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Objective: To perform a review of brain biopsies in the canine species and determine if it is possible to
compare the stereotactic and neuronavigation results.

Method: A search was performed in NCBI's PubMed database for stereotactic or neuronavigational canine
brain biopsy publications and articles which met at least one of the inclusion criteria and not any of the exclusion
criteria were selected. The inclusion criteria were: 1) assessment of the specificity of the biopsy, 2) assessment
of system accuracy, 3) assessment of the biopsy results, and 4) duration of the procedure.

Results: Only one article met all the inclusion criteria. Eleven articles that partially met the criteria were
used for comparison. Authors used different stereotaxic methods and two used neuronavigation equipment.
The authors of the stereotactic studies either adapted devices from human medicine or developed their
own devices; the level of accuracy was variable (errors of 0.0 mm to 5.1 mm), and the two articles that used
animals with spontaneous lesions had a diagnostic specificity rate higher than 90 percent. The accuracy of the
neuronavigation studies was approximately 3.3 mm; however, no live animals were used.

Conclusions: It was not possible to properly compare stereotactic and neuronavigation techniques. To do
so, the methodologies and the assessed parameters need to be standardized.

Introduction

Along with the increase in dog lifespans over the last decades, the number of
canines diagnosed with neoplastic lesions also grew. The prevalence of intracranial
neoplasia in dogs is 14.5 per 100,000 animals [1]. Even though magnetic resonance
imaging (MRI) and computed tomography (CT) scans have high sensitivity to diagnose
neoplastic brain disease, they have low specificity to determine the type of neoplasia
[2-5]. Only histopathological exams can identify the nature of the lesion seen in image
studies [2]. Brain tissue biopsies are delicate procedures and different methods have
been proposed: free-hand [6-9], ultrasound-guided [10] and, more recently, with the
aid of stereotactic [11-19] and neuronavigational devices [20-22].

The stereotactic method was developed in 1908 [23]. It is based on drawing
three-dimensional diagrams of the brain using coordinates X, Y, and Z (measured in
millimeters) and locating anatomical reference points (auditory canals, midline and
lower margin of the orbits). To establish a relationship between the cranial reference
points and the structures of the CNS, stereotactic atlases were developed for some
species [23,24]. With the advance in CT and MRI technologies, stereotactic devices and
techniques started to be developed for brain biopsies (Figures 1 and 2).
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Figure 1: Stereotactic equipment developed by the authors. Cadaver dog head being positioned in a bite plate and
secured with straps. The two acrylic cylinders in the left are the base where the needle arm is mounted. This device
has a torsion axis (metal rod connecting the bite plate with the motor on the right) that rotates the dogs head to
make the desired entry point perpendicular to the needle. All parts are kept in constant distance from each other
because they are all connected to an acrylic base. (Reproduced from: A new device for stereotactic CT-guided
biopsy of the canine brain - design construction and needle placement accuracy - Giroux A, Jones JC, et al.- Vet
Radiol Ultrasound. 2002; 43(3): 229-236 - John Wiley and Sons License).

Figure 2: (A) Dynatech device. This device has an acrylic base and acrylic support for the metal parts: a bite plate in
the center, with two parallel rods on the sides, which holds the micromanipulator (in the left side of the picture) and
the ear bars (on both metal rods). The detail in the upper right shows a dog positioned in the device. (B) Modified
support for larger dogs. The device is similar to that shown on (A), but the acrylic support adds the possibility of
moving the metal rods near of further from the bite plate, accommodating broader head dogs. The detail in the
lower right shows a CT scout of a dog positioned in the device. (C) Micromanipulator with biopsy needle. This
system allows the needle to be moved along two axis and also has angle adjustment. The detail shown in the arrow
is the connection between the micromanipulator and the needle arm (Reproduced from: Frame-based stereotactic
biopsy of canine brain masses: technique and clinical results in 26 cases - Rossmeisl JH, Andriani RT, et al - Front
Vet Sci. 2015; 2: 1-13 = CC 3.0).

A more recent technique, neuronavigation, has also been tested in dogs [20,21] and
sheep [22]. In this method, instead of affixing a rigid stereotactic device to the head of
the animal, either CT-scan or MR images are imported to a computer, and the animal
is immobilized in front of a set of infrared cameras that capture the spatial location of
specifically developed instruments in real time, overlapping their position with previously
imported images.

The objective of this review was to compile articles about stereotactic and
neuronavigational brain biopsies in dogs, compare the results, and determine whether, for
the purposes of veterinary medicine, either individual technique yields superior results.

Materials and Methods

A review of published articles about brain biopsies in dogs was conducted,
focusing on the techniques including: free-hand, ultrasound-guided, stereotactic or
neuronavigation. Using PubMed, the search of the MeSH terms "brain", "biopsy," and the
Boolean operator "and" produced 4,529 results. Using the automatic filtering system
of the website, only veterinary articles were selected, which reduced the number of
articles to 284. We reviewed these articles searching for the criteria of inclusion and
incorporated relevant articles in terms of quality and comparative attributes if they
met at least one of the criteria.

Inclusion criteria

Articles that included at least one of the following criteria were selected in this
review:
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- Assessment of the specificity of the biopsy (biopsy results in comparison to
surgical diagnosis or necropsy)

- Assessment of the accuracy of the system (needle placement in comparison to the
target lesion)

- Assessment of the complications relating to the biopsy when the procedure was
performed on live animals

- Duration of the procedure
Exclusion criteria

Articles with the following characteristics were excluded from the review:
- Freehand or US-guided brain biopsy
- Biopsies performed in other species other than dogs

- Vague or insufficient information on the biopsy technique, the device used and/
or on the outcomes

Results

Only one article met all four inclusion criteria. Another 11 articles which are included
in this review dealt directly with stereotactic or neuronavigational canine biopsy
methods, met at least one of the inclusion criteria, and did not meet any of the exclusion
criteria. Even though these articles failed to meet our original inclusion criteria, our
goal was to compare the available data and identify areas requiring further study.

The 12 articles selected and the inclusion criteria they met are in Table 1.
Brain biopsy in dogs using stereotactic and neuronavigational devices
Ten articles used stereotactic techniques, with eight different devices (Table 2):

Two articles used the neuronavigational device Veterinary Brainsight™: Chen et al.
and Taylor et al. [20,21].

Assessment of complications resulting from biopsies on live animals

Of the authors who used live animals, only Koblik et al. [11], Moissonier et al. [4],
and Rossmeisl et al. [18] biopsied spontaneous lesions. Flegel et al. [14] and Packer
[17] biopsied healthy animals but cataloged adverse effects of the biopsies.

The most common adverse reactions were hemorrhage at the site of the biopsy and
seizures after the procedure, varying from a single episode to permanent sequelae.
Several animals were euthanized, which prevented further analysis of the natural
outcomes of adverse sequelae caused by the biopsy procedure. In addition, the authors
reported on the worsening of the neurological symptoms and on the presentation of
new symptoms. Of the animals who suffered adverse effects, six died, four of which
were euthanized.

System accuracy assessment

Eight articles evaluated the diagnostic accuracy of the different biopsy methods:
Koblik et al. [2], Moissonnier et al. [3] and Troxel and Viti [5], determined the accuracy
of the system as an average * standard deviation. Taylor et al. [21], Squires et al. [16],
and Rossmeisl et al. [18] expressed system accuracy as an absolute average. Chen
et al. [20] expressed it as an average and maximum error of the series. Giroux [13]
expressed it as the percentage of correct placement on the target. Biopsy values and
methods are summarized in Table 3.

Published: November 01,2018



=

Review of Stereotactic and Neuronavigation Brain Biopsy Methods in the Dog h
.

Assessment of the diagnostic accuracy of the biopsies

Only two articles compared the results of the brain biopsies with the results of
surgery or necropsy (Table 4).

Duration of the procedure

The articles providing information on the duration of each biopsy are summarized
in Table 5:

Squires et al. [16] reported only the time it took to position the stereotactic
equipment on the cadaver, perform an MRI and calculate the trajectory of the biopsy.
According to Moissonnier et al. and Moissonnier et al. [3,4], each biopsy took 60 min.
Their time is lower than that reported by Rossmeisl et al. [18], whose biopsy times
varied from 84 to 118 mins for exams that did not include a CT-scan after the biopsy,
and 117 to 190 mins when a CT-scan was conducted post biopsy. Procedures performed

Table 1: Assessment of the Studies that Meet at Least One of the Inclusion Criteria.

Main author Biopsy Diagnostic System Duration of the = Assessment of the
method* accuracy accuracy procedure adverse effects

1999a Koblik ST X X

1999b Koblik ST X X

2000 Moissonnier ST X X

2002 Moissonnier ST X X

2002 Flegel ST X X

2002 Giroux ST X

2008 Troxel ST X X

2011 Packer ST X X

2012 Chen NN X

2013 Taylor NN X

2014 Squires ST X X

2015 Rossmeisl| ST X X X X

* ST: Stereotactic; NN: Neuronavigation.

Table 2: Stereotactic Equipment Used.
Model Author
Adapted Pelorus Mark I1I Koblik et al. (1999a) and Koblik et al. (1999b)
Adapted Laitinen Moissonier et al. (2000) and Moissonier et al. (2002)
Developed by the authors Giroux et al. (2002)
Adapted Utopix Vector Guide Flegel et al. (2002)
Kopf Troxel e Vite (2008)
Adapted Leksell Squires et al. (2014)
Adapted from mammography Packer et al. (2011)
Rossmeisl et al. (2015)

Dynatech and adapted Dynatech

Table 3: Biopsy method and system accuracy.

Author Biopsy method Equipment Diagnostic precision
Koblik et al. (1999a) Stereotactic Pelorus Mark I1I 3.5+1.6 mm
Moissonnier et al. (2000) Stereotactic Laitinen 2.9+1.08 mm
Giroux (2002) Stereotactic Developed by author 75 percent / 96.8 percentt
Troxel e Viti (2008) Stereotactic Kopf 1.0£1.0mm
Chen et al. (2012) Neuronavigation Brainsight™ 1.79 mm (3.31 mm)*
Taylor et al. (2013) Neuronavigation Brainsight™ 3.6 mm
Squires et al. (2014) Stereotactic Leksell 2.5mm
Rossmeisl et al. (2015) Stereotactic Dynatech® 1.55mm
* Maximum error value in parenthesis; T Percentage of hits at the caudate nucleus and hypophysis, respectively.

Table 4: Diagnostic accuracy.

Author Biopsy method Equipment Diagnostic accuracy* (%)
Koblik et al. (1999b) Stereotactic Pelorus Mark il 91.0 (22)
Rossmeisl et al. (2015) Stereotactic Dynatech® 94.6 (56)

* Percentage of agreement between the biopsy and surgery or necropsy. Number of biopsies in the article in parenthesis.
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Table 5: Duration of the biopsy.

Time (in minutes)

Author Technique Equipment _ 5
Minimum Average Maximum
Koblik et al. (1999a) Stereotactic Pelorus Mark 1l 90 - 240
Moissonnier et al. (2000) Stereotactic Laitinen - 60 -
Moissonnier et al. (2002) Stereotactic Laitinen - 60 -
Flegel et al. (2002) Stereotactic Vector 3D - 150 -
Troxel (2008) Stereotactic Kopf - 30* -
Packer et al. (2011) Stereotactic ATEC 95 183 245
Squires et al. (2014) Stereotactic Leksell - 19 -
Rossmeisl et al. (2015) Stereotactic Dynatech® 84/117* 100/138" 118/190"
- Not reported; * Average time with experience; T Duration of the exam without CT-scan after the biopsy/duration of the
exam with CT-scan after the biopsy.

by Koblik et al. [2] took from 90 to 240 mins and those performed by Packer et al. [17],
took from 95 to 245 mins. Flegel et al. [14,] took 150 mins to perform each biopsy.

Discussion

Despite great advances in the past few decades in terms of availability of complex
diagnostic imaging methods such as CT and MR, the lack of accurate diagnoses for brain
neoplasia confirmed through histopathological exams often prevents specific treatment
tailoring. Only two studies measured the diagnostic accuracy of the brain biopsies, but
both yielded the final diagnose on more than 90% of the cases. Radiotherapy has become
widely available along with advances in intracranial surgical techniques, critical care and
chemotherapeutic drugs and protocols and offer treatments that result in better recovery
rates or longer remission times. It is extremely important to rationalize the use of these
resources. Systematic reviews and meta-analyses are considered the best decision-
making tools to determine which therapy to adopt [25] but, during this study, the lack of
articles and the absence of homogeneous methodologies hindered comparisons.

The main problem involving stereotactic brain biopsy is that until recently there was
no commercial model suitable for cats and dogs of all sizes. Several authors adapted
commercial human models or developed their own stereotactic system. This large
equipment variability in veterinary research creates differentlevels of method precision.
Leksell's stereotactic equipment was the only one to have its accuracy tested twice, but
in different species: dogs [16] and pigs [15]. Even though these studies used the same
equipment, the difference in precision was significant. Average errors ranged from 0.45
mm [15] to 2.5 mm [16] more than 5 times higher. Discrepancies may be because of the
different species but can also reflect the quality of specific device adaptations made in
each study; differences in the type of material used, type of finishing, meticulousness of
the fittings, and other characteristics may impact the level of precision. Kopf's equipment
is only approved for use in research tests [5] and not clinical use which may affect the
precision standards it is held to. Though the time required to perform a biopsy may be
affected by instrument adaptations, it can also be influenced by user experience [18,19].
Squires et al. [16] only took 19 minutes to complete the biopsy. Koblik et al. [2] and
Packer et al. [17] took as long as four hours to perform a single procedure.

The one study that used commercially available veterinary stereotactic equipment
was conducted by Rossmeisl et al. [18]. Although these authors used two different
equipment in the same study, the only change was the inclusion of lateral movement to
the bars that sit next to the head, so it could fit larger dogs. Compared to other models,
it had an intermediate level of precision (average error of 1.55 mm) [18].

The assessment of the adverse effects resulting from the biopsies is not standardized
either, making it difficult to draw conclusions about which complications are most
significant and their average duration based on site and type of lesion. Cardiac changes
were reported in only one article [18], likely because this was the only author to assess
this parameter. Flegel et al. [14] and Squires et al. [16] biopsied healthy dogs but the
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authors did not describe the adverse effects thoroughly. Evaluation of adverse effects
in dogs with spontaneous brain lesions can be particularly challenging. Brain tumors
can have significative differences in prognosis and clinical signs based on its type and
location. A parietal superficial meningioma has a much better prognosis than a thalamic
gliobastoma. It is also very difficult to separate possible long-term adverse effects
with the natural progression of the disease or the added possible adverse effects of
chemotherapy or radiotherapy. Koblik et al. [11], Moissonier et al. [4] and Rossmeisl et
al. [18] had morbidity rates of 12%, 26% and 37%, respectively. In humans the morbidity
rate is lower: 6% in 500 patients submitted to stereotactic biopsies guided by MRI [26].

All studies that used neuronavigation to plan biopsies measured the needle accuracy
dogs [20-22]. Despite using distinct species and different imaging techniques, this was
the most homogenous group in terms of precision. The maximum error reported in
these studies was 3.60 mm [21].

In humans, stereotactic and neuronavigation techniques have similar values for
accuracy, morbidity, and mortality [27], but based on the articles reviewed and the
research assessed, it is currently impossible to adequately compare stereotactic and
neuronavigation techniquesin veterinary medice. To adequately compare these methods,
authors would have to conduct studies with an agreed upon control methodology.

Based on this review an "ideal" study to assess brain biopsies in dogs should: use
live animals with spontaneous lesions, specify the type of biopsy (stereotactic or
neuronavigation) and the device used, measure the time taken to perform each step
of the procedure, measure the accuracy of the system, compare the biopsy with the
anatomopathological diagnosis whenever possible, and carefully assess the possible
adverse effects of the brain biopsy in the immediate and short term.

References

1. Moore MP, Bagley RS, Harrington ML, Gavin PR. Intracranial tumors. Vet Clin N Am-Small. 1996; 26:
759-777. Ref.: https://goo.gl/iYbM3v

2. Koblik PD, LeCouteur RA, Higgins RJ, Fick J, Kortz GD, et al.: Modification and application of a pelorus
mark Ill stereotactic system for CT-guided brain biopsy in 50 dogs. Vet Radiol Ultrasoun. 1999a; 40:
424-433. Ref.: https://goo.gl/1k5QFZ

3. Moissonnier P, Bordeau W, Delisle F, Devauchelle P. Accuracy testing of a new stereotactic CT-
guided brain biopsy device in the dog. Res Vet Sci. 2000; 68: 243-247. Ref.: https://goo.gl/thfh7s

4. Moissonnier P, Blot S, Devauchelle P, Delisle F, Beuvon F, et al. Stereotactic CT-guided brain biopsy
in the dog. J Small Anim Pract. 2002; 43: 115-123. Ref.: https://goo.gl/4hAhcP

5. Troxel MT, Vite CH. CT-guided stereotactic brain biopsy using the kopf stereotactic system. Vet
Radiol Ultrasoun. 2008; 49(5): 438-443. Ref.: https://goo.gl/qZH3Qc

6. Synge BA. Brain biopsy for the diagnosis of heartwater. Trop. Anim. HIth Prod. 1978; 10: 45-48. Ref.:
https://goo.gl/DZ3ZnF

7. Van Amstel SR. The use of electroencephalography and brain biopsy in the clinical diagnosis of
heartwater. Onderstepoort J Vet Res. 1987; 54: 295-299. Ref.: https://goo.gl/mt885q

8. Vanschandevijl K, Gielen |, Nollet H, Vlaminck L, Deprez P, et al. Computed tomography-guided brain
biopsy for in vivo diagnosis of a cholesterinic granuloma in a horse. J Am Vet Med Assoc. 2008; 233:
950-954. Ref.: https://goo.gl/T9s3bj

9. Flegel T, Oevermann A, Oechtering G, Matiasek K. Diagnostic yield and adverse effects of MRI-guided
free-hand brain biopsies through a mini-burr hole in dogs with encephalitis. J Vet Intern Med 2012;
26:969-976. Ref.: https://goo.gl/KYK9cR

10. Thomas WB, Sorjonen DC, Hudson JA, Cox NR. Ultrasound-guided brain biopsy in dogs. Am J Vet
Res. 1993; 54: 1942-1974. Ref.: https://goo.gl/MqgjHyk

11. Koblik PD, LeCouteur RA, Higgins RJ, Bollen AW, Vernau KM, et al. CT-guided brain biopsy using a
modified pelorus mark Ill stereotactic system: experience with 50 dogs. Vet Radiol Ultrasoun. 1999b;

Published: November 01,2018

40: 434-440. Ref.: https://goo.gl/pfwUEF



5

Review of Stereotactic and Neuronavigation Brain Biopsy Methods in the Dog h
.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Afior S, Sturges BK, Lafranco L, Jang SS, Higgins RJ, et al. Systemic Phaeohyphomycosis
(Cladophialophora bantiana) in a Dog—Clinical Diagnosis with Stereotactic Computed Tomographic-
Guided Brain Biopsy. J Vet Intern Med. 2001; 15: 257-261. Ref.: https://goo.gl/HvYtns

Giroux A, Jones JC, Bghn JH, Duncan RB, Waldron DR, et al. A new device for stereotactic CT-
guided biopsy of the canine brain: design, construction and needle placement accuracy. Vet Radiol
Ultrasoun. 2002; 43: 229-236. Ref.: https://goo.gl/JcWwr1

Flegel T, Podell M, March PA, Chakeres DW. Use of a disposable real-time CT stereotactic navigator
device for minimally invasive dog brain biopsy through a mini-burr hole. Am J Neuroradiol. 2002; 23:
1160-1163. Ref.: https://goo.gl/owqgjQM

Bjarkam CR, Cancian G, Glud AN, Ettrup KS, Jgrgensen RL, et al. MRI-guided stereotaxic targeting
in pigs based on a stereotaxic localizer box fitted with an isocentric frame and use of SurgiPlan
computer-planning software. J Neurosci Meth. 2009; 183: 119-126. Ref.: https://goo.gl/pseudy

Squires AD, Gao Y, Taylor SF, Kent M, Tse ZT. A Simple and inexpensive stereotactic guidance frame
for MRI-guided brain biopsy in canines. J Med Eng. 2014; 139535. Ref.: https://goo.gl/AiZsPM

Packer RA, Freeman LJ, Miller MA, Fauber AE, Morrison WB. Evaluation of minimally invasive
excisional brain biopsy and intracranial brachytherapy catheter placement in dogs. Am J Vet Res.
2011; 72: 109-121. Ref.: https://goo.gl/pgpFnU

Rossmeisl JH, Andriani RT, Cecere TE, Lahmers K, LeRoith T, et al. Frame-based stereotactic biopsy
of canine brain masses: technique and clinical results in 26 cases. Front Vet Sci. 2015; 2: 1-13. Ref.:
https://goo.gl/LzZHTnE

Sidhu DS, Ruth JD, Lambert G, Rossmeisl JH. An easy to produce and economical three-dimensional
brain phantom for stereotactic computed tomographic-guided brain biopsy training in the dog. Vet
Surg. 2017; 46: 621-630. Ref.: https://goo.gl/3MUZpQ

Chen AV, Wininger FA, Frey S, Comeau RM, Bagley RS, et al. Description and validation of a magnetic
resonance imaging-guided stereotactic brain biopsy device in the dog. Vet Radiol Ultrasoun. 2012;
53: 150-156. Ref.: https://goo.gl/FsVLUB

Taylor AR, Cohen ND, Fletcher S, Griffin JF, Levine JM. Application and machine accuracy of a new
frameless computed tomography-guided stereotactic brain biopsy system in dogs. Vet Radiol
Ultrasoun, 2013; 54(4): 332-342. Ref.: https://goo.gl/djroYf

Staudacher A, Oevermann A, Stoffel MH, Gorgas D. Validation of a magnetic resonance imaging-
guided stereotactic access to the ovine brainstem. BMC Vet Res. 2014; 10: 216: 1-8. Ref.:
https://goo.gl/EZvbzm

Horsley V, Clarke RH. The structure and functions of the cerebellum examined by a new method.
Brain. 1908; 31: 45-124. Ref.:https://goo.gl/KfrMPj

Compston A. Editorial. Brain 2007; 130: 881-883. Ref.: https://goo.gl/V46fR]

Atallah A, Castro AA. Revisdo Sistematica e Metanélises [portuguese], in: Evidéncias para melhores
decisdes clinicas. Sdo Paulo, SP. Lemos Editorial 1998; 20-28.

Neumann JO, Campos B, Younes B, Jakobs M, Jungk C, et al. Frame-based stereotactic biopsies
using an intraoperative MR-scanner are as safe and effective as conventional stereotactic
procedures. PLoS ONE. 2018; 13: e0205772. Ref.: https://goo.gl/2k5pbr

Woodworth GF, McGirt MJ, Samdani A, Garonzik |, Olivi A, et al. Frameless image-guided stereotactic
brain biopsy procedure: diagnostic yield, surgical morbidity, and comparison with the frame-based
technique. J Neurosurg. 2006 104: 233-237. Ref.: https://goo.gl/fvXwM5

Published: November 01,2018



	Review of Stereotactic andNeuronavigation Brain BiopsyMethods in the Dog
	Abstract
	Introduction
	Figure 1
	Figure 2
	Materials and Methods
	Results
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Discussion
	References

