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ABSTRACT

A 16-year-old warmblood mare was referred with a progressive history of behavioral changes
and left-sided blindness. Following neuroanatomical localization to the forebrain, magnetic
resonance imaging of the head revealed a well-delineated, 4.5cm in diameter, round pituitary
mass causing marked compression of the midbrain and optic chiasm. Euthanasia was
recommended but declined by the owners. Veterinary specialists and a human neurosurgeon
collaboratively prepared for surgical case management. A novel navigated transmandibular
lateral transsphenoidal approach was developed to access the region of the sella turcica and
practiced on cadaver specimens. The horse was anesthetized and placed in sternal recumbency
with the head above the heart line. Using a cone beam computed tomography (CBCT)-
coupled navigation system, a navigated pin traversing the vertical ramus of the mandible and
the lateral pterygoid muscle was placed in a direct trajectory to the predetermined osteotomy
site of the basisphenoid bone. A safe corridor to the osteotomy site was established using
sequential tubular dilators bypassing the guttural pouch, internal and external carotid arteries.
Despite the use of microsurgical techniques, visualization of critical structures was limited by
the long and narrow working channel. Whilst partial resection of the mass was achieved,
iatrogenic trauma to the normal brain parenchyma was identified by intraoperative imaging.
With consent of the owner the mare was euthanized under the same general anesthesia. Post-
mortem magnetic resonance imaging and gross anatomical examination confirmed partial
removal of a pituitary adenoma, but also iatrogenic damage to the surrounding brain
parenchyma, including the thalamus.
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1. Introduction signs, ranging from hormonal imbalances to neuro-
logical deficits and blindness (Van der Kolk et al.
1993; Wallace et al. 1996; Daoualibi et al. 2020).
Therapy is most often medical with oral pergolide
mesylate. Although clinical improvement is seen in

about 75% of affected horses (Tatum et al. 2020),

Pituitary pars intermedia dysfunction (PPID) is the
most frequently encountered endocrine disease in
the geriatric horse (Brosnahan and Paradis 2003;
Miller et al. 2016), with an estimated prevalence of
21.2% in horses and ponies 15years and older

(McGowan et al. 2013). Clinical signs of PPID in
equids include hypertrichosis, laminitis, epaxial mus-
cle wastage, weight loss, polydipsia, polyuria, and
lethargy or depression (Ireland and McGowan 2018).
In most affected equids, the pars intermedia of the
pituitary gland becomes grossly enlarged, consistent
with macroadenoma formation (Heinrichs et al. 1990).
This may eventually lead to compression of the pars
distalis of the adenohypophysis, the neurohypophysis
(Heinrichs et al. 1990), the hypothalamus, and the
optic chiasm, resulting in various additional clinical

lifelong daily dosage is required and mass effects of
large tumors are not reduced or eliminated (Pease
et al. 2011).

Although surgical approaches to the equine brain
are described in the literature (Allen et al. 1987;
Comelisse et al. 2001; Janicek et al. 2006; Kramer
et al. 2007; Broux et al. 2019), intracranial surgery is
rarely performed in horses. Apart from a ventral
transsphenoidal osteotomy to approach the equine
pituitary gland (Carmalt and Scansen 2018) there is
no available literature as how to access the ventral
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or ventrolateral aspect of the skull and specifically
the pituitary gland in horses. In humans, the treat-
ment of choice for ACTH-dependent hyperadreno-
corticism (true Cushing disease) caused by an
adenoma is curative by transnasal transsphenoidal
hypophysectomy (Biller et al. 2008). Similar surgical
principles are also used in dogs and cats via a tran-
soral approach (Meij et al. 2002). In both humans
(Eboli et al. 2011; Achey et al. 2019; Patil et al. 2021)
and small animals (Owen et al. 2018; Wininger 2014),
the use of computer assisted surgery has been
shown to reduce the risks of iatrogenic collateral
damage while improving the extent of tumor resec-
tion and remission rate during curative transnasal
transsphenoidal hypophysectomy.

In this case report, we describe a novel navigated,
transmandibular lateral transsphenoidal approach to
a pituitary macroadenoma in a warmblood mare and
the attempted surgical removal of the tumor.

2, Case history

A 16-year-old, 562kg Selle-Frangais mare was pre-
sented to the ISME Equine Clinic Bern, Vetsuisse
Faculty of the University of Bern, Switzerland for a
chronic progressive history of abnormal mentation,
behavior and left-sided blindness.

3. Clinical findings and further investigation

The clinical evaluation was unremarkable other than
hypertrichiosis accentuated over the extremities. The
neurological examination identified an abnormal
mental status with severe obtundation and poor
response to external stimuli and head pressing.
Posture was abnormal with an extension of the neck
and a low head carriage and circling towards the left
side. Menace response was absent on the left, nega-
tive ipsilateral (left eye) and contralateral pupillary
light reflexes, and a bilateral horizontal nystagmus
with a rapid phase towards the left on the left eye
and towards the right on the right eye. Mild proprio-
ceptive deficits and ataxia were observed as

circumduction and hypermetria of the pelvic limbs.
The ataxia dramatically worsened when the mare
was forced to walk with her head kept in an elevated
position (grade 3 Mayhew ataxia scale).
Neuroanatomical localization was to the brain, involv-
ing the visual pathway.

A complete hematology and serum biochemistry
was performed and revealed no significant abnor-
malities. Baseline plasma ACTH concentrations were
elevated (82.2ng/L, reference value December-June <
40ng/l). The response to the subsequent TRH stimu-
lation test was also abnormally elevated (268.0ng/L
10min after stimulation, reference value < 110ng/l),
confirming the diagnosis of PPID. Based on these
findings, a pituitary macroadenoma was suspected
and confirmed by MRI of the head (3 Tesla MRI unit,
Magnetom Vida, Siemens Healthcare AG, Ziirich,
Switzerland) with the finding of a large
(4.5%x4.6x4.2cm), well-delineated, spherical space-
occupying, diffusely heterogeneously moderately
contrast- enhancing, and associated with a strongly
enhancing peripheral rim mass lesion at the level of
the pituitary fossa causing marked compression of
the thalamus, midbrain, and optic chiasm, compati-
ble with a pituitary macroadenoma (Figure 1).

Given the severity of the neurological signs asso-
ciated with the tumor, which was deemed inopera-
ble because of its size and location, euthanasia was
recommended. The owner, however, firmly declined
euthanasia and the mare was uneventfully recovered
from general anesthesia after MRI examination.

4, Surgical case management

4.1. Development of the surgical approach and
special equipment

In an interdisciplinary collaboration of human and
small animal neurosurgeons, radiologists, anesthe-
tists, and equine surgeons, a novel surgical approach
was proposed, tailored to the specific size and anat-
omy of an equine patient. Considerations included
the shortest working distance possible to allow for
the use of a surgical microscope or rigid scope, but

Figure 1. (A) T2w sagittal, (B) T2w transverse and (C) T1w 3D reconstructable magnetization-prepared gradient-echo (MP-RAGE)
with contrast medium (gadoteric acid, clariscan ™, GE Healthcare AG, opfikon, Switzerland) dorsal magnetic resonance images
of the head of a 16-year-old warmblood mare, depicting a large well-delineated pituitary macroadenoma compressing the

thalamus, the midbrain, and the optic chiasm.



also the safest access possible to avoid the abundant
neurovascular structures at the ventral aspect of the
cranium and near the foramen lacerum, as well as
the contaminated respiratory mucosa of the guttural
pouch. A transmandibular, lateral transsphenoidal
approach was therefore elected by performing a fen-
estration of the vertical ramus of the mandible and
then traverse the lateral pterygoid muscle and access
the lateral aspect of the basisphenoid bone.

The available surgical equipment included a high-
speed drill (Midas Rex M8, Medtronic), sequential
muscle dilators (METRx Il System, Medtronic) and
magnification (surgical microscope (Leica
Microsystems GmbH, Wetzlar, Germany) and/or rigid
endoscope (Karl Storz Endoscopy, Tuttlingen,
Germany)). The O-arm 2 and the StealthStation S8
(Medtronic, Louisville, Colorado) were used for neuro-
navigation. Prior training and evaluation of the tech-
nigue and instruments were performed on cadaveric
equine head specimens obtained from two horses
euthanatized for reason unrelated to the topic of this
case report and donated by their owner by signing
an informed consent. The experimental nature of the
surgery was agreed upon by the owner.

4.2. Patient preparation

Prior to induction of general anesthesia, the horse
was fasted for 12h while given access to water.
Prophylactic antimicrobials, including benzylpenicillin
sodium (30°0001U/kg, Penicillin  Natrium Streuli,
Streuli Pharma AG) and gentamicin sulfate (6.6 mg/
kg, Pargenta-50, Dr E Graeub AG), were administered
intravenously (IV) along with flunixin meglumine
(1.1mg/kg, Vetaflumex, Provet AG). Sedation was
achieved using romifidine (0.06mg/kg 1V, Sedivet,
Boehringer Ingelheim) and levomethadone (0.05mg/
kg IV, L Polamivet, MSD Animal Health GmbH). The
mare was carefully placed in a full-body Animal
Rescue and Transportation Sling (ARTS, size L) (Flrst
et al. 2008) and secured to a hoist.

General anesthesia was induced by administering
ketamine (2.5mg/kg IV, Ketasol-100, Dr E Graeub AG)
and diazepam (0.05mg/kg IV, Valium, Roche Pharma
AG), and the horse was gently positioned in a sternal
position on the padded floor within the induction
box to allow for transoral endotracheal intubation
(OD 28 mm.). Subsequently, the anesthetized horse
was hoisted and positioned in sternal recumbency
over a surgical mattress placed on the surgery table
(Haico pro 3 equine operating table, Avante animal
health, Louisville, USA). The front and hind limbs
were left lying on both sides of the mattress, adopt-
ing freely a slightly flexed posture (Figure 2). The
mare’s head was placed on a carbon fiber table
(Opera Swing; General Medicale Merate SPA, Seriate,
Italy) and positioned in a vacuum cushion slightly
tilted to the right to improve surgical site exposure
while keeping it elevated above heart level to reduce
intracranial pressure and intraoperative bleeding
(Brosnan et al. 2002). General anesthesia was

VETERINARY QUARTERLY (&) 3

Figure 2. Photograph showing the mare positioned in ster-
nal recumbency on the surgery table, with her head placed
in an elevated position on a carbon fiber table. The patient
tracker required for surgical navigation using an optical
tracking system is solidly anchored on the left facial crest
using two 3.2mm Schanz pins.

maintained with sevoflurane vaporized in O, and
medical air (FiO, 0.9-1), supplemented with constant
rate infusions of ketamine (1 mg/kg/h IV, Ketasol-100,
Dr E Graeub AG) and romifidine (0.03mg/kg/h IV,
Sedivet, Boehringer Ingelheim). Intermittent positive
pressure ventilation was applied throughout anesthe-
sia using a large animal anesthesia machine (Tafonius,
Vetronic, UK). Ventilation settings were adjusted to
maintain the end-tidal CO, between 35 and 40 mmHg.
Ringer Lactate solution (Ringer Lactate, Bichsel,
Interlaken, Switzerland) and dobutamine were admin-
istered as needed (0-1pg/kg/min IV, Dobutrex TEVA
Pharma AG, Basel, Switzerland), ensuring mean and
systolic arterial pressures (right transverse facial
artery) remained above 70 and 110, respectively.
Standard physiological variables were monitored
(Tafonius, Vetronic, UK) continuously, and arterial
blood gas and chemical analyses were performed
approximately every hour. In addition, the electroen-
cephalogram was monitored in the operating room
(SedLine®, Masimo Corp., CA, USA) and the density
spectral array monitoring was continuously recorded.
During aseptic preparation, a single episode of severe
bradycardia (18-20 beats per minute) occurred with-
out an identifiable cause. This resolved with the
administration of atropine (0.01mg/kg IV, Sintetica
1mg/mL, Mendrisio, Switzerland).

Following aseptic preparation of the left cheek,
the bridge of the nose and the periocular region, the
patient tracker (passive orthopedic reference frame
963-864 and fixator 9730864, StealthStation System,
Medptronic, Louisville, Colorado) was anchored on the
left facial crest using two 3.2mm self-tapping Schanz
pins inserted through stab incisions (Figure 2).
Furthermore, the cornea was moistened with eye
ointment containing retinyl palmitate (Vitamin
A<Blache>, Bausch & Lomb Swiss AG, Switzerland)
and a temporary tarsorrhaphy was performed on the
left eye with two simple interrupted sutures with
absorbable monofilament suture material (Monocryl
2-0, Ethicon, Johnson & Johnson) to avoid cornea
drying during the surgical procedure. The upper and
lower incisors were wired shut using two loops of
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1.25mm stainless-steel wire to avoid alteration of the
spatial relationship between the patient tracker, the
cranium, and the mandible. In the same position, the
horse was subsequently moved into the surgical
theatre.

4.3. Preoperative imaging

After an additional aseptic preparation and draping
of the surgical field, the mobile CBCT unit and the
coupled navigation system (O-arm 2 and
StealthStation S8, both Medtronic) were moved into
position so that the camera of the optical tracking
system simultaneously detected the reflecting
spheres of the patient tracker and the infrared
light-emitting tracker of the gantry. The gantry posi-
tion was adjusted until the region occupied by the
spherical mass was centered in the field of view.
Correct gantry positioning was repeatedly checked
using the integrated 2D fluoroscopic function. A
high-definition CBCT scan was acquired using 120kV,
an exposure of 125mA, and an acquisition time of
27s. The resulting 192 transverse isotropic images
were automatically exported to the navigation sys-
tem. The CBCT dataset (as well as all subsequent
intraoperative CBCT scans) was merged with the
T1-weighted 3D MP-RAGE sequence acquired ten
days before surgery, which had been manually
imported from the PACS (Deep unity, Dedalus, Bonn,
Germany) to the navigation system. The acquired
CBCT images were reviewed by a radiologist to
ensure that the area of interest, i.e. the entire length
of the anticipated approach and the adenoma, were
included. The gantry was opened, and the mobile
CBCT unit was pulled out of the operating theatre to
give the operating surgeons full access to the surgi-
cal site.

4.4. Surgical planning

Patient registration was performed by placing the tip
of a sharp navigated pointer (Passive Planar Probe
(sharp), 960-553, StealthStation System, Medtronic)
in the divot of the patient tracker. The navigated
pointer and its virtual projection were then used to
define the surgical approach on the merged CBCT
and MRI dataset on the StealthStation S8. The trajec-
tory for the planned surgical approach traversed the
left masseter muscle and the thin part of the vertical
ramus of the mandible in an oblique rostroventral to
caudodorsal direction, midway between its rostral
and caudal edges, dorsal to the large maxillary vein
on the medial aspect of the mandible, and about
5cm ventral to the temporomandibular joint. Medial
to the mandible, the trajectory of the planned surgi-
cal approach was to lay within the lateral pterygoid
muscle, taking care to avoid penetration of the ven-
trally located guttural pouch. The target area of the
planned surgical approach was the surface of the
basisphenoid bone about 2cm rostral to the foramen
lacerum, just caudal to the caudal alar foramen and

Figure 3. Close-up view of a screen shot of the StealthStation
S8 depicting the surgical plan on merged cone beam com-
puted tomography and T1w high-resolution 3D reconstructa-
ble magnetization-prepared gradient-echo (3D MP-RAGE)
transverse plane images. The light blue line represents the
core axis of the corridor to be established as transmandibu-
lar lateral transsphenoidal surgical approach to the pituitary
macroadenoma.

3cm dorsal to the muscular tubercle. A final crite-
rium for the surgical plan was that the trajectory of
the surgical plan was close to the center of the pitu-
itary macroadenoma (Figure 3)

4.5. Surgical procedure

A 10cm curved, rostrally convex skin incision was
made over the caudal edge of the left vertical man-
dibular ramus, extending ventrally from a point just
ventral to the temporomandibular joint. The buccal
branches of the facial nerve were cautiously elevated
through tunneling of the superficial fascia of the
masseter muscle with Metzenbaum scissors from
ventral to dorsal, and isolated with a Penrose drain.
The aponeurosis of the masseter muscle close to the
caudal rim of the vertical ramus of the mandible was
sharply transected and the masseter muscle was
bluntly separated from the underlying mandible with
a periosteal elevator and retracted rostral and dorsal.
A navigated high-speed drill (Midas Rex MRS,
Medtronic) was used to create a circular fenestration
of approximately 3cm diameter centered on the thin
portion of the mandible where the trajectory of the
predefined surgical plan penetrated the mandible
(Figure 4). Fenestration was started at the dorsal
edge of the planned bone corridor and progressively
enlarged towards ventral, taking care not to damage
the maxillary vein.

The 0.0625 x 12" guidewire of the METRx Il System
(Medtronic) was introduced under navigation guid-
ance penetrating the now exposed lateral pterygoid
muscle until it firmly contacted the basisphenoid
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Figure 4. (A) Intraoperative photograph of the surgical approach performed in the left cheek to gain access to the lateral
pterygoid muscle through a circular osteotomy in the vertical ramus of the mandible (rostral is to the left, dorsal is to the top
of the image). The buccal branches of the facial nerve are protected by a Penrose drain. (B) Insertion of the sequential muscle
dilators (METRx Il System, Medtronic) in the lateral pterygoid muscle through the osteotomy to create a working channel to
gain access to the basisphenoid bone. Please note the central guidewire, the tip of which is firmly contacting the basisphe-

noid bone.

bone. At this point, a first intraoperative CBCT scan
was run to confirm correct placement of the guide-
wire. Based on these images, the position of the
guidewire had to be slightly corrected rostrally and
dorsally until alignment with the trajectory of the
predefined surgical plan was obtained. A working
channel was created in the center of the lateral pter-
ygoid muscle by sequentially inserting the dilators of
the METRx Il System over the guidewire while main-
taining firm contact between the tip of the guide-
wire and the basisphenoid bone (Figure 4). The
largest dilator that could be inserted had an inner
diameter of 18.8mm and a length of 9cm. This dila-
tor ultimately served as a speculum to create the
osteotomy in the basisphenoid bone and thus estab-
lish the surgical approach to the cranium.

Several attempts were made to visualize the sur-
face of the basisphenoid bone with the operating
microscope through the dilator. Although the micro-
scope provided an excellent magnification to exam-
ine the deep structures, it had to be positioned too
close to the dilator to focus, thus preventing the
introduction of surgical instruments. Therefore, the
microscope was replaced by a 30° forward oblique,
4mm outer diameter, 18cm standard telescope (Karl
Storz Endoscopy, Tuttlingen, Germany) for illumina-
tion and magnification of the surgical field.

The remaining fibers of the lateral pterygoid mus-
cle covering the lateral surface of the basisiphenoid
bone were transected using a 15cm long electrode
connected to a radiofrequency unit (VAPR Tripolar
90° Suction Electrode, DePuy Synthes, Johnson &
Johnson, 22851 Norderstedt, Deutschland). Finally, a

Figure 5. Intraoperative view of the circular osteotomy in
the basisphenoid bone, provided by a 30° forward oblique,
4mm outer diameter, 18cm standard telescope (Karl Storz
Endoscopy, Tuttlingen, Germany) inserted in the metallic
muscle dilator. The maxillary branch of the trigeminal nerve
(*) is visible in the sulcus nervi maxillaris through the
osteotomy.

circular, 15mm in diameter osteotomy of the basi-
sphenoid bone was created under navigation guid-
ance using the high-speed drill. The dorsal edge of
the maxillary branch of the trigeminal nerve (V2)
was visible in the sulcus nervi maxillaris through the
osteotomy (Figure 5). Based on the MRI dataset, the
pituitary adenoma would have been located just
axial and dorsal to this structure. However, the
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tumor could not be visualized and identified as such
with the endoscope. Moreover, the long and narrow
dilator made adequate intracranial instrumentation
impossible when using the available equipment.
This limitation prevented intracranial accurate tissue
dissection and surgical resection of the tumor under
direct visual control.

A Ferris-Smith rongeur mounted with an instru-
ment tracker (SureTrak Il Universal Tracker, Large
Passive Fighter, 961-581, Medtronic) was then intro-
duced into the center of the tumor under navigation
guidance. A second intraoperative CBCT scan con-
firmed the correct placement of the rongeur, and a
tissue sample was harvested for histopathological
examination, which later confirmed the suspected
diagnosis of a pituitary macroadenoma. Despite the
lack of visual control, careful attempts were made to
resect as much tumor tissue as possible with various
surgical instruments, all mounted with an instrument
tracker. For intraoperative orientation during those
attempts, the surgeons were left to rely exclusively
on the merged CBCT and MRI images displayed on
the screen of the navigation system. Following these
attempts, a third intraoperative CBCT scan revealed
large intracranial gas accumulations indicating suc-
cessful partial removal of the adenoma, but also iat-
rogenic trauma to the brain parenchyma, including
portions of the adjacent tissue of the thalamus.
Hence, it was decided to not let the horse recover
from surgery, because detrimental effects on vital
cognitive capabilities were expected. With the con-
sent of the owner, the mare was euthanized on
the table.

Importantly, intraoperatively neither incontrollable
hemorrhage nor anesthesia-related complications
occurred. The total anesthesia duration was 365min,
with the PaO,/FiO, ratio remaining above 485 mmHg.
No abnormal electrical activity was reported on the
EEG. The horse had a mean patient state index of 20
(unitless) and a mean suppression ratio also of 20%
over the surgical procedure. Following euthanasia,

the integrity of the guttural pouch was confirmed
using a flexible endoscope.

A post-mortem MRI of the head confirmed partial
resection of the left laterorostral quadrant of the
pituitary mass lesion, with the created void being
partially filled with gas and coagulated blood, respec-
tively. In addition, the adjacent left thalamus also
showed a defect filled with gas, which confirmed
inadvertent iatrogenic damage to the brain paren-
chyma (Figure 6). The surgical approach presented as
a collapsed track with gas accumulations in the left
masseteric and lateral pterygoid muscle and bone
defects in the left mandible and left basisphenoid
bone. In the corridor left of the surgical approach,
the first (N. ophthalmicus, V1) and second (N. maxil-
laris, V2) branches of the fifth cranial nerve (N. tri-
geminus) were focally lost. Also, the maxillary branch
of the external carotid artery could not be delineated
focally. The internal carotid artery was well defined,
located caudally to the surgical approach.

Finally, the head was cut in a transverse plane to
anatomically illustrate the path of the surgical
approach (Figure 7).

5. Discussion

The management of pituitary pars intermedia dys-
functions is essential in equine practice and gaining
importance due to the high prevalence of this
pathology in geriatric horses and the growing pro-
portion of aged equids in the population (Ireland
et al. 2011; Welsh et al. 2016). Most of these cases
are successfully managed with daily oral administra-
tion of pergolide mesylate. However, there is cur-
rently no therapy for cases unresponsive to medical
treatment, such as horses suffering from neurological
deficits induced by space-occupying macroadenoma
compressing the adjacent tissues. This case report
describes the surgical access to a large macroade-
noma in a warmblood mare and its attempted

Figure 6. Post-mortem T1w high-resolution 3D reconstructable magnetization-prepared gradient-echo (3D MP-RAGE), (A)
transverse, (B) sagittal and (C) dorsal plane magnetic resonance images of the head of a 16-year-old warmblood mare, depict-
ing partial removal of the adenoma, but also inadvertent removal of portions of the thalamus.



Figure 7. Post-mortem transverse slice of the head of the
warmblood mare depicting the left-sided transmandibular
lateral transsphenoidal surgical approach providing access to
the pituitary macroadenoma. Parts of the mass had been
removed intraoperatively, as demonstrated by the hemor-
rhagic area in its left dorsal aspect (right in the image), but
iatrogenic damages to the surrounding brain parenchyma
are also macroscopically visible. Please note the hemorrhagic
tract within the center of the lateral pterygoid muscle, where
the sequential muscle dilators were inserted.

removal. The anesthetized horse was positioned in
sternal recumbency, with the head above the heart
line and slightly tilted to the right, to lower the intra-
cranial pressure and enable the surgeons to work in
a convenient position. Neither excessive intraopera-
tive bleeding nor anesthesia-related complications
were recorded during the procedure. Whilst surgery
was not successfully completed, the novel navigated
transmandibular lateral transsphenoidal approach
allowed for a controlled access to the tumor.

The transnasal transsphenoidal approach, which
is used to access the region of the pituitary gland in
humans and dogs, was soon discarded because of
the dimensions and the dolichocephalic shape of
the equine head. In human neurosurgery, microsur-
gical anatomy references provided by Rhoton’s work
(Rhoton 2019) are helpful for planning and under-
standing the benefits and risks of any surgical
approach to that area. Such microsurgical anatomy
references are lacking in equine surgery. Previously
reported experiences with a series of equine cadav-
eric specimen ftrials to access the pituitary gland
(Carmalt and Scansen 2018) encouraged us to look
for alternative approaches. In the latter, the ventral
aspect of the basisphenoid bone was accessed
through a standard laryngotomy (Ducharme et al.
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2019), followed by penetration of the guttural
pouches. Based on the CBCT and MRI datasets, the
estimated length of this approach would have been
20cm (from the cricothyroid membrane to the basi-
sphenoid bone), compared to a length of 6,5cm for
the lateral approach (from the mandible to the basi-
sphenoid bone). The ventral approach was therefore
deemed inadequate for several reasons: (1) its depth,
(2) the exposure to the contaminated respiratory
mucosa of the guttural pouch, (3) the risk of iatro-
genic damage to the internal carotid artery running
in the roof of the medial compartment of the gut-
tural pouch, and (4) the lack of protective tissue lay-
ers covering the osteotomy after the intervention.
The tissue dilators allowed to establish a working
channel traversing the lateral pterygoid muscle
while safely retracting the major blood vessels
including the external carotid artery and its contin-
uation, the maxillary artery, which is running in
close vicinity through the caudal alar foramen into
the alar canal. The lateral pterygoid muscle not only
provides a direct, broad, and safe corridor to the
basisphenoid bone, but also an expected good post-
operative soft tissue seal of the osteotomy site,
potentially lowering the risk for surgical site infec-
tion. Further potential advantages of the lateral
compared to the ventral osteotomy is the higher
versatility for the removal of large, dorsally expansile
tumors, as the lateral fenestration of the basisphe-
noid bone can be extended dorsally and not only
provides access to the floor of the sella turcica.

One potential limitation of the here described lat-
eral approach might be the restricted access to the
ventral and contralateral aspects of the space occu-
pied by a large mass. To reach these regions, special
long, curved or angled instruments may become
necessary. Alternatively, a more invasive lateral
approach combined with a mandibular condylec-
tomy would provide a more direct trajectory and
potentially better access to these regions. Although
we considered a mandibular condylectomy and tak-
ing a more invasive approach, this idea was soon
abandoned. This decision was based on weighing
potential benefits against the presumed added risks
for iatrogenic damage and the morbidity associated
with the condylectomy.

In the case presented here, the adenoma seemed
well-delineated on magnetic resonance images.
However, a complete surgical excision of the tumor
would have been an unrealistic goal due to its large
diameter and its firm consistency, i.e. not liquefied as
this is often the case in humans. Furthermore, the
obliquity of the left-sided surgical approach pre-
cluded access to its right most ventral aspect, and
the narrowness and length of the approach pre-
cluded blind dissection guided by tactile feedback.
Therefore, the stated primary goal was to remove at
least the dorsal portion of the adenoma to tran-
siently improve the clinical signs by decompressing
the surrounding structures.

The main reason for the abortion of the surgical
procedure was the inability to appropriately
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illuminate and magnify the deep surgical field, which
resulted in poor visualization of the adenoma, and
thus prevented the identification of a safe tissue
plane for dissection. Visual control throughout the
entire procedure would have been essential to avoid
inadvertent iatrogenic damage to the surrounding
brain parenchyma, the vasculature, and the branches
of the trigeminal nerve. Soft tissue dissection relying
exclusively on the merged CBCT and MRI datasets is
doomed to fail because of distortion of the initial
spatial relationship following penetration of the cra-
nium, cerebrospinal fluid outflow after opening the
cisterns and manipulation of the intracranial struc-
tures. Resection of the tumor tissues will inevitably
lead to a collapse of surrounding brain parenchyma
into the created void and lead to significant mis-
match of the visual soft-tissue information provided
by the navigation, which is based on the pre-opera-
tively acquired MRI-scans. Moreover, the resulting
brain shift invalidates the patient-to-image mapping
(Gerard et al. 2017).

The surgical operating microscope would have
provided adequate visualization of the intracranial
structures, but it was almost in direct contact with
the inserted dilator when reaching adequate focus,
which impaired the introduction of the available
instruments. Specific instrumentation, for example
long, bayoneted instruments would have been
required to work through this channel. The use of a
microscope with a longer working distance (i.e. over
400mm) or the insertion of a shorter dilator would
have solved this technical issue. Furthermore, the
insertion of a shorter, and thus wider, sequential dila-
tor of the METRx Il System would have allowed fur-
ther dorsal extension of the circular basisphenoid
osteotomy, which could have improved accessibility
of the adenoma. Several attempts were made to
insert a shorter and wider dilator. These attempts
were not successful, although the fenestration in the
mandible appeared large enough to accommodate
it. In retrospect we speculate that the insertion of a
wider dilator was not possible in the clinical case
because the maximum stretching capacity of the lat-
eral pterygoid muscle had been reached. This specu-
lation is supported by the fact that it was possible to
introduce a shorter and wider dilator in the cadaver
specimens used for developing and practicing the
approach.

As soon as it became clear that the long inserted
dilator impeded the use of the available operating
microscope, the microscope was replaced by a tele-
scope. The illumination and magnification provided
by the telescope were still not adequate to reliably
identify the boundaries of the adenoma. Furthermore,
the short working distance of the telescope also pre-
cluded proper surgical instrumentation. In the future,
this technical limitation could be overcome with the
use of a telescope with a longer shaft and a longer
working distance (i.e. 250mm), as reported for trans-
sphenoidal removal of pituitary adenomas in dogs
(Mamelak et al. 2014). In summary, technical refine-
ments (like the use of shorter dilators, surgical

operating microscopy with a longer working dis-
tance, specific telescope, and bayoneted instru-
ments), may allow for controlled manipulation of
intracranial tissue in horses and should therefore be
further explored. In addition, the use of selective tis-
sue ablation technologies, such as ultrasonic cavita-
tion devices, would enhance intracranial tissue
ablation safety in cases where the intraoperative
visualization remains limited.

Advanced imaging techniques like CT and MRI are
increasingly available in equine referral centers. This
not only improves the diagnostic capacities to identify
intracranial pathologies but also paves the way for
image-guided therapeutic options. Computer-assisted
surgery has now become well-established in human
neurosurgery and for various indications, for example
skull-base surgery (Tzelnick et al. 2023). Technological
advances will continue to further improve the already
impressive surgical accuracy achieved by modern sur-
gical navigation systems and provide increasingly
user-friendly solutions for veterinary surgeons to fully
appreciate the benefits of real-time intraoperative ana-
tomical and instrumental orientation. Equine surgeons
are only starting to explore the possibilities of surgical
navigation (Heer et al. 2019; de Preux et al. 2020; de
Preux et al. 2022; Greim et al. 2023). In our case, the
main incentive for using surgical navigation was to
accurately gain access to a predefined location in the
basisphenoid bone while minimizing the inherent
risks of traumatizing vital structures, such as the max-
illary vein, the guttural pouch and the internal and
external carotid arteries. The detailed information on
bony and soft tissue structure provided by the merged
CBCT and MRI datasets and real-time intraoperative
orientation provided by the surgical navigation, proved
particularly useful to safely place the central pin of the
dilator system.

In conclusion, this case report describes a novel
navigated approach to the equine basisphenoid
bone to access a pituitary macroadenoma causing
severe neurological signs. To date, this is the only
description of a navigated surgical approach to the
ventrolateral aspect of the equine cranium, which
provides access to previously unreachable intracra-
nial structures. The technical limitations encountered
during the attempted removal of the tumor may be
overcome in the future with the help of additional
specialized equipment for illumination and magnifi-
cation of the surgical field, as well as selective tissue
ablation. Further work is needed to refine the tech-
nique and assess the repeatability of the approach.
Ultimately, in the absence of reported clinical experi-
ence of partial adenomectomy in horses, the conse-
quences of such a surgical procedure on the
physiological homeostasis of the equine patient and
the risk of recurrence of the clinical signs remain to
be determined.
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