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ORIGINAL RESEARCH

Introduction

Thoracolumbar intervertebral disc extrusion (TL-IVDE) is a 
common spinal disease in dogs. Magnetic resonance imaging 
(MRI) and myelography findings have been published previously 
to predict prognosis in TL-IVDE dogs without deep pain 
perception (DPP) (De Risio et al. 2009; Duval et al. 1996; Ito et 
al. 2005; Levine et al. 2009). Extended spinal cord swelling due 
to intramedullary haemorrhage, oedema, inflammation, and 
necrosis, which can be recognised as a hyperintensity of the 
spinal cord parenchyma on T2-weighted (T2W) MRI images 
(Ito et al. 2005; Levine et al. 2009) or as attenuation of the 
subarachnoid contrast medium in myelography (Duval et al. 
1996), is found to be associated with poor clinical outcome. 
Dogs with intramedullary T2W hyperintensity on mid-sagittal 
MRI or attenuation of the subarachnoid contrast medium 
on myelography more than three or five times the length of 
the second lumbar vertebral body (L2), respectively, were 
associated with a poor prognosis. Conversely, dogs with focal 
intramedullary T2W hyperintensity (less than the length of 
L2) or a lack of intramedullary T2W hyperintensity on MRI had 
better outcomes after surgical decompression. In addition, the 
presence and length of the intramedullary T2W hyperintensity 
has been reported to be associated with neurological severity in 
dogs with TL-IVDE (Boekhoff et al. 2012; Ito et al. 2005). 

Imaging using single-slice heavily T2W MRI can provide anatomic 
information about the subarachnoid space without contrast 

medium (Nagayama et al. 2002). With heavily T2W sequences, 
the echo time (TE) is drastically lengthened so that the transverse 
magnetisation from short T2 molecules (nearly all tissues in the 
body except water, such as cerebrospinal fluid [CSF]) is almost 
completely lost, resulting in an absence of signal. Since water 
has a long T2 relaxation time, it can retain most of its transverse 
magnetisation and continue to appear hyperintense (Duncan 
& Amrhein 2012). Therefore, on so-called “MR myelography” 
images, CSF in the subarachnoid space is hyperintense and 
‘white’, while the signals of the background (from fat, bone, or 
paravertebral soft tissue) are suppressed. In human studies, 
single-slice MR myelography was performed using a single thick 
slice (about 50 mm) (Aggarwal et al. 2012; Nagayama et al. 2002), 
and required no postprocessing to provide a projection image 
with excellent suppression of background signals. In addition, 
single-slice MR myelography images are acquired in a short time, 
as low as 30 seconds, therefore this sequence can be readily 
added to routine MRI examinations of the spine in humans 
(Aggarwal et al. 2012; Nagayama et al. 2002). In dogs with spinal 
cord diseases including IVDE, progressive myelomalacia (PM), 
spinal neoplasia, arachnoid diverticula, and meningomyelitis 
(Gilmour et al. 2017; Guillem Gallach et al. 2011; Ito et al. 2020; 
Mankin et al. 2012; Pease et al. 2006; Seilar et al. 2012), utilisation 
of this sequence has been reported. In dogs with IVDE, heavily 
T2W sagittal images could be used to localise the clinically 
significant lesion site by identifying attenuation the CSF signal 
caused by extradural compression due to extruded disc material. 

This study investigated causes of attenuation of cerebrospinal fluid (CSF) signal on heavily T2-weighted (T2W) images in dogs 
with thoracolumbar disc extrusion. Medical records and magnetic resonance images were retrospectively reviewed. Dogs were 
classified into the following grades; grade 1, non-ambulatory paraparesis; grade 2, paraplegia with deep pain perception and 
grade 3, paraplegia without deep pain perception. The length of intramedullary T2W hyperintensity of the spinal cord, cranial/
caudal expansion of extradural compressive materials (ECM), and the CSF signal attenuation were measured. Ratios to the second 
lumbar vertebra (L2) were calculated for the length of intramedullary T2W hyperintensity (T2W:L2), cranial/caudal expansion 
of ECM (ECML:L2), and CSF signal attenuation (CSF:L2). The dogs were classified into focal or extended T2W hyperintensity 
groups according to the length [focal, shorter than length of L2; extended, longer than L2]. The area of EMC and the spinal canal 
were measured on transverse images at the lesion deriving occupancy ratio. The correlation between CSF:L2 and other data 
were analysed, and CSF:L2 was compared between the grades. In dogs with intramedullary T2W hyperintensity, the locations 
of CSF attenuation and the hyperintensity were compared if those locations were matched. Fifty-five dogs were included, 36 
of which showed intramedullary T2W hyperintensity. Twenty-two of 36 dogs were considered as match of the location of the 
CSF attenuation and hyperintensity. CSF:L2 was significantly correlated with T2W:L2 in dogs with extended T2W hyperintensity  
(p = 0.0002), while CSF:L2 was significantly correlated with ECML:L2 in dogs with focal or no T2W hyperintensity (p = 0.0103 and  
p = 0.0364, respectively). CSF:L2 in grade 3 was significantly greater than those in patients who were grade 1 or 2 (both p < 0.001). 
In conclusion, higher CSF:L2, which was frequently seen in grade 3, would be most consistent with a higher T2W:L2 which might 
indicate spinal cord swelling.
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(Guillem Gallach et al. 2011; Mankin et al. 2012). Two other 
studies have shown that dogs with TL-IVDE and concurrent 
PM have more extensive attenuation of the CSF signal on 
heavily T2W images (Castel et al. 2017; Gilmour et al. 2017) in 
comparison to dogs without PM. However, no previous study has 
evaluated if the CSF signal attenuation on heavily T2W images is 
associated with neurological severity or clinical outcomes after 
surgical decompression in dogs with TL-IVDE, nor the underlying 
mechanism of attenuation (compression by extradural material 
only, or by spinal cord swelling).

We hypothesised that the length of CSF signal attenuation on 
heavily T2W images would be longer in dogs without DPP that 
have extended hyperintensity of the spinal cord parenchyma 
on T2W images, as would be seen in cases of PM (Gilmour et al. 
2017). The finding of T2W hyperintensity might indicate spinal 
cord swelling after spinal cord contusion due to disc material 
extrusion, and the presence of extended spinal cord swelling 
could narrow the subarachnoid space and lead to attenuation 
of the CSF signal on heavily T2W images. Conversely, dogs 
without extended intramedullary T2W hyperintensity of the 
spinal cord (focal or lack of intramedullary T2W hyperintensity), 
the attenuation in CSF signal on heavily T2W images would be 
focal and caused by extradural cord compression by extruded 
disc material. It has been reported that elevated protein 
concentrations and increased cell populations in CSF have 
resulted in attenuation of the CSF signal on heavily T2W images 
in dogs with meningomyelitis (Pease et al. 2006). Therefore, the 
changes in CSF composition in dogs with TL-IVDD, especially dogs 
with extended intramedullary T2W hyperintensities, could affect 
the attenuation of CSF signals on heavily T2W images, resulting 
in a mismatch between the location of the intramedullary T2W 
hyperintensity and the attenuation of the CSF signal.

We investigated whether the length of CSF signal attenuation 
on heavily T2W images would be correlated with i) the length of 
intramedullary T2W hyperintensity of the spinal cord; ii) extent 
of distribution of extradural compressive material (ECM) within 
the vertebral canal; and iii) neurological severity. In dogs with 
intramedullary T2W hyperintensity, iv) we evaluated whether the 
location of the T2W hyperintensity and attenuation of the CSF 
signal were the same in each case. In addition, we evaluated if v) 
extended attenuation of the CSF signal on heavily T2W images 
would be associated with poor clinical outcome following 
decompressive surgery. 

Materials and methods

Case selection

The medical records of our hospital between January 2011 and 
December 2019 were retrospectively reviewed for dogs with 
non-ambulatory paraparesis or paraplegic dogs diagnosed 
with TL-IVDE. The patients were included in this study if the 
following data were available: neurological examination results, 
presurgical MR images, histopathological diagnosis of disc 
material, and follow-up information for at least six months. 
The diagnosis of TL-IVDE was made based on MRI examination 
and histopathological findings. Dogs with concurrent PM were 
included in this study regardless of whether they underwent 

surgery or not because of the associated poor prognosis. The 
presence of PM was presumptively diagnosed with MRI findings 
when intramedullary T2W hyperintensity of the spinal cord 
more than six times the length of the L2 vertebral body (Okada 
et al. 2010) was present, progressive ascending and descending 
neurological deficits (e.g. loss/decrease of myotatic, perineal, 
and panniculus reflexes, progressive loss of postural reaction in 
the thoracic limbs, and respiratory failure), or if the diagnosis was 
confirmed histopathologically by inspection of the spinal cord 
at post-mortem examination. Dogs with multiple lesions and/or 
hydrated nucleus pulposus extrusion were excluded. 

Signalment and neurological severity

Breed, sex, age, body weight, results of neurological examination, 
lesion site, times between onset of clinical signs and MRI 
examination, MRI examination and surgery, and onset of clinical 
signs and surgery were all recorded. All dogs were classified into 
one of the following three groups depending on their presur-
gical neurological severity: grade 1, non-ambulatory paraparesis; 
grade 2, paraplegia with DPP; and grade 3, paraplegia without 
DPP. Loss of DPP was defined as the lack of any detectable 
behavioural response (e.g. crying, turning of the head, or biting) 
when the bones of all the digits of the hindlimbs or the tail were 
compressed with a pair of forceps. CSF analysis, if available, 
was reported and included the colour, cell population, specific 
gravity, pH, concentration of protein and glucose, and if blood 
contamination was present, to investigate if the changes in 
CSF composition would affect the attenuation of CSF signal on 
heavily T2W images. 

MRI evaluation

All MRI sequences including heavily T2W were acquired 
using a 1.5-Tesla scanner (EXCELART Vantage, Canon Medical 
Systems Corp., Tochigi, Japan) and a spinal coil (CTL-array coil, 
Canon Medical Systems Corp., Tochigi, Japan). The dogs were 
positioned in dorsal recumbency. Sagittal and transverse T2W 
and T1W images were obtained with the following parameters: 
sagittal images (repetition time [TR], 3500 [T2W] or 450 [T1W] 
msec; TE, 120 [T2W] or 15 [T1W] msec; field of view [FOV], 30− 
35 cm × 25 cm; matrix, 224 × 384; slice thickness, 2 mm), transverse 
images (TR, 4000−5000 [T2W] or 590−735 [T1W] msec; TE, 120 
[T2W] or 15 [T1W] msec; FOV, 18 cm × 18 cm; matrix, 256 × 256; 
slice thickness, 3 mm). Sequential continuous transverse T2W 
and T1W images were obtained of the entire lesion site. Heavily 
T2W images (dorsal single-slice MR myelography) using two-
dimensional fast advanced spin echo (FASE) sequences (see 
Appendix for brand names of equivalent sequences in other 
MRI manufacturers), which is a brand name of sequence by 
Canon Medical Systems Corp., is used routinely at our institution 
in patients undergoing spinal MRI to facilitate appropriate 
positioning and to plan the subsequent sequences (TR,  
6000 msec; TE, 1000 msec; slice thickness, 50 mm; FOV, 30 cm × 
30 cm; matrix, 512 × 512; imaging time, approximately 50 sec).

All images were reviewed independently by two board-certified 
neurologists (M.K. and D.I.) and a radiologist (C.I.), who were 
blinded to the information of patients apart from the lesion 
site, using a commercially available DICOM viewer (OsiriX 
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ver.24, Newton Graphics, Inc., Hokkaido, Japan). The reviewers 
measured the following values: length of the L2 vertebral body 
(on sagittal T2W), longitudinal ECM (sagittal T2W), attenuation of 
CSF signal (dorsal FASE) and intramedullary T2W hyperintensity 
of the spinal cord (sagittal T2W), and areas of ECM and the spinal 
canal (transverse T2W). Each dog was measured once by each 
reviewer, and the mean values of the measurements taken by 
three reviewers were used for statistical purposes.

On sagittal T2W images, the length of L2 and length of the 
ECM were measured. If the reviewers visualised intramedullary 
T2W hyperintensity of the spinal cord (when compared to the 
remainder of the spinal cord), the length was measured (total 
length as well as cranial and caudal distance from the lesion 
centre where the spinal cord was most compressed by ECM). 
If the reviewers were not confident of the existence of an 
intramedullary T2W hyperintensity after evaluating the sagittal 
images, then the transverse T2W images were also reviewed. 
In all transverse images in which the intramedullary T2W 
hyperintensity was confirmed, the slice located at the cranial end 
and the slice located at the caudal end were selected. The sites 
of the two slices were linked on mid-sagittal T2W images and the 
distance between them was measured. 

All dogs that showed intramedullary T2W hyperintensity were 
classified into one of the following two groups according to the 
length of the intramedullary T2W hyperintensity (Boekhoff et al. 
2012; Ito et al. 2005; Levine et al. 2009): ‘extended’ intramedullary 
T2W hyperintensity group – the length of intramedullary 
T2W hyperintensity is more than the length of the L2; or ‘focal’ 
intramedullary T2W hyperintensity group – the length is less 
than the length of the L2.

Dogs without intramedullary T2W hyperintensity were classified 
into ‘no’ intramedullary T2W hyperintensity group. If one of the 
reviewers considered there was an absence of intramedullary 
T2W hyperintensity, the patient was classified into the ‘no’ 
intramedullary T2W hyperintensity group. 

The length of ECM and the intramedullary T2W hyperintensity 
(total length, and cranial [cr] and caudal [cd] lengths from the 
lesion centre) were calculated as a ratio of the length of L2 (ECM 
length [ECML]:L2, T2W:L2, crT2W:L2, and cdT2W:L2 respectively).

On transverse T2W images at the level of lesion, the area of the 
ECM and area of the spinal canal were measured to calculate 
the occupancy ratio (OccR) by dividing the area of ECM by the 
area of the spinal canal. In measuring OccR, the transverse image 
was selected, on which the spinal cord was most compressed by 
EMC, from a sequential series of the images at the lesion.

On dorsal FASE image, the most extensive continuous CSF signal 
attenuation was identified and measured using a DICOM viewer 
(Figure 1). The lesion centre was located and correlated on the 
T1W transverse images because the signals from the vertebrae 
or soft tissues are not visible on FASE images (due to the nature 
of this sequence), and cranial (cr) and caudal (cd) extent of 
CSF attenuation from the centre was measured. The measured 
lengths (total length, and cr and cd lengths) were calculated as 
a ratio to the length of the L2 (CSF:L2, crCSF:L2, and cdCSF:L2, 
respectively). 

To evaluate the relationship between the location of CSF signal 
attenuation and the intramedullary T2W hyperintensity, the 
crCSF:L2 and crT2W:L2, and the cdCSF:L2 and cdT2W:L2 were 
compared respectively. If differences in each comparison were 
less than one, then the intramedullary T2W hyperintensity and 
CSF attenuation were defined as a ‘match’ and if not, then they 
were classified as ‘no match.’

Surgery and clinical outcome

Either mini-hemilaminectomy or hemilaminectomy was select-
ed by the neurologists on a case by case basis. Prophylactic 
fenestration was performed under the decision of the surgeon. 
Clinical outcome in each patient was determined from the 
medical records or via clinical communication with the owner. 
Clinical outcome was classified as ‘successful’ or ‘unsuccessful’. 
The outcome was considered ‘successful’ if the dog regained 
the ability to walk without assistance for more than 10 steps, 
voluntary urinary and faecal function and DPP in grade 3 dogs. 
The dogs with suspected or confirmed PM were classified as 
unsuccessful.

Statistical analyses

Statistical analyses were performed with commercially available 
software (GraphPad Prism 5, GraphPad Software Inc., La Jolla, 
CA, USA). P-values less than 0.05 were considered statistically 
significant. Spearman’s rank correlation coefficient was used 
to assess correlations between CSF:L2 and T2W:L2, CSF:L2 
and ECML:L2, and CSF:L2 and OccR regardless of the dog’s 
neurological severity. The same analyses were performed in 
each intramedullary T2W hyperintensity subgroup to evaluate 
the factors influencing CSF attenuation. The Kruskal–Wallis test 

Figure 1: A dorsal FASE image from a dog with intervertebral disc 
extrusion. The green bar is the locator indicating the lesion centre 
where the spinal cord was most compressed by extradural compressive 
material. The length of the continuous cerebrospinal fluid signal 
attenuation at the lesion site is measured (red arrow), of which the 
cranial (a) and caudal (b) lengths from the lesion centre are also 
measured. L – left, R – right, Cr – cranial, Cd – caudal
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was used to compare CSF:L2 and T2W:L2 among neurological 
grades, and the intramedullary T2W hyperintensity subgroup. 
The Mann–Whitney U test was used to compare CSF:L2 and 
T2W:L2 between the dogs with PM and those without PM 
among the dogs without DPP, since CSF signal attenuation and 
the intramedullary T2W hyperintensity in dogs with PM were 
previously reported to be longer than those in dogs without 
DPP (Castel et al. 2017, Gilmour et al. 2017). Thus, if the Mann–
Whitney U test showed significance, the Kruskal–Wallis test for 
neurological severity among the groups was performed again 
after excluding the dogs with PM from grade 3.

Ethical consideration

Data was retrospectively gathered from clinical cases treated at 
our institution within informed consent from owners and as such 
ethical consideration was not required for this study.

Results

Fifty-five dogs were included in this study. Of these, 48 were 
Miniature Dachshunds, two were Toy Poodles, with one each 
of a Miniature Schnauzer, Pekingese, Shih Tzu, Bichon Frise, and 

mixed breed (Miniature Dachshund and Poodle). Thirty-seven 
dogs were male (neutered = 22 dogs), and 18 dogs were female 
(spayed = 12 dogs). The lesion site and case population were as 
follows: T11–12 (n = 3 dogs), T12–13 (n = 9), T13–L1 (n = 18), L1–2 
(n = 14), L2–3 (n = 6), L3–4 (n = 4), and L4–5 (n = 1). The median 
age of the dogs was 9.3 years (range, 4−15), and the median 
body weight was 6.1 kg (range, 4.4−10). The median times 
between the onset of clinical signs and MRI, MRI and surgery, 
and the onset of clinical signs and surgery were 8 (range, 0–44), 
0 (range 0–12), and 9 (range 0–44) days, respectively. Nine of 55 
dogs were classified as grade 1, 33 as grade 2, and the remaining 
13 dogs were grade 3. Four dogs in grade 3 were diagnosed as 
having concurrent PM, and two of these dogs did not undergo 
surgery. Decompressive surgery was performed in 53 dogs; of 
these, 51 dogs underwent a mini-hemilaminectomy and one dog 
underwent a hemilaminectomy. The remaining dog underwent 
an extended mini-hemilaminectomy combined with extended 
durotomy, which was included in another study (Jeffery et al. 
2020). Therefore, this dog was excluded from assessments of the 
MRI findings relative to clinical outcome but was included in the 
evaluation of MRI findings relative to severity. All dogs in grade 

Figure 2: Combinations of images (dorsal FASE left column, sagittal T2W right column) from dogs with no spinal diseases (a,b), intervertebral disc 
extrusion grade 1, non-ambulatory and paraparetic dog (c,d), grade 2, paraplegic with deep pain perception (e,f ), grade 3, paraplegic without deep 
pain perception (g,h), and PM, progressive myelomalacia (i,j). The length of cerebrospinal fluid (CSF) signal attenuation (between two red arrows) on 
the dorsal fast advanced spin-echo (FASE) images (a,c,e,g,i) and length of intramedullary T2W hyperintensity of the spinal cord (between two yellow 
arrows) (b,d,f,h,j) increases in association with increasing neurological severity. In dogs with PM, there was extensive CSF signal attenuation and 
intramedullary T2W hyperintensity. Cranial is the left side for the sagittal images. The dorsal FASE images (a,c,e,g,i) are purposely rotated 90 degrees to 
the left, to aid visual comparison to the T2W sagittal images (b,d,f,h,j). L – left, R – right, D – dorsal, Cr – cranial, Cd – caudal, asterisk – lesion site
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1, 31 of 33 dogs in grade 2, and two of 12 dogs in grade 3 (one 
case was excluded) were judged to have a successful outcome. 
Case characteristics, time between onset of clinical signs and 
MRI, time between onset of clinical signs and surgery, and MRI 
finding in each grade are summarised in Table I. CSF analysis was 
available in seven dogs, for which the details are summarised in 
Table II.

MRI findings correlating with CSF signal attenuation on 
FASE images

Intramedullary T2W hyperintensities of the spinal cord were 
detected in 36 of 55 dogs. Of these, 21 dogs were judged as 
having extended intramedullary T2W hyperintensity (grade 

1, 1 dog; grade 2, 9 dogs; and grade 3, 11 dogs) and 15 dogs 
had focal intramedullary T2W hyperintensities (grade 1, 4 dogs, 
grade 2, 10 dogs; and grade 3, 1 dog). There was an overall 
significant correlation between CSF:L2 and T2W:L2 (r = 0.782,  
p < 0.0001), and CSF:L2 and ECML:L2 (r = 0.412, p = 0.0018; 
Table III). In the extended intramedullary T2W hyperintensity 
group, CSF:L2 was significantly correlated with T2W:L2 (r = 0.718,  
p = 0.0002) but not other MRI findings including ECML:L2 and 
OccR (Table III). In the focal intramedullary T2W hyperintensity 
group, CSF:L2 was significantly correlated with ECML:L2 
(r = 0.639, p = 0.0103) but not with T2W:L2 or OccR. In the 
no intramedullary T2W hyperintensity group, CSF:L2 was 
significantly correlated with ECML:L2 (r = 0.483, p = 0.0364) 

Table I: Summary results of the numerical data for each neurological severity grade

Grade 1 (n = 9) Grade 2 (n = 33) Grade 3 (n = 13)

Variable
Median  
(mean)

Range  
(min ; max)

Median  
(mean)

Range  
(min ; max)

Median  
(mean)

Range  
(min ; max)

Age [years] 9.70 (9.75) 5.45 ; 12.86 9.88 (9.42) 4.16 ; 15.65 6.00 (7.37) 4.69 ; 13.4

Body weight [kg] 5.76 (6.20) 4.80 ; 8.95 5.85 (6.40) 4.35 ; 10.5 6.60 (6.49) 5.06 ; 7.70

Time from onset to MRI [days] 12.0 (15.6) 4 ; 44 9.00 (10.03) 0 ; 44 4.00 (7.15) 1 ; 31

Time from MRI to surgery [days] 0 (0.44) 0 ; 2 0 (0.70) 0 ; 10 2 (3.64) 0 ; 12

Time from onset to surgery [days] 12.0 (16.0) 4 ; 44 9.00 (10.73) 0 ; 44 7.00 (11.36) 1 ; 36

CSF:L2 1.92 (1.91) 0.64 ; 3.44 2.05 (2.27) 0.36 ; 6.41 5.75 (7.46) 2.38 ; 16.50

T2W:L2 0.66 (0.71) 0.45 ; 1.27 0.86 (1.49) 0.27 ; 6.36 4.25 (6.64) 0.83 ; 17.67

ECML:L2 0.42 (0.54) 0.26 ; 1.11 0.42 (0.51) 0.27 ; 1.24 0.42 (0.56) 0.24 ; 0.97

OccR [%] 44.0 (45.9) 16.7 ; 70.6 47.1 (44.1) 13.5 ; 74.0 60.0 (49.2) 6.84 ; 80.8

Grade 1, non-ambulatory paraparesis; grade 2, paraplegia with deep pain perception; grade 3, paraplegia without deep pain perception; min, minimum; max, maximum; CSF:L2, cerebrospinal fluid 
signal attenuation length as measured on the fast advanced spin-echo images and expressed as a ratio to the length of the second lumbar vertebral body (L2); T2W:L2, intramedullary T2-weighted 
(T2W) hyperintensity of the spinal cord length as measured on the T2W sagittal images and expressed as a ratio to the length of L2 (for this data item, 12 dogs were included in grade 3, 19 in grade 
2, and five in grade 1 after excluding dogs that did not show intramedullary T2W hyperintensity); ECML:L2, extradural compressive material cranial-caudal length as measured on the T2W sagittal 
images and expressed as a ratio to the length of L2; OccR, occupancy ratio of the extradural compressive material in the vertebral canal as measured on the T2W transverse images. The times from 
onset to surgery and from MRI to surgery in grade 3 were obtained from 11 dogs because two dogs did not undergo surgery.

Table II: Results of cerebrospinal fluid analysis and findings of magnetic resonance imaging in seven dogs

Case 1 2 3 4 5 6 7

Grade 2 3 3 3 3 3 3

CSF:L2 6.41 2.38 4.77 4.81 16.44 5.03 16.50

T2W:L2 6.36 3.50 4.70 3.80 17.67 6.39 15.99

Match/no match Match No match Match No match Match No match Match

Progressive myelomalacia - - - - + + +

CSF analysis

Colour tone Y Y Y Y C Y Y

Number of nucleated cells (cell/µl) 4 1 1 4 1 2

No data

Pandy’s test P P P P N No data

Specific weight 1.010 1.010 1.009 1.016 1.006 No data

pH 8 8 8 8 6 8

Protein content (mg/dl) Over 100 Over 30 Over 1000 Over 300 Over 300 Over 300

Glucose (mg/dl) Over 250 Over 250 Over 250 Over 250 Over 250 Over 100

Haemoglobin/Occult blood P/P P/P P/P P/P N/N P/P

Grade 2 – paraplegia with deep pain perception, grade 3 – paraplegia without deep pain perception, min – minimum, max – maximum, CSF:L2 – cerebrospinal fluid (CSF) signal attenuation length 
as measured on the fast advanced spin-echo images and expressed as a ratio to the length of the second lumbar vertebral body (L2), T2W:L2 – intramedullary T2-weighted (T2W) hyperintensity 
of the spinal cord length as measured on the T2W sagittal images and expressed as a ratio to the length of L2, Y – yellow transparent (xanthochromia), C – colourless transparent, P – positive, N – 
negative. Position of intramedullary T2W hyperintensity and position of CSF signal attenuation were considered to show a ‘match’ if the difference between CSF:L2 and T2WI:L2 was < 1 on the cranial 
and caudal side. The positions were considered ‘no match’ if the difference was ≥1 on at least one side. The pH, protein content, glucose level, haemoglobin level, and occult blood were measured in 
CSF using a urine dipstick test.
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but not with OccR. The CSF:L2 varied significantly among the 
different groups of the intramedullary T2W hyperintensity (p < 
0.0001). The CSF:L2 in dogs with the extended intramedullary 
T2W hyperintensities was significantly larger than those in the 
focal or no intramedullary T2W hyperintensity groups (p < 0.001 
and p < 0.05, respectively). 

Of 21 dogs classified as the extended intramedullary T2W 
hyperintensity group, 12 dogs were considered to be a match 
(grade 1, 1/1 dog; grade 2, 6/9 dogs; and grade 3, 5/11 dogs); 
of the 15 dogs in the focal intramedullary T2W hyperintensity 
group, 10 dogs were considered to be a match (grade 1, 3/4 
dogs; grade 2, 7/10 dogs; and grade 3, 0/1 dog).

Neurological severity, MRI findings, and clinical outcome

Significant differences were detected in CSF:L2 according to 
neurological grade (p < 0.0001; Figure 2 and Table I). The CSF:L2 
in grade 3 was significantly larger than those in grades 1 or 2 
(both; p < 0.001) but there was no significant difference between 
grade 1 and grade 2. Similarly, the T2W:L2 in grade 3 was larger 
than those of grade 1 or 2 (among the groups p = 0.0003, grade 
3 vs 1 and grade 3 vs 2; p < 0.01 each).

In comparing dogs with and without PM in the grade 3 sub 
category, the CSF:L2 and T2W:L2 were larger in dogs with 
concurrent PM than those without PM (p = 0.0336; median 15.72 
vs 4.81, and p = 0.004; median 15.18 vs 3.43). 

Excluding dogs with PM from the population of grade 3, there 
were significant differences in CSF:L2 and T2W:L2 among 
neurological grades (p = 0.0003, p = 0.0054 respectively). The 
CSF:L2 and T2W:L2 in dogs classified as grade 3 were larger than 
those classified as grade 1 or 2 (CSF:L2: grade 1 vs 3, p < 0.01, 
grade 2 vs 3, p < 0.001; and T2W:L2: grade 1 vs 3, p < 0.01, grade 
2 vs 3, p < 0.05). 

In this study, the case population was too small to perform 
statistical analyses evaluating for the association between MRI 
findings and clinical outcomes (Table IV). However, subjectively, 
the dogs determined to be in the unsuccessful group tended 
to have larger CSF:L2 than those with a successful outcome 
(grade 2: median 3.93 vs 2.05, grade 3: median 5.91 vs 3.72). 
When evaluating patients in the grade 3 group, the unsuccessful 
subgroup tended to have a larger T2W:L2 than those in the 
successful subgroup (median 4.70 vs 1.40). When evaluating 
patients in the grade 2 group, the successful subgroup 
surprisingly tended to have a larger T2W:L2 than those in the 
unsuccessful subgroup (median 1.00 vs 0.54). 

Discussion

In this retrospective study, we demonstrate that, compared to 
dogs with DPP, paraplegic dogs without DPP have extended CSF 
signal attenuation on FASE sequence, which are significantly 
correlated with extended intramedullary T2W hyperintensity of 
the spinal cord, which may indicate spinal cord swelling. In dogs 
with DPP, CSF signal attenuation was more focal and thought to 

Table III: Results of statistical analysis examining the correlation between attenuation of cerebrospinal fluid signal and other magnetic resonance 
imaging findings

Variable Total (n = 55)
Intramedullary T2W hyperintensity subgroup

Extended (21) Focal (15) No (19)

(CSF:L2 versus) r        (p r        (p r        (p r        (p)

T2W:L2 0.782†  (< 0.0001)*** 0.718  (0.0002)*** 0.364  (0.1819) -

ECML:L2 0.412  (0.0018)** 0.114  (0.6218) 0.639  (0.0103)* 0.483  (0.0364)*

OccR 0.234  (0.0856) -0.022  (0.9243) 0.482  (0.0687) 0.111  (0.6524)

r – spearman r values, p – p-value; CSF:L2 – cerebrospinal fluid signal attenuation length as measured on the fast advanced spin-echo images and expressed as a ratio to the length of the second 
lumbar vertebral body (L2), T2W:L2 – intramedullary T2-weighted (T2W) hyperintensity of the spinal cord length as measured on the T2W sagittal image and expressed as a ratio to the length of 
L2, ECML:L2 – extradural compressive materials cranial-caudal length as measured on the T2W sagittal images and expressed as a ratio to the length of L2, OccR – occupancy ratio of the extradural 
compressive materials in the vertebral canal as measured on the T2W transverse images. Extended intramedullary T2W hyperintensity group, T2W:L2 ≥1; focal intramedullary T2W hyperintensity 
group, T2W:L2 1 > and > 0; no intramedullary T2W hyperintensity group, absent intramedullary T2W hyperintensity.  
†, The number of cases with intramedullary T2W hyperintensity was 36. 
*, p < 0.05; **, p <0.01; ***, p < 0.001

Table IV: Clinical outcome and measurement values for magnetic resonance imaging findings in paraplegic dogs with or without deep pain 
perception

  Clinical outcome

Variable

Successful Unsuccessful

n Median (mean)
Range

(min ; max) n Median (mean)
Range  

(min ; max)

CSF:L2

     Grade 2 (n = 33) 31 2.05 (2.16) 0.36 ; 6.41 2 3.93 (3.93) 1.54 ; 6.31

     Grade 3 (n = 12) 2 3.72 (3.72) 3.65 ; 3.80 10 5.91 (8.34) 2.38 ; 16.50

T2W:L2

     Grade 2 (n = 19) 17 1.00 (1.60) 0.43 ; 6.36 2 0.54 (0.54) 0.27 ; 0.81

     Grade 3 (n = 11) 2 1.40 (1.40) 0.83 ; 1.96 9 4.70 (7.91) 1.41 ; 17.67

n – number of dogs, min – minimum, max – maximum, grade 2 – paraplegia with deep pain perception (DPP), grade 3 – paraplegia without DPP, CSF:L2 – cerebrospinal fluid signal attenuation 
length as measured on the fast advanced spin-echo images and expressed as a ratio to the length of the second lumbar vertebral body (L2), T2W:L2 – intramedullary T2-weighted (T2W) 
hyperintensity of the spinal cord length as measured on the T2W sagittal images and expressed as a ratio to the length of L2. Outcome was considered successful if the dog showed the ability to 
walk without assistance for more than 10 steps, the presence of DPP, and voluntary fecal and urinary function.
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be due to extradural compression of the spinal subarachnoid 
space by ECM because of the significant correlation between 
CSF:L2 and ECML:L2. The OccR was not significantly correlated 
with neurological grade, CSF attenuation, intramedullary T2W 
hyperintensity, or outcome (see supplemental file for relation 
of the OccR and outcome). These findings indicate that the 
severity of spinal cord compression might not be related to the 
neurological severity and/or outcome, as similar to a previous 
study (Besalti et al. 2006), in addition to spinal cord swelling.

It has been reported that spinal cord injury could be classified 
into two phases; i) primary injury, which results from mechanical 
trauma to the neural tissues resulting in axon damage, 
demyelination, and haemorrhage (Griffiths 1978; Janssens 1991; 
Smith & Jeffery 2006), and followed by ii) secondary injury such 
as cytotoxic oedema and oncotic swelling due to neural tissue 
destruction, free radical formation, and inflammation (Janssens 
1991; Olby 2010). The pathophysiological events in secondary 
injury result in intramedullary T2W hyperintensity of the spinal 
cord on MRI (Jeffery et al. 2013; Narayana et al. 1999, 2004; Purdy 
et al. 2003, 2004).

In dogs with TL-IVDE, neurological dysfunction could occur due 
to primary and secondary injuries after spinal cord compression 
by the extruded nucleus pulposus (Griffiths 1978; Janssens 1991; 
Jeffery et al. 2013). It is currently widely accepted that prognosis 
in paraplegic dogs without DPP is poor due to severe damage 
to the spinal cord (Henke et al. 2013; Ito et al. 2005; Jeffery et 
al. 2013, 2016; Smith & Jeffery 2006), and severely damaged 
spinal cord would regularly show gross swelling (Jeffery et al. 
2020; Takahashi et al. 2020). In these cases, spinal cord injury 
(swelling) would be a main cause of neurological dysfunction, 
which is supported by previous imaging studies investigating 
diffuse intramedullary T2W hyperintensity (Alisauskaite et al. 
2017; Boekhoff et al. 2012; Ito et al. 2005; Levine et al. 2009) 
and studies demonstrating the lack of association between 
the degree of spinal cord compression and severity/outcome 
(Besalti et al. 2006; Penning et al. 2006). Furthermore, it has 
been reported that spinal cord swelling could be evaluated on 
myelography in dogs without DPP due to extradural compressive 
myelopathy secondary to TL-IVDE by visualising attenuation of 
contrast medium in the spinal subarachnoid space (Duval et al. 
1996). Therefore, based on the significant correlation between 
CSF:L2 and T2W:L2 shown in this study, it can be concluded that 
extended CSF signal attenuation on FASE images, especially in 
grade 3 patients, is more likely to be as a result of spinal cord 
swelling.

Although it was not possible to perform statistical processing, 
grade 3 dogs that had a poor outcome tended to have greater 
CSF:L2 and T2W:L2 (median 5.91 and 4.70, respectively), which 
is similar to previous studies (Duval et al. 1996; Ito et al. 2005). 
Previous myelographic studies in paraplegic dogs without 
DPP due to TL-IVDE, showed that if the length of the most 
attenuated contrast column was more than five times the 
length of L2, then there was a poor prognosis (Duval et al. 1996); 
alternatively, on MRI, a ratio of the length of the intramedullary 
T2W hyperintensity mid-sagittal images to the length of L2 of 
more than 3 was indicative of a poor prognosis (Ito et al. 2005). 

Based on those studies, our results indicate that extended 
spinal cord swelling would be related to a poor outcome, and 
they support the use of extended durotomy as a reasonable 
treatment, which has been reportedly performed recently in 
dogs with TL-IVDE without DPP (Jeffery et al. 2020). Grade 2 
dogs had greater T2W:L2, which was in contrast with those 
of grade 3. It has been reported that in paraplegic dogs with 
DPP caused by intervertebral diseases, longer intramedullary 
T2W hyperintensity indicated poor prognosis (Ito et al. 2005). 
However, the other report has described no significant relation 
between the T2 hyperintensity and motor function recovery 
(Wang-Leandro et al. 2017). Therefore, it could be possible that, 
in grade 2 dogs, the intramedullary T2W hyperintensity reflects 
reversible pathological changes of the spinal damage.

It has been reported that extradural spinal cord compression 
due to extruded disc also causes CSF attenuation on heavily T2W 
images (Guillem Gallach et al. 2011; Mankin et al. 2012; Pease et 
al. 2006). In our study, in cases with focal CSF signal attenuation 
on FASE images, the attenuation of CSF signal was thought to be 
due to compression of the subarachnoid space by ECM because 
of the significant correlation observed between the CSF:L2 and 
ECML:L2.

In 22/36 cases (61%), the location of CSF signal attenuation on 
the FASE image and the intramedullary T2W hyperintensity 
was judged as a ‘match’. Five of 14 dogs classified as ‘no match’ 
showed focal intramedullary T2W hyperintensity of the spinal 
cord. Median CSF:L2 (2.36) in these five dogs was larger than 
T2W:L2 (0.58), ECML:L2 (0.66) and OccR (0.66). In these cases, 
CSF:L2 was not correlated with ECML:L2 and OccR (both, p = 
0.35). The remaining nine dogs classified as ‘no match’ showed 
extended intramedullary T2W hyperintensity. Of these, six dogs 
had larger CSF:L2 (median, 5.28) than T2W:L2 (2.59), and the 
remaining three dogs had larger T2W:L2 (3.50) than CSF:L2 (2.38). 
Although the precise reasons for this mismatch are not apparent, 
the severity of spinal cord swelling, and/or cell population and 
protein concentration in the CSF could be the underlying causes.

The cause of the mismatch in dogs with larger CSF:L2 attenu-
ation in both sub-groups (focal, five dogs; extended, six) is 
uncertain and unexplainable. Previously, it has been reported that 
elevated concentrations of protein (143 mg/dL) and increased 
cell populations (white blood cells: 553/µL; red blood cells: 440/
µL) in the CSF had affected the heavily T2W images, attenuating 
CSF signal on the images, in dogs with meningomyelitis (Pease 
et al. 2006).

Therefore, it could be possible that in our cases, with larger 
CSF:L2 attenuation in the ‘no match’ group, the changes in 
CSF composition could affect the CSF signal on FASE images. 
However, there were also contradictions in our cases that some 
dogs with elevated concentrations of protein and increased cell 
populations had larger T2W:L2 (Table II; case 2 and 6).

While in three dogs with a larger T2W:L2 in the ‘no match’ group, 
the subarachnoid space at the cranial and caudal edge of the 
intramedullary T2W hyperintensity was apparent on T2W images 
(data not shown). Therefore, in these cases, spinal cord swelling 
might not be enough to compress the subarachnoid space in 
the lesion where intramedullary T2W hyperintensity of the spinal 
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cord was detected. In these areas, the CSF signal was detectable 
on FASE images but the intramedullary T2W hyperintensity was 
also detectable at the same level (resulting in a longer length 
of the intramedullary T2W hyperintensity than the CSF signal 
attenuations). 

The length of CSF signal attenuation on FASE images in dogs 
with concurrent PM was significantly longer than those in 
dogs without PM (median CSF:L2, 15.72 vs 4.81 respectively,  
p = 0.034), similar to previous studies (Castel et al. 2017; Gilmour 
et al. 2017). However, in comparison with previous PM cases 
without DPP (median CSF:L2, 8.9 [Gilmour et al. 2017]), dogs with 
PM in this present study had a longer length of CSF attenuation 
on heavily T2W images. It has been reported that the length 
of intramedullary T2W hyperintensity of the spinal cord would 
increase with time after the onset of neurological signs in dogs 
with presumptive PM (Takahashi et al. 2020). The progression of 
this imaging finding would reflect the pathophysiological stage 
of PM that consists of progressive ascending and/or descending 
haemorrhagic necrosis of the spinal cord after severe spinal cord 
contusive injury (Griffiths 1972). In a previous study (Gilmour et 
al. 2017), images were obtained a relatively short period after the 
onset of neurological signs (median 2 days; range 1–14 days), 
but in our cases the images were acquired at a more distant 
time point after onset (median 4 days; range 4–8 days). This 
might cause larger CSF signal attenuation in dogs with PM in the 
present study than that in the previous study.

The present study was not without limitations. Histopathologi-
cal examinations of the spinal cords were not performed. 
Therefore, we could not determine how accurately the MRI 
findings of intramedullary T2W hyperintensity reflected 
pathological changes in the spinal cord (i.e. spinal cord swelling). 
In addition, as the data relating on intraoperative gross findings 
of the spinal cord and extradural compressive lesions, including 
extruded disc material and haemorrhage were not obtained 
from medical records, we could not conclude if the spinal cords 
were grossly swollen at the lesion sites, and if ECM consisted only 
of extruded disc materials (and not others, such as haematoma). 
Additionally, CSF examination was not performed in most dogs. 
Thus, we could not investigate how changes in CSF composition 
could have affected the attenuation of CSF signals on FASE 
images.

Further research to investigate the relationship between CSF 
signal attenuation on heavily T2W images and the prognosis 
of dogs with IVDE using a larger number of cases is necessary. 
However, because the dogs without DPP that show an extended 
CSF signal attenuation would have a poor prognosis, the 
treatment options and potential outcomes would need to 
be thoroughly explained to the owner. In addition, when the 
locations of the CSF signal attenuation and intramedullary T2W 
hyperintensity of the spinal cord did not match, concurrent 
pathological changes of the spinal cord, which can change the 
composition of CSF, such as inflammation and haemorrhage 
(i.e. spinal cord injury) following disc herniation (Levine et al. 
2014, Wistberger et al. 2012), could be suspected. In these cases, 
CSF analysis might be recommended because elevated cell 

population and protein concentration in CSF would affect the 
outcome (Levine et al. 2014, Wistberger et al. 2012).

Conclusion

In dogs with IVDE, the length of CSF signal attenuation on FASE 
image was correlated with and caused by compression by ECM or 
intramedullary hyperintensity of the spinal cord on T2W images. 
Extended attenuation of CSF signal more likely to be caused by 
spinal cord swelling, noted on MRI images as intramedullary 
T2W hyperintensity. The extended attenuation is associated with 
presurgical neurological severity and was associated with poorer 
clinical outcomes after decompression surgery.
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Appendix

Equivalent sequences of FASE in other MRI brands
Half-Founder Acquisition Single-shot Turbo spin Echo (HASTE) 
imaging (Siemens), Single-shot fast spin echo (SS-FSE) (GE), 
Single-shot turbo spin echo (SSH-TSE) or ultra-fast spin echo 
(UFSE) (Philips), and Single-shot fast SE (Hitachi).
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Supplemental table: Clinical outcome, occupancy ratio, and length 
of extruded compressive materials

Clinical outcome

 

Successful (n = 42) Unsuccessful (n = 12)

Median 
(mean) Range

Median 
(mean) Range

OccR 0.46 (0.45) 0.13–0.77 0.44 (0.46) 0.07–0.81

ECML:L2 0.42 (0.52) 0.27–1.24 0.40 (0.51) 0.24–0.97

OccR – occupancy ratio of the extradural compressive material in the vertebral canal as 
measured on the T2W transverse images, ECML:L2 – extradural compressive material cranial-
caudal length as measured on the T2W sagittal images and expressed as a ratio to length 
of the second lumbar vertebra. Outcome was considered successful if the dog showed the 
ability to walk without assistance for more than 10 steps, the presence of DPP, and voluntary 
fecal and urinary function.
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