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ABSTRACT

BACKGROUND AND PURPOSE: Advancements in CT myelography (CTM) have improved visualization of CSF-venous fistulas (CVFs),
a frequent cause of spontaneous intracranial hypotension (SIH). However, the relative impact of the timing of image acquisition
and the contrast density in the subarachnoid space remain unclear. This study compared the effects of timing and contrast density
in the ipsilateral subarachnoid space and assessed the impact of other technical factors on CVF conspicuity using a validated instru-
ment to stratify diagnostic confidence.

MATERIALS AND METHODS: A retrospective review of International Classification of Headache Disorders, 3rd edition—confirmed
patients with SIH with CVFs was performed. Only fistulas classified as definite by the Duke CSF-Venous Fistula Confidence Score
(DCCS) were included. All available CTMs covering each index fistula site were reviewed, excluding examinations occurring after
surgery or embolization for a definite CVF. We assigned a DCCS to each acquisition and recorded contrast density in the subarach-
noid space ipsilateral to the known CVF and image acquisition time. Patient positioning and scanner type were also collected as
potential confounders. Ordinal logistic regression was used to assess associations with CVF conspicuity.

RESULTS: One hundred forty-four patients with 149 definite CVFs comprised the final cohort, from which 222 CTMs and 697 acquisi-
tions were assessed. Both increased contrast density and reduced acquisition time were associated with increased CVF conspicuity in
univariate analyses (P << .001). When adjusting for sex, scanner type, and patient positioning in the multivariate model, contrast density
and time remained significant predictors of conspicuity (P < .001). Density had a 4-fold greater impact on conspicuity than time, with
a 14.3% increase in likelihood of CVF detection per 100 Hounsfield unit (HU) increase in attenuation and an optimal target threshold at
836 HU.

CONCLUSIONS: Both contrast density and time influence conspicuity of CVFs on CTM; however, the greater relative impact of den-
sity suggests that myelogram technique should prioritize maximization of contrast density for optimal visualization of CVFs.
Positioning strategies to increase local contrast pooling may improve CVF detection more effectively than timing adjustments alone.

ABBREVIATIONS: CTM = CT myelography; CVF = CSF-venous fistula; DCCS = Duke CSF-Venous Fistula Confidence Score; DSM = digital subtraction
myelography; EID-CT = energy-integrating detector CT; HPVS = hyperdense paraspinal vein sign; HU = Hounsfield unit; ICHD-3 = International Classification of
Headache Disorders, 3rd edition; ISS = ipsilateral subarachnoid space; PCD-CT = photon-counting detector CT; SIH = spontaneous intracranial hypotension

SF-venous fistulas (CVFs) are a common cause of spontane-  volumes of contrast in a paraspinal vein. Over the past decade,

ous intracranial hypotension (SIH) that are identified using ~ multiple technical modifications have been proposed to increase

digital subtraction myelography (DSM) or CT myelography
(CTM)." Despite advancements in myelographic technique, iden-
tification of CVFs is often challenging due to their diminutive na-
ture and subtle imaging findings dependent on detecting small
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the diagnostic yield of CVFs on imaging including decubitus
patient positioning, respiratory phase of imaging, and use of high-
resolution modalities like photon-counting detector CT (PCD-CT)
and conebeam CT.>” Establishing the technical factors that
maximize CVF conspicuity on CTM is critical to refine diagnostic
protocols and facilitate early detection.
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SUMMARY

PREVIOUS LITERATURE: CSF-venous fistulas can only be visualized on myelography, though the relative contributions of image
acquisition timing and contrast density in the ISS to CVF conspicuity remain uncertain. Dynamic CTM protocols use rapid scan
acquisition to capture transient contrast passage, whereas more static approaches leverage patient positioning to maximize con-

trast pooling in the ISS adjacent to the CVF. In the only prior study comparing these variables, higher contrast density, but not
shorter acquisition times, correlated with improved CVF visualization in a small cohort of CTMs.

KEY FINDINGS: In 222 CTMs from 144 patients with spontaneous intracranial hypotension, both greater ISS density and shorter
acquisition times independently predicted increased CVF conspicuity. Density had a 4-fold greater effect than timing, with an

optimal density threshold at 850 Hounsfield units.

KNOWLEDGE ADVANCEMENT: Optimal CTM technique for CVF detection should prioritize maximal contrast accumulation at
the suspected level, which may have greater yield than solely relying on rapid dynamic imaging.

The relative importance of the timing of image acquisition
versus contrast density of the adjacent CSF space has been widely
debated in the literature and is reflected in current clinical prac-
tices. Some institutions use a dynamic protocol consisting of rapid
subsequent CTM acquisition immediately after contrast injection
to maximize temporal resolution.*” Others place greater emphasis
on patient positioning with more static contrast to obtain high
density contrast immediately adjacent to the CVF, supported by
evidence that lateral decubitus positioning enhances CVF detection
compared with prone CTM.>® One recent preliminary study of
patients with SIH undergoing CTM found that contrast density
of the adjacent intrathecal space was an independent predictor of
CVF conspicuity, whereas the timing of scan acquisition did not
affect conspicuity. However, the cohort was small, CVF classifica-
tion was subjective and performed by a single reader, and the mye-
lographic technique varied between examinations, limiting direct
comparison of these variables between imaging studies.”’

The purpose of this study was to determine whether increased
contrast density of the ipsilateral lateral subarachnoid space improves
the conspicuity of CVFs on CTM. The current study builds upon the
prior preliminary investigation by providing external validation
and addressing the aforementioned limitations through a much
larger patient cohort, the use of an established structured reporting
system for CVF confidence with multiple readers, and a uniform
CTM protocol. Additionally, we evaluated the effect of other tech-
nical factors including contrast injection timing, patient position-
ing, and scanner type on CVF conspicuity.

MATERIALS AND METHODS

This single-center retrospective cohort study included patients
with SIH who underwent CTM for the detection of a CSF leak
from October 2, 2017 to March 22, 2024. The study was Health
Insurance Portability and Accountability Act-compliant and was
approved by the local institutional review board. A waiver of
informed consent was granted.

Study Cohort

CTMs of consecutive patients with International Classification of
Headache Disorders, 3rd edition (ICHD-3)'°-confirmed SIH pre-
senting for CSF leak localization were identified by reviewing the
electronic medical record and scanner procedure logs. Patients
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were included if they underwent =1 CTM during the study pe-
riod with a definite CVF per the Duke CSF-Venous Fistula
Confidence Score (DCCS).'" To identify these patients, all CTMs
were reviewed by 2 board-certified radiologists with Certificates
of Added Qualification in neuroradiology and 13 and 16 years’
experience interpreting myelography in patients with SIH, respec-
tively, applying the DCCS as previously described. Attenuation of the
hyperdense paraspinal vein (HPVS) was measured by placing three
0.005 cm® ROIs on the densest region of venous contrast uptake, and
the highest Hounsfield unit (HU) measurement was recorded.
Disagreements were adjudicated by consensus. Exclusion criteria were
incomplete or nondiagnostic CTMs (eg, motion artifact, streak arti-
fact from orthopedic hardware, etc), prior Onyx (Medtronic)
embolization, causative CSF leak subtype other than CVF, and sus-
pected CVF not classified as definite per the DCCS. If patients
underwent more than 1 myelogram with a definite CVF, the most
recent study was used as the index examination. This established
the patient cohort and index myelograms with definite CVFs.

Myelogram Technique

As part of the standard STH work-up at our institution, decubitus
CTM is performed to identify a potential leak or CVE. All CTMs
were performed after 1 intrathecal injection of 10 mL iodinated
contrast (Isovue-M 300, Bracco Diagnostics) with the patient in
the lateral decubitus position. Both conventional energy-integrat-
ing detector CT (EID-CT) (Discovery 750 HD, GE Healthcare)
and PCD-CT (Naeotom Alpha, Siemens Healthineers) were used,
with the latter more routinely utilized after its installation in
August 2021. Lumbar puncture and contrast injection were per-
formed either under CT fluoroscopic or conventional fluoroscopic
guidance, after which patients were immediately transferred to the
CT scanner, maintaining the same lateral decubitus position.
Contrast pooling in the thoracic spine, where most CVFs are iden-
tified, was achieved through elevation of the patient’s hips and
head with foam wedges and pillows. Images of the total spine were
acquired in the right lateral decubitus, left lateral decubitus, and
prone positions during maximal inspiration. Full protocol details
have been published previously.® To capture a broader range of
contrast density values, we included a small subset of patients
scanned using an earlier protocol starting with prone imaging fol-
lowed by decubitus imaging, before recognition of the importance



Table 1: Case characteristics®

of the ipsilateral subarachnoid space

CTMs 222

Acquisitions 697

DCCS 0 1
Acquisitions 274 14
Vein (HU) 1.25 (30.4) 168 (140)
ISS (HU) 594 (598) 626 (363)
Time after injection (minutes) 28.5 (18.4) 22.7 (11.4)

(ISS) and mean time of image acquisi-
tion across groups.

. 3§ 27'2 Univariate ordinal logistic regression
170 (59.) 542 (339) models were constructed with ISS den-
868 (639) 1875 (1198) sity and time as independent predictors
25.2 (141) 204 (4) of DCCS. A multivariate ordinal logis-

*Values are means = SD in parentheses.

of primary decubitus positioning for optimizing CVF visualiza-
tion.” All acquisitions were reconstructed using the thinnest avail-
able slice thickness (EID: 0.625 mm Detail; PCD: 0.2 mm Br56).
Images were acquired at 120 kVp by using automated exposure
control (EID: Smart mA [GE Healthcare]; PCD: CARE Dose4D
[Siemens Healthineers]).

Image Assessment

For each patient with a definite CVF (ie, DCCS of 3), the elec-
tronic medical record and scanner procedure logs were reviewed
to identify other CTMs acquired to localize the known spinal
CSF leak while patients met ICHD-3 criteria for STH. All CTMs
acquired on dates before the index scan were included to com-
pare the effect of different variables on CVF visualization. CTMs
performed after the index examination were included unless the
patient underwent interval surgery or embolization for a definite
CVF, which could confound the identification of a residual CVE
or represent new CVFs rather than the index CVF. CTMs
acquired after epidural blood patching for a definite CVF were
included if the patient clinically failed treatment and still met
ICHD-3 criteria for SIH.

CTMs were then reviewed by a board-certified radiologist
with a Certificate of Added Qualification in neuroradiology and
13 years” experience interpreting myelography in patients with
SIH and categorized using the DCCS as negative, low probability,
high probability, or definite for a CVF at the level of the definite
CVF identified on the index examination. The contrast density of
the subarachnoid space ipsilateral to the known CVF was measured
using a standardized 0.05 cm® ROI (Supplemental Data). A
trained medical student performed these measurements after
completing a mentored set of cases with confirmatory measure-
ments obtained by the same radiologist performing DCCS cate-
gorizations. The time between contrast injection and image
acquisition was calculated from the timestamps of the intraproce-
dural fluoroscopic contrast injection images and each CTM ac-
quisition. Patient positioning during imaging acquisition (right
lateral decubitus, left lateral decubitus, prone) and the scanner
type (EID versus PCD) were recorded.

Statistical Analysis

Patient and case characteristics were reported using descriptive
statistics. The primary outcome was CVF conspicuity based on
DCCS, a 4-point ordinal scale (0-3), calculated from the HPVS
and the presence of secondary signs.'" Because the final data set
was assembled from a cohort of patients with at least 1 definite
CVF, we used the HPVS score as a secondary outcome to address
potential bias toward higher scores. Cases were stratified by score,
and ANOVA was performed to compare mean contrast density

tic regression model was developed to

predict conspicuity with ISS density
and time, adjusting for potential confounders including sex,
scanner type, and patient positioning (dichotomized to CVEF-
side dependent versus all other positions). To facilitate com-
parison across units of measurement, density and time were
standardized by z scoring. Pearson correlation coefficients
between time and ISS density were calculated to assess for
confounding.

The relationship between CVF conspicuity and technical fac-
tors was examined by using categorical data. DCCSs were tabu-
lated by scanner and patient positioning, both as full ordinal
distributions (0, 1, 2, 3) and dichotomized to definite versus non-
definite. Relative risk of definite CVF was calculated using 2 x 2
contingency tables for scanner (EID versus PCD) and positioning
(CVEF-side dependent versus all other positions).

Logistic regression evaluated whether ISS density could differ-
entiate definite from nondefinite CVFs. Receiver operating charac-
teristic curves were computed identifying optimal density thresholds
for definite cases. To characterize the relationship between contrast
density and conspicuity, we stratified cases into 50 HU bins by ISS
density and calculated the false-negative rate within each bin
(ie, proportion of false-negatives exceeding each density threshold).

Analyses were performed using R (Version 4.4.2). P values
<.05 were considered statistically significant.

RESULTS

Study Cohort

In total, 405 CTMs in 349 patients presenting for work-up of
possible STH during the study period were reviewed for eligi-
bility in the index cohort. Of these, 256 examinations were
excluded for the following reasons: 2 for nonstandard contrast
dose, 2 for absence of thin-slice reconstructions, 16 for in-
dwelling Onyx embolization at the level of the suspected CVF,
8 for causative CSF leak subtype other than CVF, and 228 for
nondefinite suspected CVF. The final cohort comprised 144
patients with 149 definite CVFs (5 patients had 2 definite
CVFs at distinct levels). Mean age at the date of the index scan
was 56.1 (SD, 11.1) years (range, 22.9-84.6). Sixty-one percent
(88/144) of patients were women (Supplemental Data).

A total of 222 CTMs with 697 acquisitions were assessed from
patients in this index cohort (Table 1, Fig 1). Stratifying by HPVS
score instead of DCCS score shifted 22 cases from the high-prob-
ability to the low-probability group; all other group counts were
unchanged (Supplemental Data). Analyses using HPVS score as
the outcome led to similar results and equivalent conclusions;
thus, only the results for DCCS score are reported. Timing data
were not available for 34 acquisitions (4.9%) due to missing fluo-
roscopy images.
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FIG 1. Flow chart of case cohort selection.
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FIG 2. Distributions of contrast density of the ISS and of scan acqui-
sition time after contrast injection. Each row represents scans per-
formed on a unique patient and index CVF. Each circle represents 1
CTM acquisition. Colors represent DCCS. Note that increased CVF con-
spicuity (higher DCCS) is observed at higher ISS density measurements.

Group-Wise Differences in Density and Time

Mean contrast density of the ISS was 594 (SD, 598) HU for nega-
tive cases, 626 (SD, 363) HU for low probability cases, 828 (SD,
639) HU for high probability cases, and 1875 (SD, 1198) HU for
definite cases (Fig 2). Definite cases were significantly higher in
mean ISS attenuation compared with all other groups (P < .001).
High probability cases were significantly higher in ISS attenua-
tion than negative cases (P = .02).
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FIG 3. Group-wise comparisons of time and contrast density of the
ISS, stratified by DCCS. Mean ISS density of definite CVFs was signifi-
cantly higher than all other score groups. Mean time was significantly
lower in definite CVFs compared with high probability and negative
CVFs. *P < .05; **P < .01; ***P < .001.

Mean time from contrast injection to image acquisition was
28.5 (SD, 18.4) minutes for negative cases, 22.7 (SD, 11.4) minutes
for low probability cases, 25.2 (SD, 14.1) minutes for high probability
cases, and 20.4 (SD, 11.4) minutes for definite cases (Fig 2).
Significant pair-wise differences in time were found between
the definite group and the negative and high probability groups
(P < .001; P = .02). ANOVA results for ISS density and time
are depicted in Fig 3.

Drivers of Conspicuity

Univariate ordinal logistic regression models demonstrated
that increased ISS density and reduced time to image acquisi-
tion were both highly significant independent predictors of
increased CVF conspicuity (P < .001). ISS density and time
were negligibly negatively correlated (r = —0.09 [95% CI,
—0.16 to —0.01]; P = .02), indicating that there was a not
unexpected weak correlation between reduced contrast density
on scans acquired at longer times after contrast injection. In
the multivariate model adjusting for sex, scanner type, and
patient positioning, both increased contrast density (OR =
1.001 [95% CI, 1.001-1.002]; P < .001) and reduced time (OR
= 0.98 [95% CI, 0.97-0.99]; P < .001) remained independently
associated with increased CVF conspicuity.

We found that for every 100 HU increase in attenuation of
the ISS, the likelihood of finding a CVF increased by 14.3%. For
every additional 5 minutes past the time of contrast injection, the
likelihood of finding a CVF decreased by 9.5%. Standardized
coefficients indicated that each standard deviation increase in
contrast density (equivalent to 1066 HU) was associated with a
316% increase in the odds of higher conspicuity (8 = 1.426, OR =
4.16 [95% CI, 2.97-5.99]). Each SD increase in time (equivalent to



15.4 minutes) was associated with a 29% decrease in the odds of
higher conspicuity (8 = -0.341, OR = 0.71 [95% CI, 0.59-0.85]).
These findings indicate that ISS contrast density is a stronger driver
of CVF conspicuity than timing of image acquisition.

Additionally, CVF-side down decubitus patient positioning
was significantly associated with increased CVF conspicuity in
the multivariate regression model (OR = 3.42 [95% CI, 0.23-
5.16]; P < .001). Similarly, contingency analysis showed that
cases were 4.7 times more likely to be definite if patients were
positioned CVF-side dependent (P < .001) (Table 2). A weaker
association between EID scanner type and increased CVF conspi-
cuity was also observed (OR = 1.79 [95% CI, 1.13-2.83]; P <
.015). In contingency analysis, PCD CT cases were 2% less likely
to be definite compared with EID CT cases; this difference was
not statistically significant (P = .9) (Supplemental Data). Full
regression results are reported in Table 3.

Density Relationships of the Draining Vein

Attenuation of the draining paraspinal vein was moderately posi-
tively associated with attenuation of the ISS (r = 0.69 [95% CI,
0.65-0.73]; P < .001) and weakly associated with time (r = —0.15
[95% CI, —0.23 to —0.08]; P < .001) (Fig 4).

Distinguishing Definite CVFs

Logistic regression identified an optimal threshold for distin-
guishing definite from nondefinite CVFs at 836 HU in the ISS.
Among acquisitions with ISS density above 836 HU, the observed
false-negative rate was 12%, decreasing to 8% above 1000 HU
(Fig 5).

DISCUSSION

In this study, which, to our knowledge, represents the largest
cohort of CVFs on CTM published to date, we found that both
increased contrast density and reduced scan acquisition time
predicted increased conspicuity of CVFs, even when other
scan parameters were accounted for using multivariate logistic
regression. The effects of density and time remained independ-
ent, with only a very weak correlation between variables. Every
100 HU increase in density of the ISS improved the likelihood
of detecting a CVF by 14.3%. Every additional 5 minutes in ac-
quisition time reduced the likelihood of detecting a CVF by

Table 2: Distribution of acquisitions by DCCS and patient positioning®

9.5%. Furthermore, the effect of density on conspicuity was
approximately 4 times greater than that of time, and CVFs
classified as definite by the DCCS were significantly higher in
ISS density than other cases. We found the optimal ISS density
threshold to distinguish definite CVFs was 836 HU.

Clinical practices for CVF diagnosis vary considerably across
institutions. Among the most used myelographic techniques,
2 dominant strategies have emerged: a static approach focused on
maximal accumulation of contrast obtained through optimizing
decubitus positioning, and another dynamic approach emphasiz-
ing rapid CT scan acquisition to capture the earliest moment of
contrast passage from the subarachnoid space into a paraspinal
vein. Both approaches have demonstrated comparable yields
for CVF detection,®'? though no studies to date have directly
compared these methods. The ideal myelographic protocol is
almost certainly multifactorial, as evidenced by our findings of
independently significant effects of both density and time.
However, our results suggest that contrast density is the pri-
mary driver of CVF conspicuity, and that density-focused
approaches may have greater utility than dynamic imaging to
enhance CVF visualization. Decubitus positioning was a strong
driver of conspicuity in our study, supporting the notion that
dense contrast pooling near the CVF site has a greater impact
than timing alone.

Our findings align with the recent investigation by Edelmuth
et al” demonstrating a strong positive relationship between con-
trast density and CVF conspicuity on CTM. However, the current
investigation provides external validation for this prior study at a
major SIH referral center, in a much larger patient cohort (405
CTMs versus 37 CTMs).” Furthermore, this previous investiga-
tion did not report an association between time and conspicuity.
Because we examined over 5 times more CTM acquisitions, our
study may have greater power to detect a timing effect. Additionally,
this previous study included conventional, dynamic, and static
decubitus CTM and protocols utilizing both 10 and 20 mL of
contrast. We sought to reduce heterogeneity in our sample by
only including examinations performed using a standardized
decubitus CTM protocol. Moreover, we used a structured, vali-
dated instrument with multiple readers to stratify CVF visibility,
whereas all prior studies have used subjective interpretations alone,
sometimes by a single radiologist.

We observed decreased CVF conspicuity at greater scan acqui-
sition times, a finding reported in prior
work using dynamic decubitus CTM

0 1 2 3 Total technique.” We did not include dynamic
Same side as CVF dependent 58(163)  4(l)  65(183) 229 (643) 356 or ultrafast acquisitions in our study, as
Opposite side as CVF dependent 134 (72) 4(22)  36(194) 12 (6.4) 186 they are not part of the standard CVF
Prone 82 (52.9) 6(3.9) 32 (20.6) 35 (22.6) 155 work-up at our institution. Therefore,

®Values are counts; percentages in parentheses indicate the proportion within each row.

our acquisition times are, at the earliest,

Table 3: Multivariate logistic regression models predicting CVF conspicuity

Coefficient Standardized Coefficient OR Standardized OR
Variable B (SE) B (95% CI) (95% CI) P Value
Density of the 1SS 0.001 (0.0001) 1426 1001 (1001-1.002) 416 (2.97-599)  <.001
Time after injection —0.022 (0.006) —0.341 0.98 (0.97-0.99) 0.71 (0.59-0.85) <.001
Sex (man) —0.026 (0.176) 0.97 (0.69-1.38) 88
Scanner type (EID) 0.576 (0.237) 179 (113-2.83) 02
Positioning (same side as CVF dependent) 1.234 (0.203) 3.42 (0.23-5.16) <.001

Note:— SE indicates standard error.

AJNR Am J Neuroradiol ®:@ @ 2026  www.ajnr.org 5



2500 -

_ . .
=

-

S . .

-§ 2000~ . ° . O

> . (]

B

£

= o . DCCS Score
& 1500- o

g . e 0
o

(=} e 1
£

c

-5 1000- o 2
=

© e 3
[}

£

S s500-

>

7]

(=

D

o

6 20.00 40'00 60'00 ll) 3'0 6.0 9‘0 1 éO
Density of the ISS (HU) Time after injection (min)
FIG 4. Plots of density of the draining paraspinal vein versus density of the ISS and time.
Increased density of the ISS was moderately associated with increased density of the draining
vein (r =0.69 [95% Cl, 0.65-0.73]; P < .001). Lower time to image acquisition was weakly associ-
ated with increased density of the draining vein (r = —0.15 [95% CI, —0.23 to —0.08]; P < .00]).

investigating the diagnostic yield of rapid
imaging acquisition using dynamic decu-
bitus CTM techniques versus the
static decubitus CTM techniques used
in this investigation are excellent
topics for future research. The effect
of complete versus incomplete con-
trast filling of nerve root sleeve diver-
ticula on CVF conspicuity is also an
important question.

This investigation found that CVFs
were more conspicuous on EID-CTM
compared with PCD-CTM, opposing
conventional wisdom that the higher
spatial resolution and greater contrast-
to-noise ratio of PCD-CT increases
CVE visibility. We suspect this counter-

50% -

40% -

30% -

20% =

10%-

Observed false negative rate for definite CVFs (%)

200 400 600 800 1000 1200 1400
Threshold density of the ISS(HU)

FIG 5. Observed false-negative rate for detection of definite CVFs
across increasing thresholds of 1SS contrast density. False-negative
rates were calculated descriptively by stratifying acquisitions into
50 HU bins based on ISS contrast density then computing the propor-
tion of false-negatives within each bin. The false-negative rate
decreases with increasing 1SS density, consistent with greater CVF
conspicuity at higher density values. The optimal cutoff identified by
logistic regression was 836 HU, corresponding to an observed false-
negative rate of 12%.

several minutes after contrast injection, which is considerably differ-
ent from the scale of seconds using the previously reported dynamic
technique.13 Thus, based on this study, no direct conclusions
can be drawn about the superiority or inferiority of dynamic
versus static decubitus myelography techniques. Nevertheless,
our concordant findings of a temporal decline in CVF conspi-
cuity may be explained by a mechanism hypothesized by
Callen et al” suggesting that intrathecal pressure is highest at
the moment of contrast injection and wanes over time, as the
effects of density were accounted for in our investigation.
Future work investigating the role of CSF pressure in CVF
conspicuity on myelography, including analysis of myelograms
utilizing intrathecal saline pressurization and/or pressure
monitoring, is warranted. Further, direct comparative studies
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intuitive finding is largely driven by
selection bias inherent to our institutional imaging workflow.
Specifically, access to PCD-CT imaging is limited, so all patients
are first scanned on an EID-CT scanner. Thus, CVFs that are
obviously definite and easily detectable on EID-CT do not get
imaging on PCD-CT, while only equivocal or nonvisualized cases
on EID-CT undergo follow-up PCD-CT scanning. This creates a
study cohort biased toward more conspicuous CVFs on EID-CT and
less conspicuous CVFs on PCD-CT. A secondary contributor may
be higher statistical power to detect associations among EID-CT
cases, which comprised a greater proportion (79.3%) of the cohort.

Maximal contrast density near the suspected CVF site on
CTM can be achieved in several ways. Positioning the patient
with the CVF-side dependent can enhance visibility, as we, and
others, have demonstrated.>*®'* In addition to decubitus posi-
tioning, techniques including elevation of the patient’s hips using
wedges or pillows may increase contrast pooling in the thoracic
spine, where most CVFs are located. In this study, we identified
an optimal threshold for definite CVF detection at approximately
850 HU in the ISS. While clinicians should aim to maximize con-
trast density adjacent to the CVF, achieving increasingly higher
values becomes more technically challenging and yields diminish-
ing returns. Based on these considerations and our clinical experi-
ence, we recommend targeting 850 HU for optimal visualization of
CVFs on CTM.

This study has several limitations. First, image assessment was
not blinded. We mitigated this by using objective imaging find-
ings incorporated in the DCCS to score CVF conspicuity, though
optimally 2 blinded readers would assess cases with subsequent
adjudication of disagreements. Second, cases were drawn from a
single quaternary SIH referral center, which may create bias to-
ward more difficult or complex cases. Third, missing timing data
for a small subset (4.9%) of scans could contribute to discrepan-
cies with prior research that did not find acquisition time signifi-
cantly contributing to conspicuity. Fourth, we did not assess
acquisitions using ultrafast or dynamic methods and cannot
remark on CVF characteristics at this timescale. Further research
at centers routinely utilizing these techniques for CVF localiza-
tion is needed. Our findings indicate that future investigations of
temporal changes in conspicuity must also control for density, as



their effects are independent. Finally, standardization of density
and time variables was used as a proxy to compare relative effect
sizes. This enhances interpretability of variables with different
native units (minutes and HU) by computing change in conspicuity
for 1 SD of change in each variable. SD as a unit of comparison
is dependent on the data set from which it is derived and may
not capture differences between samples (eg, from other cen-
ters). Our data set is large but may not be fully representative of
other practices.

CONCLUSIONS

In this large cohort study of CTMs for the detection of CVFs, we
used a validated method for assessing the presence or absence of
a CVF and found that both contrast density and time influenced
CVF conspicuity. Density had a greater impact on conspicuity
than time, with a 14.3% increase in detection likelihood per 100
HU increase in attenuation and a suggested target of 850 HU for
optimal visualization. Future studies directly comparing static
and dynamic CTM will help further delineate factors affecting
CVF conspicuity.

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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