effects may lead to the preferential 
enhancement of CSF in the extra-arachnoid space. 

The present study had several limitations. It was limited by its 
retrospective nature and small sample size. Despite small patient co-
horts, significant differences were observed in the overall visualization 
of CSF leaks between the 2 sequences because HT2-FLAIR provided 
greater sensitivity for CSF leak detection. Furthermore, the use of 
gadolinium-based contrast material is restricted for patients with renal 
failure or contrast allergy. In addition, due to incomplete fat suppres-
sion, HT2-FLAIR imaging occasionally required the corresponding pre- 
contrast images to cancel the fat signal in post-contrast images. 
Further research is warranted to achieve more homogenous and robust 
fat suppression. Although HT2-FLAIR imaging has the capacity to sup-
press vessel signals and enhance contrast between veins and CSF leaks, 
another limitation is that some contrast-enhancing structures may 
include veins or the dura mater. Other sequences, such as post-contrast 
T1W imaging, may help to differentiate CSF leaks from these structures. 
Moreover, HT2-FLAIR imaging offers less anatomical information than 
fat-suppressed T2W imaging due to the suppression of the background 
signal, except for contrast material. This disadvantage may decrease the 
detectability of the 2 main features: other spinal MR findings (a dilated 
epidural vein or displacement of the dura mater) and structural abnor-
malities associated with possible causes of SIH (meningeal diverticula, 
dural tear, or osteophyte). 

5. Conclusion 

In conclusion, the visualization of CSF leaks in patients with SIH was 
superior with intravenous gadolinium-enhanced HT2-FLAIR imaging 
than with MR myelography. This method can be useful for identifying 
spinal CSF leaks. 
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