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FUNKQUIST, BERIT : Myelographic localization of spinal cord
compression in dogs. A comparison between cisternal and .lumbar in
[ections of metrizamide "Amipaque" in diagnosing and locating spinal
cord compression. Acta vet. scand. 1,975, 16, 269-287. - Metrizamide
is a new W'ater-soluhle contrast medium possessing unique properties,
one of which is that even in an Isotonic solution it has a radiographic
density sufficient for a diLagnostic myelogram. Whereas in the past
myelography with water-soluble preparations entailed lum
bar injections, which are technically difficult in dogs, the fact that
isodondc metrizamide causes so lLtJIIle tissue iTTbta1Jion has made it pos
sible to inject the contrast solution into the cisterna magna. The author
has compared metrizamide myelograms obtained with both eisternal
and Lumbar injections. Myelography wilth a cisternal injection is pre
ferable for demonstrating cervdcal cord compressions and also in cases
in which it is desirable to obtain myelographic information on both
the cervical and the nhoraco-lnmbar aI1OO:S. If, on the other hand, it is
necessary to determine exaotly the extent of 'a thoraco-lumbar com
pression before decompressive laminectomy, the contrast should be
injected in the lumbar region in woo an amount and at a pressure
high enough 10 ensure tha,t Iflhe contrast is forced past the s>iIte of the
compression. The safety of metrixamide win probably enable a better
prognosis following surgery 'than was previously possible.

m y e l og ra p h y; spinal cord compression;
con t I" a s t m e diu m.

The first reports of the diagnosis of spinal cord compression
in dogs by means of subarachnoid contrast mjeetion were based
on iIlivestigaJtions in which use W'llJS made of suboccipital (cister-
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nal) injections of fat-soluble contrast media (Iodipin - Henkels
1926, Lidiodol - Brook 1936, Pantopaque - Hoerlein 1953)
and of thorotrast (Meyer 1937, Olsson 1951). In those investiga
tions the contrast medium was allowed to sink down towards the
compressed portion foHowingelev3ltion of the animat's fore
quarters. I'll cases 0If extreme compression this method. was limi
ted to localization of the anterior limit of the compression since
the contraSit medium did not pass consistently beyond the com
pressed portion of the subarachnoid space in diagnostic amounts,
Most of the preparations have long since been abandoned owing
to long-term side effects,

In human medicine a water-soluble contrast medium, sodium
methiodal (Abrodil; synonyms Kontrast U, Skiodan) , has been
used since 1931 (Arnell & Lindstrom) for the diagnosis of root
compression in the lumbar region. In the concentrations that are
needed to give diagnostic radio-opacity these solutions are very
hypertonic and irrttative and therefore were regarded as un
suitable for myelography of the spinal cord Itself' , However, in
dogs, Funkquisi (1962 a) introduced a method of diagnosing
spinal cord compression which was based on the use of this pre
paration. This method reduced the immediate effects of the ir
ritant properties of the contrast medium since

a) the preparation was injected in the lumbar region so as to
avoid high concentrations within the cranial subarachnoid
space

b) xylocaine was added to the solution (in a carefully titrated
concentration) in order to reduce the tonic muscular con
traction and the sharp rise in blood 'pressu re that other
wise result from the introduction of the preparation into
the subarachnoid space

c) immediately prior to the contrast injection the animal re
ceived an intravenous injection of succinylcholme iodide
designed to prevent the initial spasms which - despite
the addition of xylocame - otherwise anise immediately
when the injection is made and which can result in blurred
radiographs.

It will be clear from the foregoing that up ,to now myelography
with water-soluble contrast media has been a rather complicated
and lengthy undertaking. On the other hand, the lumbar site of
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injection allows sufficient pressure to be exerted to force the
contrast beyond the compressed area and outline the cranial
parts of the lesions, with little risk of high concentrations enter
ing the cranial subarachnoid space.

This method proved usable also for cervical myelography
(Funkquist 1961 a) after certain modifications (lumbar injec
tion with the hind-quarters elevated after suboccipital removal
of most of the cerebrospinal fluid (CSF) from the spinal suba
rachnoid space),

Up to now the waiter-soluble contrast media used for myelo
graphy have been solutions of salts of iodinated acids, which have
to be made extremely hypertonic an adequate contrast effect
is to be obtained. Under certain experimental conditions (intra
venous infusion of hypotonic salt solutions, lowering the arterial
blood pressure) subarachnoid injections of these preparations
(Kontrast U) have produced damage to the ISpinal cord in dogs .
The subarachnoid injection of common salt solutions that were
isotonic with Kontrast U produced similar damage to the spinal
cord under identical experimental conditions, indicating that this
damage is probably osmotic in character (Funkquist 1961 b) . It
is therefore extremely welcome that in recent years attempts have
been made to synthesize water-soluble contrast media with lower
osmolality. Almen (in Acta Badiolog. Suppl., 335, 1973) proposed
the synthesis of non-ionic monomeric iodinated compounds to
lower the osmolality to one-half of correspondent ionic com
pounds. Almen realized that a proper choice of polar functional
groups would confer water solubility of the non-donie molecule
and maintain the low toxicity which characterizes present-day
contrast media. Nyegaard & Co., Oslo, Norway, have conducted
research on the basis of Almen's proposal and have finally pro
duced a synthesis known as "metrizamide" (Amipaque@). Me
trizamide in an isotonic solubion provides a satisfactory contrast
density for myelography. The irritant effect of this preparation
on the nervous system has proved ISO slight during experlrnents
on dogs that it has been possible to inject it into the cranial suba
rachnoid space and into the ventricular system of the brain
wiJthout muscular spasms arising. Clinical tests at present being
carried out (i .e. Grepe 1974, Irstam 1974) regarding the suitability
of the preparation for human myelography have produced very
promising preliminary results. The properties of the preparation
seem to be so remarkable that they justify reconsideration of the
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method of myelographic diagnosis of spinal cord compression in
dogs *.

MATERIAL AND METHODS

Metrizamide myelography was performed (February-April
1974) on 27 dogs and one cat whieh exhibited signs that sugges
ted spinal cord compression in the cervical region (eight animals)
and the :thoraco-Iumbar region (20 animals). The breeds, sexes
and ages of the animals are given in Table 1. The examinations
were carried out under general anaesthesia, induced with Pento
thal®** and maintained on Halothane*** and nitrous oxide. As
the method of examination required extreme flexion of the occipi
tal joint (rfor sUiboocipitalcisternal puncture), a special non
kinking (spiral wire reinforced) endotracheal tube was used
(Riisch, Fig. 1).

The metrrzamide solution was prepared by dissolving a 3.75 g
vial of the powder (480 mg iodine/g) in 8.9 ml of sodium biear
bonate solution containing 5 mg of NaHCOa per 100 ml steriie
water. TMs solution is isotonic with human plasma although the
iodine content is 170 mg/rnl. At eaeh examination the volume in
jected was 0.2* *** to 0.3 ml/kg. Twentyanimals received cister
nal injection only, one animal received only a lumbar injection,
while seven animals received both cisternal and lumbar injec
tions at two successive sessions the same day or at intervals of
one to five days. In these latter cases the cisternal injection was
always given first.

The myelograms made by lumbar contrast injections were
obtained according to the method described above (Funkquist
1962 a). In a couple of cases, a small quantity (0.2 to 0.3 rnl) of
the contrast was injected immediately prior to the contrast injec
tion proper in order to check the position of the needle point.

The cisternal injections were carried out according to Brook
(1936) except that during the puncture the dog was put on its

• Nyegaard & Co., Oslo, have made the preparation available for
clinical tests. A summary of ·the pharmacologrcal and radiological
properties of metrizamide is to be found in Acta Radiolog. Suppl. 335,
1973.

•• Sodium Abbott Lab.
Ha1othane@, Hoechst .

• • •• Larger breeds.
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Tab I e 1. Breed, sex and age distribution of the animals examined.

No . Breed Sex Age (Years)

1 Dachshund r1 7
2 King Charles Cavalier Spaniel 0" 3
3 Newfoundland r1 7
4 Great Dane r1 1
5 Dachshund 5
6 Dachshund r1 3
7 Papillon r1 4
8 Dachshund 4
9 Dachshund r1 7

Hl Dachshund r1 6
11 Dachshund 6
12 Dachshund r1 4
13 Alsatian r1 8
14 Dachshund r1 11
15 Saluki r1 10
16 Grey Elk Dog r1 8
17 Dachshund 12
18 Dachshund r1 6
19 Dobermann Pinscher r1 4
20 Rhod. Ridgeback 9
21 Dachshund r1 10
22 Dachshund 4
23 Dachshund 9 5
24 Dachshund r1 5
2,5 Dachshund 4
26 Alsatian r1 10
27 Boxer 5
28 Cat r1 14

right side with its hind-quarters elevated. A Pitkin needle of 0.7
to 0.9 mm diameter was used. Two different procedures were
employed when injecting the contrast cisternally:

Method I
This method was used to assess the effect of the least possible

dilution of the contrast CSF) on the diagnostic quality of the
myelogram. To facilitate the removal of 0.3 Ito 0.4 mllkg body weight
of CSF, the ,table and ,th e dog were tilted head down at an angle of 20·
to the honizontal plane, The dog was then tilted the other way, head
up,at an angle of 20· to the horizontal plane and the contrast solutdon
lnjected ut once. The puncture needle was then withdrawn and the
neck extended. The injection time was about 2 min. A complete spinal
series was made in the lateral projection, beginning in the cervical
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region during injection, taking about 5 min. for thecompleting of the
study. In several animals subsequent examinations followed ad: 10-15
min. iJIlltervlllls. In certain cases some of these examinations were made
in the ventrodorsal projection with the dog on i,ts back.

Method II

This method was an attempt to produce a higher pressure in
the subarachnoid space by not withdrawing any CSF. The pressure
of the fluid (mixture of CSF and contrast medium) should force the
contrast past the site of compression and produce a diagnostic mye
lognam erandal 'and caudal to the lesion. The dog was placed on its
right side with the table tilted 11:0 raise the hind-quarters, and the
needle inserted ·as before. No CSF was withdrawn; contrast was in
jected over a 1 min. period. With the animal still wi,th J,ts head
lower than the hind-quanters a lateral radiograph of the skull and
cervical region was made. The needle was withdrawn, the neck ex
tended and the table tinted to raise the head higher rtlhan the tail (at
an angle of 20· to the horizontal). A number of complete spinal radio
graphicexaminetions were made as in Method 1. In those cases where
clinical signs indicated cerwical cord compression, lateral cervical
spinel radiographs were made with the dog hor-izontal, before the
head was elevated.

U, during any exrumination using cisternal injection of con
trast medium (Method lor II), the radiographs of the firSit series
definitely showed passage of contrast caudal to an area of com
pression of the subarachnoid space, a supplementary series of
radiographs were made with the animal's hind-quarter elevated
(about 20° to the horizontal) after ffinishing the first series. The
purpose of this supplementary investigation was to obtain a better
picture of the posterior limit of the compression by making use
of the contrast that had passed the compression. The elevation
of the hind-quarters was usually performed about 5 min. after
injection and as a rule the exposures were made within 10 min.
after the change of position. Durdng this examination the head
of the animal was elevated somewhat by bending the neck, in
order to prevent or reduce the flow of contrast into the cranial
subarachnoid space. In animals with a slower passage of the
contrast medium the supplementary radiographs with the hind
quarters elevated were made if and when a sufficient amount of
contrast had passed the obstruction as shown by repeated radio
graphs made with the anamal rsbill lying with its fore-quarters
elevated.
If cisternally injected contrast did not pass caudally to an

area of compression, attempts were made to force i,t by the lesion.



Spinal cord compression in dogs 275

Use was made, on the one hand, of (1) prolonged elevation (15

25 min.) of the fore-quarters (with theanimal lying on Us side,
its abdomen or its back on the table in ,the same angle (20 0

) OT

wiJth the dog in vertical position with 'the head up) and, on the
other hand, of (2) "centrifuging" the animal on a specially con
structed turntable. This turntable was rotated for about 3 min.
at a speed of 60 revolutions per min., the dog lying on its back
with its head inwards, and the base of the tail about 70 em from
the centre of the turntable.

The myelographic examinations were evaluated as follows :

The immediate effects of the preparation on the nerve tissues
were studied by observing theanimal's reaction when the injec
tion was made. The possible occurrence of delayed side-effects
was assessed by paying special attention during the recovery
period to any possible signs of hyperreflexia and epileptiform
convulsions and by studying the 'anim al' s neurological condition
during the days immediately following the examination, In this
connection observations were made of possible changes in the
neurological status of the animal caused by the examination.

The reliability of the information yielded by myelography with
cisternal injection of metrizamide was assessed by comparison
with the lesions observed at operation or necropsy, or the leg-ions
visualized by metrizamide myelography using a lumbar injection,
done in conjunction with the preceding examination. Previous
studies have shown the latter technique to give a reliable mdica
tion of the location and spread of the pathological-anatomical
changes (Funkquist 1962 a) .

The interval between cisternal injection examination and con
trol examdnation (lumbar injection) is seen in Table 2.

Five of the animals that were examined by means of cisternal
injection (in one case with a supplementary lumbar injection)
and one animal on which lumbar myelography only was carried
out, underwent decompressive laminectomy immediately follow
ing the examination because they had shown clinical signs of
severe spinal cord compression (Table 2). In 11 other cases (with
less severe signs of compression) examination was followed by
disc evacuation (without opening the vertebral canal). In five
dogs the latter operation was performed on the same day as the
myelography and in the remaining dogs between one and three
days later,
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RESULTS

The effect of the contrast medium on the nervous system

In the cases with cisternal injection and in those cases wi.th
lumbar dnjection where, judging by the resistence to the contrast
medium by injection, spinal cord compression was slight or mode
rate, there were no signs of any irritation of the nervous system
during or 'in direct connection with the injection of contrast into
the cisterna. However, in one of three cases of myelography with
a lumbar injection, in which the preparation had to be introduced
under very high pressure ,to enable medium to pass the con
stricted part of the subarachnoid space, mild transient spasms of
the hind limb muscles took place. In most cases, when the ani
mals being examined were waking up, they showed signs of slight
hyperreflexia (protective movements even when touched only
lightly). However, these mild signs could not be diSitingui:shed
with certainty from the hyperreflexia that often occurs during
recovery from Pentothal anaesthesia in animals whose general
condition is good or ds only slightly below normal, There has
never been any reason for treating these symptoms. Epileptiform
convulsions were never observed, even though the radiographs
showed that some of the contrast introduced by cisternal injec
tion in every case had passed into the cranial subarachnoid space
and in a couple of cases even into the ventricular system (Figs. 1
and 3).

Owing to the after effects of general anaesthesia, as a rule it
was not possible to caery out any neurologic examination of the
animals until after recovery, 1 hr. or so aft er the contrast injec
tion or, in those cases where laminectomy was carr-ied out follow
ing myelography, several hours later. Neither immediately after
recovery nor later there was any sign of any deterioration in
neurological condition. Of the animals that had a lumbar con
trast injection or both cisternal and lumbar injections, two had
00 undergo decompressive laminectomy directly following mye
lography. This was necessary because of paraplegia with complete
motor and sensory paralysis (disc prolapse with extensive com
pression). Both these animals later regained the ability to walk
on their hind legs. The possible significance in the context of the
very low level of toxicity of the contrast medium wiII be dealt
with in the discussion.
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Comparison of the myelograph quality between Methods I and II

A comparison between the results obtained from myelography
with and without any prior withdrawal of liquor (Method land
Method II respectively) shows that both methods yield a diagnos
tic myelogram. When Method II is used the contrast density an
terior to any exieting spinal cord compression is greater, and as
a result the films are 'som ewh at easier to interpret.

The passage of the contrast from the cisternal puncture site along
the spine

A. G e n era lob s e r vat ion s

For optimum results it is necessary to know the time taken
for the contrast to reach and possibly pass a compressive lesion
after a cisternal injection.

The following features of the passage of contrast after eleva
tion of the animal's fore-quarters were noted (with both Method
I and II):

Where the passage of the medium was not or was only slightly
obstructed (Fig. 4), even the fiDSit series of exposures showed a
good opacification in the cranial cervical, the cranial thoracic,
the caudal lumbar and theeaeral regions of the subarachnoid
space. At the same time there was little or no contrast present in
the caudal cervical, the caudal thoracic and the cranial lumbar
regions. In the beginnmg the contrast solufion did not mix com
pletely with the CSF and that may simulate - on the lateral pro
j ections - a central position of the contrast medium, especially
in the lumbar region (Fig, 4 b). During approx, the first 10 min.
the contrast would gradually increase in the caudal lumbar and
sacral region without during its passage having produced a good
opacification in the caudal thoracic and cranial lumbar regions
(Fig. 4 a) . However, after turning the dog on its back for ventre
dorsal projection or panticularly after elevation of the hind-quar
ters even these not sufficiently opacified regions could be well
filled with contrast (Fig. 4c) .

B. 0 b s t r u c t ion tot h epa s sag e 0 f con t r as t m e
dium in the cervical subarachnoid space

In the five animals with cervical spinal cord compression the
first exposure, taken within a minute or two after the injection
(Method I) or after elevation of the fore-quarters (Method II),
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showed ,tha t the contrast had reached maximum concentration
immediately in front of the compression (Fig . 5 a ). In the two
animals exhibiting slight clinical signs contrast was also found
immediately caudal of the compression in sufficient quantities
to enable accurate determination of the extent of the compression
(Fig. 5 b). In the three oases exhibiting severe signs (of quadri
paresis) no diagnostic amount deposit of contrast immediately
behind the compression was obtained initially, but after the fore
quarters had been elevated for between 5 and 10 min. the con
trast W3JS visible in the caudal lumbar region. After elevation of
the hind-quarters sufficient contrast flowed forward (within
above 5 min.) to enable determination of the caudal limit of the
compression.

C. 0 b ,s t I" U c t oj 0 n tot h epa s sag e 0 f con t I" as t
medium in the thoracic and lumbar sub
arachnoid space

Even in animals with compression in the thoraco-lumbar
region the first series of exposures showed that a diagnostic
amount of contrast had gathered iIIllImediately in front of exist
ing compression (F igs. 6 a 3:.'1d 7 a). There was a good opacifica
tion of the cervical and thoracic subarachnoid space as far as the
compression. In some cases it was possible to determinate the
cranial limit of the compression more certainly in the ventro
dorsal projection than in the lateral projection because of a better
opacification immediately cranial to the compression.

In four of the ten cases examined with slight and acute" com
pression signs the first series of exposures showed that the con
trast had passed by the compressed area. In two dogs only faint
traces of contrast passed caudalto the compression (observed in
the sacral region, Fig. 7 c), whereas in the other two animals a
fairly large quantity of contrast gathered in the caudal lumbar
region. In all four cases, the amount of contrast was sufficient to
deternnine the caudal Iimit of ,th e compression following the eleva
tion of the hind-quarters (Fig. 7 b). In the remaining six cases
with sl'ight acute signs contrast had not passed the compression
after the first series of exposures. In four of these six, later series

• The term "acute" ds used when pain was obviously felt by the
animal and it was likely that continued Iir r it 3ltion of the spinal cord
was to be expected.
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Fig u r e 1. Metrizamide myelogram with cisternal injection of contrast in
dog no. 22 (see Table 2).

Myelogram (lateral projection) with fore-quarters elevated, immediately
after completion of injection. Contrast has passed into the ventricular system
of the brain.
Note the "spiral" that shows up clearly is the steel-wire-reinforced endo
tracheal tube.



Fig u r e 2. Metrizamide myelogram with cisternal injection of contrast
in dog no . 19.

Myelogram (lateral projection) with fore-quarters elevated about 1 min.
atiter completion of injection. Good filHng with contrast in the cranial cervi
cal region. Note the dorsal deviation of the ventral contrast line over the top
of the dental process of epistropheus (short anrow) and on the first disc
(,C/C

3
) (long 'ar r ow ) . At necropsy, the cervical vertebral canal was normal.

Fig u r e 3. Metrizamide myelogram with cisternal injection of contrast in
dog no. 24.

Myelogram (lateral projection) with fore-quarters elevated about 1 min. after
completion of injection. Good fillJing with contrast in the cervical region,
Note the dorsal deviation of the ventral contrast line over the first disc
(arrow), Ait necropsy, the cervical vertebral canal was normal.



Fig u I' e 4a.

Fig u I' ,e 4. Metnizamide myelogram with cisternal injection of contrast
in dog no. 6.

a) myelogram (lateral projection) with fore-quarters elevated, about 2 min.
after completion of injection. The dorsal ldme vof contrast medium is
broken at! the posterdor end of T

' 3
(arrow), while the ventr:al line gra

dually fades away over Ttl' Only traces of contrast over the anterior
lumbar vertebrae are seen.

b) myelogram (lateral projection) with fore-quarters elevated, just over
2 min. after completion of inject ion . Total tiilHng of region over L

7
and

sacr um. A line of contrast, which seems located centraldy in the vertebral
canal is present in the lumbar region.

c) myelogram (lateral projection) with hind-quarters elevated, about 14
min. after completdon of injection. The contrast medium in the lumbar
region has now concentrated further forward vthus revealing a slight
spinal cord compression by the elevation of the ventral line of contrast
medium over the anterior pad of L1 and disc T1/L1 (arrow), changes
which could not with certainty have been demonstrated by previous
myelograms with the fore-quarters elevated.



F ,i g u r e 4b.

Fig u r e 4c.



Figure 5a.

Fig u r e 5. Metrizamide myelogram wibh cisternal injecfion of contrast
in dog no . 1.

a) Myelogram (Iateral projection) with fore-quarters elevated, about % min.
aliter completion of injection. The ventral Jiine of contrast is raised above
disc C/C

4
(arrow) . Quite large amounts of contrast caudal to the com

pression are visible.

b) Myelogram (lateral projection) with hind-quarters elevated, about 12
min. after completion of injection. The contrast, which passed the com
pression caudally while the fore-quarters were elevated, has now run
craruiafly oarud the caudal limit of the compression ds indicated more
clearly (arrow).

Fig u r e 5b.



Fig u I' e 6a.

Fig u re 6. Metrizamide myelogram with cisternal injection of contrast
lin dog no. 19.

a) Myelogram (lateral projection) with fore-quarters elevated, about 2 min.
after complesion of injection. The column of contrast medium reaches
down to the anterior edge of T. (arrow) vertebra.

b) Myelogram (lateral projection) wibh hind-quanters elevated, about 15
min. after completion of injection. The contrast, which passed the com
pression caudally while the fore-quarters were elevated, has now run
back cranially. Widening of the column of contrast medium over the
posterior part of T. is seen. No filling with contrast present cranial .10
this part (arrow). (Path, anat.: Glioma).

Fig u I' e 6b.



Fig u I' e 7a.

Fig u r e 7. Metrizamide myelogram with cisternal inject ion of contrast
in dog no . 12.

a) Myelogram (lateral projection) with fore-quarters elevated, about 1 min.
after completion of injection. The ventral line of contrast medium bulges
over disc T,/L, (arrow) . No filling is present caudal to this.

b) Myelogram (lateral projection) with hind-quarters elevated, 18 min. after
completion of injection. The small amounts of contrast medium, that
passed the compression while the fore-quarters were elevated, have now
concentrated further ahead and are located over L" which enables also
the posterior limit of the compression to be seen (arrow) .

c) Myelogram (ventrodorsal projection) with fore-quarters elevated, about
2% min. after completion of injection. Widening of the column of con
trast medium over posterior part of T'3 (arrow) and filling defect total
behind this pant. Caudal to this region contrast appears only as traces
down in the sacral region (arrow) .

Fig u I' e 7b.



Fig u r e 7c.



Fig u I' e 8a. Same dog as in Fig. 7. Metrizamide myelogram with lumbar
injection of contrast carried out the day after the cisternal injection.

a) Myelogram (ventrodorsal projection) on completion of the injection.
Moderate widening of the column of contrast medium between T1/L1
(arrow). The good filling of the thoraco-lumbar subarachnoid space in
other areas means that no space occupying lesions are suspected at other
levels.



Fi g u r e 8b.

b) My.elogram (later-al projection) 112 min. after completion of injection.
Good fill ing of thoraco-Iumbar subarachnoid space. Filling defects dor
sally and ventrally over posterior part of T13 (arrow) and disc Th1alLl '
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of exposures (made more than 20 min. after the injection) in
dicated only faint traces of contrast behind the compression. and
in only one of these eases was tJhe quantity of contrast sufficient
to determinate the eaudal Iimet of the compression after elevation
of the hind-quarters. To sum up, in the animals with mild signs,
mting the dog to elevate the fore-quarters (even with the dog in
vertical posiJtion) for more than 10 min. did not improve the
amount of contrast caudal to the compression. Centrifuging
these aaimals was ineffective.

In the three cases examined with acute, severe motor dis
turbances (paraplegia lasting a maximum of 48 hrs.), it was not
possible to demonstrate at any time the passage of contrast
beyond the compression. Of the two dogs with severe motor
disturbances of long duration (paraplegia for 10 days) contrast
did not pass beyond the compression in one dog, while in the
other, contrast in the lumbar region was demonstrated about 15
min. after the inj ection.

Reliability of the method in diagnosis

In seven cases the oisterned injection gave a negative myelo
gram, Four of these cases were necropsied and a macroscopic ex
amination of the spinal column, the cord and its membranes also
was negative. In one of these seven oases, the sign's were sudden
nook pain which could be ascribed to compression of a nerve root
outside ,the vertebral canal. The signs disappeared after surgical
decompression of the root. In the two remaining dogs the signs
that had called for myelography could be explained by damage
outside the nervous system.

In every case of cervical cord compression the cisternally in
jected corurast passed beyond the lesion, making it possible, as
mentioned, to outline both the anterior and the posterior limits
of the compression in this region. The reliability of these myelo
graphic findings was checked in three of the dogs which under
went decompressive laminectomy, which revealed dhat the mye
lographic filling defects corresponded tospace occupying lesions
(tumour or prolapsed disc),

The assessment of 'the reliabililty of metrizamide myelography
in the thoraco-lumbar region after a cisternal injection of con
trast was based mainly on comparisons with radiographic find
ings after a supplementary lumbar injection of contrast, carried
out the same day or one to two days later (see Table 2). Where
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appropriate, the myelographic f.indings following the cisternal in
jection of contrast were placed in direct relation to the observa
tions made during an operation (laminectomy) or necropsy. The
results of these reliability tests are shown in detail in Table 2.
The comparative studies, mentioned above, revealed that there
was a good agreement between the two methods of injecting the
contrast, cisternal (Fig. 7 c) and lumbar (Flg. 8 a) as regard'S the
anterior limit of the compression, providing thait in the event of
a discrepancy between lateral and frontal projection the Limit of
the myelographic changes located furthest away caudally is re
garded as the "appropriate" one. When made vi:silble because of
contrast passing beyond the area of compression, the myelogra
phic caudal limit alsoagreed closely with the point observed on
surgery or lumbar myelography (Figs. 7 band 8).

DISCUSSION

Only through the introduction of metrizarnide has it become
possible to carry out myelography with cisternal injection with
out running certain risks.

The eisternal puncture in dogs is a relatively simple procedure
compared with lumbar puncture. Method II yielded the best mye
lographic results during examination and offers in addition to
its diagnostic superiority the practdcal advantage that there is no
need to change the position of the dog after making the puncture.
Thus, there is no danger of ,the posicion of the needle being dis
turbed through a change of the position of the animal. As CSF
does not have to be removed t\:Jhere is a considerableeaving of time.

When chosing between cisternal and lumbar injection, the
following should be taken into consideration:

Where spinal COI"d compression in the cervical region is
suspected, cisternal injection is to be preferred, partly because it
is simpler, but also because judging from experience hitherto",
it permits the determination of both the anterior and the posterior
limits of the compression, of great value in planning a surgical
decompression. In this respect, the method 'seemed to be better
than cervical myelography wirth a lumbar injection of the contrast
medium, a technique which up to now has been the standard one

• No case of extremely severe compression with quadri-plegia, how
ever, in the present material.
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in use within this department. It's Liimitation was that, in cases
of severe compression (quadriparesis or quadri-plegia), only the
posterior limit of the compression could be determined, because
the concentration of contrast cranial to the compression was too
low to provide sufficient radiographic density (Funkquist 1961a).

When using cisternal injection of contrast for diagnosing
spinal cord compression, in the thoraco-lumbar region it is best
to be aware of the limitations of the method. This route, as a rule,
only provides information as to whether spinal cord compression
exists and if so, where ,the anterior limit issibuated. As a rule the
extent of the compression cannot be determined. Even a very
slight spinal cord compression can be sufficient to completely
blockthe passage of contrast injected cranially. If myelography

used to guide a planned decompression operation in the tho
taco-lumbar region, i,t is preferrable to use a lumbar dnjeetion of
contrast in such an amount that the pressure becomes high
enough to ensure that the solution is forced past the compression,
thusenabhng the radiographic examination to reveal both the
posterior and the anterior Iirnits of the compression (that is the
technique described for lumbar injection of the water-soluble
contrast medium hitherto used (Funkquist 1962a).

A discrepancy concerning filling defects in and deformations
of the subarachnoid space sometimes is seen between lateral and
ventrodorsal projections (especially in myelographies with a
lumbar injection ). There sometimes is a severe deformation
(elevation) of the ventral line of contrast in the lateral projec
tion in spite of insignificant changes in the ventrodorsal proj ec
bion (Funkquist 1962a), presumably due to the prolapsed disc
being located in the middle of the bottom of the vertebral canal.
These occurrences serve to underline ,bhe importance of 'always
making exposures in both projections. A diffuse filling defect in
the ventral line of contrast" upstream" to a compression, which is
indicated more exactly by a filling defect in the dorsal line, was
observed in the lateral projection in one of the cases (Fig. 4a).
The phenomenon, presumably due to slow mixing of the contrast
with accumulated CSF, is not peculiar to cisternal injection, but
bas also been observed, though Iess obviously, in myelography
with a lumbar injection (Funkquist 1962 a ).

In dogs in which the clinical signs are vague and diJfficulty is
experienced in localizing the lesion, injection into the cisterna
magna is preferred because the technique ds easier and lesions
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can be diagnosed by this route in the cervical as well as in the
thoraco-lumbar spine.

Concerning the passage of metrizamride through the spinal
subarachnoid space after cisternal injection the following gene
ral observations should be taken into consideration:

Where the passage of the medium was not, or was only slight
ly obstructed, the contrast gradually increases in amount caudally
under the dnf'luence of graviIly up to the middle lumbar region,
but the thoraco-lumbar region may not be opacified sufficiently.
For evaluation of the non-opacified regions and to determine the
caudal limit of a compression, the method of tilting the dog to
elevate the hind-quarters and move the contrast will have to be
employed (Fig. 4 c). An alternative is continuous fluoroscopic
monitoring of the position of the contrast while tilting the animal
at various angles.

The reason for the appearance of contrast in the central part
of the lateral projection of the vertebral canal (F ig. 4b) is pro
bably that the heavy contrast medium does diffuse slowly and is
lying aJS a concentrated solution in the lowest part of the suba
rachnoid space. Supplementary ventrodorsal films with a horizon
tal beam revealed the contrast lying laterally in the subarachnoid
space. This appearance should not be confused with contrast de
posited in central necrosis of the cord (F unk qu ist 1962a) .

There seems to be a difference in the degree of obstruction
caused by compression in the cervical region and thoraco-lumbar
areas, when the contrast is injected into the cisterna magna. Even
stight signs from the latter region were as a rule associated with
complete blockage of the passage of the contrast, whereas in the
cervical region, with signs of corresponding severity and duration,
it was always observed that the contrast medium passed the com
pressed part of the subarachnoid space.

The time avablable for carrying out ,th e radiographic examina
tion is much longer when using metrizamide than is the case with
preparations of the hypertonic compounds. When the latter pre
parations are used, the contrast density dn the subarachnoid space
starts to diminish noticeably after no more than 3 or 4 min. (re
sorption and dilution owing to osmosis (Funkquist 1962 a»,
whereas with metrizamide good contrast is still obtained between
30 and 50 min. after the injection. This means that by changing
the position of the animal during fluoroscopy or when making
repeated exposures, there is sufficient t ime to form a good idea
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of the condition of the spinal cord. On the other hand, it does not
seem as elevating the fore-quarters for more than 10 min. really
improves the contrast filling in the subarachnoid space anterior
to a spinal cord compression. Nor does it increase the chances of
the contrast penetrating beyond the compression.

Apart from theadvantsges in 'siJmpHfying myelographic tech
niquethat metrlzamide provides, there appear to be advantages
in its Iack of Irnitation to the inj uredspinal cord, in contrast to
the sometimes deleterious effects of the hypertonic water-soluble
media (Funkquist 1961b) . In this context it isinteresting to note
the result of surgical treatment of dogs nos. 21 and 22, which
had sudden total paralysis of thelr hind legs (disc herniation),
but which regained their ability to walk after decompressive
laminectomy. This good recovery in oases with such a elinical
course is not to be expected according to earlier experiences of
the same operation performed rufter myelography with hypertonic
contrast medium (Funkquist 1962b).

When evaluating the absence of severe complications due to
cisternal contrast injectionIt should be noted that no cases with
extremely severe inj ury of the cervical spinal cord were present
in this materiJal; therefore the neurologic effect of cisternal in
jection of contrast medium in eases with total blockage of the
passage could not be studied.

The non-irritant property of metrizamide means that a re
peated injection may be made during the same examination,
which 15 contra-indicated with the currently used media (Funk
quiet 1961b, 196231) .

It Is likely that the slight spasms, thalt were observed in the
hind legs following a lumbar injection of metrizaanide (of dog
no. 24 with clinical signs of 'a total cross..section lesion of the
spinal cord), may be explained by the increase in reflex irritability
that is usually present in the dog in spinal cord sections caudal
to severe damage to the spinal cord.

The radiographic density of meteizaanide in the isotonic solu
tion used in this study wars quite adequate for the diagnoses being
undertaken. If a more concentrated solution is needed for special
purposes it i iS probable, judging from previous experience (Funk
quist 196231), that such a hypertonic solution could be used with
out any great risk, at least in cases where the spinal cord is not
made very vulnerable by acute and severe spinal oord com
pressions.
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Disc evacuation immediately following myelography has
hitherto been regarded as undesirable because this procedure
usually led to at least a -t emporary aggravation of neurological
signs exisbing before the operation. This aggravation has been
interpreted as being a result of the combined effect on the spinal
cord of the operation trauma and the contrast medium'. This
contraindication does not seem to apply to metrizamide.
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SAMMANFATTNING

Myelografisk lokaliserinq av ryggmiirgskompression pd hund.
Metrizamide iirett nyU vaftenlosligt kontrastmedel, som har unika

egenskaper, bl.a. darigenom, att det har en fOr myelograflska andamal
tJiHriickIig ronrtgen:tathet redan i en lfumi:ng, som iiI' Isoton moo blod
plasma. Preparatets egenskaper aJttvara fOg,a vavnadsskadende i namnd
koncentration har- gjort del mojIigt att Ji. myelografi-syfte injieera kon
trastlosningen subocclpitalt, vjlket 'lIipp lik atJionssiitt iiI' tekniskt enkelt,
medan man vid myelografi med tiJdigro-e anvanda vattenlosliga pre
parat \'lad:! hanvisad tlill den hos hund tekniskt besvarhga lurnbala
appljkattonen. Vid en [amforelse melJan metrtzamide-myelografter
genom sobocctpltal respektive lumbail konbrastdnjektion med avseende
pa de diagnosttska mojligheterna har v;i :t:unnliJt fOljande : Myelografi
Iried subocclpital injektion iiI' attt dels nar del giiNer pa
visande och Iokalisening av cervi:kala ryggmargskompressdoner, dels i
sadana fall, dar man onskar en fOl'IStJa myelografisk orientering om ut
rymmestorhallandena i subarachnoidalrummet saviil i cervikalregionen
som i fhorakal- och lnmhalregdonen. Om man daremot vill exakt fast
SltiiUa ubbredningen av en thoraco-lumbal kompression (t. ex. void en
myelografi, som iugar i planeringen alV en dekomprimerande opera
tion), bor man mjicera kontrasten lumbal,t i sadan mangd och under
sl\daJIlt tryck, atrt kontrasten pressas forbi det komprdmerade stallet.
Bortsetrt fran att metnizanride oppnart nya viigar fOr myelografisk tek
DliJk, iiI" del sannolikt, Mit dess anvandnmg vid myelografiska fOrfaran
den, 80m varirt genomfdnbara aven mad tidJigare preparat, kommer att
ge en [orbii,twad prognos fOr eventuella efteI"fOljrandoe opeoationer tack
vare preparatets vavnadsvandighet.
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