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ABSTRACT

SUMMARY: CE-MRC has been in use for the past 15 years and was reported to be a useful method in the evaluation of CSF disorders and
hydrocephalus. The use of CE-MRC in conjunction with other MR imaging techniques has been shown to be effective in selected cases for
the evaluation of several disorders of cerebrospinal system. CE-MRC has certain advantages over other cisternographic studies with fewer side
effects if performed properly. Although intrathecal Gd administration is not widely accepted yet, several recent studies have reported the
safety of small-dose intrathecal gadolinium injection. In this review, we describe CE-MRC and review recent applications in several clinical
conditions.

ABBREVIATIONS: AC = arachnoid cyst; AS = aqueductal stenosis; CE = contrast-material enhanced; CISS = constructive interference in steady state; CTC = CT
cisternography; CTM = CT myelography; ETV = endoscopic third ventriculostomy; Gd = gadolinium; Gd-DTPA = gadopentetate dimeglumine; IHS = intracranial
hypotension syndrome; ICP = intracranial pressure; MRC = MR cisternography; NCE = noncontrast-material enhanced; MRM = MR myelography; NPH = normal

pressure hydrocephalus; PC = phase-contrast; RC = radionuclide cisternography; STV = spontaneous third ventriculostomy

C isternography is defined as imaging of the cerebrospinal sys-
tem and associated structures after intrathecal administra-
tion of contrast material into the subarachnoid space.”* Cister-
nographic studies have been in use for at least 50 years for the
evaluation of abnormalities of the intracranial CSF-filled
spaces, cranium base, and vertebral column; however, it is called
“myelography” if it is dedicated to spinal canal investigation
only."? In this review, different imaging techniques performed
after intrathecal contrast agent administration will be called
“cisternography.”

The main limitations of RC are lack of cross-sectional images
and lower spatial resolution. CT has overcome these limitations;
however, both CTC and RC involve radiation exposure, which isa
more important factor to consider because cisternographic stud-
ies often require consecutive or multiple acquisitions.>™®

NCE-MRC derived from heavily 3D T2-weighted sequences
(such as fast imaging with steady state acquisition, CISS, or sam-
pling perfection with application optimized contrast using differ-
ent flip angle evolutions) has been developed to overcome the
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above-mentioned limitations of CTC and RC.>" This technique
can be helpful in investigating CSF leakage and the fluid dynamics
of the ventricular system.”'® High contrast-to-noise ratio, multi-
planar evaluation of volumetric data, and thin-section image ac-
quisition are the main advantages of NCE-MRC.'' Moreover,
it is noninvasive, and it does not require radiation exposure or
intrathecal contrast material administration.” Although NCE-
MRC has several advantages, it can only provide morphologic
information different from that in other cisternographic
studies.”'®

CE-MRC can provide both physiologic and morphologic in-
formation, unlike NCE-MRC.® CE-MRC is a less invasive tech-
nique compared with other cisternographic and ventriculo-
graphic (radionuclide or MR ventriculography) tests, and it
enables use of all the advantages of MR imaging.” CE-MRC can be
easily performed with other MR imaging examinations (such as
PC-MR imaging).

Intrathecal Gd injection is not approved by the FDA, though
its safety has been reported in several pilot studies in
Europe.>**?' Tolerance and dose limits of intrathecal Gd in-
jection were established in animal model studies, and different Gd
compounds (eg, gadodiamide, gadobenate dimeglumine, and
Gd-DTPA) were compared in different experimental animal pro-
tocols.”'*""” High-dose intraventricular Gd injection was re-
ported to result in behavioral and neurologic disturbances (focal
seizures, ataxia, latent tremor) with histopathologic changes (loss
of oligodendroglia, astrocytic hypertrophy, and eosinophilia); on
the other hand, it was concluded that these changes and distur-



FIG 1. An18-year-old man with posttraumatic recurrent meningitis. Coronal precontrast TIWI shows irregularity and heterogeneity of the left
cribriform plate (A). Early-phase postcontrast TIWI demonstrates passage of the contrast material from left cribriform plate through anterior
ethmoid cells (arrows in B-K). Presence of the left cribriform plate defect was confirmed at surgery.

bance did not occur if the total injected dose was<<15 mL (3.3
mmol/g)."*>°

The first clinical human study for intrathecal Gd injection in-
cluded 2 patients with meningeal carcinomatosis; this was fol-
lowed by other trials, which reported the safety of intrathecal
Gd.?! In these studies, no significant change was observed on
physical and neurologic examinations, electroencephalography,
and CSF findings of patients following CE-MRC with <1 mL of
intrathecal Gd injection.>®®!*12717-22-26 G4-DTPA has been re-
ported as the safest and most recommended intrathecal contrast
agent in human studies.>***' In our cohort of approximately
100 patients who had CE-MRC for at past 7 years in 2 different

centers, we have not encountered a major complication. Head-
ache was the most commonly encountered postprocedural minor
complication in our cohort.

TECHNIQUE OF CE-MRC

Before intrathecal Gd administration for CE-MRC, precontrast
3-plane T1-weighted and 3D heavily T2-weighted (NCE-MRC)
images are obtained. In patients with a leakage work-up, T1-
weighted images should be fat-suppressed; otherwise fat-suppres-
sion it is not mandatory. However, all precontrast and postcon-
trast images should be obtained with the same parameters.*
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FIG 2. A 42-year-old man with spontaneous intracranial hypotension
syndrome. Postcontrast early-phase sagittal (left) and coronal (right)
TIWI shows leakage of contrast material into the paraspinal space at
the thoracolumbar junction level (arrows). In this patient, epidural
blood patch was planned.

In our clinic, CE-MRC studies are performed with 2D (such as
TSE) or 3D (such as 3D-fast low angle shot or volumetric inter-
polated breath-hold sequence) T1-weighted sequences. Volumet-
ric data obtained from single-plane 3D sequences with isotropic
voxels by 3T MR imaging machines allow thin-section and mul-
tiplanar evaluation, which significantly reduces the examination
time."!

After acquisition of precontrast T1-weighted and T2-weighted
images, 0.5 mL (for adults) of Gd-DTPA is diluted 2-fold with
CSF and injected into the subarachnoid space through a 24- to
26-ga needle/1-mL syringe under proper sterile conditions.*>*°
CE-MRC can be used for children, but the optimal dose of Gd-
DTPA is unclear in the literature.'”> The
lower lumbar region (L4-L5) is usually
preferred for intrathecal administration;
whereas injection can be performed
through the lateral portions of the C1 or
C2 vertebral body.”'® Also, the reservoir
of a shunt system can be used for injec-
tion."? In centers with limited experience,
performing lumbar puncture under fluo-
roscopic guidance can reduce the inci-
dence of complications and side effects.

Acquisition time of postcontrast T1-
weighted images depends on the underly-
ing pathologies that are being investi-
gated. We
(within the first 6 hours) imaging for all

recommend early-phase
patients. Early-phase images are helpful
to see whether the contrast agent was suc-
cessfully administered into the subarach-
noid space and to evaluate spinal sub-
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arachnoid space and global CSF circulation. Postcontrast 1- to
2-hour imaging will be sufficient if spinal canal pathologies are
investigated.' ™’ Late-phase imaging is not mandatory for spinal
canal pathologies, but it is necessary for the evaluation of intra-
cranial CSF circulation.

Following CE-MRC, ideally all patients should be clinically
observed for 48 hours; however, the patient can be discharged
with a 2-day bed rest requirement if no symptom is experienced
during or after CE-MRC. In a few patients, headache can occur
secondary to dural puncture, and this usually resolves with bed

rest and analgesic medication.*'°

CLINICAL APPLICATIONS OF CE-MRC IN
NEUROIMAGING
Evaluation of Cranial CSF Leakage (Rhinorrhea-Otorrhea)
Thin-section CT images can usually be helpful in visualizing
the bony defects, but can be limited in patients with multiple
fractures or intermittent CSF leakage.* Additionally, the bony
defect can sometimes be congenital, and leakage can occur
from another location. The ability of CT to demonstrate the
leakage site depends on indirect findings such as fracture lines
within the cranium base, bony defects, mucosal abnormalities,
the presence of fluid within the paranasal sinus, pneumo-
cephalus, and meningoencephalocele.?®*° Thin-section CT
and multidetector row CT have sensitivity and specificity val-
ues of 84%-95% and 57%—-100%, respectively, for depiction of
leakage sites.**°

RC and CTC have a limited value for detection of the leakage
site.”®*® Moreover, routine use of CT alone or in conjunction
with CTC or RC increases the radiation exposure signifi-
cantly.***?° The sensitivity of RC for the diagnosis of a CSF fistula
is approximately 40%, whereas it varies between 40% and 81% for
CTC.%*° Both techniques are quite limited in detecting low-flow
fistula or hairlike communications.®

Leakage is characterized by a hyperintense tract between the
subarachnoid space and the sinonasal spaces on NCE-MRC.*?
Additionally, secondary parenchymal changes and associated en

FIG 3. A17-year-old boy with syncope history. Axial precontrast (A) and early-phase postcon-
trast (B) TIWI. Axial postcontrast TIWI shows opacification of the arachnoid cyst in the left
temporal fossa (B) consistent with a communicating type temporal arachnoid cyst.



FIG 4. A 34-year-old man with headache. Sagittal early-phase postcontrast TIWI reveals an arachnoid cyst at the septum pellicidum (A).
Early-phase postcontrast TIWI shows passage of the intrathecally administered contrast to the fourth ventricle (arrow) and basal cisterns,
whereas there is no contrast in the arachnoid cyst (A). Coronal (B) and axial (C) late-phase postcontrast images show passage of the contrast to
the lateral ventricles (arrow in B), but not to the arachnoid cyst. Imaging findings are consistent with a non-communicating arachnoid cyst.

cephalocele suggestive of CSF leakage can be seen on NCE-MRC.*
However, these findings are not specific; sinusitis-mastoiditis, vis-
cous secretions, and susceptibility artifacts secondary to the bone-
air interphase can result in increased false-positive diagnosis rates
(429%).622:30

On CE-MRG, visualization of hyperintense contrast leakage
on fat-suppressed T1-weighted images is sufficient for the diag-
nosis of CSF leakage or fistula (Fig 1).>”">° Postcontrast images
should be obtained in the second hour following intrathecal Gd
administration.* Additional postcontrast images should be ob-
tained if no contrast is present within the mid or anterior cranial
fossa. Valsalva maneuvers just before postcontrast image acquisi-
tion can be helpful in localizing the leakage site.

As a result, NCE-MRC can be chosen as a first-line imaging
technique because there is no ionizing radiation exposure or con-
trast medium administration, and this technique is noninvasive
and has a high soft-tissue contrast without artifacts from bony
elements. A CT scan can be added to the algorithm if the patient
has a positive trauma history. However, in more complicated sit-
uations such as in patients with positive results on a B2-transfer-
rin test but no visualized CSF leak or suspicious leak on NCE-
MRC images, CE-MRC should be performed.*

IHS-Spinal CSF Leakage

The main criterion for IHS diagnosis is demonstration of the CSF
leakage, and it is important for treatment planning.”" Hence, epi-
dural blood patch treatment can be more successful if applied to
the leakage location directly.

RC can directly demonstrate the leakage; however, lower soft-
tissue resolution and lack of cross-sectional images are among its
main disadvantages.”® Leakage of the radioisotope at the lumbar
puncture site can result in false-positive results.””****> CTC is
more accurate in leakage localization, but patients are exposed to
higher dose radiation (>10 mSv) because thin sections have to be
obtained from the skull base down to the sacrum.” The high viscosity
of CT contrast-media requires thicker needles (such as 20 ga) for
lumbar puncture, which can decrease the accuracy and increase post-

lumbar puncture—related complications such as iatrogenic dural de-
fect, false-positive results, and headache.®*1%2”

The NCE-MRM technique includes acquisition of thin-sec-
tion heavily T2-weighted images similar to those in NCE-MRC.
NCE-MRM is helpful in the detection of indirect findings such as
epidural-paravertebral fluid and meningeal diverticula, which are
strongly suggestive of a CSF leakage diagnosis. However, it may be
inadequate to demonstrate a minimal but active CSF leakage.>”
Moreover, a venous structure in the paravertebral region can
mimic a CSF leakage, and proper interpretation of NCE-MRM
requires experience.

CE-MRC (also called CE-MR myelography) is the most accu-
rate test for visualization of a CSF fistula in patients with THS. The
reported sensitivity of CE-MRC in IHS is approximately 89%,
which is better than that of CTM (67%), RC (55%), NCE-MRM
(86%), and spinal MR imaging (50%).>*”>**> On postcontrast CE-
MRC images, the presence of leakage of the intrathecally admin-
istered Gd from the subarachnoid space to the epidural and/or
paravertebral space is the most sensitive and direct finding of CSF
leakage (Fig 2).*”

Postcontrast CE-MRC images should be obtained in the early
phase (within first 2 hours).”” Uniform contrast-material enhance-
ment of the CSF can be achieved before imaging if the patient is asked
to turn around a few times without standing or sitting up. Finally,
imaging protocol of patients with ITHS should include initial NCE-
MRM and T1-weighted (precontrast CE-MRC) series, and CE-MRC
should be added to the protocol if a diagnosis cannot be reached or if
indeterminate findings are present.

Evaluation of AC Communication

Determining the connection of ACs between CSF-containing spaces
and their characterization is potentially important in surgical plan-
ning of symptomatic patients.'* Although conventional MR imaging
sequences can provide sufficient information about cyst morphol-
ogy, they are unable to demonstrate the connection of ACs with ad-
jacent CSF spaces (Fig 4).>**> CTC and RC can help to evaluate
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FIG 5. A 20-year-old man with headache. Sagittal 3D-CISS (A) and precontrast TIWI (B) shows hydrocephalus. Sagittal 3D-CISS image demon-
strates a linear hypointense band at the cerebral aqueduct (arrow in A). The inferior wall of the third ventricle cannot be depicted clearly on
3D-CISS image (A). Early-phase postcontrast sagittal and coronal TIWI shows passage of the intrathecally administered contrast to the fourth
ventricle, but not to the third ventricle (arrows) (C, D). Imaging findings are consistent with aqueductal stenosis and hydrocephalus secondary
to a web. A 12-hour post injection axial sequential TIWI showed no relation between the basal cisterns and the third ventricle (E-G). The intact
third ventricular floor implies absence of a STV, and tells us ETV or shunt procedures are necessary.

connections between ACs and subarachnoid spaces; however, they
have certain disadvantages as mentioned above.”®

PC-MR imaging is a commonly used technique for the evalu-
ation of AC and CSF connections.”**> PC-MR imaging can dem-
onstrate the presence of communications in ACs located at rela-
tively stagnant or extraventricular regions such as the temporal
fossa or convexity level; however, it is limited in locations with com-
plex flow such as the intraventricular space or suprasellar cistern and
can lead to false-positive results.”® 3D heavily T2-weighted sequences
such as 3D-CISS can be helpful in determining cyst morphology and
adjacent CSF-containing spaces; however, they do not provide suffi-
cient information about communications.>®

CTC and CE-MRC are accepted as criterion standard imaging
techniques for the investigation of a communication between the
AC and adjacent CSF spaces.”**> CE-MRC is a more advanta-
geous technique for this purpose compared with CTC."**> On
postcontrast CE-MRC images, the presence of contrast material
within an AC is diagnostic (Fig 3). An AC is considered a non-
communicating type if there is no signal-intensity change be-
tween precontrast and postcontrast images (Fig 4).%°

Contrast-material enhancement can occur at early or late
phases of imaging in communicating ACs."* Regardless of the size
of the AC, the contrast-enhancement pattern can affect the surgi-
cal planning.’® Therefore, early- and late-phase postcontrast T1-
weighted images should be obtained in all patients with a differ-
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ential diagnosis of AC, and these images should be evaluated
together.

Aqueductal Stenosis

Routine MR imaging sequences are usually limited in depicting
the etiology of hydrocephalus and demonstrating the presence of
AS (Fig 5).”” The basic criteria for diagnosis of AS in routine
sequences are triventricular dilatation with a comparatively small
fourth ventricle, narrowing of the aqueduct, and expansion of
third ventricle borders and recess.”>® However, most of these cri-
teria are subjective; therefore, more effective techniques are
needed.”® Additionally, MR imaging plays a critical role in treat-
ment planning of patients with AS, specifically for selection of the
appropriate surgical procedure (such as ventriculoperitoneal
shunt, ETV, or endoscopic aqueductoplasty).”>”>*

PC-MR imaging can provide physiologic information about
CSF circulation but can lead to false results in the presence of
complex flow or adjacent vascular pulsations.” Additionally, PC-
MRI cannot provide morphologic data, and several technical fac-
tors (eg, inappropriate velocity-encoding value or wrong section
position) can result in inadequate findings.”'**® 3D-CISS and
similar sequences have superior anatomic detail with higher spa-
tial resolution; however, they cannot provide physiologic infor-
mation about aqueductal flow.”*°
There is no single accepted criterion standard MR imaging



FIG 6. A 6-year-old boy with headache and syncope. Sagittal T2WI (A) and precontrast TIWI (B) show enlargement of the third and fourth
ventricles with flattening of the corpus callosum. Sagittal PC-MR image demonstrates the black-coded flow at anterior fourth ventricle (C).
Early-phase postcontrast TIWI clearly shows a non-communicating type cystic lesion leading to fourth ventricle enlargement (D-F).

protocol for the evaluation of patients with AS.” Ventriculo-
graphic studies are accepted as criterion standard techniques for
the diagnosis of AS; however, their invasive nature with severe
complication risk precludes their routine clinical use.” RC and
CTC, which are less invasive techniques, have been in use for
diagnosis of AS, but their previously mentioned disadvantages are
the main drawbacks; hence, CE-MRC is regarded as a better alter-
native for AS diagnosis work-up. CE-MRC is reported to prevent
false results occurring in PC-MR imaging and 3D-CISS se-
quences.” CE-MRC should be performed for AS diagnosis in cases
in which PC-MR imaging shows partial obstruction or suspected
flow and 3D-CISS displays a narrowed aqueduct.’

Obstruction of the Fourth Ventricular Outlet

Pathologic entities such as tumors, cysts, or infections leading to
obstruction or stenosis of the fourth ventricular outlet can also
result in hydrocephalus or fourth ventricle enlargement.***” The
most common etiology for such obstructions is posterior fossa
neoplasms in the pediatric age group, whereas it is membranous-
fibrous adhesions in adults.’”*® CE-MRC can be useful in the
diagnosis and treatment planning if other noninvasive tests are
limited (Fig 6).

Evaluation of Spontaneous/Endoscopic Third
Ventriculostomy

STV is the rupture of the ventricular wall developing secondary
to increased pressure of the ventricular system, usually as a

result of obstructive hydrocephalus.*' As a result of STV, a
direct communication between the ventricular system and
subarachnoid space occurs.*"**> Forming a similar communi-
cation via endoscopic surgery is called “ETV.”*? The presence
of an STV should be investigated before an ETV procedure
because ETV is unnecessary in patients with STV.'® As a
result, depiction of an STV is very important for treatment
planning.

Ventriculographic studies are criterion standard techniques
for evaluation of STV and ETV.'° However, their use is limited
due to their invasiveness and severe complication risks, such as
infection, increase in ICP (iatrogenic hypertension), brain injury,
and intracranial hemorrhage; their use is limited in routine clin-
ical practice.>'%'>?!

PC-MR imaging is the most commonly used technique in the
investigation of the patency of ETV or the presence of STV.*»*
Detection of flow between the third ventricle and suprasellar cis-
tern during both systole and diastole suggests the presence of an
STV or ETV.** The most important limitation of PC-MR imaging
for ETV and STV evaluation is the false-positive results secondary
to pulsation of the vascular structures adjacent to the third ven-
tricle wall.'®*>

3D-CISS can provide useful morphologic information about
third ventricle walls.*>**> However, in some patients, third ventri-
cle wall evaluation can be limited if the walls are thin and close to
adjacent structures as a result of increased ventricle pressure.'’
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FIG 7. Positive CE-MRC examination of a 67-year-old woman with definite NPH. Axial (A) and coronal (D) precontrast TIWI shows ventriculo-
megaly and effacement of the cisterns at convexity level. After intrathecal Gd-DTPA injection, the contrast material persisted in the lateral
ventricles at 24 (B, E) and 48 (C, ) hours.

Such a complex anatomy can prevent optimal imaging of the third
ventricle walls and the prepontine cistern (Fig 5).'**>

CE-MRC can be performed in patients who demonstrate sus-
pected STV findings on PC-MR imaging and 3D-CISS se-
quences.'>*® CE-MRC may prevent false-positive results of
PC-MR imaging and the 3D-CISS sequence.*” In patients with
negative results on both PC-MR imaging and 3D-CISS sequences,
CE-MRC may be unnecessary. "’

Normal Pressure Hydrocephalus
NPH is a potentially treatable cause of dementia, and its accurate
diagnosis is critical for treatment planning.**™** Unfortunately,
there is no single noninvasive gold standard test for the diagnosis
of NPH.**** PC-MR imaging is a commonly used test in clinical
practice.”® However, PC-MR imaging cannot always be conclu-
sive for diagnosis and treatment planning.*®

The persistence of intrathecally administered Gd within the
lateral ventricles for 24 hours and even longer is a positive sign for
the diagnosis of NPH (Fig 7).*® Additionally, it was reported that
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patients with deficient ventricular clearance and with intra-
ventricular Gd retention benefited more from CSF-diversion
treatment.*® CE-MRC can be used in conjunction with routine
MR imaging sequences and PC-MR imaging in diagnosis and
treatment-response assessment of NPH.*®*® Further large-
scale studies are needed to demonstrate the efficacy of CE-
MRC in NPH.

CONCLUSIONS

CE-MRC is a valuable MR imaging technique in the evaluation of
hydrocephalus, CSF diversions, CSF leakages, central nervous sys-
tem diseases (eg, tumors adjacent to CSF cavities), and abnormal
CSF collections (eg, ACs). This technique can also allow evolution
of CSF flow dynamics with the advantages of superior soft-tissue
resolution, multiplanar imaging capability, and the absence of
radiation exposure over CTC and RC. CE-MRC can be easily
combined with other MR imaging techniques (such as PC-MR
imaging and NCE-MRC).
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