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Outcome comparison in dogs with a 
presumptive diagnosis of thoracolumbar 
fibrocartilaginous embolic myelopathy and acute 
non-compressive nucleus pulposus extrusion
Lorenzo Mari, Sebastien Behr, Anita Shea, Elisabet Dominguez, Philippa J Johnson, 
Abel Ekiri, Luisa De Risio

Dogs with fibrocartilaginous embolic myelopathy (FCEM) or acute non-compressive nucleus pulposus extrusion 
(ANNPE) are reported to have a fair prognosis; however, persistent motor/autonomic deficits are possible. 
Specific MRI patterns have been suggested to differentiate these diseases although never been validated with 
histopathology in large studies. The aim of this retrospective study was to evaluate if these MRI patterns are 
associated with different clinical outcomes in dogs with peracute non-progressive T3-L3 myelopathy. Two hundred 
and one dogs were included. Outcome data were obtained via medical records and telephone questionnaires. MRIs 
were blindly reviewed by three board-certified observers, obtaining substantial to almost perfect interobserver 
agreement on diagnoses (κ=0.635–0.828). Presumptive ANNPE and FCEM were diagnosed in 157 and 44 dogs , 
respectively. Ambulatory function was regained in 99 per cent of cases, with persistent motor deficits in 83.6 per 
cent and 92.5 per cent of dogs with presumptive ANNPE and FCEM, respectively. The presumptive diagnosis was not 
associated with motor function recovery, recovery times or urinary continence. Faecal incontinence was five times 
more likely in dogs with presumptive ANNPE (23 per cent) compared with presumptive FCEM (7.5 per cent).
Distinguishing between MRI patterns of presumptive ANNPE or FCEM in dogs with peracute non-progressive T3-L3 
myelopathy may help predict the risk of developing faecal incontinence.

Introduction
Fibrocartilaginous embolic myelopathy (FCEM) and acute non-
compressive nucleus pulposus extrusion (ANNPE) are common 
spinal cord disorders in dogs. FCEM refers to embolisation of the 
spinal vasculature with fibrocartilaginous material, resulting in 
ischaemic insult to the associated spinal cord parenchyma.1-11 
The fibrocartilaginous material is histologically consistent 
with nucleus pulposus.4 6 7 9 10 With ANNPE, the spinal cord is 

contused by hydrated nucleus pulposus, acutely extruded from 
an underlying intervertebral disc due to increased intradiscal 
pressure, often following exercise or trauma.5 12-15

FCEM and ANNPE are characterised by peracute onset of 
non-progressive, often lateralised, paresis/paralysis of one to 
four limbs depending on the affected spinal cord segment and 
the extent of the lesion. A definitive diagnosis of FCEM and 
ANNPE can only be achieved post mortem by gross and histolog-
ical examination of the affected spinal cord segments. However, 
considering the generally fair prognosis associated with FCEM 
or ANNPE, clinical studies on these conditions have been based 
on presumptive diagnoses made by combining clinical and MRI 
findings.1 6 7 11-13 16-18 Previously described MRI features suggestive 
of ANNPE include a focal T2-weighted (T2W) intramedullary 
hyperintensity (IH) overlying a narrowed intervertebral disc 
with reduced volume of the residual nucleus pulposus; extradural 
material compatible with hydrated nucleus pulposus causing no 
spinal cord compression; a non-longitudinal directional pattern 
of the T2W IH originating from an intervertebral disc; a cleft in 
the dorsal part of the annulus fibrosus and meningeal/epidur-
al contrast enhancement in postcontrast T1-weighted (T1W) 
fat-suppressed images.12-14 17 18 The MRI signal characteristics of 
extradural hydrated nucleus pulposus have previously been sup-
ported with histopathology,19 20 whereas all the other MRI fea-
tures advocated to be suggestive of ANNPE remain speculative. 
The MRI pattern of presumptive FCEM is characterised by a focal, 
well-demarcated, longitudinal, T2W hyperintense intramedul-
lary lesion primarily affecting the grey matter and the absence of 
MRI findings supportive of ANNPE.1 6 7 11 17 18 The MRI features of 
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FCEM have been validated in histopathology in sporadic cases1 6. 
Recent studies have demonstrated moderate (κ=0.56)17 to perfect 
(κ=1)18 interobserver agreement in recognising MRI patterns of 
presumptive FCEM or ANNPE.

Clinical outcomes of dogs with presumptive FCEM and 
ANNPE have previously been investigated separately, with suc-
cessful functional recovery (defined as recovery of unassisted 
ambulation and complete urinary/faecal continence) reported in 
84 per cent7 and 66.6 per cent13 of dogs, respectively. Previously 
reported prognostic factors in dogs affected by presumptive 
FCEM or ANNPE include the neurological score at presenta-
tion, the ratio of the length of the lesion to the length of the L2 
vertebra (LL:VL), the maximal cross-sectional area of the lesion 
as a percentage of the cross-sectional area of the spinal cord at 
the same level (PCSAL) and the presence/absence of a hypoin-
tense intramedullary signal on gradient echo MRI sequenc-
es.7 13 Although efforts have been made to improve the antemor-
tem diagnosis of FCEM or ANNPE, the clinical relevance of this 
distinction and its effect on the outcome remains questionable. 
A recent study comparing the clinical outcome in dogs affected 
by these two conditions at all spinal cord levels suggested a sig-
nificantly higher prevalence of faecal incontinence in dogs with 
a presumptive diagnosis of FCEM (11/27; 40.7 per cent) com-
pared with ANNPE (2/26; 7.7 per cent).16The same study revealed 
that 12/13 dogs that developed faecal incontinence had a lesion 
affecting the T3-L3 spinal cord segments.16 Interestingly, previ-
ously reported data analysing these conditions separately revealed 
development of faecal incontinence in 9/28 (32 per cent) dogs 
with T3-L3 presumptive ANNPE and 0/14 dogs with T3-L3 pre-

sumptive FCEM.7 13 In human beings, traumatic and ischaemic 
spinal cord injuries are associated with different aetiologies than 
in dogs; however, comparison of their clinical outcome revealed 
no statistically significant difference.21 22

The goal of this study was to evaluate if the application of 
the previously reported MRI criteria suggested to differentiate 
ANNPE from FCEM can help to predict clinical outcome in a large 
population of dogs with peracute non-progressive T3-L3 myelop-
athy. The authors’ hypothesis, based on the available data before 
the work from Fenn and colleagues was published,7 13 16 was that 
MRI findings suggestive of ANNPE are more likely to be associat-
ed with persistent motor deficits and/or urinary/faecal inconti-
nence compared with MRI findings suggestive of FCEM.

Materials and methods
Ethical approval was issued by the ethical committee of the 
Animal Health Trust (AHT35_2014, approved on 19 December 
2014). The medical records of dogs presented to the Animal Health 
Trust from July 2006 to August 2016 and to Willows Veterinary 
Centre and Referral Services from March 2010 to August 2016 and 
diagnosed with presumptive FCEM or ANNPE were reviewed. 
Inclusion criteria were peracute onset of non-progressive (after 
24 hours) clinical signs consistent with T3-L3 myelopathy, 1.5 T 
MRI (Signa EchoSpeed MRI or Signa HDe MRI, GE Healthcare, 
Milwaukee, Wisconsin, USA) of the T3-S1 spinal cord segments 
performed within seven days of onset of clinical signs, complete 
medical records and follow-up of at least four months or until 
euthanasia. None of the included cases was enrolled in previous 
studies.6 7 13

FIG 1: MRI compatible with presumptive acute non-compressive nucleus pulposus extrusion in one dog. Note the oblique direction of 
the intramedullary hyperintensity and the reduced volume of the nucleus pulposus of the intervertebral disc in the middle of the midline 
sagittal T2-weighted (T2W) image (a), the presence of non-compressive extradural material with a signal intensity compatible with nucleus 
pulposus in the transverse T2W (b) and T1-weighted (T1W) (c) images, and the presence of meningeal/epidural contrast enhancement in 
the transverse T1W postcontrast fat-suppressed image (d).

group.bmj.com on September 29, 2017 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/
http://group.bmj.com


10.1136/vr.104090 | Veterinary Record | 3 of 10

Paper

Data obtained from the medical records included age, sex, 
breed, bodyweight, activity and vocalisation at the onset of neu-
rological signs, time from onset of neurological signs to presenta-
tion, general and neurological examination findings, diagnostic 
findings, medications and other treatments (including physio-
therapy and hydrotherapy) administered before and after diagno-
sis. Neurological grading system was as follows: grade 1 = spinal 
pain, no motor deficits; grade 2 = ambulatory monoparesis or 
paraparesis; grade 3 = non-ambulatory paraparesis or monople-
gia; grade 4 = paraplegia with preserved nociception; and grade 
5 = paraplegia with absent nociception.

In all dogs, T2W MRI sequences were performed in sagittal 
and transverse planes. Precontrast and postcontrast ± fat-sup-
pressed T1W (gadolinium: Gadovist–gadobutrol, Bayer Pharma 
AG, Berlin, Germany, or Omniscan-gadodiamide, Nycomed, 
Oslo, Norway, or Multihance-gadobendatedimeglumine, Bracco, 
Milan, Italy), precontrast and postcontrast fat-suppressed 3D 
SPGR, gradient echo, MERGE, 3D FIESTA-C and STIR sequences 
were obtained at the imager’s discretion. The LL:VL ratio and the 
PCSAL were measured as previously described.7 13

Cases that met the inclusion criteria were randomised using 
a commercially available software (Microsoft Excel 2010 V.14, 
Microsoft Corporation, Redmond, Washington, USA) and the 
subsequent list was submitted to two board-certified neurologists 
(LDR, AS) and one board-certified radiologist (ED) blinded to sig-
nalment, clinical findings and original diagnosis. Each observer 
was requested to make a presumptive diagnosis of FCEM, ANNPE 
or neither based on the following diagnostic scheme. Spinal cord 
compression or intradural intervertebral disc material were con-

sidered exclusion criteria. The presence of non-compressive extra-
dural material with MRI signal compatible with nucleus pulpo-
sus, adjacent to a T2W IH and associated with reduced volume 
of the nucleus pulposus of the closest intervertebral disc, was 
supportive of a diagnosis of presumptive ANNPE (Figure 1). If 
extradural material was not identified, presumptive ANNPE was 
still diagnosed in the presence of a reduced volume of the nucleus 
pulposus of the closest intervertebral disc to the T2W IH, and one 
or more of the following previously reported criteria: cleft in the 
dorsal part of the annulus fibrosus; non-longitudinal direction of 
the T2W IH originating from an intervertebral disc; meningeal/
epidural contrast enhancement in postcontrast images. The detec-
tion of intramedullary contrast enhancement was not considered 
a differentiating criterion as it was previously reported in both 
conditions.1 6 12 13 18 A longitudinal T2W IH, well-defined in trans-
verse images, in the absence of MRI features compatible with pre-
sumptive ANNPE, was considered suggestive of FCEM (Figure 2). 
The location of the T2W IH with respect to grey and white mat-
ter on transverse images was not used to differentiate the two 
MRI patterns as this parameter was previously reported to have 
only poor to fair interobserver agreement when blindly evaluat-
ing 1.5 T MRI.17 18 The interobserver agreement for the diagnosis 
of presumptive ANNPE or FCEM was statistically evaluated. For 
cases without complete agreement on the blinded diagnosis, the 
MRIs were again reviewed to reach consensus. Two groups were 
created based on the final consensus presumptive diagnosis of 
FCEM or ANNPE.

Follow-up and outcome measures

FIG 2: MRI compatible with presumptive fibrocartilaginous embolic myelopathy (FCEM) in one dog. Note the long longitudinal 
intramedullary hyperintensity in the midline sagittal T2-weighted (T2W) image (a), the presence of a well-defined lateralised intramedullary 
hyperintensity likely confined to the grey matter in the transverse T2W image (b), the absence of extradural material in transverse T2W (b) 
and T1-weighted (T1W) (c) images, and the absence of meningeal/epidural contrast enhancement in the transverse T1W postcontrast fat-
suppressed image (d). The most caudal intervertebral disc in the midline sagittal T2W image (a) appears degenerated, compatible with the 
hypothesised pathophysiology of FCEM.

group.bmj.com on September 29, 2017 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/
http://group.bmj.com


4 of 10 | Veterinary Record | 10.1136/vr.104090

PaperPaper

Information regarding the short-term and long-term (a minimum 
follow-up of four months) outcome was retrieved from the 
medical records of the Animal Health Trust, Willows Veterinary 
Centre and Referral Services, or the referring veterinarian. A 
telephone questionnaire with the owners was then conducted by 
a single author (LM). Recovery times evaluated included time to 
recovery of nociception, time to initial recovery of motor function 
in the most severely affected limb, time to ambulation without 
assistance, time to discharge and time to maximal recovery 
according to the owner. Considering the generally fair prognosis in 
dogs affected by ANNPE and FCEM, with frequent improvement 
to unassisted ambulation (ie, to a neurological grade 1 or 2), a 
specific scoring system to differentiate the degree of persistent 
motor deficits at maximal recovery was created and named 
motor function recovery score (MFRS). The MFRS was graded 
as (A) normal gait, (B) ambulatory with mild or inconsistent 
deficits (the detected abnormalities are not always noticeable, 
or they are always present but require particular attention to be 
noticed), (C) ambulatory with consistent moderate deficits (the 
deficits are always present and obvious but do not include any of 
the specific findings of score ‘D’), (D) ambulatory with consistent 
severe deficits (specifically including persistent knuckling with 
paw abrasions, severe ataxia with episodes of falling and marked 
weakness with difficulties in standing or negotiating stairs) 
and (E) no recovery of unassisted ambulation. Urinary and 
faecal continence were defined as present or impaired. Impaired 
continence included varying degrees of dysfunction from 
occasional to persistent incontinence or inability to control the 
urge to urinate or defecate. The long-term outcome was defined 
as ‘successful’ when the dog had an MFRS from A to C and 
urinary and faecal continence. The clinical outcome was defined 
as ‘unsuccessful’ when the dog had an MFRS of D or E and/or 
impaired continence.5 7 13

Statistical analysis
Interobserver agreement for MRI diagnosis of FCEM and 
ANNPE was assessed using κ statistic. Interpretation of κ was as 
described by23: ≤0=poor agreement, 0.01–0.2=slight agreement, 
0.21–0.4=fair agreement, 0.41–0.6=moderate agreement, 
0.61–0.8=substantial agreement, 0.81–1.0=almost perfect 
agreement. Descriptive statistics were performed comparing 
signalment, clinical and outcome variables between dogs with 
ANNPE and FCEM. Before descriptive statistics, variables with 
continuous data were examined for normal distribution using 
Shapiro-Wilk test. As data for all continuous variables were non-
normally distributed, they were reported as medians (minimum, 
maximum) and compared between the two groups using the 
Mann Whitney U test. The distributions of categorical variables 
were compared between dogs diagnosed with ANNPE and FCEM 
using Pearson’s chi-squared test or Fisher’s exact test.

To examine predictors for faecal continence, urinary conti-
nence and motor function recovery, binary logistic regression was 
performed using each of these variables as a separate dependent 
variable each time. In the univariate analysis, variables with a P 
value≤0.20 were considered eligible for multivariate analysis. 
Variables meeting this criterion were then examined for multi-
collinearity. For model selection, a backward stepwise approach 
using likelihood ratio statistic was used with probability of 
entry ≤0.05 and probability of removal ≤0.1. Explanatory varia-
bles retained in the model were examined for confounding by add-
ing each of the variables to the model and assessing the changes 
in the ORs of the remaining variables in the model. Studentised 
residuals were examined for outliers, flagging any cases with resid-
uals >2 SD. The logistic regression model was assessed for good-
ness of fit using the Hosmer-Lemeshow test, while the ability to 
discriminate between the two options for each dependent variable 
(eg, faecal continence—yes or no) was determined using receiver 
operating characteristic (ROC) curves. ORs were calculated to 

estimate magnitude of association between select investigated 
factors. In the final model, adjusted OR and 95 per cent CIs were 
reported. For all analyses, a two-sided P value of<0.05 was con-
sidered statistically significant. All analyses were performed using 
IBM SPSS statistical software V.24.

Results
MRI diagnoses
A total of 201 dogs with presumptive diagnosis of either FCEM or 
ANNPE met the inclusion criteria. The following MRI sequences 
were obtained: sagittal and transverse T2W (all dogs); dorsal T2W 
(95 dogs) or 3D FIESTA-C (106 dogs); transverse (144 dogs) and/
or sagittal (106 dogs) T1W; transverse (51 dogs) and/or sagittal 
(45 dogs) postcontrast ± fat-suppressed T1W; transverse pre 
contrast (6 dogs) and post contrast fat-suppressed (4 dogs) 
3D SPGR; transverse MERGE (106 dogs); transverse (9 dogs) 
and/or sagittal (45 dogs) gradient echo; dorsal STIR (3 dogs). 
All transverse sequences were performed with slice thickness 
of 2–3 mm, apart for MERGE sequences where the range was 
2–4 mm. The blinded MRI study evaluations resulted in complete 
agreement (all three observers) on the presumptive diagnosis in 
172/201 cases (85.6 per cent). For the 29 disagreed diagnoses, in 
27 cases one observer opted for the opposite diagnosis and in 2 
other cases one observer defined the study as questionable/
not diagnostic. These latter two cases were excluded from the 
κ statistic, analysing only the 199 MRIs that were considered 
diagnostic by all three observers. The level of agreement between 
LDR-AS (186/199, 93.5 per cent; κ=0.828, 95 per cent CI 0.740 to 
0.916) was almost perfect while that between AS-ED (183/199, 
91.95 per cent; κ=0.742, 95 per cent CI 0.629 to 0.856) or LDR-ED 
(174/199, 87.4 per cent; κ=0.635, 95 per cent CI 0.518 to 0.751) 
was substantial. The 29 disagreed blinded diagnoses, including the 
two cases defined as questionable/not diagnostic by one observer, 
were rediscussed to consensus. Of the 29 initially disagreed 
diagnoses, 15 had a final diagnosis of presumptive ANNPE and 
14 of presumptive FCEM. Based on the final consensus, 157 
dogs were diagnosed with presumptive ANNPE and 44 with 
presumptive FCEM. None of the MRI sequences was significantly 
more frequently performed in one group or the other.

Signalment, clinical and MRI findings
Represented breeds in dogs diagnosed with presumptive ANNPE 
included cross-breed (30), labrador retriever (27), staffordshire 
bull terrier (21), border collie (19), lurcher (8), whippet (6), 
cocker spaniel (5), greyhound (4), border terrier (3) and husky 
(3). Other breeds were represented by less than 3/157 dogs. 
Represented breeds in dogs diagnosed with presumptive FCEM 
included staffordshire bull terrier (13), miniature schnauzer (5), 
labrador retriever (4), border collie (3), boxer (3), jack russell 
terrier (2), german shepherd (2) and yorkshire terrier (2). Other 
breeds were represented by less than 2/44 dogs. Dogs diagnosed 
with presumptive ANNPE were significantly older (P=0.012) 
and heavier (P=0.012) than dogs with presumptive FCEM and 
were more frequently reported to be performing physical activity 
(P<0.0001) and to have vocalised (P<0.0001) at the onset of 
clinical signs (Table 1). Hyperalgesia at palpation of the spine was 
also more frequently reported in dogs diagnosed with presumptive 
ANNPE compared with FCEM (P<0.0001) (Table 1). None of the 
other signalment and clinical presentation variables including 
neurological grade at presentation was significantly different 
between the two groups.

On MRI, the most commonly affected intervertebral disc in 
dogs with presumptive ANNPE was T12-T13 (57 dogs) followed 
by T13-L1 (50 dogs), L1-L2 (23 dogs), L2-L3 (17 dogs), T11-T12 (8 
dogs) and L3-L4 (2 dogs). In dogs with presumptive FCEM, the 
lesion was centred above the T9-T10 (3 dogs), T10-T11 (2 dogs), 
T11 (5 dogs), T11-T12 (3 dogs), T12 (4 dogs), T12-T13 (7 dogs), 
T13 (7 dogs), T13-L1 (1 dog), L1 (3 dogs), L1-L2 (4 dogs), L2 (2 
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dogs), L2-L3 (2 dogs) or L3 (1 dog) vertebral bodies. The MRI find-
ings are summarised and compared in Table 2.

Following diagnosis, anti-inflammatory medications were 
more frequently administered to dogs with presumptive ANNPE 

compared with dogs with presumptive FCEM (P<0.0001), while 
hydrotherapy was more frequently performed in dogs with pre-
sumptive FCEM compared with dogs with presumptive ANNPE 
(P=0.022) (Table 1). None of the other variables regarding treat-
ment before or after presentation was significantly different 
between the two groups.

Outcome
The median follow-up was 1054.5 days (125–3383 days). Nine 
dogs that presented with paraplegia with (three dogs) or without 
(six dogs) nociception (five diagnosed with ANNPE and four 
with FCEM) were euthanased within one week post diagnosis 
at the owner ’s request due to the severity of the neurological 
dysfunction, the extent of the intramedullary lesion on MRI 
and the lack of clinical improvement. As it cannot be excluded 
that, with longer time, these nine dogs could have shown clinical 
improvement, they were excluded from outcome analysis. The 
long-term outcome was successful in 111/152 (73%) dogs with 
presumptive ANNPE and in 36/40 (90%) dogs with presumptive 
FCEM (P=0.024) (Table 3).

Outcome: motor function
One grade 4 dog diagnosed with presumptive ANNPE and one 
grade 5 dog diagnosed with presumptive FCEM were euthanased 
after 725 days and 310 days respectively due to failure to recover 
ambulatory function. All the other dogs (190/192, 99 per cent) 
showed various degrees of improvement in their motor function 
(Table 3) and became or remained ambulatory without assistance. 
Only 25/152 (16.4 per cent) and 3/40 (7.5 per cent) dogs 
with presumptive ANNPE and FCEM respectively recovered 
a completely normal gait (ie, MFRS: A) according to their 
owners (P=0.154; Table 3). These included 1/1 grade 1 dog 
(100 per cent), 15/56 grade 2 dogs (26.8 per cent) and 9/70 grade 
3 dogs (12.9 per cent) in the ANNPE group and 1/13 grade 2 dogs 
(7.6 per cent) and 2/20 grade 3 dogs (10 per cent) in the FCEM 
group. None of the 32 paraplegic dogs (grade 4 or 5) recovered a 
completely normal gait irrespective of their group. Following 
univariate analysis, the variables with P values ≤0.20 that were 
therefore considered for inclusion in the final multivariate analysis 
model for predictors of MFRS are shown in Table 4. In the final 
multivariate analysis model, a diagnosis of presumptive ANNPE 
or FCEM was not found to be a predictor of MFRS. Performing 
hydrotherapy was the only variable significantly associated with 
the presence of persistent motor deficits. Age and administration 

TABLE 1: Comparison of signalment, history, clinical 
presentation and treatment variables between dogs 
diagnosed with presumptive acute non-compressive nucleus 
pulposus extrusion (ANNPE) or fibrocartilaginous embolic 
myelopathy (FCEM). 

Variable
ANNPE
n=157 (%)

FCEM
n=44 (%) P value

Signalment/history

Age (years)

  Median (min, max) 6.5 (1.5, 11) 5.5 (0.3, 10) 0.012

Weight (kg)

  Median (min, max) 23 (3, 57) 18.5 (3.5, 42) 0.012

Sex

  Female 53 (33.8) 18 (40.9)

  Male 104 (66.2) 26 (59.1) 0.38

Activity at onset *

  No 6 (4.3) 21 (55.3)

  Yes 134 (95.7) 17 (44.7) <0.0001

Vocalisation at onset *

  No 12 (8.5) 30 (76.9)

  Yes 130 (91.5) 9 (23.1) <0.0001

Time from onset to 
presentation (hours)

  ≤24 128 (81.5) 34 (77.3)

  >24 29 (18.5) 10 (22.7) 0.528

Clinical presentation

Neurological grade at presentation

  1 1 (0.6) 0

  2 56 (35.7) 13 (29.5) ND

  3 70 (44.6) 20 (45.5)

  4 24 (15.3) 7 (15.9)

  5 6 (3.8) 4 (9)

Neurological grade at presentation

  1–3 127 (80.9) 33 (75) 0.391

  4–5 30 (19.1) 11 (25)

Lateralisation of clinical signs

  No 30 (19.1) 9 (20.5) 0.842

  Yes 127 (80.9) 35 (79.5)

Presence of spinal shock†

  No 72 (45.9) 21 (47.7)

  Yes 85 (54.1) 23 (52.3) 0.826

Spinal hyperalgesia‡

  No 41 (36.9) 26 (81.3)

  Yes 70 (63.1) 6 (18.8) <0.0001

Treatment

Anti-inflammatories before referral

  No 77 (49) 28 (63.6)

  Yes 80 (51) 16 (36.4) 0.087

Anti-inflammatories following 
diagnosis

  No 73 (46.5) 36 (81.8)

  Yes 84 (53.5) 8 (18.2) <0.0001

Physiotherapy

  No 45 (29.6) 11 (27.5)

  Yes 107 (70.4) 29 (72.5) 0.794

Hydrotherapy

  No 104 (68.4) 19 (48.7)

  Yes 48 (31.6) 20 (51.3) 0.022

*Data not available for all dogs
†Spinal shock defined as reduced spinal reflexes in the pelvic limbs in dogs with a peracute 
T3-L3 lesion and no abnormalities in the L4-S3 spinal cord segments on MRI
‡Dogs that were not painful but received analgesia before referral were excluded 
ND, not determined

TABLE 2: MRI findings in dogs with diagnosis of presumptive 
acute non-compressive nucleus pulposus extrusion (ANNPE) or 
fibrocartilaginous embolic myelopathy (FCEM). 

MRI finding ANNPE FCEM P values

Reduced volume of 
nucleus pulposus

157/157 (100%) 18/44 (40.9%) ND

Extradural material 148/157 (94.3%) 0/44 ND

Non-longitudinal T2W 
hyperintensity

106/157 (67.5%) 0/44 ND

Meningeal/epidural 
contrast enhancement

50/52 (96%) 0/13 ND

Cleft in the annulus 
fibrosus

83/157 (52.9%) 0/44 ND

Hypointensity 
in gradient echo 
sequences

13/120 (10.8%) 4/36 (11.1%) 0.963

LL:VL ratio 0.75 (0.22–5.69) 2.75 (0.27–7.65) <0.001

PCSAL (%) 44.28 (10.98–77.44) 54.37 (15.71–83.85) 0.019

Variables previously associated with outcome have been statistically compared between 
the two groups
LL:VL, the ratio of the length of the lesion to the length of the L2 vertebra; ND, not 
determined; PCSAL, percentage of the cross-sectional area of the spinal cord at the same 
level; T2W, T2-weighted
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of anti-inflammatory drugs were also included in the multivariate 
analysis model and their association with MFRS revealed P 
values close to be significant (Table 4). The Hosmer-Lemeshow 
goodness-of-fit test (10.69; df=8; P=0.219) did not indicate a poor 
fit for the data. The area under the curve for the ROC was 0.736, 
suggesting the model has moderate predictive ability. Comparison 
of recovery times revealed no significant differences in dogs with 
presumptive ANNPE compared with dogs with presumptive 
FCEM (Table 3).

Outcome: urinary continence
The proportion of dogs that developed impaired urinary 
continence was not statistically different (P=0.19) between 
dogs with presumptive ANNPE (13/152; 8.6 per cent) and dogs 
with presumptive FCEM (1/40; 2.5 per cent)(Table 3). The 
most commonly reported deficit in urinary continence was 
occasional dripping of urine (5/14) followed by urination in the 
bed overnight (4/14), urinating when excited (3/14), urinating 
when walking (2/14) and starting walking before completing 
micturition (1/14). In this last case, urination when excited was 
also concurrently reported. Following univariate analysis, the 
variables with P values≤0.20 that were therefore considered for 
inclusion in the final multivariate analysis model for predictors 
of urinary incontinence are shown in Table 5. A diagnosis of 
presumptive ANNPE or FCEM was not found to be a predictor of 

urinary continence in the final multivariate analysis model where 
only the neurological grade at presentation remained represented 
and statistically significant (Table 5). The Hosmer-Lemeshow 
goodness-of-fit test (0.289; df=1; P=0.591) did not indicate a poor 
fit for the data. The area under the curve for the ROC was 0.654, 
suggesting the model has a poor predictive ability.

Outcome: faecal continence
Impaired faecal continence was significantly more frequently 
observed in the presumptive ANNPE group (35/152, 23 per cent) 
compared with the presumptive FCEM group (3/40, 7.5 per cent) 
(P=0.028; Table 3). Considering the neurological grade at 
presentation, faecal incontinence occurred in 5/56 grade 2 dogs 
(9 per cent), 14/70 grade 3 dogs (20 per cent), 14/23 grade 4 dogs 
(61 per cent) and 2/2 grade 5 dogs (100 per cent) with a diagnosis 
of presumptive ANNPE. All of these dogs had concurrent 
persistent motor deficits. The most commonly reported deficit 
in faecal continence were inability to control the urge to 
defecate (16/38) followed by defecation in the bed overnight 
(9/38), defecating when walking (8/38), starting walking before 
completing defecation (7/38) and defecating when excited 
(6/38). Eight dogs concurrently presented two of the reported 
deficits in faecal continence. Different combinations of deficits 
were possible and the same combination was not reported in 
more than one dog. Following univariate analysis, the variables 
with P values ≤0.20 that were therefore considered for inclusion 
in the final multivariate analysis model for predictors of faecal 
incontinence are shown in Table 5. A diagnosis of presumptive 
ANNPE compared with FCEM, together with the neurological 
grade at presentation (paraplegia compared with non-paraplegia) 
and the lack administration of anti-inflammatories following 
diagnosis, was found to be associated with development of faecal 
incontinence in the final multivariate analysis model. Dogs 
diagnosed with presumptive ANNPE were five times more likely 
to develop faecal incontinence compared with dogs diagnosed 
with presumptive FCEM (Table 6). The Hosmer-Lemeshow 
goodness-of-fit test (0.735; df=3; P=0.865) did not indicate a poor 
fit for the data. The area under the curve for the ROC was 0.767, 
suggesting the model has moderate predictive ability.

Discussion
This study evaluated the association between MRI findings 
previously suggested to be supportive of ANNPE or FCEM and 
clinical outcome in dogs with peracute onset of non-progressive 
T3-L3 myelopathy. Dogs with a presumptive diagnosis of ANNPE 
had a significantly lower chance of a successful outcome (defined 
as recovery of unassisted ambulation and complete urinary/
faecal continence) compared with those with a presumptive 
diagnosis of FCEM (73 per cent and 90 per cent, respectively). 
While no difference was detected in the presence of persistent 
motor deficits (which were extremely likely in both groups) or 
urinary incontinence, dogs with a presumptive diagnosis of 
ANNPE were found to have a five times higher risk of developing 
faecal incontinence (23 per cent of cases) compared with dogs 
with presumptive FCEM (7.5 per cent). The authors’ findings are 
comparable to previously reported data on different populations 
of dogs analysed separately, in which successful outcome was 
reported in 66.6 per cent and 84 per cent of dogs with presumptive 
ANNPE and FCEM, respectively, and impaired continence was 
detected in 9/28 (32 per cent) dogs with T3-L3 presumptive 
ANNPE and 0/14 dogs with T3-L3 presumptive FCEM.13 7 If the 
two groups truly represent the two aetiologies, it is possible to 
speculate that this difference in the outcome may reflect the fact 
that FCEM primarily affects the grey matter, therefore being 
more likely to spare the upper motor neuron control and/or the 
ascending sensory pathways involved in defecation compared 
with the contusive lesion associated with ANNPE. The reason 
why faecal continence was more commonly affected than urinary 

TABLE 3: Comparison of outcome variables between dogs 
diagnosed with presumptive acute non-compressive nucleus 
pulposus extrusion (ANNPE) or fibrocartilaginous embolic 
myelopathy (FCEM). 

Variable
ANNPE
n=152 (%)

FCEM
n=40 (%) P value

Successful outcome

  Yes 111 (73) 36 (90) 0.024

  No 41 (27) 4 (10)

Motor function recovery score

  A 25 (16.4%) 3 (7.5%)

  B 59 (38.8%) 11 (27.5%)

  C 65 (42.8%) 25 (62.5%) ND

  D 2 (1.3%) 0

  E 1 (0.6%) 1 (2.5%)

Motor function recovery score

  A 25 (16.4) 3 (7.5)

  B–E 127 (83.6) 37 (92.5) 0.154

Urinary continence

  Yes 139 (91.4) 39 (97.5)

  No 13 (8.6) 1 (2.5) 0.19

Faecal continence

  Yes 117 (77) 37 (92.5)

  No 35 (23) 3 (7.5) 0.028

Time to discharge (days)

Median (min, max) 2 (0, 31) [152] 1.5 (0, 42) [40] 0.925

Time to recovery of nociception (days)

  Median (min, max) 7.5 (1, 14) [2] 6 (2, 10) [2] Not 
evaluated

Time to recovery of motor function 
(days)

  Median (min, max) 2 (1, 28) [53] 7 (1, 14) [15] 0.072

Time to ambulatory without assistance 
(days)

  Median (min, max) 14 (1, 105) [93] 21 (1, 84) [26] 0.285

Time to maximal recovery (months)

  Median (min, max) 4 (0.25, 18) [151] 3 (0.5, 24) [39] 0.561

In squared brackets are reported the number of dogs for which that variable was 
applicable 
ND, not determined
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TABLE 4: Univariate and multivariate unconditional logistic regression analysis of investigated parameters associated with recovery of 
motor function. 

Variable

Motor function recovery score

OR (95% CI) P value
B–E=persistent deficits
n=164 (%)

A=normal
n=28 (%)

Univariate analysis

Diagnosis

  FCEM 37 (22.6) 3 (10.7) Reference

  ANNPE 127 (77.4) 25 (89.3) 0.41 (0.12 to 1.44) 0.165

Age (years)

  Median (min, max) 6 (0.3, 11) 5 (1.5, 10) 1.16 (0.97 to 1.39) 0.097

Anti-inflammatories following diagnosis

  Yes 72 (43.9) 18 (64.3) Reference

  No 92 (56.1) 10 (35.7) 2.30 (1.00 to 5.29) 0.05

Physiotherapy

  No 42 (25.6) 14 (50) Reference

  Yes 122 (74.4) 14 (50) 2.91 (1.28 to 6.59) 0.011

Hydrotherapy

  No 98 (60.1) 25 (89.3) Reference

  Yes 65 (39.9) 3 (10.7) 5.53(1.60,19.06) 0.007

LL:VL (cm)

  Median (min, max) 0.89 (0.22, 7.65) 0.72 (0.35, 4.98) 1.29 (0.87 to 1.91) 0.21

Multivariate analysis

Age (years)

  Median (min, max) 6 (0.3, 11) 5 (1.5, 10) 1.18 (0.98 to 1.42) 0.084

Anti-inflammatories following diagnosis

  Yes 72 (43.9) 18 (64.3) Reference

  No 92 (56.1) 10 (35.7) 2.28 (0.96 to 5.40) 0.06

Hydrotherapy

  No 98 (60.1) 25 (89.3) Reference

  Yes 65 (39.9) 3 (10.7) 5.28 (1.51 to 18.37) 0.009

The univariate analysis only shows variables with P values≤0.20. Variables with higher P values were not reported
ANNPE, acute non-compressive nucleus pulposus extrusion; FCEM, fibrocartilaginous embolic myelopathy; LL:VL, the ratio of the length of the lesion to the length of the L2 vertebra

TABLE 5: Univariate and multivariate unconditional logistic regression analysis of investigated parameters associated with urinary 
continence. 

Variable

Urinary continence

OR (95% CI) P value
No
n=14 (%)

Yes
n=178 (%)

Univariate analysis

Diagnosis

    FCEM 1 (7.1) 39 (21.9) 3.65 (0.46 to 28.75) 0.22

    NNPE 13 (92.9) 139 (78.1)

Neurological grade at presentation 7 (50) 153 (86) Reference

  1–3 7 (50) 25 (14) 6.12 (1.98 to 18.94) 0.002

  4–5

PCSAL

  Median (min, max) 50.28 (33.33, 83.85) 44.40 (10.98, 81.08) 1.03 (0.99 to 1.07) 0.081

Physiotherapy

  No 2 (14.3) 54 (30.3) Reference

  Yes 12 (85.7) 124 (69.7) 2.61 (0.57 to 12.08) 0.22

Hydrotherapy

No 6 (42.9) 117 (66.1) Reference

Yes 8 (57.1) 60 (33.9) 2.6 (0.86 to 7.84) 0.09

Multivariate analysis

Neurological grade at presentation

  1–3 7 (50) 153 (86) Reference

  4–5 7 (50) 25 (14) 6.12 (1.98 to 18.94) 0.002

The univariate analysis only shows variables with P values≤0.20. Variables with higher P values were not reported
ANNPE, acute non-compressive nucleus pulposus extrusion; FCEM, fibrocartilaginous embolic myelopathy; PCSAL, percentage of the cross-sectional area of the spinal cord at the same level
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continence has yet to be defined; however, this is consistent 
with previous studies in dogs with presumptive ANNPE.13 15 A 
discrepancy in the occurrence of urinary and faecal incontinence 
has been previously reported also in dogs with different spinal cord 
lesions,24 25 26 27 suggesting that maybe micturition and defecation 
do not share exactly the same pathways within the spinal cord 
white matter, and that possibly the location of the lesion may 
be a key factor in the occurrence of one and/or the other. In this 
study, we can still not exclude that subtle urinary dysfunctions 
(eg, occasional dripping of urine) may have been more likely 
missed by the owners compared with impairment in faecal 
continence. As previously described in dogs with thoracolumbar 
spinal cord injury, in this study faecal and urinary incontinence 
were more often intermittent rather than persistent, and inability 
to control the urge to defecate was a frequent pattern of faecal 
incontinence.13 16 15 .24 27 Even if significantly more frequent in 
paraplegic dogs, a large study reported the occurrence of urinary 
and faecal incontinence in 5.6 per cent and 3.3 per cent of dogs 
with surgically treated compressive IVDE that presented with 
preserved ambulatory function.24 In this study, the presenting 
neurological grade of dogs with MRI findings of presumptive 
ANNPE and long-term impaired faecal continence ranged from 
2 to 5 (9 per cent of grade 2 dogs, 20 per cent of grade 3 dogs, 
61 per cent of grade 4 dogs and 100 per cent of grade 5 dogs), 
therefore including dogs that were ambulatory at presentation 
to the referral veterinary hospital. However, it is important to 

note that all dogs that presented with a neurological grade of 2 
and subsequently developed faecal incontinence were reported by 
their owners to have been non-ambulatory at the immediate onset 
of clinical signs and to have improved by the time of presentation.

In human beings, the incidence of chronic gastrointesti-
nal dysfunction after spinal cord injury (SCI) is reported to be 
62.5 per cent, with 40.3 per cent of these patients exhibiting 
difficulty in defecating.28 The pathophysiological mechanisms 
of faecal incontinence following SCI include impaired external 
sphincter contraction, uninhibited rectal contractions (rectal 
hypertonia and hyperreflexia) and impaired rectal sensation.29 
30 31 32 The development of severe neurogenic bowel dysfunction 
(NBD) is related, in human beings, to the level of the injury, its 
duration and its severity.33 However, while more frequent in plegic 
patients, NBD is also reported in patients with preserved motor 
function. In up to 27 per cent of human beings with NBD and an 
American Spinal Injury Association grade D (patients with pre-
served motor function and at least half of the muscles below the 
level of the lesion able to act against gravity), the degree of intes-
tinal dysfunction was classified as severe.33 It has been demon-
strated, indeed, that the pathophysiological mechanisms of bowel 
dysfunction in patients with motor-incomplete SCI are similar 
to those of patients with motor-complete SCI, and that some 
patients with motor-incomplete SCI and retention of spinal sacral 
reflexes cannot achieve voluntary external anal sphincter contrac-
tion and have no rectal perception.32

TABLE 7: Univariate and multivariate unconditional logistic regression analysis of investigated parameters associated with faecal 
continence. 

Variable

Faecal continence

OR (95% CI) P value
No
n=38 (%)

Yes
n=154 (%)

Univariate analysis

Diagnosis

  FCEM 3 (7.9) 37 (24) Reference

  ANNPE 35 (92.1) 117 (76) 6.82 (1.76–26.49) 0.006

Age (years)

  Median (min, max) 7 (3, 11) 6 (0.3, 11) 1.14 (0.97–1.33) 0.119

Neurological grade at presentation

  1–3 21 (55.3) 139 (90.3) Reference

  4–5 17 (44.7) 15 (9.7) 6.18 (2.44–15.61) <0.0001

PCSAL

  Median (min, max) 47.44 (24.19, 83.85) 44.29 (10.98, 81.08) 1.03 (1.00–1.05) 0.029

Anti-inflammatories following diagnosis

  Yes 13 (34.2) 77 (50) Reference

  No 25 (65.8) 77 (50) 1.92 (0.92–4.03) 0.084

Physiotherapy

  No 3 (7.9) 53 (34.4) Reference

  Yes 35 (92.1) 101 (65.6) 6.12 (1.79–20.84) 0.004

Hydrotherapy

  No 17 (44.7) 106 (69.3) Reference

  Yes 21 (55.3) 47 (30.7) 2.79 (1.35–5.76) 0.006

Multivariate analysis

Diagnosis

  FCEM 3 (7.9) 37 (24) Reference

  ANNPE 35 (92.1) 117 (76) 5.63 (1.51–20.96) 0.01

Neurological grade at presentation

  1–3 21 (55.3) 139 (90.3) Reference

  4–5 17 (44.7) 15 (9.7) 8.44 (3.44–20.73) <0.0001

Anti-inflammatories following diagnosis

  Yes 13 (34.2) 77 (50) Reference

  No 25 (65.8) 77 (50) 2.52 (1.11–5.73) 0.027

The univariate analysis only shows variables with P values≤0.20. Variables with higher P values were not reported. The variable ‘physiotherapy’ was excluded from the multivariate model 
as it was found to be strongly associated with the neurological grade at presentation
ANNPE, acute non-compressive nucleus pulposus extrusion; FCEM, fibrocartilaginous embolic myelopathy; PCSAL, percentage of the cross-sectional area of the spinal cord at the same level
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As secondary findings of this study, the multivariate analysis 
models revealed a significant association between administration 
of anti-inflammatories following diagnosis and faecal continence, 
with dogs that did not receive treatment being two times more 
likely to have faecal incontinence; however, the administration of 
anti-inflammatories in this study included different drugs, doses 
and duration of the treatment. This finding needs further inves-
tigation in prospective studies to be supported. The association 
detected between performing hydrotherapy and the presence of 
persistent motor deficits in multivariate analysis is likely simply 
reflecting the fact that dogs that had more severe motor deficits at 
the first recheck were more likely to be started on hydrotherapy 
courses compared with dogs that were already normal or almost 
normal.

The absence of histological diagnoses remains an intrin-
sic limitation of studies investigating these two conditions, 
which is difficult to overcome due to their fair prognosis. In 
the absence of histological confirmation of the diagnoses, and 
considering that the MRI criteria used are only suggested to 
differentiate the two diseases and have been validated only in 
sporadic cases, the association shown in this study remains 
that between two specific MRI patterns in dogs with peracute 
non-progressive T3-L3 myelopathy and the outcome, and may 
not fully represent two different diseases. When we analyse the 
two groups created based on the application of these previously 
reported MRI criteria, they seem to define two different pop-
ulations in terms of breeds, clinical signs (significantly higher 
prevalence of physical activity/vocalisation at onset and pres-
ence of spinal pain in dogs with presumptive ANNPE) and MRI 
findings (significantly longer extent and larger cross-sectional 
area of the lesion in the group with presumptive FCEM, which, 
despite this, resulted to be the group with the best outcome, 
and also different location of the lesion with 10/44 (23 per cent) 
dogs with presumptive FCEM and 0/157 dogs with ANNPE 
having a lesion cranial to the T11-T12 intervertebral disc, which 
is indeed an uncommon location for IVDE). Similar results in 
terms of clinical signs and MRI findings were detected in two 
other studies attempting to differentiate the two diseases based 
on the previously reported MRI features,17 18 which may sup-
port a repeatability in the application of these MRI criteria to 
identify the same populations. However, when we get to the 
results in terms of outcome, it is interesting to notice that the 
findings, despite being coherent with previous results published 
by the authors’ group,13 7 are opposite to what are reported in 
a different study where faecal incontinence was found signif-
icantly more frequently in dogs with presumptive FCEM.16 
While lesions affecting the L4-S3 spinal cord segments were 
also included in that study, this did not appear to be the rea-
son for this different outcome as 12/13 dogs with incontinence 
had a lesion in the T3-L3 spinal cord segments. Comparing the 
populations of the two studies, the distribution of presump-
tive ANNPE and FCEM cases was significantly different when 
referring to lesions affecting the T3-L3 spinal cord segments. 
In this study, the number of dogs diagnosed with presumptive 
ANNPE (157) was markedly higher than that of dogs diagnosed 
with presumptive FCEM (44), whereas in the previous report 
presumptive FCEM was more represented (27 ANNPE and 38 
FCEM).16 It is possible that this reflects simply two different 
populations or the fact that these MRI criteria may be not 
strong and repeatable enough between different institutions to 
obtain consistent results. Indeed, if the presence of extradural 
material compatible with nucleus pulposus more clearly directs 
an observer towards a diagnosis of presumptive ANNPE, those 
cases where the material is not clearly visible may more likely 
lead to different presumptive diagnoses between observers. In 
this study, the authors clarified how these specific cases had to 
be assigned to one or the other group. This was based on the 

presence of a cleft in the anulus, a non-longitudinal hyperin-
tensity in T2W images or an evident epidural/meningeal con-
trast enhancement that may still suggest a contusive lesion 
although not validated with histopathology.18 However, these 
criteria were published after the work from Fenn and colleagues 
was made, which may be partially responsible for the differ-
ence in the size of the two groups in the two studies. Finally, 
it is the observers’ opinion that transverse T1W and postcon-
trast fat-suppressed T1W sequences were the most helpful in 
detecting more subtle findings of presumptive ANNPE and 
these sequences are not always performed. In this study, these 
sequences were not significantly more frequently performed 
in one group or the other and the agreement on presumptive 
diagnoses was not significantly different when these sequences 
were performed compared with when they were not. For all the 
reasons above, cautiousness is recommended when interpret-
ing findings obtained applying these MRI criteria, and further 
studies to corroborate these results are necessary. Although it 
would be ideal to have further strong histological validation 
of the imaging criteria used to differentiate between ANNPE 
or FCEM, the benign course of these diseases represents a clear 
obstacle to this achievement. However, it is the authors’ opin-
ion that if in dogs presented with peracute non-progressive 
T3-L3 myelopathy specific MRI patterns can be repeatedly 
recognised and differentiated with a high interindividual agree-
ment and demonstrate to be consistently associated with the 
outcome, these patterns could be still of relevant clinical use.

Other intrinsic limitations of this study relate to its retrospec-
tive nature with the absence of standardised treatment proto-
cols in terms of drugs, hydrotherapy and physiotherapy and the 
necessary use of telephone questionnaires to evaluate the long-
term outcome. Finally, the difference in the size between the two 
groups has to be considered a further limitation which may have 
affected the results.

Conclusions
This study investigated possible associations between MRI 
findings previously suggested to be supportive of ANNPE or 
FCEM and outcome in a large population of dogs with peracute 
non-progressive T3-L3 myelopathy. Dogs with MRI findings of 
presumptive ANNPE were found to be five times more likely to 
develop faecal incontinence than dogs with presumptive FCEM. 
Development of urinary incontinence, presence of persistent 
motor deficits and times to recovery were not significantly 
different between the two groups. The presence of contrasting 
results in previous literature still suggests cautiousness in the 
interpretation of findings obtained applying current MRI 
diagnostic criteria. Further validation of the differentiating 
MRI findings and standardisation of the diagnostic protocols is 
necessary.
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