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KEY POINTS

e Tissue or cytology specimens are necessary for accurate diagnosis of intracranial lesions.
e Brain biopsy is generally safe and provides accurate information about sampled lesions.
e Three-dimensional-printed guides are customizable and reduce costs.

INTRODUCTION

In medicine, generally, establishing a specific diagnosis is a key step in ensuring that
appropriate treatment is selected and, ideally, this principle should not be abandoned
when treating diseases of the brain. However, brain disease presents several obsta-
cles to straightforward diagnosis in many cases, especially in veterinary medicine.
First, the brain is relatively inaccessible for many tests (apart from imaging) because
of its enclosure in the skull and separation from the circulation by the blood-brain bar-
rier. Second, there is a widespread perception that directs biopsy of the brain is risky
for the patient and so is often avoided. Third, it can be costly to obtain direct biopsies
and the increase in cost can be prohibitive for pet owners who are already stretched
financially by expensive imaging diagnostics. Lastly, there is a strong cognitive bias in
veterinary medicine that obtaining a comprehensive tissue diagnosis may not alter the
way many brain lesions —especially tumors—are treated, because there currently are
not well-defined specifically-targeted treatment pathways. As a consequence of these
effects, it is common that brain diseases in animals are incompletely diagnosed.

Brain lesions are almost exclusively initially recognized on computed tomography
(CT) or MRI and many lesions have characteristic appearance’? that tends to militate
against biopsy because it may be considered that it would expose the animal to risk
without benefit. On the other hand, one of the key diagnostic definitions is to distin-
guish between classes of disease, such as between inflammatory or infectious (often
fungal) and neoplastic lesions because they may often look very similar (Fig. 1). The
second reason for biopsy is to be able to classify a neoplasm because it may be of
benefit in making treatment decisions.
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Fig. 1. Examples of magnetic resonance images in which the final diagnosis is unexpected.
(A and B) T2-weighted and contrast-enhanced T1-weighted images of the cerebellum of a
cat. The histopathologic diagnosis was aspergillosis.(C and D) T2-weighted and contrast-
enhanced T1-weighted images of the cerebral frontal lobes of a 5-year-old French bulldog.
The histologic diagnosis was necrotizing leukoencephalitis. (Images courtesy of Dr. Thomas
Flegel and Dr. Sarah Gutmann, University of Leipzig, Germany. C & D published earlier in
Flegel T (2017) Breed-Specific Magnetic Resonance Imaging Characteristics of Necrotizing
Encephalitis in Dogs. Front. Vet. Sci. 4:203. https://doi.org/10.3389/fvets.2017.00203.).

ALTERNATIVES TO BIOPSY

For the most part, diagnosis of brain lesions in dogs and cats leans heavily on imaging,
where their characteristics are used to make an informed guess. However, diagnostic
tests must be extremely reliable and accurate to be useful in clinical medicine. The
important analysis of diagnostic testing is defining sensitivity and specificity and these
need to be in the high 90% range to be appropriately reliable.

Are Images Sufficient?

Assumed image-based diagnoses are insufficiently accurate in many cases in
humans; Yan and colleagues (2016)° reported a sensitivity of 72% to 91% and a
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positive predictive value of 92% to 95% (in a sample containing 13% non-tumor diag-
noses). Thus, although the imaging-based diagnosis of a specific brain tumor is
certainly quite likely to be accurate, there is a substantial proportion of misdiagnosis,
which may be detrimental for those patients. In veterinary medicine, several studies
concur that agreement between observers and between MRI diagnosis and histopath-
ological diagnosis may be inadequate for reliable clinical diagnosis and treatment allo-
cation.* Even sophisticated imaging methods, such as diffusion-weighted MRI or
texture analysis, fail at too high a rate to replace histologic diagnosis.>® Similarly,
although magnetic resonance spectroscopy (MRS) has a high accuracy, available
data suggest that the categorizations are insufficiently reliable for clinical diagnosis
in dogs.”

Cerebrospinal Fluid Analysis

Cerebrospinal fluid (CSF) analysis is a well-established method of detecting disease in
the central nervous system and most suspected autoimmune inflammatory lesions in
humans and animals are presumptively diagnosed on imaging and CSF analysis without
further attempts at biopsy (although there are some inflammatory lesions that do not
appear to be associated with increased CSF cell count).® CSF analysis can reveal
non-specific signs of inflammation and potentially also detect infectious organisms,
such as bacteria® and fungi (most commonly cryptococcus'®'). Unfortunately, few tu-
mors appear to exfoliate sufficient numbers of cells for CSF to be diagnostic, although
choroid plexus tumors may be an exception: in a study ~50% of samples from dogs
with choroid plexus carcinomas were reported to have neoplastic cells in the CSF."?
Cells diagnostic for histiocytic sarcoma have also been detected in CSF.''4

In contrast, for the most common brain tumors in dogs (meningioma and glioma),
CSF reveals, at best, non-specific alterations such as mild increase in cell counts in
some individuals'®'® but neoplastic cells are not detected on routine cytologic
examination.

Systemic Investigations

It is sometimes possible to surmise indirectly that an intracranial lesion is caused by
infectious disease if infectious disease is located elsewhere in the body, especially
the thorax or lymph nodes. For example, a brain lesion may be associated with an
intrathoracic fungal granuloma, or perhaps associated with discospondylitis or a uri-
nary tract infection. Similar educated guesses about a brain mass may also be
possible with thoracic masses diagnosed as neoplastic and of a type that is likely to
metastasize to the brain (or elsewhere), such as hemangiosarcoma or mammary
tumor.

Blood analysis will sometimes give clues to the cause of a brain lesion, such as
serum or urine galactomannan antigen testing if aspergillosis (or other fungal lesions)
is suspected, or thrombocytopenia associated with intracranial hemorrhage.

WHAT INFORMATION IS REQUIRED FROM A BRAIN BIOPSY?

After exhausting alternative indirect methods, many questions often remain about
lesion diagnosis. There are 2 levels of information from brain biopsy that are currently
needed in veterinary medicine: (i) What class of disease is the lesion? (i) What is the
subtype or grade of disease?

Differentiating a non-neoplastic from a neoplastic lesion is clearly important
because of the contrasting treatment recommendations. The need for differentiation
of various types of neoplastic lesions in veterinary medicine might currently be
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questioned because they are often treated similarly (by radiotherapy). On the other
hand, to make therapeutic progress, there is a need to be more certain about diag-
nosis and then retrospective review of case series could aid in determining whether
different treatments lead to different outcomes within specific diagnostic categories.
Nowadays, the classification of human brain tumors relies upon a series of tests
that depend not only on histology but also require genetic analysis, which implies
that biopsy is currently essential.’” Dog brain tumor classification is not at such an
advanced stage but the poor agreement between pathologist assessment of histolog-
ic type and grade'® suggests the need for this type of analysis in the future to enable
more precisely targeted treatments.

An alternative viewpoint is that pragmatic treatment trials do not necessarily de-
mand such highly specific diagnosis because lesions can simply be categorized on
imaging features alone and outcome determined for that defined category (even
though the diagnosis within an imaging-defined category might be varied).

HOW TO TAKE A BRAIN BIOPSY

The most obvious biopsy method is open surgery, but there are many drawbacks and
so less invasive methods are usually preferred. One unique problem with acquiring a
brain biopsy that is not commonly problematic for biopsy of other organs is the move-
ment of the brain that can occur when the skull (and particularly the dura mater) is
opened.'® When the limiting structures are opened, the brain will move and the relative
position of the internal structures, including the target lesion, will alter and previously
identified landmarks may not be reliable guides to the target. This brain movement will
not be sufficient to cause problems when taking a biopsy of a large lesion but might be
for those of only a few millimeters. In human medicine, it is also recognized that
different locations within a single glioma may contain different types of tumor cell as
defined by genetic or chromosomal changes,?° so precise targeting (and obtaining
multiple biopsies) is important for accurate diagnosis.

Open Biopsy

Open biopsy is a straightforward option for brain biopsy because it requires few
specialized items of equipment, only the instruments required to open the skull and
dura. The most common reason for open biopsy will be its availability during definitive
tumor removal. This type of biopsy procedure is for confirmation of diagnosis rather
than to guide intra-operative or post-operative decision-making.

An alternative approach during open surgery is to use biopsies to guide the invasive-
ness of a procedure. Sometimes, it is not known what type of lesion is being
approached and it can be useful to take small samples following first exposure of
the lesion in an attempt to make a more precise diagnosis during the surgery. For
instance, initially the question to the attending pathologist might be “Is this neoplastic
or inflammatory?” but then a later question might be “Is it possible to identify a path-
ogen?” or “What type of tumor do you think it is?” Squash smear techniques can be
highly reliable in distinguishing between infections and tumors as a first important
classification.?’ Moreover, although frozen section histology is often used for intrao-
perative diagnosis in human medicine, intraoperative cytology provides comparably
reliable diagnoses?®? and is readily available in the more limited resource environments
that apply in veterinary medicine. Veterinary experience with intraoperative brain
cytology is also highly supportive of its reliability.?3-2°

The appearance of a brain mass during surgery may be quite variable. Those that
may be found in the subarachnoid space (predominantly meningioma but also
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including histiocytic sarcoma, lymphoma, and infectious granuloma) are usually easily
recognized and biopsied. In contrast, mass lesions within the brain parenchyma (pre-
dominantly glial tumors but also including granulomas, lymphoma, and hematomas)
may not have clear margins and it may be difficult to detect the lesion with the naked
eye. Notably, gliomas are often almost indistinguishable from normal brain tissue in
surgery. Fluorescence-guided surgery, in which a fluorescent agent is injected intra-
venously, provides a potential means of circumventing this problem because these
agents accumulate in regions of impaired blood-brain barrier function. Unfortunately,
although fluorescent agents can be useful in many specific cases, they may not be so
reliable in low-grade tumors.?%2” Intraoperative guidance using ultrasound provides
an alternative method to increase precision in obtaining tissue from a target deep in
the brain during open surgery.?® Intraoperative ultrasound is not commonly described
in veterinary neurosurgery, but a recent report described how freeze-core biopsies ob-
tained under ultrasound guidance might provide useful specimens.?®

A key component of intra-operative cytology or histology interpretation is effective
and direct communication both before and during the procedure with the pathologist
reading the biopsy material.> The most important aspect is for both partners to under-
stand what decisions are required at each stage. For instance, from the surgeon’s
point of view, the question is often whether more surgery would likely be beneficial
or whether the pathologist’s diagnosis would suggest that alternative therapies,
such as anti-microbial medications, may be more appropriate. Direct live conversation
may also be necessary to ascertain the pathologist’s confidence in the diagnosis so
that the option of obtaining further specimens can be considered. The benefit of
this type of iterative diagnostic process is that the surgery can be limited to what is
required to formulate a treatment plan (which may include attempted total excision)
and no more.

A notable advantage of open biopsy is that it usually allows biopsy-created hemor-
rhage to be clearly seen and appropriately treated. Numerous hemostatic agents can
be applied at open surgery, including bipolar diathermy, Gelfoam, and surgical cellu-
lose. A major disadvantage of open biopsy is that is necessitates preparation like that
required for a definitive surgical procedure and so entails considerable cost, which is
often a deterrent for owners.

Freehand Image-Guided Biopsy

Many brain lesions in dogs are large (several centimeters in diameter) and so freehand
biopsy through a burr hole would appear likely to successfully obtain a diagnostic bi-
opsy. On the other hand, such large lesions might often be less likely to be considered
targets for biopsy because their nature is often more likely to be strongly presumed,
although still susceptible to error.* Freehand biopsy has largely been supplanted by
the availability of more sophisticated techniques, although the success rate for obtain-
ing diagnostic biopsies in a series was reportedly high (94%).3’

Stereotactic Frame-Based Biopsy

Stereotactic devices, inside which the skull is rigidly held in place by ear bars,*? have
been used for decades in neuroscience research to guide injections into very specific
sites in the brain, by reference to external landmarks on the skull (notably “bregma” —
the suture where the 2 frontal and 2 parietal bones meet). This same technique, using
commercially available or modified devices, has been used in veterinary medicine for
brain biopsy, by mounting a biopsy needle into the stereotactic holder. Typical devices
for brain biopsy include Trucut needles and side-cutting 16G needles (Fig. 2).%° Initial
investigation on a commercially available device suggested high accuracy (~1 mm
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Fig. 2. Sedan side-cutting brain biopsy needle inside the stereotactic needle guide sleeve, to
which are attached some reflective markers for navigation. (Images courtesy of Dr. Thomas
Flegel and Dr. Sarah Gutmann, University of Leipzig, Germany.).

deviations from target) in needle placement in cadavers.®* High (~95%) success rates
in biopsy and diagnostic accuracy were also found in analyzing biopsy obtained via a
modified commercial device,*® a novel device designed especially for veterinary pa-
tients,*® and an MRI-compatible frame-based device.***”

When using this type of instrument, measurements from the skull surface and in
reference to recognizable landmarks (such as the sagittal crest) are determined
from cross-sectional images (usually MRI, but sometimes CT) to enable the biopsy in-
strument to reach the lesion. The animal is then positioned in the stereotactic device
and secured, usually using ear bars placed into the external auditory meatus. The
appropriate area of the skull is exposed through open surgery and the needle holder
is positioned over the skull surface. A burr hole is made at the designated site, the dura
cauterized and cut to allow unimpeded needle penetration, and the biopsy needle
inserted. Several samples are taken from the lesion where possible, especially at
the margins and superficial and deep layers.

The advantages of this system are its availability, relatively low cost (compared to
other systems—see later), and ease of use. Drawbacks can be the bulkiness and dif-
ficulty in working around the device while it is in place (it can be difficult to reach the
skull surface around the [often non-sterile] device during surgery) and, in some de-
vices, the limited flexibility in how the needle can be positioned (older devices only
allow control of needle position in the 3 orthogonal planes without possible arc-
derived access). Devices that are only CT-compatible have the drawback that many
lesions are not well delineated on CT, as compared to MRI.

Other Frame-Based Biopsy

A stereotactic device designed for use in human breast biopsy®® and a simple me-
chanical vector targeting device,*® which both use an angled guide to denote a grid
that designates the biopsy trajectory, have also been investigated. Both devices
had a high success rate in reaching their targets and, in a series, obtaining high-
quality biopsies.*®

Stereotactic Biopsy by Neuronavigation

The advent of infra-red motion capture systems has allowed the development of
frameless biopsy. In this context, “frameless” is used to refer to the absence of a ste-
reotactic frame to calculate the site of entry and biopsy needle trajectory. The
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advantage of these systems is that after MR images and real-life anatomy have been
co-registered, it is possible to “see” what areas of the brain can be reached using a
device inserted at a specific site and trajectory and to see the effects of small adjust-
ments in position. These systems allow precisely targeted biopsy, even from small le-
sions (after mounting the biopsy instrument on a frame for stability). Although a CT-
guided system is available,*® because MRI is used more commonly for diagnosing
brain lesions in dogs, the most widely used frameless system in veterinary medicine
is the MRI-compatible “Brainsight.”*’

Brainsight technique relies on “fiducial markers” that can be reproducibly attached
to the head through mouthpieces and moldable dental material and their relationship
with structures inside the cranium can be determined from MR images (Fig. 3). Once
the MR images are uploaded to the computer system, the position of each fiducial
marker is registered using the subject tracker (pointer device) and images acquired

Fig. 3. Use of the “Brainsight” device for MRI-guided brain biopsy in a dog.(A) The dog's
head is secured in a reproducible position using a bite plate (visible as a blue material close
to the endotracheal tube). The bite plate is attached to a head frame system that includes
“fiducial markers” (orange circle).(B) The fiducial markers (orange circle) are also visible on
MRI thereby defining the position of the brain relative to the markers in both “real-life” and
on images.(C) Composite reconstructed image showing a relationship between fiducial
markers (1 set highlighted with orange circle) and the target lesion (magenta). The planned
biopsy needle trajectory is shown in green.(D, E) Transverse and dorsal plane composite
magnetic resonance images showing biopsy target site in the lesion (brown). (Images cour-
tesy of Dr. Amanda Taylor, Southeast Veterinary Neurology, Virginia Beach, VA).
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in conjunction with an optical position sensor. After registering the correspondence
between MRI and real-life anatomy, the trajectories of biopsy needles through the
brain can be planned. During the biopsy procedure, the head must be kept rigidly in
place relative to the biopsy instrument, which is achieved with a head clamp and
bars that can be screwed tightly against the skull.

A burr hole is then made in the skull and the biopsy needle inserted through an in-
strument sleeve held in an articulated arm attached to the head clamp. Usually, trajec-
tories are made through the cerebral cortex because it is relatively safe to make a hole
through this region without lasting deficits and large blood vessels can usually be
avoided. Trajectories through the brainstem are used in human medicine®9-4? but
are rarely, if ever, attempted in veterinary medicine. Tests on this system determined
a mean placement error of 1.8 mm with an upper error bound of 3.3 mm, suggesting
that lesions as small as 3.3 mm might be successfully biopsied with this system.*' A
similar device that has no frame at all was reported to successfully acquire diagnostic
biopsies in 9/10 dogs.*®

The advantages of this technique are the minimal invasiveness and precision
(although this may be compromised by brain shift unless another scan is obtained af-
ter skull opening). The drawback is the cost of the equipment and the (prolonged) time
required to set up the system for taking the biopsy.

Three-dimensional-Printed Biopsy Guides

Because of the high cost of computer-aided navigational biopsy, various alternative
methods of guiding biopsy needles to the correct location have been investigated in
veterinary medicine. The wide availability of 3-dimensional (3D)-printed guides
has recently made this an attractive option with high reported rates of successful
biopsy.

There are several ways to use 3D-printing to guide brain biopsy. One method incor-
porates screws placed into prominent bony landmarks that can then be used as the
anchor points for the feet of a 3D-printed device that contains custom columns
through which drill sleeves can be placed to guide making the burr hole and the biopsy
needle sleeve can be placed to guide biopsy needle placement (Fig. 4).** The preci-
sion of this method was reported to be extremely high when tested in cadavers,*®
and yielded diagnostic biopsies in live patients.*®

A second method is more like 3D-printed guides used elsewhere for orthopedic and
spinal fixation systems, in which the guide plate is contoured to the skull surface
based on CT or MR images.*’ This type of guide depends for accuracy on finding a
unique foot area where they fit so that the sleeve hole will guide the drill and biopsy
instrument exactly to the target. This can be problematic on the skull because it has
few specific features, although using a large footplate will enhance the ability to match
the exact contour of an individual skull. Perhaps, because of this difficulty and that of
maintaining the correct positioning during drilling, the accuracy of this technique is
less than that of some other stereotactic biopsy methods (with a biopsy needle place-
ment error of 2-3 mm). There is a need to remove all soft tissue before placing such
devices in contact with the skullbecause any slight deviation from precise placement
will amplify the risk of missing the target.

A third method relies upon producing a 3D-printed mask that is contoured to fit pre-
cisely over the animal’s face and nose, with an incorporated biopsy sleeve that will
guide a biopsy device to the target lesion.*® An obvious potential drawback of this
type of mold is whether it will fit snugly enough to direct the biopsy but, although
the targeting precision of this type of device has not been investigated, successful bi-
opsy was reported in 5 of 5 clinical patients.
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Fig. 4. Custom 3-dimensional printed biopsy device attached to the skull through screws
inserted into zygomatic arches. The biopsy device is being inserted to reach the target. (Images
courtesy of Dr. Thomas Flegel and Dr. Sarah Gutmann, University of Leipzig, Germany.).

Advantages to 3D-printed guides are the minimal invasiveness and low cost
(compared with computer imaging). The low cost has also led to their use in human
medicine in low- resource settings.*® Disadvantages include the relative imprecision.

COMPLICATIONS OF BRAIN BIOPSY

There are many possible complications of brain biopsy that can be caused by inadver-
tent damage to intracranial structures, but one of the most common is failure to obtain
a diagnostic sample. It has been estimated that ~10% of brain biopsies obtained in
humans are non-diagnostic®® and a similar proportion has been reported in, albeit
much smaller, veterinary populations.33-37:43:46,48.51 Thg problems of failure to obtain
a diagnostic sample can be attributed to the biopsy system itself (how accurately does
it target the lesion?), the lesion itself (eg, a blood clot will not produce a reliably diag-
nostic biopsy sample), pathologist inexperience (not many veterinary pathologists are
experienced in examining cytology specimens from brain biopsy), brain displacement
upon opening the dura, or taking biopsies from inappropriate regions of the lesion.
Methods to ameliorate most of these problems are obvious although it is difficult to
mitigate the inaccuracies associated with brain displacement associated with dural
opening. This problem can be solved with intraoperative MRI, although implying
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additional expense. However, brain lesions in small animals are frequently large and
so minor brain displacement may not incur a great risk of mistargeting.

The most feared complications of brain biopsy are iatrogenic neural injury and hem-
orrhage. In most series of brain biopsies in humans, the overall complication rate is
quite high (~25%)°2 but few of these complications are symptomatic and fewer still
are associated with long-lasting neurologic deficits (0.5%) or biopsy-related death
(0.8%). Available data suggest that it is uncommon (0/62 patients) to require re-
operation to attend to post-biopsy bleeding in humans.5® Complication rates in veter-
inary medicine are more difficult to quantify accurately because the case series report
much smaller patient numbers but appear to be similar both overall and in terms of
their impact on the animal.333%:36:51

WHY DON'T VETERINARY NEUROLOGISTS TAKE MORE BRAIN BIOPSIES?

Stereotactic brain biopsy is a routine procedure in human medicine but is not often
carried out in veterinary patients, for many possible reasons.

Expense

Diagnosis and management of intracranial lesions is expensive and unaffordable for
many dog and cat owners. Even for those with sufficient funds available, it may prove diffi-
cult for a veterinary neurologist to persuade them that an additional expensive procedure
is worthwhile. To some extent, this line of decision-making is tied up with potential risks
and benefits (see below), and many owners would wish to see a clear benefit in terms of
better treatment and survival if they are spending an additional few thousand dollars.
The costs of biopsy derive mainly from time under anesthesia and the capital cost of
the necessary equipment. This cost can therefore be reduced by using cheap equip-
ment that requires little time under anesthesia, such as 3D-printed guides. Although
some of these may be slightly less accurate than more sophisticated systems, the
trade-off in terms of enhanced diagnosis at low cost might be beneficial overall.

Fear of Injury

When contemplating treatment for an intracranial lesion (usually a brain tumor), there is an
understandable concern to avoid exacerbating the clinical signs and, whereas treatment-
related complications are easy to justify, complications related to an equivocally useful
diagnostic procedure may be difficult for owners to accept. However, as demonstrated
in the discussion earlier, serious and long-lasting complications from brain biopsy are
rare and so perhaps should not be strongly weighted in discussion with pet owners.

Concern About Missed Diagnosis

Similar to concerns about possible injury, it can be worrying as a veterinarian to
recommend an expensive test that turns out not to be diagnostic, and this might ac-
count for a reluctance to pursue brain biopsy in some cases. Again, the data that are
available from both human and veterinary sources suggest that brain biopsy has a high
(~95% agreement with surgical or necropsy specimens) diagnostic rate and routinely
provides specific diagnoses.®”%*

Owner Resistance to Procedures on the Brain

Many owners react with alarm to the possibility of their pet having procedures carried
out on the brain, perhaps sometimes because of almost superstitious beliefs about the
possible outcomes. As a result, many owners, even those with sufficient funds, are
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unwilling to go ahead with definitive treatments, such as surgery or radiotherapy for
brain tumors, even though post-treatment survival is often prolonged.®®

This reluctance to engage with treatment of brain lesions may deter owners from
pursuing biopsy, but alternatively it could be considered that the “halfway house” of
taking a biopsy to confirm a diagnosis may encourage owners to go ahead with defin-
itive therapies.

Veterinary Concern that the Outcome of Biopsy Will Not Change What We Do
Afterward

Veterinary neurologists and oncologists commonly will consider that a lesion that is
visible on a scan can be treated by the same therapy without needing to know a spe-
cific diagnosis. For instance, in veterinary medicine, it is often argued that any brain
tumor (and even some inflammatory lesions)®® can be effectively treated with radio-
therapy and so why would biopsy be useful? However, this leads to a problem that
is insoluble without brain biopsy: we do not know the best treatment for a specific
lesion because we do not know what it is, and we don’t know what it is because we
often think that the biopsy won’t make a difference and so we do not take one. Of
course, without biopsy there is also the possibility of erroneous diagnosis.

In dealing with brain neoplasia in particular, the experience in human medicine is
that by obtaining a specific diagnosis a specific treatment can be recommended. It
would be expected that the same would be true in animals, but such an outcome
would be dependent on obtaining outcome data and histologic specimens from
many hundreds or thousands of cases. The question of whether the eventual
outcome in terms of enhanced, but more costly, therapy would be supported by
owners must also be considered: would the expense entailed in biopsy and subse-
quent specific therapies be affordable and practical for a large enough proportion of
pet owners?

The question of whether to obtain a brain biopsy in a small animal patient becomes
most pressing when dealing with a patient in which there is considerable doubt over
the diagnosis and direction of subsequent therapy and that is owned by someone
who can afford intensive therapy. The most common questions are in deciding
whether a lesion may be inflammatory or neoplastic or, alternatively, distinguishing be-
tween glioma and hematoma, both of which may be uncertain from images alone. In
human medicine, not only is there a strong rationale for biopsy of suspected
neoplastic lesions in the brain because of the link to specific treatments from specific
diagnoses but brain biopsy can also have a major impact on treatment decisions in
non-neoplastic diseases.®’

FUTURE OPTIONS

In human medicine, more detailed and precise methods for taking biopsies, such as
robotics and augmented reality are beginning to enter the clinic®® although, consid-
ering the expense involved, it would appear unlikely that these options will transfer to
veterinary medicine, in the near future at least. Alternative methods to obtain biopsy
information, such as “liquid biopsy” have been intensely investigated in humans®®
and undergone preliminary investigation in animals.®%-¢" Liquid biopsy material has
great promise because there is potentially so much information available, including
the potential to analyze RNA, DNA, proteins, and lipids circulating in both CSF and
serum. However, there are many steps between detecting possible markers associ-
ated with specific tumors and using that as a diagnostic test that is sufficiently reli-
able to direct treatment plans. Furthermore, during the development stage, it is
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essential that histologic material is available to correlate the content of liquid biopsy
with histologic diagnosis. Currently, this diagnostic method shows promise that has
yet to be fulfilled.

SUMMARY

Veterinary medicine often follows patterns of diagnosis and treatment that have pre-
viously been established in human medicine, but it might be that when dealing with
brain lesions, specifically tumors, in pet animals, that a different approach is needed.
The main reason is cost, as outlined earlier—only a very small proportion of pet owners
can afford complicated diagnostic and therapeutic options—and it might perhaps be
more appropriate for veterinarians to follow more pragmatic pathways that are more
accessible for pet owners.

In such an environment, a prominent role for brain biopsy will continue to be in dis-
tinguishing between neoplastic and inflammatory/infectious disease, because these
will usually require different therapies. As outlined earlier, it can be difficult to distin-
guish these 2 processes on images alone. To make the process more accessible to
owners, the use of cheap equipment that allows for rapid procedures would be bene-
ficial in terms of more accurate diagnosis and minimal cost. As such, 3D-printed
guides may represent the best way forward at present because they are easily
created, and the biopsies obtained using such devices have acceptable diagnostic
rates.

Brain biopsy will also continue to be an important component of clinical trials in
which the efficacy of a specific therapy is investigated, so that effectiveness can be
related to the specific lesion category.
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