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BRIEF/TECHNICAL REPORT
SPINE

Respiratory Phase Affects the Conspicuity of CSF–Venous
Fistulas in Spontaneous Intracranial Hypotension

T.J. Amrhein, L. Gray, M.D. Malinzak, and P.G. Kranz

ABSTRACT

SUMMARY: Spinal CSF–venous fistulas are a cause of spontaneous intracranial hypotension that can be difficult to detect on imag-
ing. We describe how the respiratory phase affects the visibility of CSF–venous fistulas during myelography.

ABBREVIATIONS: CTM ¼ CT myelography; CVF ¼ CSF–venous fistula; SIH ¼ spontaneous intracranial hypotension

Spontaneous intracranial hypotension (SIH) is a debilitating
condition caused by spinal CSF leaks and CSF–venous fistulas

(CVFs).1 The localization of these spinal causes of SIH is critical
for successful treatment.2,3 CVFs are particularly difficult to iden-
tify on traditional myelographic imaging.1,4 Technical modifica-
tions to the myelography technique such as decubitus imaging
during dynamic myelography, digital subtraction myelography,
and CT myelography (CTM) have been shown to improve the
conspicuity of CVFs, which are often subtle.5 However, addi-
tional methods for maximizing CVF identification remain desira-
ble. We have observed that the ability to visualize CVFs varies
with different phases of respiration, suggesting that attention to
the respiratory phase of imaging may improve their detection in
some patients.

MATERIALS AND METHODS
Subjects
This was a retrospective case series of 5 patients with SIH treated at
a single major referral institution from January 2018 to February
2020. All patients met the International Classification of Headache
Disorders-3 criteria for SIH and had preprocedural contrast-
enhanced brain MR imaging that was positive for SIH.6,7 Patients
were included when the conspicuity of a spinal CVF was affected
by the respiratory phase during image acquisition. In all cases, an
initial prone CTM demonstrated findings suggestive of a spinal
CVF, necessitating further myelography in the ipsilateral decubitus
position. This study was Health Insurance Portability and

Accountability Act–compliant and was approved by the institu-
tional internal review board with a waiver of informed consent.

Myelogram Technique
Decubitus myelography was performed in all cases due to subtle
findings suggestive of a spinal CVF on a prior prone CTM.
Decubitus myelograms were obtained as previously described
using 10mL of iopamidol containing 300mg/mL of iodine
(Isovue-M 300; Bracco).5 Dynamic myelograms were all obtained
on the same C-arm fluoroscopy unit equipped with a tilting table
(MultiDiagnost Eleva; Philips Healthcare). Digital subtraction
was not used. CTMs were all performed on a single 64–detec-
tor row CT scanner (Discovery 750HD; GE Healthcare) with
the following parameters: helical scan mode, rotation time ¼
0.8 seconds, pitch ¼ 0.969, tube voltage ¼ 120 kV (peak),
automated exposure control, tube current ¼ 300–800mA,
noise index ¼ 19.5, section thickness ¼ 2.5mm, interval ¼
2.5 mm, reconstruction thickness ¼ 0.625mm. Imaging was
focused over the nerve root associated with the suspected
CVF to limit the radiation dose. In 4 of the 5 patients, both a
dynamic myelogram and a CTM in the decubitus position
were obtained. In the other patient, only a decubitus CTM
was performed. Images were obtained during breath-hold for
all cases at various phases of the respiratory cycle (eg, neutral,
full inspiration, and full expiration).

RESULTS
Subjects
The mean patient age was 60 years (range, 44–68 years), and 40%
were women. All patients in this series coincidentally had under-
gone 2 CTMs before images were acquired with attention to the
phase of the respiratory cycle. In all patients, 1 of the 2 prior
CTMs had negative findings, and the other demonstrated a subtle
finding suspicious for a CVF, which formed the basis for the
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decision to acquire the images depicted in this report. CVFs all
originated from nerve root sleeves, consistent with previous
reports, and were identified on the right at T9 and on the left at
C8, T2, T8, and T10.8

Myelogram Findings
Images were acquired with breath-hold during various phases of
the respiratory cycle, with the patient in the lateral decubitus

position. Inspiratory imaging was compared with additional
phases of respiration including expiration (n¼ 3), neutral breath
hold (n¼ 1), and Valsalva (n¼ 1). In all 5 patients, the CVF was
more conspicuous during the inspiratory phase (Figs 1–5).

DISCUSSION
We found that the conspicuity of some CVFs varied during dif-
ferent phases of the respiratory cycle and that in all cases, they
were most conspicuous during inspiration. This finding suggests
that for patients with SIH, myelography performed during maxi-
mum inspiration may aid in the detection of CVFs, thereby
improving the overall diagnostic yield.

It is well-known that venous return is highly dependent on
the respiratory phase.9 Inspiration results in descent of the
diaphragm causing negative intrathoracic pressure as well as
increased intraabdominal pressure. This result creates a pres-
sure gradient driving blood from the inferior vena cava to the
right atrium, increasing venous return to the heart.10 This
blood flow also results in decreased intravascular pressure
within the inferior vena cava, which would produce a gradi-
ent of pressure between the higher pressure CSF and the
lower pressure epidural venous plexus and paraspinal veins.

FIG 1. Maximum-intensity-projection CT myelograms of a right T9
nerve root sleeve CSF–venous fistula. A, Image acquisition during in-
spiration. Marked increased conspicuity of the CSF–venous fistula
and hyperdense paraspinal vein (arrows). B, Image during expiration.
The CSF–venous fistula is no longer visible.

FIG 2. Spot-magnified radiographs of a left T2 nerve root sleeve
CSF–venous fistula during an ipsilateral decubitus dynamic myelo-
gram. A, Image acquired during inspiration demonstrates well the
contrast-opacified CSF–venous fistula (arrows). B, Image during a
Valsalva maneuver results in considerably reduced visualization of the
CSF–venous fistula.

FIG 3. Parasagittal maximum-intensity-projection CT myelograms
through the neuroforamen of a left T10 CSF–venous fistula. A, Image
acquired during inspiration clearly captures contrast within the CSF–ve-
nous fistula (arrowhead). B, Image acquired during expiration. Note the
markedly reduced conspicuity of the CSF–venous fistula (arrowhead).

FIG 4. Spot-magnified radiographs of a left C8 CSF–venous fistula
during an ipsilateral decubitus dynamic myelogram. A, Image acquired
during inspiration demonstrates increased visibility and extent of the
CSF–venous fistula (arrows). B, Image acquired during expiration leads
to reduced visibility and extent of the CSF–venous fistula.

FIG 5. Spot-magnified radiographs of a left T8 CSF–venous fistula
during an ipsilateral decubitus dynamic myelogram. A, Image acquired
during inspiration demonstrates contrast opacification of the CSF–ve-
nous fistula extending out over the transverse process (arrows). B,
Image acquired during quiet breath-hold during the mid-respiratory
cycle. The CSF–venous fistula is no longer visible over the transverse
process.
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In the setting of a CVF, we hypothesize that this gradient
would result in rapid unregulated egress of CSF back into the cir-
culatory system, with resultant increased conspicuity on myelogra-
phy.11 Conversely, during a Valsalva maneuver, the intrathoracic
and inferior vena cava pressure considerably increases. This increase
markedly reduces venous return and also eliminates the aforemen-
tioned pressure gradient between the CSF and the infradiaphrag-
matic venous system, which we hypothesize would reduce flow
through a CVF.12

Our findings suggest that in cases in which a CVF is sus-
pected, the diagnostic yield of spinal imaging may increase if
it is performed during inspiration. In our practice, we now
routinely perform our initial image acquisitions in this man-
ner. This modification to the myelography technique is
broadly applicable across modalities and can be used even in
centers without the resources and equipment necessary to
perform digital subtraction myelography.

This investigation is limited by the small number of cases
reported and by its retrospective nature, which introduces
the potential for selection bias. Furthermore, in our practice,
some patients with CVF have not demonstrated changes in
imaging conspicuity that are dependent on the phase of respi-
ration. The proportion of patients with CVFs that are affected
by differences in respiration remains unknown. Effort to
answer this question as well as to determine the factors
predictive of CVFs that exhibit imaging changes dependent
on respiration is a logical direction for future research.
Additionally, there may be other unknown factors related to
respiration that result in changes to CVF conspicuity. For
example, it is possible that there is a threshold at which sub-
stantially increased rates of venous return to the heart would
result in rapid washout of contrast from a CVF, paradoxically
reducing its conspicuity during inspiration.

CONCLUSIONS
The conspicuity of CVFs is improved during inspiration in
some cases. Further investigation into the improved

diagnostic performance of myelography performed during
inspiration is warranted.

Disclosures: Linda Gray—UNRELATED: Board Membership: Spinal CSF Leak
Foundation.
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