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Summary: Percutaneous intraspinal navigation (PIN) is a
new minimally invasive approach to the CNS. The authors
studied the utility of MR-guided intracranial navigation
following access to the subarachnoid compartment via PIN.
The passive tracking technique was employed to visualize
devices during intracranial navigation. Under steady-state
free precession (SSFP) MR-guidance a microcatheter-mi-
croguidewire was successfully navigated to multiple brain
foci in two cadavers. SSFP MR fluoroscopy possesses ade-
quate contrast and temporal resolution to allow MR-
guided intracranial navigation.

Percutaneous intraspinal navigation (PIN) is a re-
cently reported technique for navigating devices
within the subarachnoid space. With the use of PIN
and x-ray fluoroscopic guidance, catheters have been
successfully navigated to the third and fourth ventri-
cles, anterior and middle fossae, convexities, and syl-
vian fissures (1). Intrathecal microcatheters are al-
ready used in the setting of subarachnoid hemorrhage
lavage (2). Steady-state free precession (SSFP) MR
fluoroscopy is an available means for monitoring the
navigation of catheters in the subarachnoid space,
providing adequate contrast and temporal resolu-
tion to facilitate real-time MR-guided intracranial
navigation.

Technique

Cadaver Study
Two unfixed cadavers were obtained through an institutional

willed-bodies program. PIN was performed under x-ray fluo-
roscopic guidance. The cadavers were placed in the prone
position, and the spinal subarachnoid space was accessed at
L2–3 in case 1 and at L2–3 and L3–4 in case 2. With the use of
a micropuncture set, a 6F sheath was placed over a wire into

the lumbar cistern. A low-pressure sodium chloride flush was
administered through the sheath to maintain distention of the
subarachnoid space. A 0.035-inch glidewire (Terumo Medical
Corporation, Somerset, NJ) was advanced through the sheath
and navigated cranially to the foramen magnum. A 5F guide
catheter (Medi-Tech, Boston Scientific, Watertown, MA) was
then advanced over the wire to the foramen magnum. In case
1, the guide catheter was positioned in the ventral spinal sub-
arachnoid space. In case 2, a guide catheter was positioned in
the ventral subarachnoid space, and a second guide catheter
was positioned in the dorsal spinal subarachnoid space. In both
cases, 3F nitinol braided microcatheters and 0.014-inch nitinol
microguidewires (Target Therapeutics, Boston Scientific, Fre-
mont, CA) were advanced through the guide catheters and
positioned at the foramen magnum. The subjects were then
transported to the MR suite for MR-guided intracranial navi-
gation.

An in-room monitor suspended from the ceiling was used
during intracranial navigation. This monitor reproduced the
monitor display in the control room, allowing for bedside
alterations in the sequence parameters and imaging plane.
MR-guided catheter navigation was carried out by GR and
PDP. Device visualization was done via the passive tracking
technique.

Sequence Optimization
Imaging was performed by using a 1.50-T system with 30-

mT/m gradient coils (Intera; Philips Medical Systems, Best,
The Netherlands). Optimization of an MR fluoroscopic se-
quence for brain imaging was undertaken by using human
volunteers. Preliminary experiments compared the following:
T2-weighted fast spin-echo (FSE) imaging, half-Fourier acqui-
sition single-shot turbo spin-echo (HASTE) imaging, diffusion-
weighted (DW) imaging, fast low-angle shot (FLASH) imaging,
and balanced fast field-echo (BFFE; Philips’ proprietary ver-
sion of SSFP) imaging. Factors considered in selecting a se-
quence were the CSF-to-brain contrast, the device-to-CSF con-
trast, the temporal resolution, and the magnetic susceptibility
artifacts at the skull base. In considering these factors, SSFP
imaging was selected. In human volunteers and phantoms, the
SSFP sequence was optimized for CSF-to-brain contrast, de-
vice-to-CSF contrast, and spatial temporal resolution. The
SSFP sequence was optimized as follows: TR/TE/, 5.2/2.5; ac-
quisition, 1; flip angle, 90°; matrix, 192 � 256; 75% image;
section thickness, 5 mm; and FOV, 23 cm with a reduced FOV
of 75%. With these parameters, an image was obtained every
552 milliseconds. A quadrature head coil was also used for
imaging.

Results
Experiments with human volunteers revealed

that SSFP imaging provided high CSF-to-brain con-
trast at ultra-fast imaging speeds. Preliminary ex-
periments showed that images of adequate quality
can be obtained in 250 milliseconds (Fig 1). SSFP
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fluoroscopy was resilient to degrading artifacts.
CSF pulsation artifacts and skull-base susceptibility
effects were negligible.

Adequate device-to-CSF contrast was present to
visualize catheters and guidewires in the intracranial
subarachnoid space. Device-induced magnetic sus-
ceptibility effects enhanced the visualization of a
0.014-inch nitinol microguidewire (Fig 2) without de-
grading artifacts. Temporal resolution was sufficient
to permit continuous device visualization during MR-
guided navigation. Additionally, CSF-to-brain con-
trast allowed adequate anatomic localization of intra-
cranial devices. In case 1, the medullary and pontine
cisterns were successfully navigated by using a ventral
intraspinal approach to arrive at the cerebellopontine
angle (Fig 3). In case 2, the microcatheter-micro-
guidewire was navigated through the prepontine cis-
tern and into the basal cisterns by using a ventral
intraspinal approach. With advancement of the mi-
crocatheter-microguidewire, the catheter was noted

to impact the left posterior clinoid process and was
withdrawn to remove the tension, the catheter was
redirected into the suprasellar cistern, and the micro-
catheter-microguidewire was advanced into the deep
left sylvian fissure (Fig 4). In case 2, access to the
cisterna magna was allowed via the dorsal intraspinal
approach.

Discussion
The passive tracking system was employed to visu-

alize devices in the MR environment. With the pas-
sive tracking technique, devices that are composed of
inert, highly organized materials resistant to radio-
frequency stimulation are visualized on the basis of
their lack of signal. Magnetic susceptibility artifacts
that are induced by the susceptibility differences be-
tween paramagnetic devices and diamagnetic tissues
further enhance device visualization. These magnetic
susceptibility differences result in local inhomogene-

FIG 1. SSFP image in human volunteer. The image was produced in 253 milliseconds (four frames per second), with the following
parameters: TR/TE, 4.4/2.2/90; flip angle, 192 � 256; section thickness, 10 mm; FOV, 200 mm; 80% reduced FOV; 60% image; and 50%
keyhole. Note the paucity of CSF pulsation artifact or magnetic susceptibility effects at the skull base.

FIG 2. A 3F catheter (curved arrow) and 0.014-inch guidewire (straight arrow) are in the pontine cistern. Note that magnetic
susceptibility artifact allows adequate visualization of the microguidewire.

FIG 3. The 3F microcatheter (arrow) traverses cerebellopontine angle.

FIG 4. The catheter-guidewire (curved arrows) is advanced through prepontine cistern; it impacts the posterior clinoid process (straight
arrows) and buckles in the pontine cistern. The catheter-guidewire is then redirected to suprasellar cistern and advanced to the left
sylvian fissure (arrowhead).
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ity in the magnetic field, which affects the relaxation
properties of nearby protons. The effect results in
intravoxel dephasing that leads to an artifactual signal
void. Importantly, devices must remain within the
prescribed imaging plane in order to be visualized. In
addition, device visualization is aided by the presence
of intermediate or high-signal-intensity adjacent tis-
sue and is thus sequence dependent.

In 1986 (3), Mueller et al introduced the concept of
using MR imaging for intraprocedural device guid-
ance, describing a novel method of MR imaging–
guided aspiration biopsy. These authors used a spin-
echo pulse sequence with a TR/TE of 50/30 to guide
needle aspiration of liver metastases. Subsequently,
FLASH imaging was applied to hepatic needle bi-
opsy, offering potential acquisition speeds of less than
1 second (4). Tissue contrast, however, was depen-
dent on time-consuming prepulses. Several authors
have subsequently reported the use of SSFP MR
fluoroscopically guided procedures in conjunction
with the passive tracking technique. Lewin et al (5)
reported their experience with percutaneous biopsy
and interstitial thermal ablation of abdominal tumors.
Wacker et al (6) studied the feasibility of aortic nav-
igation in a pig. The authors were able to select the
renal and splenic arteries by using the passive tracking
technique. Spuentrup et al (7) reported the successful
deployment of 10 of 11 stents in coronary arteries of
seven pigs. The coronary catheterizations were per-
formed during free breathing and without cardiac
triggering.

SSFP imaging was first described in 1986 as fast
imaging with steady-state precession (FISP) (8). The
original sequence was modified to overcome artifac-
tual banding across the FOV, at the cost of contrast
and temporal resolution. With improved shimming,
banding artifact was reduced, and interest in the orig-
inal SSFP sequence, eg, true FISP, reemerged (9, 10).

Today, SSFP sequences are known by a variety of
acronyms: true FISP, fast imaging employing steady-
state acquisition (FIESTA) and BFFE. In SSFP im-
aging, a steady state is reached when each subsequent
radio-frequency pulse contributes to both longitudi-
nal and transverse magnetization. Therefore, contrast
on SSFP images is based on T2/T1 (11). T2/T1 is high
for CSF and enhances its signal intensity. T2/T1 for
brain is substantially lower and allows for enhanced
CSF-to-brain contrast, which is “T2-like.” The CSF-
to-tissue contrast of SSFP imaging is recognized to
have potential in CNS imaging (12). Compared with
HASTE, SSFP provides improved image quality in
the prenatal evaluation of the fetal brain (13). Fast
imaging speeds and relatively high contrast-to-noise
ratios and signal-to-noise ratios (SNRs) have made
SSFP imaging useful in MR fluoroscopy. Cardiac MR
fluoroscopy applications using SSFP imaging have
shown that it provides improved image quality com-
pared with FSE and FLASH imaging (13, 14).

SSFP MR fluoroscopy can provide tissue contrast
and temporal resolution suitable for the selection of
discreet intracranial foci after the subarachnoid com-
partment is entered by means of PIN. In case 1, the
medullary and pontine cisterns were successfully nav-
igated by using a ventral intraspinal approach to ar-
rive at the cerebellopontine angle (Fig. 3).

The image quality achieved with SSFP MR fluoros-
copy may be beneficial in monitoring the relationship
between the devices and the adjacent structures. This
information then might be used to redirect those
devices away from critical brain structures. Navigating
in the pontomedullary cistern in case 1, contact was
made between the guide catheter and the vertebral
artery (Fig 5). The device was withdrawn and re-
manipulated to avoid contact with vascular structures.
The contrast in SSFP MR fluoroscopy can also be
exploited to avoid brain penetration. This contrast is
enhanced by the use of smaller flip angles, which
increase the device-to-brain contrast when the passive
tracking technique is used. The ability to visualize
cerebral structures while maintaining the temporal
resolution needed to navigate the devices intracrani-
ally is a notable advantage of this method compared
with x-ray fluoroscopy.

A notable advantage of accessing the intracranial
compartment with PIN is that this approach allows
the use of a conventional configuration 1.5-T or one
with a higher field strength magnet for imaging. The
operator stands at the level of the subject’s lumbar
cistern and advances the microcatheter-microguide-
wire cranially, toward the isocenter of the magnet.
The use of a closed-bore, high-field-strength magnet
results in an improved SNR and temporal resolution
compared with that of an open configuration magnet.
The relative advantage of using a 1.5-T or higher
system would thus be apparent during device manip-
ulation.

The artifacts seen with SSFP fluoroscopy were mi-
nor. In human volunteers, CSF pulsation artifacts and
skull-base susceptibility effects were negligible. De-
vice-induced magnetic susceptibility effects permitted

FIG 5. A 5F catheter (arrow) contacts the vertebral artery (ar-
rowhead).
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the visualization of a 0.014-inch nitinol microguide-
wire (Fig 2) without substantial degrading artifacts.
Magnetic susceptibility artifacts tend to be greater
with the use of gradient-echo–based sequences, such
as SSFP, and the use of high-strength external mag-
netic fields. Both of these factors were considerations
in this experiment. The use of nitinol, a nickel-tita-
nium nonferromagnetic alloy, in the microcatheter
braiding and microguidewire allowed for sufficient
artifact to enhance device visibility without reducing
image quality.

Although MR fluoroscopic frame rates of approx-
imately 20 frames per second are possible on modern
machines, such frame rates are excessive, and the
corresponding images often lack adequate contrast
and SNRs. Preliminary experiments with SSFP fluo-
roscopy in human volunteers revealed that images of
adequate quality can be obtained in 225 milliseconds
(Fig 1). The results of these preliminary experiments
indicate that temporal resolution is not currently a
limiting factor in SSFP MR fluoroscopy.

The clinical use of MR fluoroscopy awaits substan-
tial improvements. Rather than manually prescribing
an imaging plane to include the device, the position of
the device can be used to automatically define the
imaging plane (15, 16). This requires the use of active
device guidance. With active guidance, a device-
mounted coil receives signals from the adjacent tis-
sue. This signal is used to localize the device. Replac-
ing the current method for defining the imaging plane
will allow for simplified navigation, and the operator
can focus on manipulating the device. Active tracking
with automatic definition of the imaging plane would
also ensure that a predetermined point or segment of
the microcatheter-microguidewire lies within the im-
aging plane. This ability would not only aid navigation
but also improve safety.

Conclusion

SSFP MR fluoroscopy provides adequate contrast
and temporal resolution, and the images are resistant
to artifacts. SSFP image quality was sufficient to allow
for microcatheter and microguidewire manipulation
in the intracranial subarachnoid space by using the
passive tracking technique. Substantial improvements

are underway to extend the clinical utility of MR
imaging–guided intracranial navigation with PIN.
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