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ABSTRACT

CERVICAL VERTEBRAL CANAL ENDOSCOPY IN THE HORSE ‘

By

Timo Prange, Dr. med. vet.

Diseases of the equine cervical spinal cord remain a diagnostic challenge. In

hmnan medicine, endoscopy of the vertebral canal is used in cases where non-invasive

imaging tools fail to identify the lesion.

First, an approach to the vertebral canal via the atlanto-occipital space was

developed and the epidural as well as the subarachnoid space of the cervical vertebral

canal were explored. Nerve roots, fat and the ventral internal vertebral venous plexus

were identified in the epidural space. During endoscopy of the subarachnoid space, the

spinal cord, nerve roots, blood vessels, the denticulate ligaments and the external branch

of the accessory nerve were seen. Subsequently, three healthy adult horses underwent

endoscopy of the epidural space (epiduroscopy) while subarachnoid endoscopy

(myeloscopy) was performed in another three horses. All procedures were completed

successfully, including examination ofthe subarachnoid and epidural space from the

atlanto-occipital space to the 8th cervical nerve. All horses recovered from anesthesia.

Neurologic examinations after surgery were normal in all but one horse. This horse

showed transient signs of ataxia and weakness after a complicated myeloscopy.

Endoscopic examination of the epidural and subarachnoid space from the atlanto-

occipital space to the 8th cervical nerve is possible and can be performed safely in

clinically healthy horses.
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INTRODUCTION

This thesis is divided into 4 chapters. The first chapter is a literature review that

will facilitate the understanding of the endoscopic anatomy of the equine vertebral canal

that is described later in the thesis. Furthermore, will demonstrate the need for a new

diagnostic tool in horses with spinal cord disease and provide an introduction into

epidural and subarachnoid endoscopy in humans. At the end of this chapter, I will

explain my conclusions regarding the potential clinical usefulness of cervical vertebral

canal endoscopy in horses.

The second chapter describes the development of the surgical approach to the

cervical vertebral canal via the atlanto-occipital space and the endoscopic anatomy of

the cervical epidural and subarachnoid space in equine cadavers.

In chapter 3, the intra- and post-operative observations in 6 healthy adult horses

that underwent cervical vertebral canal endoscopy are reported, including three cases of

myeloscopy and three of epiduroscopy.

In chapter 4, I will draw conclusions from my work and recommend a path

forward for the development of vertebral canal endoscopy in horses.



CHAPTER I

LITERATURE REVIEW

Anatomy

As in most mammals, the cervical spine of the horse consists of seven vertebrae (C1-

C7). They are firmly joined together and thereby contribute to the maintenance of

posture and stability of the neck while allowing flexion/extension, axial rotation and

lateral bending (Clayton and Townsend 1989). Furthermore, it encloses and protects the

spinal cord and accessory structures in the vertebral canal (Dyce et al. 2010). The

following is a description of the anatomical structures of the cervical vertebral column

and the associated structures that are relevant for this research project.

Cervical vertebrae

The basic form of a cervical vertebra includes the two sides of a vertebral arch, a dorsal

roof and a ventral body, which together form the approximately rectangular shaped

vertebral foramen. The atlas however, does not have a distinct body; it has the shape of

a ring that encloses a very large vertebral .foramen (Butler et al. 2008, Liebich and

Koenig 2007). Together the cervical vertebral foramina form the cervical vertebral

canal which extends from the foramen magnum to C7 and encloses the spinal cord, its

meninges, spinal nerves, blood vessels, 1igarments, fat and connective tissue (Liebich

and Koenig 2007). The diameter of this canal varies greatly at different points in the

cervical vertebral column, emulating the shape of an hourglass; widest at the atlas,

narrows to the smallest width at C4, then widens considerably at the cervico-thoracic



junction (Getty 1975, Mayhew et al. 1978). However, the vertebral canal in a healthy

horse is always wide enough to avoid compression ofthe spinal cord. On the lateral

aspect oftwo adjacent vertebrae is a small space formed by little notches in the arches,

the inter-vertebralforamen, which allows the spinal nerves to exit the vertebral canal.

The dorsal aspects of the vertebral arches fit closely in between most vertebrae, leaving

no or nearly no interarcual space. However, there are three sites where these spaces are

large enough to allow access (e. g. with a needle) to the vertebral canal:

- atlanto-occipital space: between the occipital bone and the atlas (therefore not

a real “interacual space”)

- atlanto-axial Space: between the atlas and the axis

- lumbosacral space: between the last lumbar vertebra and the sacrum

Articulations ofthe cervical vertebral column

The atlanto-occipitaljoint and the atlanto-axialjoint together form a functional unit

between the skull and the vertebral column that allows flexion and extension in the

sagittal plane (“nodding”) and rotation about a longitudinal axis (“head-shaking”). The

dorsal atlanto-occipital membrane strengthens the dorsal joint capsule of the atlanto-

occipital joint and at the same time, covers the space between the occiput and the atlas

(atlanto-occipital space) (Dyce et al. 2010). The inter-vertebral articulations of the

remaining cervical vertebrae consist of syrnphyses between the bodies and the synovial

joints of the articular processes (so called “articular facets”). The bodies are connected

by inter-vertebral fibro-cattilage disks, which consist of a dense fibrous peripheral part

(annulus fibrosus) and a soft and elastic central part (nucleus pulposus). The latter is



maintained under pressure and spreads the compressive forces, to which the vertebral

column is subjected, over a wider part of the vertebra. The thickness of the inter-

vertebral disks largely contributes to the flexibility of the spine. The articular facets are

conventional synovial joints. In the cervical region these articular surfaces are large and

situated almost horizontally, enabling the horse to not only flex and extend but also to

rotate the neck (Dyce et al. 2010, Getty 1975, Liebich and Koenig 2007).

Tcurious and Ligaments (Dyce et al. 2010, Liebich and Koenig 2007)

A variety of ligaments connects the vertebrae with each other, including long (spanning

several vertebrae) and short (connecting two adjacent vertebrae) ligaments. The

interarcuate ligaments (ligamenta flava) fill the interarcual spaces and are the only short

ligaments of importance for this project. Relevant long ligaments are:

- the dorsal longitudinal ligament that runs on the floor of the vertebral canal

from the axis to the sacrum and is attached to the intervertebral disks and the

vertebrae

- the nuchal ligament consists of a funicular and a lamellar part. The fimicular

part is a cord like structure, situated in the dorsal midline, extends from the

external occipital protuberance to the summits ofT3-T5 and then continues to

the supraspinous ligament. It is an elastic band, supporting the extensor muscles

of the neck during head movements of locomotion (Gellrnan and Bertram 2002).



Spinal cord

The equine spinal cord extends from the medulla oblongata at the foramen magnum to

the level of the second sacral vertebra.

Outer structure/anatomy: It can be described as a cylinder with slight dorsal-ventral

flattening, with certain regional variations in shape and diameter. Along its entire

length, the spinal cord can be divided into two symmetric halves by the dorsal grave

and the ventral medianfissure. Afferent nerve fibers enter the spinal cord through the

dorsal lateral sulcus ofboth sides (dorsal spinal nerve roots), while efferent nerve

fibers exit the spinal cord through the shallow and indistinct ventral lateral sulcus

(ventral spinal nerve roots). One dorsal and the correlating ventral spinal nerve root

together form a spinal nerve. The spinal nerves exit the vertebral canal via the inter-

vertebral foramina and therefore their number usually coincides with the nmnber of

vertebrae, e.g. there are 18 thoracic vertebrae and 18 thoracic spinal nerves. However,

there are eight cervical spinal nerves. The first exits the vertebral canal through the

lateral vertebral foramen of the atlas followed by seven nerve roots exiting through the

inter-vertebral foramina, with the 8th cervical nerve passing through the inter-vertebral

foramen between C7 and T1 (Dellmann and McClure 1975, Koenig and Liebich 2007).

The external branch ofthe accessory nerve (XI) arises from the cervical spinal cord at

the level of the 5th cervical spinal nerve. It then continues cranially on the dorso-lateral

surface of the spinal cord, continuously receiving more nerve fibers and therefore

increasing in size until it eventually passes through the foramen magnum (Boehme

2004b)

Internal structure/anatomy: A transverse section of the cervical spinal cord reveals an



oval shape with obvious dorso-ventral flattening at the level ofthe cervical

enlargement, where the spinal cord measures about 25m (transverse) by 12mm

(dorso-ventral) in diameter. The grey matter is located centrally, roughly resembling a

capital “H” or a butterfly in shape with each lateral part consisting of a dorsal and

ventral horn/column. The grey matter consists of cell bodies and processes ofneurons

and glia cells. The shape of the grey matter divides the surrounding white matter into

three pairs of funiculi: the dorsal pair between the dorsal horns of the grey matter, the

lateral pair on both sides of the grey columns and the ventral pair between the ventral

grey horns. These funiculi are composed of ascending and descending nerve fibers.

Functionality ofthe spinal cord: A brief review of the essentials of the functionality of

the spinal cord is necessary to understand certain diseases in the horse that originate in

the cervical vertebral canal.

- Somatic eflerentpathways: Somatic motor activity is regulated by lower and upper

motor neurons. The lower motor neurons are located in the ventral grey column

throughout the entire spinal cord with their axons reaching the skeletal muscles via the

spinal nerves. Abnormalities of the general somatic efferent lower motor neuron

generally cause signs of muscle weakness (paresis or paralysis, reduced or missing

reflexes, hypo- or atonia, neurogenic atrophy). The upper motor neuron is the CNS

motor system that is responsible for voluntary movement, the maintenance of tone

against gravity and the regulation ofposture. It is traditionally divided into the

pyramidal and extra—pyramidal system. The pyramidal system predominantly consists of

neurons whose cell bodies are located in the motor area of the cerebral cortex and axons

that descend through the white matter of the cerebrum and brain stem. They represent



an uninterrupted monosynaptic cortico-spinal pathway from the cerebrum to the spinal

cord. The pyramidal system is well developed in animals that are able to perform finely

skilled movements, 6.g. with their thoracic limbs, like primates or raccoons. In the

horse, the pyramidal system is poorly developed, only making considerable contribution

to the facial muscles and lip movements. The extra—pyramidal system, in contrast,

comprises various multi—synaptic pathways that originate from different nuclei in the

cerebral cortex (multi-neuronal, multi-synaptic, cortico-spinal pathway). This system is

ofmuch greater importance in the domestic animal, as it is responsible for maintenance

ofposture and the execution of intended movements by ensuring coordinated muscle

activity. The pyramidal and the extra-pyramidal system overlap anatomically and

function together as both are controlled by the cerebellum (de Lahunta 1983, Koenig

and Liebich 2007).

- Somatic aflerentpathways: The principal sensory systems of the body include the

system for recognition ofpain (nociception) and the system for detection ofbody

position (propioception). Generalpropioception pathways are formed by chains of

neurons with synapses at different levels of the nervous system and can be divided into

those that conduct impulses from the pelvic or the thoracic limbs. Furthermore, they can

be differentiated into pathways belonging to the conscious propioception system (three

neurons per chain) or the unconscious propioception system (two neurons per chain).

Knowing the course of these pathways is essential to understanding clinical signs of

certain diseases, like the Cervical Vertebral Stenotic Myelopathy (CVSM). The

following pathways are located in the white matter of the spinal cord and make up the

funiculi that have been described above (de Lahunta 1983, Masty 2008).



- conscious pathway for pelvic limbs: fasciculus gracilis (dorsal funiculi)

- un-conscious pathway for pelvic limbs: dorsal and ventral spinocerebellar

tracts (lateral funiculi, superficial to the spinocerebellar tracts of the thoracic

limbs)

- conscious pathway for thoracic limbs: fasciculus cuneatus (dorsal fimiculi)

- un-conscious pathway for thoracic limbs: cuneo-cerebellar tract (dorsal

firniculi) and the rostral spino-cerebellar tract (lateral funiculi)

Blood supply

The arterial blood supply of the cervical spinal cord is provided by segmental arteries

that originate from the vertebral artery and enter the vertebral canal via the inter-

vertebral foramina. They then divide into dorsal and ventral branches that follow the

spinal nerves to the surface of the spinal cord. Together the branches form three

continuous arteries that run along the spinal cord: two dorso-lateral spinal arteries and

the ventral spinal artery. The ventral spinal artery lies in the ventral median fissure

while the dorso-lateral arteries follow the dorso-lateral sulci, where the dorsal nerve

roots emerge. These arteries communicate and form plexuses within the pia mater (on

the surface of the spinal cord). The spinal veins follow the arteries on the surface of the

spinal cord and through the vertebral foramina, to open into the ventral internal

vertebral venous plexus, which is located in the epidural space. This plexus runs on the

floor ofthe cervical epidural space and consists of two channels (located at 5 and 7

o’clock) that are connected by transverse branches (Gold et al. 2008, Koenig and

Liebich 2007).



Meninges

The spinal cord is enclosed by three soft tissue membranes, called the meninges (from

the outermost to the deepest layer): the dura mater, the arachnoid mater and the pia

mater. The latter two are delicate tissue layers, also known as the leptomeninges (leptos

[Greek] = thin, delicate), in comparison to the dura mater (durus [Latin] = hard, tough).

The spinal dura mater forms a moveable tube within the vertebral canal. On the outside,

the dura mater is separated from the periosteal lining of the vertebral canal by the

epidural space. On the inside (towards the spinal cord) the dura mater is closely

attached to the arachnoid mater. In the literature, especially in older anatomy books, a

space between the two meninges is described. However, more recently the existence of

this subdural space in healthy living animals and humans has been questioned. It has

been demonstrated that it only forms in cadavers or due to pathologic processes

(hematomas, etc.) and in fact, is located between different layers of the dura mater and

not between the dura and the arachnoid. Therefore, the subdural space is called an

“artificial” or “potential” space (Boehme 2004a, Haines et al. 1993). The inside of the

arachnoid mater or just the arachnoid is connected to the pia mater with numerous

trabeculae and filaments, creating the appearance of a spider web. The space between

the arachnoid and the pia mater is called the subarachnoid or leptomeningeal space

(due to its location between the two leptomeninges) and contains the cerebrospinal fluid

(CSF, liquor cerebrospinalis). The well-vascularized pia mater is directly attached to

the surface of the spinal cord and surrounds all spinal nerves and blood vessels that

enter or exit the CNS. On the lateral sides of the spinal cord the pia mater is thickened,

forming the denticulate ligament. Extensions of the denticulate ligament cross the



subarachnoid space and attach to the dura mater, thereby suspending the spinal cord in

the CSF.

Epidural space

The epidural space, located between the periosteum of the vertebral canal and the dura

mater, is mostly occupied by lose connective tissue and fat. In people and primates,

analysis of the fat has shown it consists of uniform fat cells enclosed in a fine

membrane. This can explain the semifluid consistency, which facilitates movement of

the dura mater relative to the wall of the vertebral canal. Additional anatomical

characteristics of the epidural space include spinal nerve roots that cross the epidural

space on their way to the intervertebral foramina and the ventral internal vertebral

venous plexus (Boehme 2004a, Hogan and Toth 1999).

Subarachnoid space and liquor cerebrospindis/cerebrospinalfluid

The subarachnoid space is filled with CSF and surrounds the entire cervical spinal cord.

It contains the trabeculations between the pia and subarachnoid mater, the nerve fibers

that enter and exit the spinal cord, the blood vessels that supply the spinal cord, the

denticulate ligament and the external branch of the accessory nerve (Boehme 2004a).

The CSF is a clear and colorless fluid that represents a plasma ultrafiltrate. It is

produced by the choroid plexuses and modified ependymal cells of the lateral, third and

fourth ventricles as well as by the pia and arachnoid mater and the blood vessels in the
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pia and arachnoid mater. It then flows through the apertures of the fourth ventricle to

move in either a rostral (over the hemispheres) or caudal direction (into the vertebral

canal). The CSF gets absorbed in the subarachnoid villi or leaves the subarachnoid

space via the dural reflexions of the spinal nerve roots or even via the cranial nerves

(Di Chiro et al. 1972, Hayes 1987). The CSF has a number of functions, including

protection (physical and chemical buffer) and nourishment of the spinal cord and brain.

Furthermore, in conjunction with the cerebral blood flow, it helps to regulate the

pressure changes that occur within the bony calvarium (intracranial pressure): the

intracranial pressure (ICP) is generated by the brain parenchyma, the CSF and blood in

the intracranial vessels. In a healthy conscious horse the ICP is 2 : 4mmHg (measured

in the intracranial subarachnoid space) while the CSF pressure at the lumbosacral site

has been reported to be 22.6 i 5.5 mmHg (Brosnan et al. 2002a, Mayhew et al. 1977).

Laboratory examination of the CSF reveals a specific gravity of 1004-1008, a protein

of 10-120 mg/dl, less than 10 leukocytes and less than 50 erythrocytes per ml (Andrews

2004, Furr and Andrews 2008). Collection ofCSF can be performed at the atlanto-

occipital or the lumbosacral space. The site of collection should be chosen depending on

the location of the lesion, addressing the caudal flow ofCSF. For example, it is more

likely that an intracranial lesion will be reflected by CSF collected from the atlanto-

occipital space while pathologic changes in the spinal cord will be better diagnosed by

analysis ofCSF that has been collected at the lumbo-sacral space (Andrews 2004,

Hayes 1987).
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Selected diseases of the eguine cervical spinal cord

Cervical vertebral stenotic myelopathy (also cervical vertebral

malformation/malarticulation, cervical vertebral compressive myelopathy, Wobblers

syndrome, equine sensory ataxia)

The disease was first described in 1939 (Dimock and Errington 1939) and has since

been shown to be the most common non-infectious cause for spinal ataxia in horses

(Papageorges et al. 1987, Reed et al. 1981, Tyler et al. 1993) with 1.3-2% of all

Thoroughbreds being affected (Oswald et al. 2010, Rooney 1977). However, a variety

of other breeds, including Quarterhorses, Arabians, Appaloosas and Wannbloods have

been diagnosed with this disease as well (Hahn 2004, Mayhew et al. 1978).

Pathogenesis

Cervical vertebral stenotic myelopathy (CVSM) refers to the constant or intermittent

impingement ofbone and soft tissues on the cervical spinal cord that is caused by a

narrowing ofthe cervical vertebral canal, often in combination with malformation or

malarticulation of one or more ofthe seven cervical vertebrae. Even though the site(s)

of compression can be located anywhere from C1 to T1, it is most commonly identified

between C3 and C7 (Papageorges et al. 1987, Powers et al. 1986). The disease occurs in

two categories, although a continuum exists.

Type 1 CVSM is a developmental orthopedic disease that tends to occur in young

growing horses (usually < 2 years of age). The underlying anatomical abnorrnalites in

this type ofCVSM are malformations of the cervical vertebrae that result in stenosis of

12



the vertebral canal, angular deformity, caudal extension of the dorsal aspect of the

vertebral arch, osteochondrosis and physitis. The malarticulation of the affected

vertebrae causes compression especially when the neck of the horse isflexed. The site

of compression is usually located in the mid-cervical region (C3-C5) (Hahn 2004,

Mayhew 2008a, Wagner et al. 1987). 1

Type 2 CVSM is seen in older horses and appears to be an acquired/traumatic disease. It

is caused by osteoarthritis of the articular processes (facet joints) in the caudal neck

(C6-Tl) and results in direct impingement of the articular and periarticular soft tissues

on the spinal cord (including synovial cysts). The arthritis further results in cranial and

caudal extension of the craniodorsal vertebral arch, decreasing the diameter of the

vertebral canal. The stenosis in these cases is usually worsened by extending the neck

(Gerber et al. 1980, Mayhew 2008a).

A further differentiation is made between dynamic and static spinal cord compressions.

Dynamic compression is defined by intermittent spinal cord compression that occurs

when the neck, and thereby the cervical vertebrae, are flexed (more cranial cervical

vertebrae) or extended (more caudal cervical vertebrae). Static compression, on the

other hand, causes permanent compression of the cervical spinal cord, independent of

the neck position.

The typical changes in the spinal cord can be described as lesions in the white matter of

the spinal cord, with a remarkable loss ofmyelin in almost all funiculi. The lateral

funiculi seem to be especially susceptible to degeneration by compression, while the

dorsal funiculi are sometimes spared (de Lahunta 1983, Reed et al. 2008).

13



Clinical signs

The clinical signs include ataxia (usually symmetrical), weakness and dysmetria. The

owners of affected horses will frequently report an “increasing clumsiness” (Hahn 2004,

Powers et al. 1986, Tyler et al. 1993). In horses with moderate signs, the animals will

show circumduction ofpelvic limbs when walked in small circles, dragging of the toes

and inability to counterbalance a tail pull while being walked. The stride of the thoracic

limbs is frequently hypometric and stiff.

The ataxia in the thoracic limbs is usually less severe compared to the pelvic limbs,

which can be explained by the more superficial spinocerebellar tracts of the pelvic

limbs when compared to the tracts of the thoracic limbs (see above). In general, the

clinical signs can be explained by disturbance of ascending propioception pathways

(ataxia) and descending upper motor neuron pathways (paresis) (Blythe 1987, de

Lahunta 1983).

Diagnosis

A presumptive diagnosis can be made based on the history and clinical signs and with

the help of lateral radiographs of the cervical vertebral column (neutral, flexed and

extended position). Typical radiographic findings in horses with CVSM are:

- malalignment between adjacent vertebrae (subluxation)

- osteoarthritis of the facet joints

- enlargement of the caudal vertebral epiphysis of the vertebral body

- osteochondrosis changes of the facet joints
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— extension of the dorsal aspect of the vertebral arch over the cranial physis of the

adjacent caudal vertebra

Even though subjective assessment of these radiographs can be helpful, the diagnosis of

CVSM must not be solely based on it (Papageorges et al. 1987, Reed 2007). The value

of straight lateral cervical radiographs can be substantially increased when using sagittal

ration measurements. The intro-vertebral sagittal ratio is calculated as the ratio of the

minimal sagittal diameter ofthe vertebral foramen to the maximum sagittal diameter of

the cranial aspect of the vertebral body (measured perpendicular to the vertebral canal).

A ratio below 52% for, C4, C5 and C6 and below 56% for C7 indicates narrowing ofthe

vertebral canal and points towards a diagnosis ofCVSM (Moore et al. 1994). However,

the method does not reliably identify the site of compression (Hahn et al. 2008, Reed

2007, van Biervliet 2006).

More recently the inter-vertebral sagittal ratio has been proposed to be a more

dependable tool for the identification ofCVSM (Hahn et al. 2008). This value is the

ratio of the minimal distance from the most cranial aspect of the vertebral body to the

most caudal aspect of the vertebral arch of the adjacent cranial vertebra to the maximal

sagittal diameter of the cranial vertebral body of the more caudal vertebra. The idea of

using this ratio is based on the observation that the spinal cord in CVSM cases is

usually compressed at the articulation oftwo adjacent vertebrae. In a first study

evaluating this technique, the authors were able to reliably diagnose CVSM and identify

the correct location of spinal cord compression. For each horse, the site of compression

concurred with the site of the smallest inter-vertebral sagittal ratio. However, no

reference values have been established for the general horse population because there is
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overlapping of the ratios between horses with and without CVSM. Furthermore, lateral

(transverse) compression is not uncommon in horses with CVSM which could not be

diagnosed using this technique (Hahn et al. 2008).

Positive contrast cervical myelography is currently the diagnostic tool of choice to not

only diagnose CVSM but also identify the site of compression (Hudson and Mayhew

2005, Papageorges et al. 1987). Myelography is generally performed with the horses

under general anesthesia in lateral recumbency using non-ionic, water-soluble contrast

agents (iopamidol, iohexol). The injection of the contrast into the subarachnoid space is

performed via the atlanto-occipital space after an equal amount ofCSF has been

withdrawn. Lateral radiographs in neutral, flexed and extended neck position are taken.

Dorso-ventral views to evaluate the vertebral canal for potential transverse compression

can be added. Two different criteria for the assessment ofthe lateral myelographic

radiographs are commonly used. The first method considers the reduction of the dorsal

contrast column to less than 2mm as indicative for spinal cord compression in this

location (Mayhew et al. 1978). The second system uses a Z 50% decrease of opposing

dorsal and ventral dye columns compared to a midvertebral site cranial or caudal to the

lesion for this purpose (Papageorges et al. 1987). These criteria have been the source of

debate for a while (Reed et al. 2008) and in a more recent study, it was shown that

neither one offers an acceptable combination of sensitivity and specificity, especially in

the mid cervical sites. It is likely that the reduction of the dorsal column has to be up to

>70% to avoid false positive diagnoses of spinal cord compression (van Biervliet et al.

2006b, van Biervliet et al. 2004b).

In human medicine, computed tomography and magnetic resonance imaging are the
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recommended imaging modalities in cases where simple procedures fail to provide a

diagnosis in cases of spinal cord disease (Haig and Tomkins 2010,

NorthAmericanSpineSociety 2007). The use of contrast enhanced computed

tomography (CECT) for horses with CVSM has been investigated in equine cadavers

(Moore et al. 1992). While CECT provided additional information about severity and

location of the stenosis, it identified a compressive lesion that could not be confirmed

by histopathology (2 falsely identified lesions with myelography in the same study).

Another limitation ofCT (and MRI) is the inability to examine the entire cervical

vertebral column in an adult horse due to the limited scanner bore width of the available

machines (Gold et al. 2008).

Treatment

The medical treatment aims at reduction of cell edema and therefore reducing the

compression at the site of vertebral canal stenosis. A variety ofNSAIDS and

corticosteroids as well as dimethyl sulfoxide have been described. While this medical

therapy may provide transient improvement, especially if acute deterioration due to

secondary trauma is seen, compression of the spinal cord will continue and so will

clinical signs (Hahn 2004). Horses less than one year of age might benefit fiom changes

in management (Donawick et al. 1993).

Surgical treatment is possible and throughout the last two decades several publications

have shown successful outcome after anterior interbody fusion (DeBowes et al. 1984,

Moore et al. 1993, Wagner et al. 1979). The surgery consists of implantation of
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fenestrated stainless steel baskets or more recently of a threaded stainless steel Kerf

cylinder implant (Seattle Slew Implant) between the two cervical vertebrae that need to

be stabilized. The new Kerf cylinder implant has reduced the number ofpost-surgical

complications that occurred due to implant migration (Grant et al. 2003). While it is

frequently recommended to perform the surgery only in horses with no more than two

compression sites, triple level anterior interbody fusion has been performed and horses

showed decreased neurologic signs after surgery (Grant et al. 2007). The aim of surgery

is to stop the repetitive trauma to the spinal cord, which is caused by the narrowing of

the cervical vertebral canal. Therefore, in cases where surgical treatment is considered,

exact identification of the compression site is crucial. Following the procedure, an

improvement of 1-2 out of 5 neurologic grades can be expected, making this treatment

especially appealing to moderately ataxic horses (Moore et al. 1993, Reed et al. 2008).

Neoplasia in the cervical vertebral canal

Neoplasia of the equine spinal cord is a rare occurrence (Mayhew 2008b). In a large

study that reviewed 450 cases with neurologic disease, only 8 horses were diagnosed

with neoplasia of the CNS, with 5 of the lesions located in the vertebral canal (Tyler et

al. 1993). Depending on their anatomical location in relation to the spinal cord, it can be

differentiated between (van Biervliet et al. 2006a):

- extradural extrarnedullary tumors, which are located outside the meninges in the

vertebral canal (in the epidural space)

- intradural extrarnedullary tumors that are inside the meninges (between the spinal cord

and the dura mater) but not invading the spinal cord
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- intradural intramedullary tumors that are within the spinal cord.

The neoplasias are generally extradural metastases of non-neural origin, including

lymphosarcomas (Zeman et al. 1989), melanomas (Rodriguez et al. 1998, Schott et al.

1990), hemangiosarcomas (Berry 1999) and squamous cell carcinomas (Tyler et al.

1993). Undifferentiated sarcomas in the vertebral canal were recently identified as the

primary tumor in two horses (Van Biervliet et al. 2004a).

The onset of clinical signs can be acute, making trauma the primary differential in many

cases. Frequently, an ante mortem diagnosis is not possible, even when advanced

imaging modalities (including CT, MRI and nuclear scintigraphy) and CSF analysis are

used (van Biervliet et al. 2006a).

Cervical spinal cord and vertebral injury

The most common cause ofneurologic disease in horses is trauma. In a study that

included 450 horses with neurologic signs, 119 cases were due to traumatic injury of the

nervous system, 60 of these were diagnosed with spinal cord trauma (Tyler et al. 1993).

In 55% ofhorses in this group, the cervical spinal cord was involved. Even though all

cases could be associated with a traumatic incident, it was not always clear if neurologic

disease was preceding the event. Most of the spinal cord injuries were the consequence

0f fi'actures and subluxations of the vertebrae, however necropsy examination revealed

5 cases where no bony damage could be identified, making an ante-mortem diagnosis

difficult.

In general, diagnosis of cervical spinal cord injury can be made using radiographs as

Vertebral involvement is very common. However, in a small number of cases standard
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and advanced diagnostic imaging modalities are not able to detect (radiographs,

myelography, scintigraphy) or reach the lesion, if it is located in the caudal aspect of the

neck (due to bore width of currently available CT and MRI scanners) (Nout 2008).

Cervical vertebral epidural hematomas

Cervical vertebral epidural hematomas (CVEH) have only been described twice in the

literature. An older study fiom Germany reported four cases that all spontaneously

resolved. However, the diagnosis was solely based on clinical findings and the lack of

other abnormalities (von Oberregierungsrat and von Geheimrat 1966).

A more recent publication describes four horses with CVEH in the caudal aspect of the

cervical vertebral canal (C6-C7) (Gold et al. 2008). All horses presented with ataxia,

paresis and neck pain. Even though no history or evidence of recent trauma was

reported, two horses had radiographic evidence ofCVSM and another horse had fallen

twice within the last 12 months. The origin of the hematomas could not be determined

(neither the reason for the bleeding nor the actual vessel involved) but the localization

within the epidural space suggested the ventral internal vertebral venous plexus to be

the source of the bleeding.

Three of the 4 horses in this study were euthanized and the diagnosis ofCVEH was

made during necropsy. The remaining horse had signs of vertebral canal narrowing on

myelographic radiographs that disappeared within nine months, suggesting a resolved

epidural hematoma had caused the neurologic signs. The authors emphasize that MRI or

CT are the diagnostic tools of choice in horses with CVEH but that it is very difficult or

impossible to fit the caudal cervical column in the scanners.
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Epidural and subarachnoid endoscopy in humans

History ofvertebral canal endoscopy

The first report of endoscopic examination of the vertebral canal was published by

Michael Burman in 1931 (Burman 1931). In his pioneering work he described the

endoscopy of eleven spines that were removed from freshly deceased human cadavers.

Using a rigid arthroscope he was able to see the dura mater, the spinal cord with blood

vessels on its surface and parts of the cauda equina. However, the large size of the

instrument did not allow application of the procedure in clinical patients. Within the

next few years smaller rigid endoscopes were developed, allowing in vivo examination

of the vertebral canal and its contents (Stern 1936). The smaller “spinascopes” and

“myeloscopes” were used in clinical cases and the results of a series of400 endoscopies

of the lower vertebral canal were published (Pool 1942). A variety of abnormalities

were described in this report, including neuritis, herniated nucleus pulposus,

hypertrophied ligamentum flavurn, primary and metastatic neoplasias, blood vessel

abnormalities and adhesive arachnoiditis. The myeloscopy, performed with the patient

awake and in a sitting position, provided information that could not be gained by any

other imaging modality at that time. Despite these findings and the fact that no serious

complications were noted, no further reports about vertebral canal endoscopy can be

found for the next twenty years (Saberski and Brull 1995).

In the 1960s a group in Japan revived subarachnoid and epidural endoscopy in patients

with lower back pain. Using rigid fiber-optic endoscopes with an external diameter of

3.1mm, originally manufactured for otolaryngeal or arthroscopic examinations (Ooi et

al. 1981, Ooi et al. 1977, Saberski and Brull 1995) they described and photographically
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documented the anatomy and pathology of the lumbo-sacral vertebral canal in 208

patients. The findings included spinal cord trauma, meningoceles, osteoarthritis and

tuberculous spondylitis. However, only small aspects of the vertebral canal could be

investigated with the rigid instruments (Ooi et al. 1977).

The development of small flexible fiber-optic endoscopes finally allowed exploration of

the entire length of the epidural and subarachnoid space (Shimoji et al. 1991). The

external diameters of the instruments ranged from 0.5 to 1.4 mm and were small enough

to be inserted through a Tuohy needle (blunt hypodermic needles that are used to enter

the epidural space). As in the previous reports, the patients did not receive any sedation

or anesthesia, allowing communication with the surgeon during the examination.

Immediate discontinuation of the procedure was possible if the patient reported any

negative side effects. The authors describe that the view in the epidural space was better

after the subarachnoid space had been examined. This is likely due to the fact that the

leaking CSF from the subarachnoid space helped in distending the epidural space, as no

fluids could be injected via the endoscope (Shimoji et al. 1991).

The most recent instruments are equipped with a working channel that allows injection

of fluid into the epidural space and are enclosed in a steerable catheter. The ability to

accurately move the tip of the endoscope in combination with a new approach through

the sacral hiatus, greatly improved the diagnostic and therapeutic value of the

endoscopic explorations (Jain et al. 2004, Saberski and Kitahata 1996, Schuetze 2008).
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Epiduroscopy

Computed tomography and MRI are the most commonly used imaging modalities in

complicated cases of spinal cord disease in humans but even these sophisticated tools

have limitations. Endoscopy of the epidural space can provide important information in

such challenging cases. Following the diagnostic part of the endoscopy, the endoscope

can be used to administer drugs under visual control or to break down epidural

adhesions and thereby initiate therapy (Gorchesky 1999, Haig and Tomkins 2010, North

American Spine Society 2007, Saberski and Kitahata 1996).

Technique ofepidural endoscopy: The procedure can be performed with the patient in a

prone position, entering the vertebral canal through the sacral hiatus or in a lateral

position for the lumbosacral approach (Dezawa et al. 2005, Ooi et al. 1977). The

procedure should be performed in a surgery suite with the patient draped and the

insertion site for the endoscope prepared in a sterile manner. After the skin and the

underlying tissues at the site of approach have been injected with a local anesthetic

(lidocaine, articaine, mepivicaine) a Tuohy needle is inserted into the sacral canal and

its position confirmed by injection of a contrast medium (iohexol) under fluoroscopic

monitoring. Subsequently, a guide wire is introduced through the Tuohy needle into the

epidural space and the needle is removed. The skin at the introduction site, with the

guide wire in situ, is incised using a scalpel blade to allow replacement of the Tuohy

needle with a dilator and introducer sheath. The dilator is removed and the fiberoptic

endoscope with the steerable sleeve introduced into epidural space. A gentle flow of

saline is needed for lubrication of the instrument and to push away structures from the
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lens to gain and maintain vision. The procedure can then be documented with still

images and by video (Geurts et al. 2002, Gupta and Richardson 2009, Schuetze 2006,

2010)

Diagnostic indicationsfor epiduroscopy: Epiduroscopies of the spinal epidural space

are performed for a variety of reasons, including examination of epidural masses or

collection of tissue samples. The main indication however, is chronic lumbar

radiculopathic pain (pain that originates from a nerve root) that often occurs after failed

back surgery and is appreciated as “lower back pain” (Beltrutti et al. 2006, Deniel and

de Antoni 1998, Richardson et al. 2008, Schuetze 2008, 2010). Part of this examination

is the so called “epidural pain provocation test”. For this test, the endoscope is used to

gently touch potentially affected nerve roots. While contact with nerve roots relevant to

the patient’s pain elicits a valuable response, the same manipulation on non-inflamed

nerve roots only causes mild discomfort. This emphasizes the importance of a fully

awake and compliant patient for certain aspects of this procedure.

Therapeutic indicationsfor epiduroscopy: In addition to the diagnostic value of

epidural endoscopy, the procedure can be used for therapeutic purposes at the same

time, including (Beltrutti et al. 2006, Schuetze 2006, 2008):

- targeted application of medication

- lysis of scar tissue (adhesiolysis)

- epidural catheter placement

- implantation of stimulation electrodes

- adjunct in minimally invasive surgery

24



- retrieval of foreign body

- post-surgical assessment.

Epidural adhesiolysis is the endoscopic breakdown of fibrotic tissue that surrounds

nerve roots in the (usually lumbar) epidural space. Epidural fibrosis is not an

uncommon occurrence in patients that underwent back surgery, especially in cases that

require re-intervention after lumbar discectomy or where dural tears, nerve root injury

and bleeding have occurred during the initial procedure (Fritsch et al. 1996,

Manchikanti et al. 2005). Furthermore, adhesions in the epidural space have been

described after the application of intrathecal contrast agents, disc herniation, epidural

hemorrhage or infection (Cooper et al. 1995, Manchikanti et al. 2005).

Adhesiolysis should only be performed for “symptomatic nerves”, while nerves that are

not considered to be involved in the patient’s pain should be left alone. The procedure

must be carried out gently and with a cooperative patient. If the latter reports any signs

of paresthesia, the procedure has to be discontinued. Smaller adhesions can be broken

down just by the injection of saline, while the tip of the endoscope is used to address

more solid scar tissue. Additionally, adhesiolysis with a diode laser has been

successfully used to free nerve roots from the scar tissue (Richardson et al. 2008,

Schuetze 2006). Frequently, an injection of corticosteroids is performed once the

adhesiolysis has been completed (see below).

The success rate and the usefulness of adhesiolysis are controversial. While several

reports have shown immediate and long lasting pain relief in patients with chronic and

refractory pain, other studies did not find this treatment superior to injection of

corticosteroids in the epidural space without endoscopic guidance (Hayek et al. 2009,
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Manchikanti et al. 2005, Saberski and Kitahata 1995, Veihelmann et al. 2006),

The injection of local anesthetics, corticosteroids and hyaluronic acid into the epidural

space under endoscopic control is usually performed after the adhesiolysis has been

completed. When compared to the injection into the epidural space without endoscopic

support, this procedure allows targeted injection ofdrugs to the affected nerve roots

(Geurts et al. 2002, Igarashi et al. 2004). Advocates of the procedure emphasize this as

an advantage and provide data that demonstrate superior short and long-term outcomes

(Geurts et al. 2002, Igarashi et al. 2004, Trescot et al. 2007) whereas other publications

do not show an advantage oftargeted over untargeted epidural injections (Dashfield et

al. 2005).

Complications ofepiduroscopy: Complications with epidural endoscopy are uncommon

and usually minor (Gorchesky 1999, Hayek et al. 2009) but a small number of serious

complications can occur if the procedure is not carried out with care and patience.

Injection ofhighfluid volumes in a relatively short period oftime can lead to excessive

hydrostatic epidural pressures which result in increased CSF and intracranial pressures,

epidural hematomas and retinal hemorrhage leading to visual deficiencies (Gill and

Heavner 2005, Manchikanti and Singh 2002). To avoid this, it has been recommended

to limit the injection of fluid into the epidural space to lml every 1-2 seconds (Gill and

Heavner 2005). Puncture ofthe dura mater can occur during the approach to the

epidural space. This is not expected to cause complications in every case but orthostatic

headache and temporary CSF leakage might occur after surgery (Hayek et al. 2009,

Manchikanti et al. 1999). If the surgeon fails to recognize this mistake, severe
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complications during surgery are possible: adhesiolysis is occasionally performed using

hypertonic saline (10%) (Heavner et al. 1999, Manchikanti et al. 2001) and the injection

of hypertonic saline into the subarachnoid space can cause cardiac arrhythmia,

myelopathy and paralysis (Boswell et al. 2005). Transientpost-surgical complications

include pain at the insertion site of the endoscope, lower limb pain and sensory deficits.

A more serious complication that requires treatment with antimicrobials and possibly

hospitalization is infection of the surgical site and the epidural space (Hayek et al. 2009,

Trescot et al. 2007, Veihelmann et al. 2006).

Myeloscopy

Endoscopy of the spinal subarachnoid space is less common than endoscopy of the

spinal epidural space (Richardson et al. 2008). It is often performed by neurosurgeons,

while epidural endoscopy is usually offered by “pain specialists” and anesthesiologists.

Since Pool’s report of400 clinical cases of subarachnoid endoscopy in 1942 (Pool

1942) no other study with an equally large case number has been published.

However, there are a few articles that describe the application of flexible fiber-

endoscopes in clinical cases. The positioning of the patient and the approach itself are

very similar to epiduroscopy procedures, though penetration of the dura mater is

necessary in order to enter the subarachnoid space (Shimoji et al. 1991 , Tobita et al.

2003). Some surgeons choose to perform myeloscopy under general anesthesia (Warnke

and Mourgela 2007), while others prefer to do the procedure in conscious patients. This

depends, apart from the preference of the surgeon, largely on the purpose of the

procedure and the compliance of the patient (Uchiyarna et al. 1998). Indications for
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myeloscopy include cases of (often chronic) back pain in which the cause could not be

identified by the use ofnon-invasive imaging modalities (Dezawa et al. 2005,

Uchiyama et al. 1998). Other reasons include the further evaluation of subarachnoid

masses, including the collection of tissue samples (Curry 2008), the treatment of

previously diagnosed adhesive arachnoiditis (Warnke and Mourgela 2007) and surgical

removal of intradural arachnoid cysts (Endo et al. 2010). The complications are usually

limited to neck pain and discomfort at the insertion site during the endoscopy and “post

lumbar-puncture headache” (orthostatic headache) but mild fevers and even meningitis

have been documented. (Shimoji et al. 1991, Uchiyama et al. 1998, Warnke and

Mourgela 2007).

Recently, the introduction of flexible video-endoscopes with an external diameter of

less than 3mm (Warnke et al. 2007) has increased the interest in subarachnoid

endoscopy of the spinal cord again. New publications describe the endoscopic anatomy

of and surgical approaches to the lower subarachnoid space with these instruments and

first studies document the use of flexible videoendoscopes with superior image quality

in clinical cases (Fujimoto et al. 2005, Warnke et al. 2003, Warnke et al. 2001a,

Warnke et al. 2001b).

First experiences in animals

Prior to the use of vertebral canal endoscopy in humans, the techniques were performed

in a variety of laboratory animals (Saberski 2008). The results were not published and

no information about the feasibility and safety of vertebral canal endoscopy in domestic

animals was available until recently. Franz et al. describe the endoscopic anatomy of
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the epidural space in the sacro-coccygeal area of adult cows and the safety of the

procedure in healthy animals. The authors were able to identify the anatomical

structures in the epidural space (epidural fat, dura mater, blood vessels) and complete

the epiduroscopy in six standing cows without complications.

Conclusion

Modern imaging modalities allow identification ofmany pathologic changes involving

the cervical spinal cord in the horse. However, there are some diseases that cannot be

diagnosed reliably and accurately. In humans, endoscopy ofthe spinal epidural and

subarachnoid spaces has proven to provide useful information in inconclusive cases and

offer minimally invasive treatment options. While the procedure will need to be

adjusted to the horse and its specific diseases, I am confident that endoscopy of the

equine vertebral canal is possible and can provide important information in patients

with CVSM and other diseases of the cervical spinal cord.

In the next chapter I will describe the surgical approach to the cervical vertebral canal

and the endoscopic anatomy ofthe cervical epidural and subarachnoid space in equine

cadavers.
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CHAPTER 2

ENDOSCOPIC ANATOMY OF THE CERVICAL VERTEBRAL CANAL IN

THE HORSE: A CADAVER STUDY

Summagy

Reasonfor performing study: Localization of spinal cord compression in horses with

cervical vertebral stenotic myelopathy is inexact. Vertebral canal endoscopy has

been used in humans to localize spinal cord lesions and has the potential to

become a useful diagnostic technique in horses.

Objective: To establish a surgical approach via the atlanto-occipital space to the cervical

vertebral canal in equine cadavers and describe the endoscopic anatomy of the

cervical epidural and subarachnoid spaces.

Methods: The cadavers of 25 adult horses were used to assess three surgical methods to

approach the cervical vertebral canal, including two minimally invasive and one

open technique. Once the approach had been made, a flexible video-endosc0pe

was inserted into the epidural space (epiduroscopy) or the subarachnoid space

(myeloscopy) and advanced caudally until the inter-vertebral space between C7

and T1 was reached.

Results: The epidural and subarachnoid spaces could not be accessed reliably using the

minimally invasive techniques. Furthermore, damage to the nervous tissues was a

frequent complication with these procedures. The open approach allowed

successful insertion of the video-endoscope in the epidural and subarachnoid
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spaces in all horses and no inadvertent damage was observed. Anatomical

structures that could be seen in the epidural space included the dura mater, nerve

roots, fat and theventral internal vertebral venous plexus. In the subarachnoid

space, the spinal cord, nerve roots, blood vessels, the denticulate ligaments and the

external branch of the accessory nerve were seen. '

Conclusions: Using the open approach, epiduroscopy and myeloscopy over the entire

length of the cervical vertebral canal are possible in the adult horse.

Potential Relevance: Cervical vertebral canal endoscopy may become a valuable tool to

localize the site of spinal cord injury in horses with cervical vertebral stenotic

myelopathy and might aid in the diagnosis of other diseases of the cervical spinal

cord.
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Introduction

Cervical vertebral stenotic myelopathy (CVSM), the principal differential for equine

cervical spinal cord disease, is characterized by stenosis of the cervical vertebral canal

that causes compressive myelopathy (de Lahunta and Glass 2009). Lesions can occur

anywhere from the first cervical to the first thoracic vertebra, but are usually located

between C3 and C7 (Papageorges et al. 1987, Powers et al. 1986, Tyler et al. 1993).

CVSM is predominantly seen in male horses that are less than 3 years old (Papageorges

et al. 1987, Powers et al. 1986, Tyler et al. 1993). Furthermore, Thoroughbreds and

Quarterhorses are over-represented, with an estimated 2% of all Thoroughbreds being

affected (Powers et al. 1986, Rooney 1977, Tyler et al. 1993). Because surgery can be a

treatment option for horses with CVSM, it is important to differentiate this disease fi'om

other conditions causing cervical spinal cord disease (Moore et al. 1994). Additionally,

for the surgical procedure to be successful, it is imperative to identify the exact location

of the compression site. While several diagnostic imaging modalities are available to

evaluate the cervical vertebrae and associated structures in horses, there are limitations

to all of them.

Intra-vertebral sagittal ratio diameters measured from standard lateral cervical

radiographs have been used to identify stenosis of the vertebral canal. However, this

method does not reliably detect the specific site of compression (Moore et al. 1994).

More recently, inter-vertebral sagittal ratio diameters have been investigated in horses

with CVSM and reported results are promising. Although the compression could be

localized using this procedure in a small number of animals, further studies are
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necessary to validate this technique (Hahn et al. 2008). Myelography reliably identifies

the site of compression in the caudal neck (C6-C7) but is frequently inaccurate in other

regions of the cervical vertebral column (Hudson and Mayhew 2005, Papageorges et

al. 1987, van Biervliet et al. 2004b). In human medicine, magnetic resonance imaging

(MRI) and computed tomography (CT) are the diagnostic tools of choice for lesions of

the cervical spinal cord (Holmes and Akkinepalli 2005, Muchow et al. 2008). In the

adult horse however, it is usually not possible to examine the caudal cervical vertebrae

and associated structures using MRI or CT because of the large size of the animal and

the limitations of the scanner bore width (Moore et al. 1992, van Biervliet et al.

2006b). These limitations ofMRI and CT are not exclusive for CVSM but apply to all

pathological conditions of the caudal neck in horses (Gold et al. 2008).

The use of endoscopy has proven invaluable in many areas of veterinary

medicine, including arthroscopy and laparoscopy. Endoscopy of the vertebral canal in

humans was introduced by Burman in 1931. Since then, the instruments and endoscopic

procedures have consistently improved. Currently, the procedure allows direct viewing

of a variety ofpathological changes within the vertebral canal, including compression

and injury of the spinal cord, arachnoiditis and tumors. It is particularly beneficial when

the results of other imaging modalities are inconclusive (Geurts et al. 2002, Tobita et

al. 2003, Uchiyama et al. 1998). Additionally, vertebral canal endoscopy is used as a

minimally invasive treatment in patients with conditions producing back pain, including

chronic radiculopathic pain or failed back-surgery syndrome. Reported complications of

the endoscopic procedures are rare and usually minor (Dezawa et al. 2005, Tobita et al.

2003, Uchiyama et al. 1998).
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The anatomy of the mammalian vertebral canal allows for endoscopic

examination of two different spaces: the epidural (epiduroscopy) and the subarachnoid

space (myeloscopy). The epidural space is located between the dura mater and the

surrounding vertebrae. It mainly contains fat, and lymphatic and blood vessels

(including the ventral internal vertebral venous plexus). Furthermore, the nerve roots

that originate from the spinal cord pass through the epidural space to leave the vertebral

canal via the inter-vertebral foramina. The subarachnoid space contains the CSF and is

located between the arachnoid mater and the pia mater. Anatomic structures within this

space include the spinal cord, nerve roots, blood vessels (Figure 1) (Boehme 2004a).

 

Figure 1: Schematic cross section of the

vertebral canal at the level of an inter-

vertebral foramen. Top of the picture is

dorsal. A = spinal cord; B = pia mater; C =

subarachnoid space; D = arachnoid mater;

E = dura mater; F = epidural space, G =

dorsal nerve root; H = ventral nerve root; 1

= ventral internal vertebral venous plexus

(modified from E. C. B. Hall-Craggs,

Anatomy as a Basisfor Clinical Medicine,

Williams and Wilkins, 1995. With

permission.)    
Endoscopy of the vertebral canal has been performed in a small number of horses (Dr.

M. Nowak, personal communication), but the results have not been published.
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The objective of this study is to establish a practical approach to the cervical vertebral

canal in equine cadavers and describe the endoscopic anatomy of the epidural and

subarachnoid space.

Material and methods

Horses

The cadavers of 25 horses of various breeds (10 mares, 15 geldings, mean age 15.1

years, age-range 2-25 years) weighing a mean of 505 kg (445-580 kg) were used.

Horses had been euthanized for reasons other than this study and none ofthe animals

had a history ofneurologic disease or problems related to the cervical vertebral column.

The study was approved by the Institutional Animal Care and Use Committee at

Michigan State University.

Surgical approaches

The atlanto-occipital space was elected to be the entry site into the cervical vertebral

canal. After the horses had been euthanized, they were placed in right lateral

recumbency with the head flexed in a ninety degree angle. In this position, the atlanto-

occipital space is located at the level of the cranial edge ofthe wings of the atlas

(Mayhew 1975). In preparation for the procedure, an area extending about 30 cm caudal

from the base of the ears and 15 cm to either side of the dorsal midline was clipped and

cleaned. Three different surgical techniques (procedures [-3) were tested, all using the

above—mentioned landmarks to access the cervical vertebral canal: two minimally
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invasive procedures (optical trocar and endovascular dilator/introducer system) and one

open approach. The ability to insert the endoscope and explore the epidural and

subarachnoid spaces without causing damage to the spinal cord was used as the main

criterion to assess each approach. For all procedures, a flexible video-endoscope with a

working length of 110 cm and an external diameter of4.9 mm was used (GIF-N180,

Olympus America Inc., Melville, NY, USA).

Procedure 1 (3 horses)

A stab incision was made on the dorsal midline of the neck with a #10 scalpel blade at

the level of the cranial edge of the wings of the atlas, incising the skin, subcutaneous

tissues and the nuchal ligament. Then, a 7 French size endovascular dilator with a

surrounding sheath (introducer)l was inserted into the incision and advanced into the

subarachnoid space. Placement ofthe dilator/introducer was confirmed by the

appearance of CSF at the end of the instrument. A wire guide was then advanced

through the dilator into the subarachnoid space and was used as a guide for serial

dilation'until a 22 French introducer was in place. At this point the endoscope could be

advanced through the introducer into the subarachnoid space. As the appearance ofCSF

was needed to confirm the placement of the endovascular dilator/introducer system, we

did not attempt to access the epidural space using this technique.
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Procedure 2 (10 horses)

The incision was made as described above and an optical trocar enclosed within a

sleeve was then introduced into the incision. This trocar} has a blunt rounded clear

window at the distal tip that includes a crescent-shaped blade which cuts about 1 mm of

tissue beyond the visual field when the trigger is pulled. After that, the blade retracts,

and the trocar can be advanced. The trocar accommodates the endoscope, allowing

direct viewing of the tissues through the clear window in the end of the trocar. The

crescent-shaped blade was used to dissect the tissues until the dorsal atlanto-occipital

membrane was cut. Then, the trocar and endoscope were removed, leaving the sleeve in

place. Next, the endoscope was inserted into the sleeve and advanced into the epidural

space. In order to perform a myeloscopy, the trocar was advanced until the dura mater

and the closely attached arachnoid mater were incised, and the endoscope was advanced

into the subarachnoid Space in a similar manner.

Procedure 3 (12 horses)

A 15 cm long skin incision was made on the dorsal midline centered at the level of the

cranial edge ofthe wings of the atlas. Once the nuchal ligament (funiculus nuchae)

could be palpated, the dissection was continued on the left side of the nuchal ligament

by separating it fi'om the left splenius capitis and left semispinalis capitis muscles. The

intact nuchal ligament was then pushed to the right ofmidline using self-retaining

retractors, exposing the aponeurosis between the right and left rectus capitis dorsalis

major and minor muscles. The dissection was continued along the midline until the

37



dorsal atlanto-occipital membrane could be seen. This membrane was then incised on

the midline, opening the epidural space. To perform an epiduroscopy, the endoscope

was introduced into the epidural space in a cranio-dorsal to caudo-ventral direction,

sliding the endoscope along the cranial edge of the incision. The endoscope was then

slowly advanced caudad along the dorsal aspect of the dura mater. To perform a

myeloscopy the dura mater and the underlying arachnoid mater were incised for 1.5 cm.

Two simple interrupted sutures were placed, dividing the incision in the dura mater into

three sections of equal length using #4-0 silk on a reverse cutting needle. After the

endoscope had been inserted into the subarachnoid space at the same angle as described

for epiduroscopy, the pre-placed sutures were gently tightened to minimize CSF loss.

Epiduroscopy

Once the endoscope was inserted into the epidural space, the latter was carefully

distended using gentle irrigation with normal saline via the working channel, allowing

the anatomical structures to be seen. Using the 2-way angulation capability of the

endoscope, the dorsal, ventral and the lateral aspects of the epidural space were

explored. Lateral radiographs were taken to confirm the placement of the video-

endoscope when nerve roots were identified at the inter-vertebral spaces. Distance

markers on the endoscope at the leveliof the dorsal atlanto-occipital membrane were

also recorded. Once the 8th cervical nerve had been reached, the endoscope was slowly

withdrawn and the incision closed. In cadavers in which the minimally invasive

techniques were used, only the subcutaneous tissue and the skin were closed. The open
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approach incision was closed in four layers, including the rectus capitis dorsalis major

muscles, the incision between the nuchal ligament and the splenius capitis as well as the

subcutaneous tissues and skin.

Myeloscopy

Before the subarachnoid space was entered with any of the described techniques, the

surgery table was tilted into a 20 degree reverse Trendelenburg position, thereby

elevating the head above the caudal aspect of the horse. This decreased the pressure of

CSF in the cerebello-medullary cistern and thus reduced the loss of CSF when the

meninges were incised. Once the dura and arachnoid mater were opened, the endoscope

was carefirlly introduced in the subarachnoid space. While avoiding contact with the

nervous tissues and the blood vessels, the trabeculations between the pia mater and the

arachnoid mater were slowly broken down by the advancing endoscope. As described

for the epiduroscopy, we viewed the whole circumference of the spinal cord, and

radiographs were taken to confirm the location of the end of the endoscope in relation to

the inter-vertebral spaces until the 8th cervical nerve was reached (Figure 2). Again,

distance markers on the endoscope at the level of the dura mater were recorded. Then

the endoscope was removed, and when the open approach was used the dura mater was

closed with #4-0 silk in a simple continuous pattern. Now the table was brought back to

a horizontal position to check for leakage of CSF. Subsequently, the incision was closed

as described for the epiduroscopy. The technique for closure ofthe minimal invasive

approaches was identical to the one described for the epidural endoscopy.
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Figure 2: Lateral radiograph

of the cranial cervical

vertebrae in a horse during

myeloscopy. The video-

endoscope is dorsal to the

spinal cord. The tip of the

endoscope is located at the

level of the 4th cervical nerve

(between C3 and C4), and

the cm marking on the

endoscope at the level of the

dura mater read 30 cm. 
Necropsy examination

We used two different methods to identify potential damage to the spinal cord, nerve

roots and blood vessels within the cervical vertebral canal. Evaluation of the videos

recorded during endoscopy was used to assess the tissues caudal to the endoscope

insertion site, and gross necropsy examinations were performed to examine the spinal

cord at the insertion site ofthe endoscope.

Results

Procedure 1

The approach to the subarachnoid space with the endovascular dilator/introducer

technique was attempted in three horses. It was obvious that the procedure caused

substantial damage to the spinal cord as soon as the endoscope was inserted. Necropsy
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examination revealed macroscopic damage to the spinal cord in all horses. The damage

appeared to be caused by the tip of the dilator. This technique was not pursued firrther.

Procedure 2

The optical trocar was employed in ten horses. In four of these we gained access to the

epidural and subarachnoid spaces, and examination of the videos recorded during

endoscopy, and necropsy examination failed to reveal damageto the nervous tissues. In

the remaining six horses, the following complications were encountered. In three horses

we were unable to either identify or enter the epidural or subarachnoid space, as the

dorsal atlanto-occipital membrane and the dura mater look very similar when viewed

via the endoscope. In the remaining three we were able to enter the spaces, but

significant damage to the nervous tissues could be seen with the endoscope. Thereafter,

this technique was abandoned.

Procedure 3

The open approach was performed in 12 horses, and access to the epidural and

subarachnoid space was gained in all cases. No visible damage to the spinal cord was

observed during endoscopic exploration. The dorsal atlanto-occipital membrane could

easily be identified as a fibrous tissue layer that connects the cranial edge of the atlas to

the caudal margin ofthe foramen magnum. Once the membrane was incised along its

sagittal plane the white dura mater and epidural fat could be seen (Figure 3).

Epiduroscopy and myeloscopy were performed as described below. The sequence of the
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procedures was randomized. The following results represent the findings that were

obtained using the open approach.

Figure 3: Open approach to the atlanto-

occipital space, cranial is to the right. The

dorsal atlanto-occipital membrane has

been incised, opening the epidural space,

exposing epidural fat (white arrows) and

the dura mater (black arrow). Note the

retracted nuchal ligament (red arrow) to

the right side of midline.

 
Epiduroscopy

The endoscope was easily introduced into the dorsal aspect of the epidural space and

was slowly advanced caudally. Saline was injected when necessary to obtain a view of

the anatomical structures. About 200 ml of saline were needed to complete the

procedure. The dura mater was used as a landmark to maintain orientation. The

endoscope could be directed to the lateral and ventral aspects of the spinal cord,

allowing 360° exploration of the epidural space from the first to the 8th cervical nerve

root. We were able to see the following epidural structures: fat, connective tissue, dorsal

and ventral nerve roots crossing the epidural space, and the ventral internal vertebral

venous plexus (Figure 4). Nerve roots were seen at the level of every inter-vertebral

space. The distance between two nerve roots (cranial to caudal) was 10-12 cm in all
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horses.

Figure 4: Epiduroscopy. The epidural space

ventral to the spinal cord, looking caudally.

Top of the picture is dorsal. Fluid has been

injected through the biopsy channel, allowing

the anatomical structures to be seen. The

video-endoscope is at the level of an inter-

vertebral space, indicated by the presence of

a right ventral nerve root (small red arrow).

Note the ventral internal vertebral venous

plexus (large black arrow), the ventral aspect

of the dura mater (large red arrow) and epidural fat (small black arrows).

Myeloscopy

After incision of the dura and the arachnoid mater, CSF escaped. As soon as the

endoscope was inserted into the subarachnoid space and the pre-placed sutures were

tightened, the CSF leakage was greatly reduced. Once the endoscope was introduced

into the subarachnoid space, the instrument was advanced caudally along the dorsal

aspect of the spinal cord. The endoscope could also be positioned on the lateral and

ventral aspects of the spinal cord, allowing 360o exploration of the subarachnoid space.

The following anatomical structures could reliably be identified: the trabeculations

between the pia and the arachnoid mater; dorsal and ventral nerve roots with the

associated blood vessels; blood vessels within the pia mater; dorsal median and lateral

sulci; the denticulate ligaments; the external branch ofthe accessory nerve. Orientation
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within this fluid filled space was noticeably easier than in the epidural space (Figure

5,6,7). In contrast to the epidural space, the nerve roots in the subarachnoid space divide

in a fanlike fashion before entering or leaving the spinal cord; therefore, the nerve roots

spread out over a longer distance (Figure 7). Of course, the distance between the centers

oftwo nerve roots is the same as we reported for the epidural space.
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Figure 5: Myeloscopy during insertion of the Figure 6: Myeloscopy during withdrawal of

 
endoscope. Subarachnoid space dorsal to the the endoscope. Subarachnoid space dorsal to

spinal cord, looking caudally. Top of the the spinal cord, looking caudally. Top of the

picture is dorsal. Note the arachnoid picture is dorsal. The arachnoid mater/dura

mater/dura mater dorsally and the pia mater mater is dorsal and the pia mater covered

covered spinal cord ventrally. Intact spinal cord is ventral. Some of the

trabeculations cross the subarachnoid space trabeculations have been broken down by

connecting the pia mater with the arachnoid the endoscope, improving viewing. Note a

mater. Note a right dorsal nerve root (red left dorsal nerve root (red arrow) and blood

arrow) and blood vessels within the pia vessels within the pia mater (black arrow).

mater (black arrow).



Discussion

In humans, epidural and subarachnoid endoscopies are performed to diagnose vertebral

canal conditions, including compression ofthe spinal cord (Tobita et al. 2003,

Uchiyama et al. 1998). The purpose of the study reported here was to assess if cervical

vertebral canal endoscopy (CVCE) was feasible in horses. The first step toward this

goal was the development of a surgical approach to the cervical vertebral canal that did

not cause inadvertent damage to the nervous tissues. Myeloscopy and epiduroscopy in

humans are performed using minimally invasive techniques, because these approaches

decrease morbidity after surgery of the cervical vertebrae and associated structures

(Benglis et al. 2008, Saberski and Kitahata 1995, Uchiyama et al. 1998). For this

reason, we attempted two minimally invasive approaches.

In procedure 1 an endovascular dilator/introducer system was used. This

technique was unsuccessfirl because substantial damage to the spinal cord occurred

during penetration of the dura mater. Considerable force was necessary to advance the

larger size dilators/introducers into the atlanto-occipital space, making it difficult to

control the tip of the dilator during entry. Entrance into the subarachnoid space was

confirmed by the appearance of fluid at the end of the dilator. Therefore, this procedure

could not be used to identify entrance into the epidural space. Consequently, this

approach was abandoned and an optical trocar was evaluated.

In procedure 2we used the Visiport® optical trocar, which allowed access to

the subarachnoid and epidural space in 4 out of 10 cases without causing visible damage

to the nervous tissue. However, various problems were encountered in the remaining six

horses. It is necessary to press the trocar against the tissues in order for the crescent-
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shaped blade to incise these tissues. When incising the dura mater, this pressure puts the

dura mater in direct contact with the underlying spinal cord and consequently poses the

risk of inadvertently cutting into the nervous tissue. This complication was observed in

3 horses. Another concern was the high resistance that was experienced during

dissection through the nuchal ligament and the muscle layers, making meticulous

movements of the trocar difficult. Additionally, the inability to close the dura mater

once the procedure was completed resulted in CSF loss.

The open technique (procedure 3) was superior to both minimally invasive

procedures and met our requirements for a surgical approach to the atlanto-occipital

space: it allowed access to the cervical vertebral canal in all cases without causing

visible damage to the nervous tissues. The 15 cm long incision made it possible to

identify the important anatomical structures and their relationships. This allowed exact

placement of the incision in the dorsal atlanto-occipital membrane, as well as the dura

and arachnoid mater, and gentle, controlled insertion of the endoscope into the vertebral

canal. This is particularly important when introducing the endoscope into the

subarachnoid space. Another advantage of the open approach was the ability to place

sutures in the dura mater that allowed sealing of the dura mater around the endoscope

during myelosopy and closure of this layer after the endoscopy had been completed,

thereby minimizing CSF loss.

Once a surgical approach had been developed, we assessed the ability of

CVCE to allow viewing of anatomical structures within the subarachnoid and epidural

space over the entire length of the cervical vertebral canal (atlanto-occipital space to

C7/T l). The 110 cm working length of the endoscope made it possible to explore the
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vertebral canal to and beyond C7 in all horses. Indeed, we were able to easily identify

each spinal nerve and inter-vertebral space by reading the distance markers on the

endoscope at the level of the incision into the atlanto-occipital membrane

(epiduroscopy) or the dura mater (myeloscopy). With a 4.9 mm external diameter, the

endoscope was small enough to be easily advanced within the epidural and the

subarachnoid spaces. Video-endoscopes have a larger minimal external diameter when

compared with fiberoptic instruments. Thus, the latter are used in humans for

epiduroscopy and myeloscopy (Geurts et al. 2002, Tobita et al. 2003, Uchiyama et al.

1998). However, the larger size ofhorses allowed us to use a video—endoscope, which

provides superior picture quality when compared to fiberoptic endoscopes.

Approaching the epidural space and performing epiduroscopy was easier than

the equivalent procedure in the subarachnoid space, because the dura mater is not

opened, thereby avoiding direct contact with the spinal cord and CSF loss. However, the

visual field in the epidural space is limited to the amount of fluid that is injected.

Immediately after insertion of the endoscope and injection of fluid, we were able to see

the dorsal surface ofthe dura mater, connective tissue and fat in all horses. In order to

maintain orientation when advancing the endoscope, the dorsal surface of the dura

mater was kept in view. Once the first inter-vertebral space between C1 and C2 was

reached (approximately 10 cm fiom the point of insertion) the dorsal nerve roots were

seen. When the endoscope was advanced caudally, dorsal nerve roots were seen at each

inter-vertebral space. The ventral aspect of the epidural space was also examined and

features the ventral nerve roots, the ventral surface of the dura mater, connective tissue,

fat and the ventral internal vertebral venous plexus.
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Endoscopy of the subarachnoid space (myeloscopy) was more complex. The

approach included opening of the dura and subarachnoid mater with a scalpel blade,

carrying the risk of inadvertent damage to the underlying spinal cord and allowing CSF

leakage. To reduce the chance of damaging the spinal cord, the pre-placed sutures were

used to elevate the dura and the closely attached arachnoid mater during the incision.

Alter the endoscope was introduced into the subarachnoid space, mild tension was

placed on the sutures to minimize loss of CSF. Too much tension made it difficult to

advance the endosc0pe through the incision. The loss ofCSF was further reduced by

placing the horses in a reverse Trendelenburg position. The presence ofCSF in the

subarachnoid space made the picture quality better and increased the field of view,

when compared to the epidural space. This facilitated identification of anatomical

structures and made orientation within the space easier. The trabeculations between the

pia mater and the arachnoid mater partially obscured the view when the scope was

advanced caudally. In contrast, when the endoscope was retracted, the trabeculations

were partially broken down, allowing a better look at the anatomical structures (Figure

6,7). Structures that were easily identified included nerve roots, the spinal cord, blood

vessels, dorsal sulci on the surface of the spinal cord, denticulate ligaments and the

external branch of the accessory nerve (Figure 7). Myeloscopy may carry a higher risk

than epiduroscopy, because of the abundance ofblood vessels and the potential to

directly touch the spinal cord and nerve roots with the endoscope.
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Figure 7: Myeloscopy. Right lateral

aspect of the subarachnoid space,

looking caudally. Top of the picture is

dorsal. Note the right dorsal and

ventral nerve roots (small black

arrows), the denticulate ligament

(large black arrow) and the external

branch of the accessory nerve (small

red arrow).

 
The present study demonstrates that myeloscopy and epiduroscopy are

possible in adult horses and that the subarachnoid and epidural spaces can be explored

over the entire length of the cervical vertebral canal. The open approach was the most

appropriate method to gain access to the atlanto-occipital space. Although anatomical

structures could be seen in greater detail and the orientation was easier in the

subarachnoid space, myeloscopy is more complex than epiduroscopy. CVCE may

become a valuable tool to localize the site of compression in horses with CVSM and aid

in the diagnosis of other diseases and/or lesions of the spinal cord that cannot be seen

using other imaging modalities. Studies in living horses are now necessary to evaluate

the safety and efficacy and of epiduroscopy and myeloscopy.

In the third chapter I will describe the intra- and post-surgical observations in healthy

adult horses that underwent CVCE, either epiduroscopy or myeloscopy.
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Manufacturers’ address

lCheck-Flo® Introducers, Cook Medical Incorporated, IN, USA

2VisiportTM Plus RPF, Autosuture Covidien, MA, USA
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CHAPTER 3

CERVICAL VERTEBRAL CANAL ENDOSCOPY IN THE HORSE: INTRA-

AND POST-OPERATIVE OBSERVATIONS

Summagy

Reasonforperforming study: Despite modern medical imaging, it is not possible to

reliably identify the exact location of spinal cord compression in horses with

cervical vertebral stenotic myelopathy. Vertebral canal endoscopy has been

successfully used in humans and a technique for cervical vertebral canal

endoscopy (CVCE) has been described in equine cadavers.

Objective: To determine the feasibility and safety ofCVCE in healthy adult horses.

Methods: Six healthy adult horses were included in the study. Under general anesthesia,

a flexible video-endoscope was introduced via the atlanto-occipital space into the

epidural space (epiduroscopy, horses 1-3) or the subarachnoid space (myeloscopy,

horses 4-6) and advanced to the 8th cervical nerve. After surgery, neurologic

examinations were performed and lumbosacral cerebrospinal fluid was analyzed

in horses that had undergone myeloscopy.

Results: All procedures were completed successfully and all horses recovered from

anesthesia. Anatomical structures in the epidural space (including the dura mater,

nerve roots, fat) and subarachnoid space (including the spinal cord, blood vessels,

nerve roots, external branch of the accessory nerve) were identified. During
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epiduroscopy, a significant increase in mean arterial pressure was recognized,

when repeated injections of electrolyte solution in the epidural space were

performed. In one horse of the myeloscopy group, subarachnoid hemorrhage and

pneumorrhachis occurred, resulting in transient post-operative ataxia and muscle

fasciculations. No complications during or after myeloscopy were observed in the

other horses. CSF analysis indicated mild inflammation on day 7 with values

approaching normal 21 days after surgery.

Conclusions: Endoscopic examination of the epidural and subarachnoid space fiom the

atlanto-occipital space to the 8th cervical nerve is possible and safe in healthy

adult horses.

Potential relevance: CVCE might allow accurate identification ofthe site of

compression in horses with cervical vertebral stenotic myelopathy and aid

diagnosis of other lesions within the cervical vertebral canal.
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Introduction

Vertebral canal endoscopy was first described in human cadavers (Burman 1931). Only

a few years later, the procedure was described in 400 clinical patients that suffered from

lower back pain. A variety of findings, including herniation of the nucleus pulposus,

chronic adhesive arachnoiditis and tumors within the vertebral canal were documented

(Pool 1942). In the following decades, the equipment and the surgical procedure

improved continuously and today epidural endoscopy (epiduroscopy) and subarachnoid

endoscopy (myeloscopy) are not only used to diagnose, but also to treat a number of

conditions, including chronic back pain (Manchikanti et al. 2005, Manchikanti and

Singh 2002, Tobita et al. 2003, Uchiyama et al. 1998, Warnke and Mourgela 2007).

More recently magnetic resonance imaging (MRI) and computed tomography

(CT) have revolutionized the diagnosis of conditions associated with the spinal cord in

humans. Therefore, they are the recommended diagnostic tools in cases where simple

procedures are insufficient (Haig and Tomkins 2010, North American Spine Society

2007). However, even these techniques have limitations and, in a small number of

inconclusive cases, vertebral canal endoscopy can add important diagnostic information

(Tobita et al. 2003).

In horses, CT and MRI can acquire high-quality images of the head and cranial

neck but cannot be used to image the caudal neck (Gold et al. 2008). This is of interest

because cervical vertebral stenotic myelopathy (CVSM), the most common cause of

ataxia in horses, occurs frequently in the caudal cervical vertebral canal (Papageorges et

al. 1987, Powers et al. 1986, Reed et al. 1981).

The standard diagnostic imaging modality in cases ofCVSM is myelography.
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While this procedure is useful in recognizing vertebral canal stenosis, it frequently fails

to identify the exact site of spinal cord compression (Hudson and Mayhew 2005, van

Biervliet et al. 2004b). Precise localization of the compression is critical when surgical

treatment is contemplated (Moore et al. 1993).

Additionally, the caudal equine neck can be the site of other conditions, such as

epidural hematomas and tumors, which cannot be diagnosed ante-mortem with the

imaging tools currently available (Gold et al. 2008). It is possible that cervical vertebral

canal endoscopy (CVCE) will prove to be useful for accurate identification ofthese

lesions.

In a previous paper, we showed that endoscopy of the cervical epidural and

subarachnoid space of adult cadaveric horses is possible and anatomical structures in

both spaces can be clearly seen. The purpose of his study was to assess the feasibility

and safety of CVCE, including epiduroscopy and myeloscopy under general anesthesia,

in healthy adult horses.
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Material and methods

Horses

Six horses (4 mares, 2 geldings; mean age 11.2 years, age-range 4-20 years) weighing a

mean of 506 kg (430-658 kg) were used in the study. There were three Thoroughbreds,

one Standardbred, one Appaloosa and one Paint horse. The horses had no history of

neurologic disease or problems related to the cervical vertebral canal. Furthermore,

clinical and neurologic examination (Hahn et al. 1999) and a complete blood count

failed to reveal any abnormalities. The study was approved by the Institutional Animal

Care and Use Committee at Michigan State University.

Pre-surgical medication, anesthesia and recovery

Food was withheld from each horse for 6 hours prior to general anesthesia. Five

minutes after sedation with intravenous (i.v.) xylazine hydrochloride (0.5mg/kg),

methadone (0.1 mg/kg) was given i.v. Anesthesia was induced with i.v. guaifenesin (50

mg/kg)/thiopental (4 mg/kg) and the horses were intubated with 24-26 mm cuffed

endotracheal tubes. Subsequently the horses were placed in right lateral recumbency on

an equine hydraulic surgery table and anesthesia was maintained by use of isoflurane in

oxygen at 1.8% (1.5 times the averaged equine minimal alveolar concentration of

isoflurane) (Steffey et al. 1977) measured with an inhalant gas analyzer‘. Lactated

Ringer’s Solution was administered IV at a rate of 5 ml/kg/h.

Throughout general anesthesia, the following parameters were measured every five

minutes: Heart rate (HR), respiratory rate, systolic, mean (MAP) and diastolic arterial
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pressure, measured end tidal carbon dioxide, end tidal isoflurane concentration and

body temperature. Every 15 minutes an arterial blood gas analysis was performed,

including arterial partial pressure of carbon dioxide (PaCOz) and oxygen (PaOz), pH,

oxygen saturation (8302) and electrolytes (Na+, Ca2+, K+).

After completion ofthe procedure horses were positioned in right lateral

recumbency in a padded 16 m2 recovery stall. The head of horses that had undergone

myeloscopy was kept in a slightly elevated position. This was done to decrease the

pressure ofCSF at the dura mater incision site. Once breathing became spontaneous,

xylazine (0.2 mg/kg IV) was administered. After this, the recovery was observed and

videotaped. Horses did not receive any assistance, unless they were unable to rise up or

serious injury had to be avoided. Recovery was graded using a previously described

scoring system (Table 1, (Mama et al. 1996)]).

Surgery

One hour prior to surgery, all horses received chlorarnphenicol2 orally (50mg/kg)

(Gronwall et al. 1986) and flunixin-meglumin3 intravenously (1.1 mg/kg). Horses 1-3

underwent epiduroscopy, while myeloscopy was performed in horses 4-6. Access to the

cervical vertebral canal was gained via the atlanto-occipital space. A 15-cm long skin

incision was made on the dorsal midline, centered at the level of the cranial edge ofthe

wings of the atlas.
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Score Definition

 

5 — Excellent A single coordinated effort to stand with minimum to no ataxia

 

 

 

4 — Good A single attempt to stand with some ataxia

3 - Fair A quiet recovery with more than one attenrpt to stand

. Uncoordinated attempts to stand with or without minor injuries such as
2 - Marginal

superficial lacerations
 

1 — Poor Multiple uncoordinated attempts to stand with life threatening injury    
Table 1: Scoring system for recovery of horses after CVCE (after Mama et al. 1996)

With the exception of the nuchal ligament, which was separated from the left splenius

capitis and left semispinalis capitis muscles and then retracted to the right side, all tissue

layers were dissected in the midline, avoiding trauma to the muscles and thereby

minimizing bleeding. This deep midline dissection included division of the right and

left rectus capitis dorsalis major and minor muscles (Prange et al. 2010). For all

procedures, a flexible video-endoscope with a working length of 110 cm and an external

diameter of 4.9 mm was used (GIF-N180, Olympus America Inc., Melville, NY, USA).

Epiduroscopy: Once the dorsal atlanto-occipital membrane had been exposed,

the endoscope was inserted into the epidural space. Irrigation with Plasma-Lyte‘DA4 via

the working channel of the endoscope was used to carefully distend the epidural space.

This was necessary to see the anatomical structures and to allow gentle advancement of

the endoscope caudally. Once the cm-markings on the endoscope indicated that the

instrument had been introduced for 70 cm and the roots of the 8th cervical nerve were

seen, the endoscope was slowly withdrawn. The incision was closed in four layers,

including the rectus capitis dorsalis major muscles, the incision between the nuchal

ligament and the splenius capitis as well as the subcutaneous tissues and skin. The deep

layers were sutured in a simple interrupted pattern using #2-0 polydioxanone, while the

57



skin was closed using a #0 polydioxanone in a continuous vertical mattress pattern. The

skin incision was covered with an antimicrobial incise drape (3MTM IobanTM 2

Antimicrobial Incise Drape). The total amount ofPlasma-Lyte®A during the procedure

was documented.

Myeloscopy: Before surgery, a CSF sample was collected from the lumbosacral

area and submitted for cytology (Mayhew 197S). The surgical approach was made as

described for epiduroscopy. Once the epidural space had been opened, the surgery table

was tilted 20 degrees, elevating the head above the caudal aspect of the horse (reverse

Trendelenburg position).This decreased the pressure ofCSF in the cerebello-medullary

cistern before opening the subarachnoid space. Then, the dura and the arachnoid mater

were incised for a length of 1.5 cm and two simple interrupted sutures (#4—0 silk) were

pre-placed, dividing the incision in the dura mater into three sections of equal length.

The endoscope was then inserted into the subarachnoid space between the sutures which

were gently tightened and clamped in position using a rubber stint and hemostats to

minimize CSF loss during myeloscopy. Gentle irrigation with Plasma-Lyte®A via the

working channel of the endoscope was used to enhance the view if it was obscured by

the trabeculations in the subarachnoid space. The endoscope was advanced until the

roots of the 81m cervical nerve were seen. Then the endoscope was slowly withdrawn,

and the dura mater closed with #4-0 silk in a simple continuous pattern. At this point,

horses were brought back into a horizontal position and the incision in the dura mater

was checked for CSF leakage. The remainder of the incision was closed as described

above.
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Post-surgicalphase: All horses received oral chlorarnphenicol for three days (50

mg/kg, q6h) and oral phenylbutazone5 (2.2 mg/kg, q12h) for 7 days after surgery and

were kept on stall rest for 21 days. A neurologic examination was performed daily for 7

days alter recovery from the procedure, then weekly for another two weeks. In the

horses that underwent myeloscopy, CSF was collected 7 and 21 days after surgery

through the lumbosacral space and submitted for cytology. Skin sutures were removed

14 days after surgery. Horses alter myeloscopy were fed from an elevated hay net for

the first 14 days after the procedure.

Variables between groups were compared using a two-tailed t-test, a multiple

measurements ANOVA with post-hoc Bonferroni correction was used for analysis of

time-dependent data during anesthesia. Significance was set at p 5 0.05.

Results

The surgical approach allowed access to the atlanto-occipital space in all horses and

exposure of the relevant anatomic structures, including the dorsal atlanto-occipital

membrane and the dura mater, was excellent. In three cases, intravenous injection of

200mg of thiopental was necessary when the nuchal ligament was retracted as the

horses showed a sudden decrease in anesthetic depth. All CVCE procedures were

successful, including introduction of the endoscope in the epidural and subarachnoid

spaces and advancement of the instrument to the 8th cervical nerve.
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liphduroscoppr

Alter the endoscope was introduced into the epidural space, the instrument was slowly

advanced caudally, keeping the dura mater in the visual field. Plasma-Lyte®A was

gently injected via the working channel to obtain a view of the anatomical structures.

An average of 225 ml (200-275 ml) of electrolyte solution was necessary to complete

the endoscopic procedure. In addition to the anatomical structures that can be seen in

the epidural space of equine cadavers (fat, connective tissue, dorsal and ventral nerve

roots crossing the epidural space, and the ventral internal vertebral venous plexus),

small blood vessels on the surface of the dura mater and within the connective tissue

and fat were apparent in the live horses. The angulation capabilities of the endoscope

and slow rotation of the instrument around its long axis allowed 360 degree exploration

ofthe epidural space, while the anatomical landmarks were used to identify the location

of the tip of the endoscope in relation the spinal cord during the procedure. The average

time necessary to complete the endoscopic examination of the epidural space, insertion

to withdrawal of the endoscope, was 23 min (20-25 min, Table 2).

 

 

 

 

 

 

 

 

 

Length of

Endoscopy General Recovery

Horses Time (min) Anesthesia Score

(min)

#1 25 124 3

#2 20 I32 4
Epiduroscopy

#3 24 105 5

Mean 23 120.3 4

#4 29 125 3

M l #5 24 125 4

ye OSCOPY #6 29 119 not scored

Mean 27.3 123 3-5      
 

Table 2: Time of general anesthesia, CVCE procedure and recovery scores
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Complications during epiduroscopy

An increase in MAP and a decrease in HR were recognized at 15-20 minutes after

begimring of the epiduroscopies. While the decrease in HR was not statistically

significant, the MAP changes at 20 minutes were significantly higher when compared to

measurements obtained at other times during the procedure (p = 0.009). These

observations were linked with repeated injections ofPlasma-Lyte®A into the epidural

space via the working channel of the endoscope at the level of the 7th and 8th cervical

 

 

 

 

 

nerve (Table 3, Figure 8).

-5 0 5 10 15 20 25 30 35

HR 41 41.3 41 42 33.3 4+3 35.7 37.3 38.7

i 3.6 i 3.2 i 3.5 i 4.1 i 7.9 4‘9 : 3.2 i 2.9 i 3.3

Epiduroscopy 10'7 7

MAP 78.7 71.7 72 76. 7 87. 3 +' 67.3 66 72.7

i 8.4 i 2.7 i 4.2 :4.2 i 9.8 166 i 5.6 i 3 i 7.5

39.3

HR 37.3 33.3 35.3 39 39 + 37.3 36.7 36.3

i 4.9 i 4.5 :1; 6.4 i 9.5 i 8.5 8—3 : 6.8 i 5.7 i 6.9

Myeloscopy 89 84

MAP 91.7 71 81.7 + 83.7 + 78 73.7 78

1; 5.4 i 4.2 :1; 6.6 12—9 :1; 9.2 8—7 : 6.8 i 4.3 i 7.2            
Table 3: HR and MAP of horses during myeloscopy and epiduroscopy. 0 indicates beginning of the

endoscopy procedures, i.e., when the endoscope was inserted. Mean values and standard error of the

mean.

Myeloscopy

 

Insertion of the endoscope into the subarachnoid space was a critical step of the

procedure and required slow and meticulous movements in order to avoid injury to the

spinal cord or the subarachnoid blood vessels. During the subsequent endoscopic

exploration ofthe subarachnoid space, contact of the tip of the endoscope with blood
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vessels and nervous tissues was avoided. The reverse Trendelenburg position and the

pre-placed, clamped sutures in the dura mater limited the loss of CSF during the

procedure. Injection ofPlasma-Lyte®A during myeloscopy was necessary when the

trabeculations between the pia mater and the arachnoid mater impaired the view. On

average, 211 ml (range 165-260 ml) of electrolyte solution were needed for a

myeloscopy. The view and thereby the orientation within the fluid-filled subarachnoid

space was easier when compared to the epidural space, but 360 degree exploration of

the space had to be carried outwith more caution, as direct trauma to the spinal cord

and the associated blood vessels can occur. It was possible to see the following

structures in very good detail: the trabeculations between the pia and the arachnoid

mater; dorsal and ventral nerve roots with the associated blood vessels; blood vessels

within the pia mater; dorsal median and lateral sulci; the denticulate ligaments; the

external branch ofthe accessory nerve (Prange et al. 2010). The average time for the

endoscopy of the subarachnoid space, insertion to withdrawal ofthe endoscope, was 27

min (range = 24-29 min, Table 2). Although on average myeloscopy took slightly

longer than epiduroscopy, this difference was not statistically significant (p = 0.13). The

closure of the dura mater after completion of the myeloscopy prevented leakage ofCSF

once the horses were back in a horizontal position.

Complications during myeloscopy

Anesthesia was uneventful in all horses (Table 3, Figure 9). No complications were

encountered during the myeloscopy procedures in horses 5 and 6. In horse 4, however, a
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minor bleeding occurred at the insertion site of the endoscope. The blood caused mild

impairment of the endoscopic view in the cranial aspect of the vertebral canal, but did

not have an effect on the examination caudal to the 4th cervical nerve (C3—C4). When

the endoscope was withdrawn, no active bleeding was apparent at the insertion site,

indicating that the hemorrhage stopped during myeloscopy. Due to technical difficulties

with the endoscope during the endoscopy in the same horse, air was able to enter the

subarachnoid space. At the time of completion of the myeloscopy, the subarachnoid air

extended approximately from the atlanto-occipital space to the 6th cervical nerve (C5-
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Figure 8: Mean arterial pressure and heart rate during epiduroscopy. 0 indicates beginning of the

endoscopy procedures = insertion of the endoscope in the spaces. Mean values and standard error of

the mean, significant results are indicated by *.
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Figure 9: Mean arterial pressure and heart rate during myeloscopy. 0 indicates beginning of the

endoscopy procedures = insertion of the endoscope in the spaces. Mean values and standard error of

the mean.

Anesthesia and recovery

The average anesthesia time for horses undergoing epiduroscopy was 120 min (range

105-132 min) while it was 123 min (range 119-125 min) for myeloscopy (p = 0.78).

Recovery was uneventfirl in five horses. The recovery of horse 6 was not scored

because intervention of the anesthesiologist was necessary due to bleeding from an open

i.v. catheter (Table 2).

Post-surgicalphase

Neurological examinations after surgery were normal in all horses, with the exception

of horse 4, where ultra-operative hemorrhage and pneumorrhachis had occurred. This

horse showed grade 3/4 grade ataxia and 1/4 paresis in all four limbs (Mayhew et al.

1978) on day 1 after surgery. Furthermore, diffirse muscle fasciculations, which became
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more obvious when muscle groups were activated, were observed. Offering food, for

example, increased the fasciculations in the area of the muzzle. On day 2 after surgery,

the muscle fasciculations had decreased markedly, whereas the ataxia was still easily

observable (2.5/4 in all four limbs). The horse continued to improve daily and on day 4

muscle fasciculations could only be seen in the triceps and ataxia was graded as 1/4 in

all four legs. Seven days after the procedure the neurologic examination was normal.

Beside some stiffness in the cranial neck in horse 1, no other abnormalities were

observed in the other horses after CVCE.

CSF analysis

Collection ofCSF at the lumbosacral space under general anesthesia was successful in

horses 5 and 6, whereas no sample could be obtained from horse 4. Therefore, horse 4

was excluded from further CSF analysis. Analysis ofCSF seven days after surgery

showed an increase of protein in horses 5 and 6 and a mild increase in the nucleated cell

count in horse 6. After 21 days, the protein concentration approached normal levels and

the nucleated cell counts were back within reference ranges (Table 4).

Horses

#5 57

#6 84

Nucleated Cell #5 3

Count / #6 l

Microprotein (g/dl)

 

Table 4: CSF analysis in horses 5 and 6 after myeloscopy
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Discussion

In the study presented here, we evaluated the feasibility and safety ofCVCE in healthy

horses, particularly the effects of the procedures on the horses during surgery, anesthetic

recovery and the post-surgical period. Epiduroscopy and myeloscopy were successfully

completed in all cases.

The epiduroscopy approach was least complex because it did not require

incising the dura mater. Furthermore, during epiduroscopy the dura mater is positioned

between the endoscope and the spinal cord, protecting this important structure.

Advancing the endoscope from the atlanto-occipital space to the 8th cervical nerve was

easily accomplished and anatomical structures in the epidural space were clearly

identified. If space-occupying lesions had been present in the epidural space,

identification and even biopsy would have been feasible. In humans, it is even possible

to treat diseases in the epidural space, for example by performing epidural adhesiolysis

and injecting therapeutic agents such as corticosteroids to treat inflamed nerve roots

(Geurts et al. 2002, Trescot et al. 2007).

Entering the subarachnoid space required control of CSF fluid leakage. This was

accomplished by pre-placement of sutures in the dura mater prior to insertion of the

endoscope, clamping them to appose the incision around the endoscope, and placing the

horses in the reverse Trendelenburg position. In horse 4, bleeding was encountered at

the site of endoscope insertion into the subarachnoid space. Tissue injury is most likely

to occur during introduction of the endoscope in the subarachnoid space. Therefore, we

recommend caution during this step ofthe procedure. Once the endoscope had entered
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the subarachnoid space, anatomic structures were easily and clearly seen and advancing

the endoscope to the eighth cervical nerve root while avoiding trauma to vessels and

nerves was not difficult.

Completion of the endoscopic procedures within 30 minutes and an anesthetic

time of not more than 2 hours make this procedure practical. During anesthesia, no

major problems were encountered, and there were no complications during anesthetic

recovery related to the endoscopy. Furthermore, with the exception of one horse,

animals were neurologically normal when evaluated 24 hours after surgery. These data

suggest that myeloscopy and epiduroscopy can be safely performed in healthy adult

horses. Studies with larger numbers ofhorses are needed to extrapolate this information

to the general population. Also, the safety and usefulness ofCVCE needs to be

evaluated in horses with cervical vertebral canal diseases.

Complications during epiduroscopy

In the three horses that underwent epiduroscopy, statistically significant hypertension

was recognized about 15-20 minutes after the beginning of the endoscopic procedure

(Table 3, Figure 8). During the same time period, mean heart rate decreased, but this

bradycardia was not statistically significant. In all cases, the observations were

temporally associated with repeated injections of electrolyte solution into the epidural

space at the level ofthe 7th and 8th cervical nerve. In humans, it is recommended that no

more than 1 ml of fluid per 1-2 seconds is injected (Gill and Heavner 2005). Rapid

injection of fluids in the epidural space can cause transient increase in epidural pressure

in humans and animals, including the horse (Iff et al. 2009). Because the dura mater is a
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moveable membrane, it transfers the increased pressure in the epidural space to the

subarachnoid space, which ultimately causes increased CSF and intracranial pressure

(Buffington and Nystrom 2006, Gill and Heavner 2005, Shah 1981). A possible

complication of increased intracranial pressure (ICP) is the so-called ‘Cushing Reflex’,

which leads to hypertension, bradycardia and apnea (Agrawal et al. 2008). We

speculate that the cardiovascular observations were caused by this reflex. Future studies

that include measurements of the ICP are necessary to confirm or reject this possibility.

We recommend slow injection of fluids during this procedure, with monitoring ofblood

pressure, especially when areas of interest are being examined.

Complications during myeloscopy

There were no complications in 2 of the 3 horses. In horse 4, however, there was

subarachnoid air and hemorrhage. In humans, causes for this uncommon phenomenon

include trauma, respiratory conditions that cause high intrathoracic pressures and

iatrogenic manipulations (Oertel et al. 2006). Even though the condition is usually

benign and responds to treatment ofthe underlying cause, about 10% of the cases show

neurologic signs that are attributable to the pnerunorrhachis (Chaichana et al. 2010,

Uemura et al. 2000). Iatrogenic damage to radicular vessels leading to subarachnoid

bleeding has been reported to be as high as 26% in human patients after lumbar

puncture, causing clinical signs in only a small number of these (Breuer et al. 1982,

Park et al. 2007). Extensive bleeding can lead to epidural hematomas. The clinical

presentation ofhematomas include acute onset ofpain at the level of the hemorrhage,

motor paralysis and sensory deficits (Kreppel et al. 2003). To our knowledge, no
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information about clinical signs of adult horses with subarachnoid hemorrhage or air is

available in the literature. In horse 4, subarachnoid air and hemorrhage did not affect

anesthesia or anesthetic recovery, but neurologic signs were observed after surgery in

this case. Because both subarachnoid bleeding and pneumorrhachis occurred during

myeloscopy in this horse, it is not possible to specifically identify the cause of the

transient neurologic signs.

CSF loss

Standing healthy horses tolerate withdrawal of more than 100 ml CSF (Spinelli et al.

1968) without exhibiting clinical signs. Also, the ICP in horses changes substantially

depending on the position ofthe head in relation to the body (Brosnan et al. 2002a,

Brosnan et al. 2002b). These studies suggest that horses are able to tolerate loss of small

amounts of CSF. In humans, though, CSF leakage from lesions in the dura mater (after

lumbar puncture, trauma, etc.) can cause a variety of clinical signs. As these tears in the

dura mater are frequently located in the lumbosacral region, intensification ofthe

clinical signs occurs when the patient stands up. Chronic CSF leakage is known to

cause orthostatic headache, nausea, neck pain or stiffiress, “sagging” ofthe brain

towards the foramen magnum and potentially herniation of the brainstem (Couch 2008,

Schievink 2000). In contrast, the poll region of standing horses is the highest point of

the body as long as their head is elevated. Therefore, the fluid pressure at the site of the

surgical approach was low once the horses had recovered fiom anesthesia, decreasing

the chances of CSF leakage. Feeding from hay nets encouraged horses to keep their

head elevated.
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Thus, pre-placement of sutures in the dura mater and the reverse Trendelenburg position

during surgery, an elevated head position in anesthetic recovery, and use of elevated

hay nets post-operatively appeared to be effective in preventing excessive CSF loss in

our horses.

CSFfluid analysis

Samples ofCSF were only collected in the horses that underwent myeloscopy, as the

subarachnoid space was not opened in the epiduroscopy cases. As collection ofthe pre-

surgical sample was unsuccessful in horse 4, the case was excluded from further CSF

analysis. In the remaining 2 horses CSF protein increased, and in one horse nucleated

cell count increased on day 7 after surgery. These parameters had returned towards

baseline on day 21 after surgery. These data demonstrate that myeloscopy induces mild,

transient inflammation not accompanied by neurologic signs.

Summary

This study demonstrates that myeloscopy and epiduroscopy are feasible and safe in

healthy adult horses. Myeloscopy and epiduroscopy were completed within 30 minutes

and important structures in the entire cervical vertebral canal were seen. No major

complications were encountered during anesthesia and anesthetic recovery. All horses

but one were free of neurologic signs after surgery. We hypothesize that myeloscopy

will be the most beneficial in accurate assessment of spinal cord compression with

CVSM, because the view in this fluid-filled space is more likely to allow identification
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of narrowing of the vertebral canal. Future studies are needed to determine the clinical

usefulness and safety of the procedure in horses with cervical vertebral canal diseases.

In chapter 4, I will briefly summarize the results ofboth parts of the study and outline

some ideas future research projects and potential applications for CVCE in horses.
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CHAPTER 4

CONCLUSIONS AND FUTURE PERSPECTIVES

Despite the significant progress in medical diagnostic imaging over the last 40 years

(Damadian 1971 , Hounsfield 1973), certain diseases of the spinal cord remain an

intractable challenge for physicians as well as for veterinarians. In human medicine,

vertebral canal endoscopy has been used for over 60 years to provide information in

cases where non-invasive imaging modalities fail to provide a diagnosis. The purpose of

this research project was to investigate if cervical vertebral canal endoscopy is a safe

and feasible procedure in healthy adult horses.

In the first part of the study, I developed a surgical approach to the epidural and

subarachnoid space via the atlanto-occipital foramen and described the endoscopic

anatomy of the cervical epidural and subarachnoid space. The second part of the study

demonstrated that epiduroscopy and myeloscopy are feasible and safe in healthy adult

horses. Overall, the epiduroscopies were easier to perform than the myeloscopies and

seem to bear less risk for the patient. However, in cases of CVSM, it is questionable if

the limited view in the epidural space will allow identification of vertebral canal

stenosis whereas the excellent images obtained during myeloscopy are more likely to

provide this information. The complications associated with myeloscopy appear to be

higher. In particular, the risk of direct damage to the nervous tissue or subarachnoid

blood vessels can cause transient and possibly even permanent neurologic signs.

A number of follow up projects are possible, but it is important to use the

information gained to answer the question that initiated the project: “Is CVCE in

general, and myeloscopy in particular, a reliable and accurate tool to diagnose the exact
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compression site in horses with CVSM and how do neurologically compromised horses

tolerate the surgery?” A basic study outline should include the following: Ten horses

previously diagnosed with spinal ataxia due to CVSM (e.g. by a referring veterinarian)

undergo standardized clinical, neurologic and radiographic examination, including

calculation of intra- and inter-vertebral ratios. A myelogram is performed under general

anesthesia and the recovery scored as described before (Mama et al. 1996). Neurologic

status is assessed daily for 7 days, followed by weekly neurologic examinations for the

subsequent three weeks. At this point, the horses are taken to surgery for myeloscopy.

The site of compression is identified using distance measurements on the endoscope and

is documented by video and lateral radiographs. Scoring of the recovery and the post-

surgical assessment are done exactly as it was for myelography, making observations

between the two procedures comparable. After 4 weeks, the horses will be euthanized

and histopathology of the cervical spinal cord in areas of suspected compression sites

(vertebral ratios, myelography and myeloscopy) will be done. Using histopathology as

the gold standard, the value ofmyeloscopy for identifying clinically relevant vertebral

canal stenosis can be compared to the commonly used diagnostic tool, the myelography.

Furthermore, this study design would allow comparison of recovery and post-surgical

course between myelography and myeloscopy in the same horses.

As the optical assessment of subarachnoid space narrowing and associated spinal cord

compression during myeloscopy is subjective, it might not be reliable in cases of mild

to moderate stenosis. However, these cases are the best surgical candidates and an

objective measurement tool is desirable. In humans, trans-endoscopic ultrasound probes

are used to evaluate the tissues in the bony calvarium during endoscopic examination of
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the ventricular system of the brain (Resch 2003, Resch et al. 1997). Therefore, an

ultrasound probe with a diameter of 6F and a cable length of 192cm is fed though and

endoscope and adds a 360 degree axial view of the probe’s tip position to the image of

the endoscope. This “brain-radar” or “mini-CT” would allow measurements ofthe

vertebral canal diameter and therefore provide objective data about potential sites of

narrowing.

The possibilities for epiduroscopy are different, but not less interesting,

especially as this procedure appears to be less risky as long as fluid injections during the

endoscopy are performed slowly. As described in chapter 1, arthritis of the facet joints

in the caudal cervical vertebrae has been associated with neurologic signs in horses, but

the severity of radiographic changes does not correlate with clinical signs (Down and

Henson 2009). This is partially due to the accompanying soft tissue pathology that can

cause the actual impingement on the nerve roots and/or the spinal cord (e.g. synovial

cysts). Epidural endoscopy could identify soft tissue abnormalities and allow targeted

drug application and drainage of cysts. The latter could be done by trans-endoscopic

cystocentesis, the use of trans-endoscopic diode or NszAG lasers. Trans-endoscopic

lasers have been applied in horses for ablation of upper respiratory cysts (Tate 2004)

and in humans for epidural adhesiolysis (Ruetten et al. 2002). While the avoidance of

thermal damage to the surrounding tissues would be challenging, the reports of

successful epidural adhesiolysis in humans are encouraging.

In addition, epiduroscopy could be used to place an epidural catheter in a desired

location, for example next to the spinal nerve roots that supply the brachial plexus in

horses that underwent a painful procedure in a front limb (e.g. fracture repair). This
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catheter would remain in the epidural space after endoscope removal, allowing targeted

administration of drugs to this nerve root over a course of several days, reducing the

risk of laminitis in the opposite limb.
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