
of July 19, 2025.
This information is current as

for the Detection of CSF-Venous Fistulas
Photon-Counting Detector CT Myelography 
Diagnostic Performance of Decubitus

McCollough
Francis Baffour, Joel G. Fletcher and Cynthia H.
Payne, Jared T. Verdoorn, Nikkole M. Weber, Lifeng Yu, 
Laurence J. Eckel, Ian T. Mark, Pearse P. Morris, Melissa A.
Brinjikji, Girish Bathla, John C. Benson, Felix E. Diehn, 
Ajay A. Madhavan, Jeremy K. Cutsforth-Gregory, Waleed

http://www.ajnr.org/content/early/2023/11/09/ajnr.A8040
 published online 9 November 2023AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
http://www.ajnr.org/content/early/2023/11/09/ajnr.A8040


ORIGINAL RESEARCH
SPINE IMAGING AND SPINE IMAGE-GUIDED INTERVENTIONS
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Detector CT Myelography for the Detection of CSF-Venous

Fistulas
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Laurence J. Eckel, Ian T. Mark, Pearse P. Morris, Melissa A. Payne, Jared T. Verdoorn, Nikkole M. Weber, Lifeng Yu,
Francis Baffour, Joel G. Fletcher, and Cynthia H. McCollough

ABSTRACT

BACKGROUND AND PURPOSE: CSF-venous fistulas are a common cause of spontaneous intracranial hypotension. Lateral decubitus
digital subtraction myelography and CT myelography are the diagnostic imaging standards to identify these fistulas. Photon-count-
ing CT myelography has technological advantages that might improve CSF-venous fistula detection, though no large studies have
yet assessed its diagnostic performance. We sought to determine the diagnostic yield of photon-counting detector CT myelogra-
phy for detection of CSF-venous fistulas in patients with spontaneous intracranial hypotension.

MATERIALS AND METHODS:We retrospectively searched our database for all decubitus photon-counting detector CT myelograms
performed at our institution since the introduction of the technique in our practice. Per our institutional workflow, all patients had
prior contrast-enhanced brain MR imaging and spine MR imaging showing no extradural CSF. Two neuroradiologists reviewed pre-
procedural brain MRIs, assessing previously described findings of intracranial hypotension (Bern score). Additionally, 2 different neu-
roradiologists assessed each myelogram for a definitive or equivocal CSF-venous fistula. The yield of photon-counting detector CT
myelography was calculated and stratified by the Bern score using low-, intermediate-, and high-probability tiers.

RESULTS: Fifty-seven consecutive photon-counting detector CT myelograms in 57 patients were included. A single CSF-venous fis-
tula was definitively present in 38/57 patients. After we stratified by the Bern score, a definitive fistula was seen in 56.0%, 73.3%,
and 76.5% of patients with low-, intermediate-, and high-probability brain MR imaging, respectively.

CONCLUSIONS: Decubitus photon-counting detector CT myelography has an excellent diagnostic performance for the detection
of CSF-venous fistulas. The yield for patients with intermediate- and high-probability Bern scores is at least as high as previously
reported yields of decubitus digital subtraction myelography and CT myelography using energy-integrating detector scanners. The
yield for patients with low-probability Bern scores appears to be greater compared with other modalities. Due to the retrospective
nature of this study, future prospective work will be needed to compare the sensitivity of photon-counting detector CT myelogra-
phy with other modalities.

ABBREVIATIONS: CTM ¼ CT myelography; CVF ¼ CSF-venous fistula; DSM ¼ digital subtraction myelography; EID ¼ energy-integrating detector; EVVP ¼
external vertebral venous plexus; IVVP ¼ internal vertebral venous plexus; PC ¼ photon-counting detector; SIH ¼ spontaneous intracranial hypotension; SR ¼
standard resolution; T3D ¼ low-energy threshold; UHR ¼ ultra-high resolution; VMI ¼ virtual monoenergetic image

Spontaneous intracranial hypotension (SIH) is a clinical syn-
drome caused by a spinal CSF leak. Although the hallmark

symptom of SIH is an orthostatic headache, patients may present

with myriad symptoms that are frequently debilitating and occa-
sionally life-threatening. Currently recognized are 3 types of
spinal CSF leaks: dural tears (type 1a [ventral tears], type 1b [pos-
terolateral tears]), leaking meningeal diverticula (type 2), and
CSF-venous fistulas [CVFs, type 3]).1,2 Among these, CVFs are
the most recently recognized and most challenging to diagnose.3

Patients with CVFs do not have evidence of extradural CSF on
spine imaging (neither MR imaging nor CT myelography
[CTM]), because leaked CSF and myelographic contrast are rap-
idly washed away by draining veins without accumulating in the
epidural space. Furthermore, characteristic brain MR imaging
abnormalities may be absent in some patients with spinal CSF
leaks.4 A scoring system (Bern Score) assigning points to various
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brain MR imaging findings was previously shown to predict the
probability of finding a spinal CSF leak on myelography, initially
being validated in patients with dural tears and subsequently
used in the assessment of patients with CVFs.5-7

Digital subtraction myelography (DSM) and CTM are cur-
rently the preferred modalities for detecting CVFs at most centers
with experience in the diagnosis of spinal CSF leaks, with the latter
sometimes being performed in a dynamic (multiphase) fashion.8,9

Both modalities have been shown to be effective, especially as
techniques for DSM and dynamic CTM have been refined in
recent years. In particular, it is now known that performing my-
elography with the patient in the lateral decubitus position and
imaging immediately after intrathecal contrast injection increase
the likelihood of detecting CVFs.9 Despite many advances, how-
ever, neither technique is perfectly sensitive, with some CVFs being
missed in patients with clear clinical symptoms of SIH and/or
brain MR imaging abnormalities consistent with that diagnosis.6,7

Thus, there is a need for continued improvement in imaging tech-
niques to detect CVFs.

In collaboration with another institution, Madhavan et al10

recently reported a small series of 6 patients in whom CVFs were
detected using photon-counting detector CT myelography (PC-
CTM). Three of those patients had negative findings on DSM,
and 2 had negative findings on dynamic CTM using a conven-
tional energy-integrating detector (EID) CT scanner before the
positive findings on PC-CTM. We thus hypothesized that PC-
CTM may be an effective technique with a high diagnostic yield
for the detection of CVFs. Here, we describe the first large series
of patients with SIH studied by PC-CTM, focusing on the diag-
nostic yield of this examination in patients without extradural
CSF on initial spine imaging.

MATERIALS AND METHODS
Patient Selection
This Health Insurance Portability and Accountability Act–com-
pliant retrospective study was approved by our institutional
review board. We retrospectively identified all patients who
underwent PC-CTM at our institution between February 1, 2023,
and June 30, 2023. Clinical information, including indications for
the PC-CTM, patient age and sex at the time of the examination,
the presence of prior brain and spine MR imaging, and the pres-
ence of any prior myelographic studies, were obtained from the
medical record. Inclusion criteria were the following: 1) patient
meeting the International Classification of Headache Disorders
(ICHD-3) criteria for SIH, 2) the presence of at least 1 contrast-
enhanced brain MR imaging before PC-CTM, and 3) the absence
of spinal extradural fluid on spine MR imaging or conventional
CT myelography before PC-CTM. Exclusion criteria were a tech-
nically unsuccessful or incomplete PC-CTM or lack of docu-
mented consent to use medical information for retrospective
research.

Imaging Technique
All PC-CTMs at our institution were performed using the same
technique. The patient was placed on the PC-CT scanner
(NAEOTOM Alpha; Siemens) in the right lateral decubitus
Trendelenburg position. A 20-ga Quincke spinal needle was

advanced into the subarachnoid space at L2–L3 or a lower spinal
level under CT guidance. Five milliliters of Omnipaque 300 (GE
Healthcare) were injected intrathecally. Low-dose monitoring
scans at C7–T1 were performed every 5 seconds to dynamically
monitor contrast flow. A series of 3–6 scans of the entire spine
was initiated manually when intrathecal contrast reached C7–T1,
with the number of scans varying depending on the radiologist’s
preference and patient-specific factors. All scans were performed
during slow inspiration with a 5-second interval between scans.
The needle was removed, the patient was rotated to the left lateral
decubitus position, and the process was repeated after placing a
new spinal needle. Note that a same-day bilateral technique keep-
ing the initial spinal needle in place has been reported, which is
likely a viable option for many patients but was not done in this
study.11

Among the 3–6 scans in each position, the first 2–4 scans
were performed with standard resolution (SR) mode (144 �
0.4mm detector collimation), and the last 1–2 scans, with ultra-
high-resolution (UHR) mode (120 � 0.2mm detector collima-
tion). The order of SR and UHR scans occasionally varied. All
scans had a rotation time of 0.5 seconds and a CARE keV IQ level
of 200. Automatic exposure control was used, with a manual tube
potential of 140 kV. All scans were reconstructed separately as
virtual monoenergetic images (VMIs) at 40 keV and a low-energy
threshold (referred to as T3D by the manufacturer and including
photon energies from 25 to 140 keV to exclude electronic noise),
all with a Br40 kernel (quantum iterative reconstruction strength
setting of 3). SR scans were reconstructed at 0.4mm, and UHR
scans were reconstructed at 0.2mm. Pitch was 1.2 (SR) or 1.0
(UHR), and the approximate time per scan was 5.0 seconds (SR)
and 12.0 seconds (UHR).

Imaging Review
For each patient, the most recent pre-PC-CTM brain MR
imaging was reviewed by 2 blinded neuroradiologists and
assigned a Bern score, which is calculated on the basis of the
presence of pachymeningeal enhancement (2 points), venous
sinus engorgement (2 points), effacement of the suprasellar
cistern of,4mm (2 points), the presence of subdural fluid col-
lections (1 point), effacement of the prepontine cistern of
,5mm (1 point), and reduction of the mamillopontine
distance of,6.5mm (1 point). Venous sinus engorgement was
assessed specifically in the dominant transverse sinus at a para-
midline sagittal section on postgadolinium MPRAGE images.
Any discrepancy between the 2 reviewers (either in total Bern
score or individual components of the score) was resolved by a
third adjudicating neuroradiologist.

PC-CTM images were reviewed by 2 neuroradiologists in
consensus, both different from the brain MR imaging reviewers.
Reviewers specifically assessed the following: 1) the presence or
absence of a CVF, 2) whether the CVF was definitive or equivo-
cal, 3) the maximal attenuation of the draining vein, and 4) the
scan number on which the finding was first visible. Reviewers
were blinded to imaging reports and patient history. Each case
was reviewed on a standard PACS workstation capable of gener-
ating multiplanar reformats from source axial images. Venous
attenuation was determined by placing a circular ROI over the
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most visually attenuated draining vein on an axial image and
reporting the highest value in the ROI. Definitive CVFs had a
maximal venous attenuation of.200 HU on T3D images, while
equivocal CVFs had a maximal venous attenuation of 100–199
HU on T3D images. These cutoffs were chosen to be at least as
stringent as previously proposed Hounsfield unit cutoffs for
CVFs, with 1 prior study suggesting a cutoff of 70 HU.12

The side and spinal level of the CVF were recorded.
Additionally, the most proximal draining vein of each CVF was
identified and recorded, specifically noting whether drainage
was to the internal vertebral venous plexus (IVVP, medial to the
midpoint of the pedicle, Figs 1–3) or the external vertebral ve-
nous plexus (EVVP, lateral to the midpoint of the pedicle, Fig 1
and Online Supplemental Data). If no CVF was present, the 2
reviewers also determined whether there was evidence of a type
1 or type 2 leak (dural tear or leaking meningeal diverticulum).
Finally, the same 2 neuroradiologists who reviewed the PC-
CTMs also reviewed, in consensus, any decubitus DSM or decu-
bitus dynamic EID CTM performed before the PC-CTM, again
assessing the presence or absence of a CVF and whether the
CVF was definite or equivocal (EID CTMs) or simply whether a
definitive CVF was present (DSMs). Only DSMs and EID CTMs
that included decubitus positioning and imaging in that same
position within 2 minutes of intrathecal contrast injection were
included in this review.

The radiation dose of each examination was obtained from
the medical record by a single neuroradiologist. Finally, any sub-
sequent treatment based on PC-CTM findings was documented
by a single neuroradiologist.13

Data Analysis
Mean patient ages and sex distribution were calculated. The mean
Bern score of all patients was calculated. The positivity rate (diag-
nostic yield) of definitive and equivocal CVFs on PC-CTMwas cal-
culated and stratified by the Bern score (using previously described
low, medium, and high pretest probability tiers). The diagnostic
yield of PC-CTM was also stratified by the presence or absence of
a previously negative decubitus DSM or decubitus EID CTM.

RESULTS
Patient Characteristics
A total of 63 patients underwent 63 PC-CTMs during the study
period. One patient was excluded because she was unable to com-
plete the myelogram secondary to nausea. Five patients were
excluded due to lack of documented consent to use medical infor-
mation for research purposes. Thus, 57 patients having under-
gone 57 PC-CTMs were included in the final cohort (Online
Supplemental Data). Of these, 42 patients were women and 15
were men. The mean age of all patients was 51.2 years (Online
Supplemental Data).

Brain MR Imaging Findings
Among the 57 reviewed brainMRIs, there were discrepant findings
between the 2 initial reviewers in 2 cases. In the first case, one
reviewer noted pachymeningeal enhancement and the other did
not. The third adjudicating reviewer deemed pachymeningeal
enhancement to be present. In the second case, one reviewer noted
venous sinus engorgement and the other did not. The third adjudi-
cating reviewer deemed venous sinus engorgement to be present.
There were no other discrepancies among the reported Bern scores
(total score or individual components) among the 2 reviewers.

The mean Bern score in the 57 patients was 3.53, with a range
of 0–8. Twenty-five of 57 (43.9%) patients had a low-probability
Bern score of 0–2, 15/57 (26.3%) patients had an intermediate-
probability Bern score of 3–4, and 17/57 (29.8%) patients had a
high-probability Bern score of 5–8. No patients had a Bern score
of 9.

PC-CTM Findings
A single CVF was identified definitively in 38/57 (66.7%) patients
and equivocally in 11/57 (19.3%) patients. No CVF was identified
in the remaining 8/57 (14.0%) patients, and none of these 8
patients had a type 1 or 2 leak identified on their PC-CTM. No
patients had more than a single CVF. Stratification by Bern score
revealed the following:

1) In patients with low-probability brain MRIs (Bern score of 0–
2, n ¼ 25), a single CVF was identified definitively in 14/25
(56.0%) patients and equivocally in 8/25 (32.0%) patients.

2) In patients with intermediate-probability brain MRIs (Bern
score of 3-4, n¼ 15), a single CVF was identified definitively in
11/15 (73.3%) patients and equivocally in 1/15 (6.7%) patients.

3) In patients with a high-probability brain MRI (Bern score of
5–8, n¼ 17), a single CVF was identified definitively in 13/17
(76.5%) patients and equivocally in 2/17 (11.8%) patients.

Definitive CVFs occurred on the right in 25/38 (65.8%)
patients and on the left in 13/38 (34.2%) patients, with the most

FIG 1. Definitive CVF on PC-CTM involving both the IVVP and EVVP
in a patient meeting the ICHD-3 criteria for SIH. Axial MIP images
derived from 0.4-mm 40-keV slices demonstrate a left T6 CVF involv-
ing the paraspinal segmental vein (A and B, solid arrows) and extend-
ing into the hemiazygos system (B, dashed arrows). Sagittal and
coronal 40-keV images (C and D) obtained at a different time point
show additional involvement of the IVVP, with contrast extending
down to the level of T7 (C and D, arrows).
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frequent spinal level being T10 (n¼ 7, Online Supplemental Data).
Equivocal CVFs occurred on the right in 5/11 (46.0%) patients and
on the left in 6/11 (54.0%) patients. Regarding venous drainage in
the 49 patients with definitive or equivocal CVFs, 17/49 (34.7%)
CVFs involved the IVVP only, 28/49 (57.1%) CVFs involved the
EVVP only, and 4/49 (8.2%) involved both the IVVP and EVVP.
Among the 38 definitive CVFs, 13/38 (34.2%) CVFs involved the
IVVP only, 21/38 (55.3%) CVFs involved the EVVP only, and 4/38
(10.5%) involved both the IVVP and EVVP. Among the 38 defini-
tive CVFs, the imaging finding was initially on first scan in 20/38
(52.6%) patients, on the second scan in 5/38 (13.2%) patients, on
the fourth scan in 5/38 (13.2%) patients, on the fifth scan in 6/38
(15.8%) patients, and on the sixth scan in 2/38 (5.3%) patients.
Among the 11 equivocal CVFs, the imaging finding was seen ini-
tially on the first scan in 8/11 (72.7%) patients and on the fifth scan
in 3/11 (27.3%) patients. The mean radiation dose (dose-length
product) per scan for all included PC-CTMs was 340 mGy-cm.
The mean number of scans performed (accounting for both the
left and right sides) was 10.

With regard to myelographic studies before PC-CTM, 39/57
(68.4%) patients had a previous DSM. In all cases, this DSM was
deemed negative for CVF by both reviewers. On PC-CTM in these
patients, a single CVF was identified in 33/39 (84.6%) patients with
a negative DSM (Fig 3 and Online Supplemental Data). The CVF
was definitive in 22/39 (56.4%) patients and equivocal in 11/39
(28.2%) patients. The mean time interval between DSM and PC-
CTM was 57days, with 15 patients having undergone a nontar-
geted blood patch between the DSM and PC-CTM.

Eight of 57 (14.0%) patients had undergone a prior decubitus
dynamic EID CTM. In all cases, this EID CTM was deemed

negative for CVF by both reviewers. On
PC-CTM, a single definitive CVF was
identified in 8/8 (100%) patients (Figs 2
and 3 and Online Supplemental Data).
The mean time interval between EID
CTM and PC-CTM was 30 days, with 4
patients having undergone a nontar-
geted blood patch between the EID
CTM and PC-CTM.

Treatment
All 38 patients with definitive CVFs
localized on PC-CTM underwent trans-
venous Onyx (Medtronic) embolization
of the fistula. Among the 11 patients
with equivocal CVFs, 6 underwent
transvenous Onyx embolization and 5
underwent a targeted transforaminal
epidural blood patch. Review of post-
treatment images confirmed treatment
of the correct spinal level and side.

DISCUSSION
We describe the largest cohort to date
of patients with SIH having undergone
dynamic decubitus PC-CTM, allowing

several meaningful conclusions. PC-CTM identified a definitive
CVF in 66.7% of consecutive patients presenting with SIH in the
absence of an extradural CSF. When stratified by the pretest prob-
ability of finding a CSF leak on the basis of brain MR imaging
Bern score, PC-CTM identified a definitive CVF in 56.0%, 73.3%,
and 76.5% of patients with low, intermediate, and high probabil-
ities, respectively. PC-CTM was effective in detecting CVFs drain-
ing to the IVVP, EVVP, or a combination of both.

The high diagnostic yield of PC-CTM for detecting CVFs in
patients with intermediate and high pretest probability Bern
scores is consistent with that in previous studies on decubitus
DSM and CTM.6,8,9 The yield of PC-CTM in patients with low-
probability Bern scores is greater than that reported for other
modalities. For example, a prior study on decubitus DSM found
that no CVFs were detected in 9 patients with low-probability
Bern scores.6 Other studies have reported a yield of typically
under 20% in patients with low-probability Bern scores when
using DSM or EID CTM, though large studies on the yield of
EID CTM are lacking.4,14 Importantly, we do continue to con-
sider DSM and EID CTM to be excellent modalities for CVF
detection. While our findings are interesting, particularly regard-
ing the high yield in patients with low-probability Bern scores,
this is a retrospective study with some selection bias, and it does
not prove that PC-CTM is more sensitive than DSM or EID
CTM. Also, patients with transvenous Onyx embolization may,
in particular, be best served with DSM due to extensive streak
artifacts caused by Onyx on CT. Many complex factors must be
considered because different institutions determine the modal-
ities of choice for CVF detection. Still, our study does provide evi-
dence that PC-CTM has a high yield in patients with SIH and

FIG 2. Definitive left T10 CVF involving the ventral IVVP and basivertebral vein in a patient with
previously negative findings on decubitus dynamic EID CTM. Axial 40-keV 0.4-mm (A) and T3D
0.2-mm (B) images from PC-CTM, both at the same window/level setting, demonstrate contrast
opacification of the T10 basivertebral vein (A and B, arrows), which is most conspicuous on the
40-keV image but defined with better resolution on the T3D image. Axial 40-keV 0.4-mm (C) and
T3D 0.2-mm (D) images at the same window/level setting from an adjacent slice at an earlier time
point show additional involvement of the ventral IVVP (C and D, arrows). This subtle finding is
best seen on the 40-keV image. Neither finding was seen on retrospective review of the patient’s
dynamic EID CTM (E and F).
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low Bern scores, which is promising and worthy of further
investigation.

PC-CT has many advantages that make it beneficial for the
detection of CVFs.10,15 First, PC-CT has excellent temporal reso-
lution. In our protocol including 3–6 scans of the spine in each
decubitus position, the approximate duration of each scan is 3–
5 seconds for SR scans and 10–12 seconds for UHR scans
(depending on patient body habitus). The interval between scans
is approximately 5 seconds. This permits rapid sampling of multi-
ple time points while maintaining a scan speed that is conducive
to minimizing respiratory and other motion artifacts. Second,
PC-CT has higher spatial resolution compared with EID CT. The
minimum section thickness achieved with PC-CT varies between
0.2mm with the UHR mode and 0.4mm with the SR mode.
Thin-section imaging is invaluable for detecting contrast within
tiny veins, or even a thin column of contrast within a larger vein
(Online Supplemental Data). High spatial resolution also helps to
distinguish small internal epidural veins from the adjacent thecal

sac or veins adjacent to diverticula (Online Supplemental Data).
Our protocol included up to 2 UHR scans and 4 SR scans.
Although it would be optimal to perform all 6 scans in the UHR
mode, in our experience, this practice resulted in too much
reduction in temporal resolution.

Finally, PC-CT has inherent spectral imaging capabilities that
allow VMIs to be reconstructed without the need for dual-
energy/dual-source techniques. VMIs with a kiloelectron volt
closer to the K-edge of iodine have the benefit of increasing the
iodine signal, which has been shown to increase the conspicuity
of subtle CSF leaks, with the main trade-off being an impaired
SNR.16,17 We found that VMIs as low as 40 keV retained a visu-
ally acceptable SNR while maximizing the iodine signal.10

Although EID-based techniques such as dual-energy CT can also
produce low kiloelectron volt VMIs, dual energy scan modes usu-
ally require slower scan speeds compared with PC-CT. In our ex-
perience, it is the combination of high spatial resolution, high
temporal resolution, and VMIs that allows the detection of the
most subtle CVFs (Online Supplemental Data).

Radiation dose is an important concern for all types of my-
elography. In general, PC-CT has a lower radiation dose com-
pared with EID CT with similar or improved image quality.18 In
our study, the mean dose-length product per scan was 340 mGy-
cm, with the mean number of scans being 10. Thus, the dose is
certainly not trivial. However, we also found that at least 5 scans
were needed to identify the imaging finding in 7 cases of defini-
tive CVF and 3 cases of equivocal CVF, suggesting some added
value in multiple scans. In our practice, some proceduralists have
recently opted to split the contrast injection over multiple scans
and review images between scans so that the examination can be
stopped if a definitive CVF is identified. This procedure may be
an effective means to limit the radiation dose in the future.
Alternatively, if a patient has had a previously negative CTM per-
formed with an early scan (immediately after contrast injection),
subsequent CT examinations could, instead, start with a slightly
delayed scan of several minutes.

Our study has limitations. First and most important, it was
not possible to directly compare PC-CTM with other imaging
modalities. Although many patients in our study had previously
negative DSMs or EID CTMs and subsequently positive PC-
CTMs, there is selection bias in the retrospective study design.
Future prospective studies directly comparing PC-CTM, DSM,
and EID CTM with consistent examination techniques and close
timing between the examinations will be needed. Second, our
PC-CTMs were reviewed in consensus rather than independ-
ently, due to the complexity of the examinations and subtlety of
findings in some cases. Reviewers were also aware that they were
viewing a PC-CTM, which could introduce bias. Independent
review should be considered in future studies when possible.

Finally, our study did not assess treatment response. The
scope of this study was to evaluate the diagnostic performance of
PC-CTM for detecting CVFs, and future studies focusing on clin-
ical outcomes after treatment will be needed. This limitation is
particularly applicable to the equivocal CVFs in our study, in
which treatment response would be helpful to determine whether
the radiographic findings were clinically relevant. The efficacy of
Onyx embolization and other techniques for CVF treatment has

FIG 3. Definitive CVFs involving the IVVP in 2 separate patients, illus-
trating the complementary benefits of high-spatial-resolution and
low kiloelectron volt VMIs. Both patients had a Bern score of 1. The
first patient had no prior decubitus myelographic studies, while the
second patient initially underwent negative decubitus DSM and nega-
tive decubitus EID CTM (not shown). In the first patient (A and B), an
axial 0.2-mm T3D image (A) from PC-CTM demonstrates a left T6 CVF
involving the IVVP (A, solid arrow). The draining vein is clearly sepa-
rate from the thecal sac (A, dashed arrow), distinguishing it from a
direct epidural leak. Concurrent axial 40-keV VMI reconstructed at
the minimum allowed slice thickness of 0.4 mm with identical win-
dow/level settings demonstrates higher attenuation of the same
finding (B, arrow), but the lower spatial resolution less clearly distin-
guishes the vein from the thecal sac (B, dashed arrow). In the second
patient (C and D), axial (C) and coronal (D) 40-keV 0.4-mm VMIs from
PC-CTM demonstrate a left T10 CVF of the IVVP (C and D, arrows). In
this case, the 0.4-mm slice thickness was sufficient to distinguish the
vein from the thecal sac. In both patients, the venous contrast
washed away on subsequently obtained images (not shown).
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been demonstrated previously, and response to treatment could
help confirm radiographically indeterminate findings.19-21 As
more patients with indeterminate findings are found, future stud-
ies discussing treatment response in this patient population, as
well as defining better radiographic criteria for definitive versus
equivocal CVFs, will be helpful.

Despite its limitations, this is the first study to assess the diag-
nostic performance of PC-CTM for the detection of CVFs. PC-
CTM has a high diagnostic yield for CVF detection. Its potential
advantage over DSM and EID CTM warrants further investiga-
tion as PC-CT becomes more widely available.

CONCLUSIONS
We describe the first large cohort of consecutive patients with
SIH having undergone PC-CTM, showing that it has a high diag-
nostic yield for detection of CVFs. This study suggests that the
yield of PC-CTM compared with decubitus DSM and EID CTM
is at least as high for patients with intermediate and high Bern
scores and the yield may be higher in those with low Bern scores.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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