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MR-Directed Brain Biopsy: Feasibility Study

Alexander C. Mamourian,' Randall E. Rhodes, John J. Duda, Javad Towfighi, William S. White, Robert B. Page,

David E. Cunningham, Ralph A. Lehman

MR imaging can provide cross-sectional images in multiple
imaging planes with equal resolution and improve localization
of abnormal tissue over that afforded by CT [1, 2]. MR-
directed biopsy of the body has already been safely performed
[3]; however, MR-directed biopsy of the brain is potentially
more difficult and risky because of the problems involved in
identifying possible intracranial hemorrhage [4] that may ac-
company the biopsy.

Blood within vessels enhances after the administration of
gadolinium-DTPA (Gd-DTPA), an IV MR contrast agent [5,
6]. We wondered whether fresh intracranial hemorrhage
would enhance as well. In this paper we present our results
in seven dogs after brain biopsy and injection of contrast
material. Needle artifact was evaluated by using a brain
phantom, which was also used to develop a surface localiza-
tion technique suitable for MR imaging.

Materials and Methods

We anticipated that problems might arise with conventional brain
biopsy instruments because of the strong magnetic field used for MR
imaging. The Feild-Lee brain biopsy needle (Fig. 1) was selected
because it is commonly used for CT biopsy at our institution and its
design seemed to lend itself well to MR biopsy. The outer cylinder is
302-grade stainless steel while the inner cylinder and stylet are 304-
grade stainless. These needle components were tested for their
ferromagnetic properties by suspending them from a thread in the
bore of a research 1.9-T Oxford spectroscopy magnet [7]. Deflection
from vertical was measured and force calculated.” Imaging artifact
was evaluated on a 0.15-T resistive magnet usinga 7 X 16 X 11 cm
brain phantom made from a hydrocarbon gel.! A 4-cm piece of
styrofoam was imbedded in the gel to provide a target for biopsy.

Propylene glycol-filled tygon tubing was used to provide a surface
marker for biopsy. These appear as high signal on T1- and T2-
weighted MR images. The phantom was scanned in two orthogonal
planes and a marker tube was taped to the phantom at the approxi-
mate level determined from the slice position where the lesion was
best seen. Scans were then repeated to verify placement, and
corrections were made. These two tubes would then describe the
entry point for the needle, and depth could be measured directly from

the MR images.

To assess our ability to image intracranial hemorrhage, seven dogs
were anesthetized with pentobarbital and we performed brain biop-
sies via parietal burr holes. Bilateral biopsies were performed to
minimize the number of animals needed for a reasonable number of
samples. The first two animals were studied on the 0.15-T resistive
unit. A prebiopsy coronal MR image, 500/30 (TR/TE), was obtained.
This T1-weighted technique was selected to optimize contrast [8].
After biopsy, but before contrast injection, the scan was repeated.
Gd-DTPA*at 0.1 mmol/kg was then injected and the scan repeated.
A second biopsy was performed in the opposite hemisphere; contrast
was again injected, followed by another scan. The next five dogs
were studied on a Siemens 0.5-T superconducting system and the
same technique was used except that contrast was injected only
once at a dosage of 0.2 mmol/kg in four animals and 0.1 mmol/kg in
the fifth. Postbiopsy contrast-enhanced scans were evaluated for any
regions of abnormally high signal and were then compared with the
precontrast study. All animals received a lethal pentobarbital injection
at the conclusion of imaging and an autopsy was performed. Brains
were excised and fixed in formalin. The findings at brain sectioning
were correlated with the MR findings.

Results

We did not find that postbiopsy hemorrhage was apparent
on the unenhanced scans. In the first two animals, five of
eight hemorrhages found at autopsy were missed on the
contrast-enhanced MR scans. In the next four animals, in
which we used a higher dosage of contrast (0.2 mmol/kg)
and the 0.5-T system, only four of 25 hemorrhages were
missed (Fig. 2). Two of these were within the ventricular
system, and one was an extremely fine hemorrhage within
the needle tract. The largest and probably most significant
hemorrhage missed was a moderate (3 X 10 X 20 mm)
subdural in the fourth animal. In the last animal, in which
contrast was again administered at the lower dosage, four or
five hemorrhages were missed.

We found that the stylet of the Feild-Lee biopsy was
strongly deflected in the magnet. The deflection measured
86° and the calculated force was 38,257 dynes®. The two
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metal cylinders had no deflection in the magnet. The stylet
produced a large artifact in the brain phantom, presumably
because of its ferromagnetic properties. The metal cylinders
also produced a significant artifact. In our evaluation of needle
localization we found that air within the bore of the outer
plastic sleeve of the Feild-Lee needle provided adequate
contrast with the brain phantom to allow localization of the
needle tip. This sleeve is designed to be left in position after
removal of the metal components to eliminate artifacts on CT
images. Using the marker tubes and the plastic sleeve, we
found that the needle could be consistently positioned adja-
cent to the phantom lesion. In practice, we found it was
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Fig. 1.—lllustration shows the four components of Feild-Lee needle.
During biopsy, suction is applied and outer cylinder is passed over inner
cylinder cutting off a fragment of tissue in side aperture of inner cylinder.

Fig. 2.—A-C, MR image 500/30 of dog after biopsy and contrast injection (A) demonstrates small
(3-4 mm) brainstem hemorrhage (straight arrow) and larger temporal lobe hemorrhage (curved
arrow). Increased signal can also be seen in region of left lateral ventricle and along needle path.
Precontrast MR image after biopsy (B) demonstrates asymmetry of lateral ventricles but no definite
hemorrhage. Brainstem and temporal lobe hemorrhages were confirmed at autopsy (C).
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difficult to image the plastic sleeve because blood and CSF
often filled the bore, displacing the air as a source of contrast.

Discussion

Initially, we were discouraged with our biopsy results on
the 0.15 T imager. We felt that the enhancement of the
hemorrhages was probably not due to the usual mechanism
of breakdown of blood-brain barrier [9] but rather to the direct
accumulation of gadolinium-enhanced blood. We questioned
whether the dosage we used was insufficient to allow ade-
quate enhancement. While we recognized that at high con-
centrations of Gd-DTPA image contrast may be reduced as
the T2 shortening effects of Gd-DTPA predominate [8], a
dosage of 0.2 mmol/kg is not sufficient to observe this
phenomenon, as evidenced by our improved results at this
dosage. We thought that the improved visualization of hem-
orrhage could be due to improved resolution on the higher
field unit, but our poor results at 0.5 T in the last animal using
the 0.1 mmol/kg dosage suggest that dosage plays a more
important role. We did not consider the effects of intracellular
deoxyhemoglobin on image contrast since these effects are
reported to be negligible at the field strengths used [10, 11].

With a dosage of 0.2 mmol/kg, we saw 21 of 25 hemor-
rhages. The small hemorrhage along the needle tract was
probably not resolvable on the 5-mm sections used but un-
likely to be of clinical significance. Unless extremely fine slices
are used, which is not practical, small hemorrhages will be
missed because of volume averaging. The nonvisualization of
blood within the aqueduct and the fourth ventricle in two
cases may be explained by CSF flow effects in these regions.
This flow causes dephasing of involved protons and is usually
manifested as diminished signal in the aqueduct, third, or
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fourth ventricle [12]. This dephasing probably offset the con-
trast-induced enhancement in these cases. The subdural
hemorrhage, which was the largest, occurred in an animal in
which profuse bleeding was encountered while drilling the
burr holes. Burr holes in all animals were made prior to biopsy
in a separate facility. The prebiopsy scout scan in this animal
showed the hemorrhage but it was not evident after biopsy
and injection of contrast. Since bleeding should have stopped
well before the administration of contrast, we would not
expect the gadolinium-enhanced blood to freely accumulate
in this space. The diminished lesion contrast after the injection
of Gd-DTPA may reflect differences in distribution of gadolin-
ium within perfused brain and the subdural. In any event, it
seems certain that this hemorrhage occurred prior to biopsy
and suggests that the contrast must be injected close to the
time of the bleeding for enhancement of fresh hemorrhage to
occur. Thus, while four hemorrhages were not visible on
postenhanced scans, no significant intraparenchymal hemor-
rhage caused by the biopsies was missed.

Two problems were encountered with the Feild-Lee biopsy
needle. The stylet was strongly deflected in the magnet, and
would be hazardous in a strong magnetic field. As an alter-
native, the stylet could simply be manufactured from titanium.
The second problem was encountered while trying to image
the plastic sleeve during experiments when fluid filled the
bore. A Teflon obturator placed within the sleeve during the
scan would displace the fluid and appear as a linear low-
signal zone. This would permit precise needle localization.

The actual biopsy is in many respects simpler with MR than
with CT. Because of the multiplanar capabilities of MR, the
lesion and needle path can be imaged in a single slice. Even
an oblique approach is feasible in scanners with oblique
imaging capabilities. In addition, sagittal and coronal MR
images can be directly superimposed on angiograms, which
may be useful in determining the safest approach to a lesion
[13]. Surface localization does not seem to be a significant
obstacle according to our phantom results. For these reasons,
MR-directed biopsy should allow some lesions to be ap-
proached that otherwise would be inaccessible without spe-
cialized stereotaxic equipment.

Because of the strong magnetic field used in MR imaging,
nonferrous tools must be used for the burr holes. This equip-
ment could be manufactured to meet specific requirements
or adapted from more readily available beryllium copper tools
used in the chemical and oil industries. Depending on the
location of the lesion and the desired approach, the headcoil
may interfere with the procedure. Saddle-shaped coils allow
easier access to the head than the more commonly used
Helmholtz coils, and this limitation must be taken into account
when planning the biopsy.

No brain tumors were actually biopsied in this study. We
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expect that in most cases the Gd-DTPA will enhance the
tumor as well as areas of biopsy-induced hemorrhage. This
may prove to be a problem in practice and may require a
prebiopsy gadolinium scan for comparison. However, not all
intraaxial lesions will enhance, and the often large areas of
peritumoral edema usually do not enhance either [14]. While
other practical considerations remain to be resolved, these
results suggest that MR-directed biopsy is feasible with equip-
ment and techniques that are currently available.
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