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Summary

Ultrasonography is useful for the visualization of the spinal cord and associated structures and
facilitates the safe collection of cerebrospinal fluid from the atlanto-occipital space in cattle.
This technique is less stressful than the blind puncture technique because it does not require
strong ventroflexion of the head. Furthermore, painful puncture of the spinal cord can largely
be avoided when ultrasound guidance is used. Ultrasonographic examination of the spinal
cord between the 5th and 6th lumbar vertebrae or from the lumbosacral foramen is feasible in

calves and has been used to diagnose diplomyelia.

KEYWORDS
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Introduction

The examination of cerebrospinal fluid (CSF) plays a major role in the diagnosis of central
nervous system diseases in cattle. There are two sites from which CSF can be collected in
cattle: the first is the atlanto-occipital (AO) space and the second is the lumbosacral foramen
(LSF).12 The exact site of needle insertion at both locations is determined by skeletal
landmarks but puncture is carried out blindly without visualization of the subarachnoid
space.>™ For collection from the AO space, the head is ventroflexed at a 90° angle and the
needle is inserted at the intersection between the dorsal midline and an imaginary line
connecting the cranial edges of the wings of the atlas®* or slightly cranial to that intersection.*
A spinal needle is introduced into the subarachnoid space parallel to the longitudinal axis of
the flexed head.* The depth to which the needle is inserted is not exactly predictable, and the
needle is advanced slowly and carefully and monitored for free flow of CSF by removing the
stylet at regular intervals.? Puncture of the spinal cord must be avoided because it can lead to
nerve damage or even death of the patient.° Strong ventroflexion of the head required for this
technique often provokes avoidance movements in the animal and may impair respiration.
Furthermore, blind aspiration of CSF from the AO space frequently results in contamination
of the sample with blood,®” which can impair the diagnosis.®*? Finally, the spinal cord may
be punctured during blind aspiration despite the precautions outlined above and results in pain
evidenced by violent twitching. Based on experiences in the collection of CSF under
ultrasonographic guidance in the horse,**"** the spinal canal of cattle was examined
ultrasonographically and the feasibility of ultrasound-guided collection of CSF investigated.
1617 Another study described the ultrasonographic findings of diplomyelia of the lumbar spine
in a calf,’® and the ultrasonographic examination of the spinal cord in healthy calves was
presented.’® The purpose of this article is to describe the ultrasonographic findings of the
spinal cord and its surrounding structures and the ultrasound-guided collection of CSF from

the AO space in cattle.
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Anatomy of the atlanto-occipital space

The AO space is bordered by the occiput cranially and by the atlas caudally and is covered by
the skin, the nuchal ligament, various muscles, and the AO membrane.>?° Ventral to this
membrane is the cranial-most section of the vertebral canal, which contains the spinal cord
surrounded by three meninges. The outermost meninx is the dura mater, which is separated
from the vertebral periosteum by the epidural space.?! The middle meninx is the dura
arachnoidea, which is enveloped by the dura mater and consists of three layers. The outermost
layer is made up of fibrocytes and collagen fibers and is separated from the dura mater by a
so-called neurothelium. Avascular bundles of collagen fibers covered by neurothelium,
referred to as arachnoid trabeculae, connect the outer layer with the inner layer of the dura
arachnoidea, which also consists of collagen fibers and fibrocytes.??> These trabeculae are in
the middle layer and form a spider web-like network surrounded by CSF. The middle layer of
the dura arachnoidea is referred to as the subarachnoid space? and contains the arteries that
supply the central nervous system.?* The innermost layer of the dura arachnoidea follows the
superficial surface of the brain and spinal cord, whereas the outermost layer, together with the
dura mater, forms a straight sac, which envelops the spinal cord. The innermost meninx, the
pia mater, adheres to the surface of the brain and spinal cord and closely follows their
contours. Cerebrospinal fluid-filled spaces referred to as subarachnoid cisternae are formed in
the regions where the dura arachnoidea and pia mater separate over depressions in the brain or
spinal cord. The cerebellomedullary cistern, also called the cisterna magna, is formed between
the caudal aspect of the cerebellum and the medulla oblongata and in most domestic animals
is of clinical importance for the collection of CSF from the AO space.?>?> However, in cattle,
the cerebellomedullary cistern cannot be accessed because of the caudal elongation of the

occipital bone, and therefore the caudal extension of the cistern is punctured for collection of
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CSF.Z The pia mater consists of loose connective tissue including blood vessels and nerves. It
is tightly associated with the surface of the brain and spinal cord and is adjacent to the
superficial glial cells of the central nervous system. The pia mater forms two narrow fibrous
strips on either side of the spinal cord, called denticulate ligaments, with extensions that
attach to the dura mater and provide stability to the spinal cord within the dural sac.?!??

The spinal cord is a cylindrical structure characterized by a dorsal median sulcus, two
dorso-lateral sulci and a deep ventral median fissure. The dorsal afferent nerve roots enter the
spinal cord at the dorso-lateral sulci, and the efferent nerve roots exit the spinal cord
ventrolaterally on both sides. The dorsal and ventral nerve roots unite in the subarachnoid
space to form the spinal nerves, which exit the spinal canal through the intervertebral
foramina. In the center of the spinal cord is the central canal, which is continuous with the

ventricular system of the brain.??

Ultrasonographic examination of the spinal cord from the AO space
The ultrasonographic findings of the spinal cord and the collection of CSF under
ultrasonographic guidance from the AO space in 73 cows immediately after euthanasia and in

14 live cattle of various age with central nervous disease were described.*®

Preparation of cattle for the ultrasonographic examination

For ultrasonographic examination and collection of CSF, cattle are placed in lateral
recumbency. Cows are sedated with 0.07 to 0.10 mg/kg xylazine intravenously, followed by
0.05 mg/kg xylazine intramuscularly depending on the level of sedation. The cow is then
placed on a tilt table and all four legs and the head are secured with straps. A 15 cm x 10 cm
area over the AO space is clipped and cleaned with ethanol. The head is fixed to the table with

a halter in mild ventroflexion (about 30°) to improve the ultrasonographic visibility of the
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spinal cord. Rarely, moderate ventroflexion of about 45° is required for successful imaging of
the spinal cord and CSF collection but strong ventroflexion of 90°, which is needed for blind

CSF aspiration, is never required.

Technique of ultrasonographic examination
A 5.0- to 7.5-MHz linear or convex transducer is used and after the application of conductive
gel, the spinal cord and its surrounding structures are imaged in longitudinal and cross

section.

Ultrasonographic findings of the AO space

Ultrasonograms of the AO space show, from dorsal to ventral, the skin, the nuchal ligament,
various muscles including the rectus capitis minor und major muscles, the AO membrane, and
the vertebral canal, which is bordered by the hyperechoic dura mater. In longitudinal section,
the muscles appear as echoic structures with longitudinal striations, and the nuchal ligament is
hypoechoic. The spinal cord is seen as a hypoechoic band, some areas of which have a
heterogeneous internal structure (Fig. 1). It is surrounded dorsally (toward the skin) as well as
ventrally (away from the skin) by the subarachnoid space and is anechoic to hypoechoic and
sometimes has a heterogeneous internal structure. Blood vessels often seen dorsolateral and
adjacent to the dural sac can be interpreted as a venous sinus based on findings in the horse.*?
In cross section, the spinal cord is circular and surrounded by the subarachnoid space (Fig. 2).
The hyperechoic denticulate ligaments are often seen on both sides of the spinal cord between
the pia mater and dura mater. The central canal is frequently seen as a hyperechoic spot in the
middle of the spinal cord. The pia mater appears as an echoic line adjacent to the spinal cord.
The dura mater and arachnoid membrane are also seen as a hyperechoic line but cannot be

differentiated.
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Measurements in the AO space in 73 euthanized cows

The ultrasonographically visible structures were measured to generate reference intervals for
the cows with central nervous system disorders.*®*” Optimal sagittal and transverse
ultrasonograms were frozen and various variables measured using the electronic cursors. The
measurements made in the longitudinal and transverse planes are very similar (Table 1). In
the longitudinal section, the distance between the skin and arachnoidea ranges from 30 to 52
mm (mean * sd = 38.6 = 4 mm) and the height of the subarachnoid spaces dorsal and ventral
to the spinal cord ranges from 5 to 12 mm (8.9 + 1.6 mm) and from 4 to 11 mm (median = 8.4
mm), respectively. The height of the spinal cord varies from 6 to 13 mm (9.9 £ 1.2 mm) and
the height of the entire dural sac from 20 to 34 mm (26.9 £ 3 mm). The spinal cord can be

seen in the sagittal plane over a distance of 19 to 72 mm (43.1 £ 10.3 mm).

Ultrasound-guided collection of CSF from the atlanto-occipital space

Preparation of cattle and CSF collection technique

After ultrasonography, the clipped area over the AO space is cleaned with iodine soap and
disinfected and the skin at the site of puncture is anesthetized using 5 ml of 2% lidocaine. The
so-called freehand technique®* with a spinal needle (0.90 x 90 mm, Terumo®Spinal needle,
Terumo Medical Corporation, USA) is used to puncture the arachnoidea under
ultrasonographic guidance (Figs. 3, 4). Positioning the needle so that it is aligned perfectly
with the sagittal orientation of the sound waves can pose a problem initially, but this
technique becomes easier with practice and the accidental puncture of blood vessels can be
avoided. The needle is introduced in the median plane in a caudoventral direction. As
described for CSF collection in the horse, the angle between the needle and the dura mater is

critical.*>*> When the angle is too small, the needle does not perforate the dura mater but
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pushes it ventrally. This complication has occurred regardless of the angle of the needle and is
referred to as tenting in human medicine.?® The tenting phenomenon increases the risk of
accidental puncture of the spinal cord and must be avoided at all cost. After perforation of the
arachnoidea and observation of the tip of the needle in the subarachnoid space, the stylet is
removed and 3 to 5 ml of CSF is aspirated using a syringe. If the attempt is unsuccessful, the
stylet is re-inserted and the needle withdrawn partly or completely and the puncture repeated
at a slightly different angle. A new needle is used after accidental puncture of a blood vessel
or aspiration of blood. When done correctly and without spinal cord puncture, this technique

does not elicit pain or avoidance behavior in cows.

Examination of the cerebrospinal fluid

Ultrasound-guided collection of CSF reduces the incidence of contamination of the CSF with
blood, which is common when the blind puncture technique is used.®’ Therefore, most CSF
samples are clear and colorless but it must be remembered that blood contamination is not
always recognized macroscopically.”*° In CSF samples collected under ultrasound guidance
at our clinic, the red blood cell count ranged from 0 to 820 erythrocytes/pul CSF (median = 2.5
erythrocytes/pl CSF) (Fig. 5). A minimum erythrocyte count of about 2,000 to 3,000 cells/ul
is required to render a CSF sample grossly discolored or turbid,®®2® which explains why
practically all of our samples appeared uncontaminated. It also means that CSF collected
using the described technique is well suited for diagnostic purposes in cattle with central
nervous system disease. It should also be noted that it is possible to collect a clean CSF
sample in a second attempt after a blood vessel has been punctured and hemorrhagic CSF
aspirated initially. This is a major advantage over the blind puncture technique, which usually
does not allow for the collection of a blood-free CSF sample at the same collection site once a

hemorrhagic sample or frank blood has been aspirated.
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Ultrasonographic examination of the spinal cord from the lumbosacral area in the calf
In calves, the spinal cord also can be examined ultrasonographically between the 5th and 6th
lumbar vertebrae or from the lumbosacral foramen*®*° but a detailed description of this
technique in adult cows was not available at the time of this writing. There are anecdotal
reports that lateral ultrasonograms of the spinal cord can be obtained at the lumbosacral
foramen in adult cows. A 7.5-MHz linear transducer is best suited for the examination in
calves. The calf is placed in lateral recumbency and positioned such that the lumbar vertebrae
are slightly arched dorsally. Similar to the technique described for the AO space, the spinal
cord and the surrounding structures are examined in the sagittal and transverse planes. The
ultrasonographic appearance of the spinal cord is analogous to that at the AO space except
that two spinal nerves are seen on transverse images. This technique allows for the diagnosis
of spinal cord malformations, for instance diplomyelia, which is duplication of the spinal cord

including the central canal.?’

Conclusions

The spinal cord and its surrounding structures can readily be identified using ultrasonography.
Also, it is possible to collect cerebrospinal fluid without blood contamination. In addition,
ultrasound guidance eliminates the need for marked ventroflexion of the head, which in turn
minimizes defensive reactions that commonly occur when the blind technique is used.
Ultrasound-guided collection of CSF is convenient and safe and therefore the method of

choice for collection of CSF in cattle.
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271 Tablel
272  Ultrasonographic measurements of the vertebral canal at the atlanto-occipital space in 73

273  euthanized cattle (mm, mean = standard deviation, median, range) (reproduced from Braun et

274 all))
Section
Variable Longitudinal Transverse
Distance between skin and arachnoidea 38.6+4 39.5+4.2
(30 - 52) (32 -52)
n =68 n="73
Depth of the subarachnoid space dorsal to the spinal 8.9+ 1.6 9216
cord 5-12) (6 -13)
n==67 n="73
Diameter of spinal cord 99+1.2 10.1
(6 —13) (8 — 15)
n=67 n=72?
Depth of the subarachnoid space ventral to the spinal 8.4 88138
cord (4-11) (5-14)
n =68 n=73
Diameter of entire dural sac 269+3 28.2+35
(20 — 34) (21 - 40)
n =68 n=73
Length of visible spinal cord 43.1+10.3
(19 - 72) -
n=67

275
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Legend to Figures

Fig. 1 Longitudinal ultrasonogram and schematic representation of the vertebral canal at the
level of the atlanto-occipital space obtained immediately after euthanasia in a 3.5-year-old
Swiss Braunvieh cow. Left is cranial and right is caudal. 1 Nuchal ligament, major and minor
rectus capitis muscles, 2 Atlanto-occipital membrane, 3 Subarachnoid space dorsal to the
spinal cord, 4 Spinal cord, 5 Central canal, 6 Subarachnoid space ventral to the spinal cord, A
Distance between skin and arachnoidea, B Depth of the subarachnoid space dorsal to the
spinal cord, C Diameter of the spinal cord, D Depth of the subarachnoid space ventral to the

spinal cord.

Fig. 2 Transverse ultrasonogram and schematic representation of the vertebral canal at the
level of the atlanto-occipital space obtained immediately after euthanasia in a 3.5-year-old
Swiss Braunvieh cow. 1 Nuchal ligament, major and minor rectus capitis muscles, 2 Atlanto-
occipital membrane, 3 Subarachnoid space, 4 Spinal cord, 5 Denticulate ligaments, 6 Venous
sinus within the epidural space, 7 Epidural space, A Distance between skin and arachnoidea,
B Depth of the subarachnoid space dorsal to the spinal cord, C Diameter of the spinal cord, D

Depth of the subarachnoid space ventral to the spinal cord.

Fig. 3. Collection of cerebrospinal fluid in a sedated cow in lateral recumbency. The head and
legs are tied to the operating table. The fluid is collected from the atlanto-occipital space

using a spinal needle and ultrasonographic guidance provided by a 5-MHz convex transducer.

Fig. 4. Schematic diagram of puncture of the subarachnoid space for collection of
cerebrospinal fluid. The diagram is based on MRI images of the head of a 10-year-old

Simmental cow. 1 Occiput, 2 Atlas, 3 Subarachnoid space, 4 Spinal cord.



302  Fig. 5. Frequency distribution of different levels of blood contamination of cerebrospinal fluid

303  collected under ultrasound guidance in 73 cows.
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