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ABSTRACT. Intervertebral disc extrusion associated with extensive epidural hemorrhage (DEEH) is
a well-documented pathological condition in veterinary medicine. This retrospective study aimed to
evaluate the prevalence and clinical features of DEEH in a population of French Bulldogs affected by
intervertebral disc extrusion (n=75), compare the findings with those from a group of Dachshunds
(n=98) and identify possible predictive factors of DEEH and outcomes in surgically treated patients.
The study showed that the prevalence of DEEH observed in Dachshunds (11.2% [95% confidence
J. Vet. Med. Sci. interval [CI]: 5.7-19.2%]) was significantly lower than that observed in French Bulldogs (41.3% [95%
84(9): 13071312, 2022 Cl: 30.1-53.3%)]). The multiple logistic regression model highlighted that the patients presenting

. . with an acute onset of clinical signs (>24 hr) (odds ratio [OR]: 13.08; 95% ClI: 4.63-37.03, P=0.00),
dot: 10.1292/jvms.22-0210 presence of clinical signs progression (OR: 5.04; P=0.01), and French Bulldogs (OR: 5.15; 95% Cl:
1.71-15.54, P=0.00) were at increased risk of developing DEEH. Secondary analysis showed that
patients with DEEH were at an increased risk of being non-ambulatory at discharge (OR: 3.43;
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Intervertebral disc extrusion associated with extensive epidural hemorrhage (DEEH) is a pathological condition well documented in
veterinary medicine [9, 11, 20, 25-28]. Hemorrhage at the time of intervertebral disc extrusion is probably caused by a rupture of the
ventral internal vertebral venous plexus, which lies over the intervertebral disc space on the floor of the vertebral canal and is covered
by epidural fat [7]. It is hypothesized that rupture of the venous plexuses associated with disc extrusion can lead to dispersion of disc
material and blood along with several vertebral segments and, consequently, cause massive and extensive spinal cord compression.
Hemorrhage and disc material dispersion worsens spinal cord compression and enhances spinal cord injury [27]. The clinical features,
imaging findings, and outcomes have been described in dogs. In particular, dogs with DEEH showed rapid progression towards severe
neurological dysfunction, and the prognosis after surgery did not appear to be different from that of dogs without epidural hemorrhage
associated with intervertebral disc extrusion. However, a large number of cases required extensive hemilaminectomy involving all
the compressed spinal segments [17, 26]. Recently, it has been demonstrated that paraplegic medium-to large-breed dogs with DEEH
have a less favorable outcome after surgical decompression than paraplegic dogs with intervertebral disc extrusion [28].

To the best of our knowledge, the prevalence, clinical features, and outcome of DEEH have not been evaluated in chondrodystrophic
breeds in veterinary medicine: French Bulldogs and Dachshunds are predisposed to developing intervertebral disc extrusion and have a
high allele frequency for 12-FGF4 retrogene, implicated in intervertebral disc degeneration [4, 22]. French Bulldogs are also demonstrated
to be likely to developing intervertebral disc extrusion associated with epidural hemorrhage (prevalence of 66%) [9] We hypothesized
that the prevalence of DEEH is higher in French Bulldogs compared to Dachshunds. We tried to evaluate the clinical aspects of DEEH
compared to intervertebral disc extrusions without extensive epidural hemorrhage; we also hypothesized that the overall outcome in
surgically treated patients could be favourable, despite the demanding surgical technique and despite the severity of neurological signs.
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MATERIALS AND METHODS

The study included a population of French Bulldogs admitted to the Valdinievole Veterinary Clinic (2009-2018) and a group of
Dachshunds admitted to the same institution (2016-2018). The medical and surgical records of both groups were retrospectively
reviewed. Dogs diagnosed with intervertebral disc extrusion involving the thoracolumbar and lumbosacral regions using magnetic
resonance imaging (MRI) and who underwent surgical decompression were considered for inclusion. The inclusion criteria were as
follows: signalment, history, neurological examination, complete blood analysis, MRI features, surgical procedures and findings,
ambulatory status at discharge, and follow-up of at least 3 months.

History and neurological examination

The rate of onset of clinical signs was considered hyperacute (within 24 hr) and acute (>24 hr) [17]. The progression of clinical
signs (deterioration of at least one neurological grade since the initial presentation) was also considered. The neurological grade was
defined as grade I if the only clinical sign was hyperesthesia on spinal palpation without neurological deficits. In addition, ambulatory
paraparesis with delayed limb postural reactions (patients can rise and take steps without assistance) was classified as grade 1II,
non-ambulatory paraparesis (patients are not able to rise and take steps unassisted) as grade III, paraplegia with intact deep pain
perception as grade IV, and paraplegia with loss of deep pain perception as grade V [24]. Neurological assessment was performed by
a board-certified neurologist (M. B.) or neurology resident (F. P.).

The time from initial presentation to the MRI examination and subsequent surgery was also considered.

All dogs required an MRI of the thoracolumbar spine (Esaote VetMR Grande 0.25 T, Genoa, Italy). T2 weighted (slice thickness
of 3—5 mm, repetition time (TR) 2,680-5,300 msec, echo time (TE) 90—120 msec), and T1 weighted (T1W) (slice thickness 4—5 mm,
TR 450-630 msec, TE 14-30 msec) sequences were acquired in the sagittal and transverse planes before intravenous administration
of 0.2 mg/kg gadoteric acid (Dotarem, Guerbet Laboratories, Villepinte, FR). Sagittal and transverse T1W sequences were acquired
after contrast administration. Patients were included if MRI and surgery confirmed the presence of intervertebral disc extrusion
associated with or without hemorrhage. The MRI criteria to define hemorrhage were predominantly T1W hyperintense signals of the
epidural material (subacute stage of the hemorrhage) mixed with the extruded disc material. GET2* sequences were not considered
relevant because of the low-field MRI. The complete obliteration of the subarachnoid space and spinal cord distortion on T2 sagittal
and transverse images, with >50% of the vertebral canal occupied by the epidural material, was considered significant for spinal cord
compression on MRI and confirmed in surgical records. Sagittal and transverse spinal cord compressions were evaluated for every
slice in MRI studies. Degree of spinal cord damage (expressed as ratio of the T2W hyperintense endomedullary signal length to the
L2 vertebral body length) (T2SCH) was also evaluated. All MRI studies were evaluated by a board-certified neurologist (M. B.) and
a neurology resident (F. P.) (Fig. 1).

Surgical treatment and follow up

Immediately after the MRI procedure, the dogs underwent surgical decompression via hemi- or mini-hemilaminectomy [14] (and
one dorsal laminectomy case at the L7-S1 level) based on the imaging findings. The majority of cases were treated using the least
invasive technique, mini-hemilaminectomy. In a few selected cases, a hemilaminectomy was performed based on the surgeon’s choice
(the main criterion for choosing hemilaminectomy instead of minihemilaminectomy was the dorsal positon of the extruded disc material
and/or hemorrhage, which was considered better addressed removing the vertebral articular processes). All surgical procedures were
performed by a board-certified neurologist and experienced neurosurgeon (M. B.). The presence of epidural hemorrhage was confirmed
macroscopically during surgery. Hemorrhage was considered secondary to intervertebral disc extrusion only if the presence of epidural

Fig. 1. Transverse T1W magnetic resonance image of a L1-L2 intervertebral disc extrusion associated with epidural
hemorrhage in a French Bulldog. The image is at the level of L4 vertebral body showing spinal cord compression on
the right side due to disc material mixed with hemorrhage.
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material represented by extruded nucleus pulposus mixed with clots and blood was ascertained. Decompression involved all vertebral
segments with evidence of spinal cord compression on MRI. Any rupture of the venous sinuses that occurred during surgery was
recorded and was not considered part of the bleeding caused by the extrusion itself.

Standard postoperative care consisted of analgesics (opioids), anti-inflammatory drugs (steroids or NSAIDs), and antibiotics
(amoxicillin-clavulanate or cephalosporins); the neurological assessment was performed every 12 hr after surgery, at discharge (criteria
for discharge varied individually), and 1 month and 3 months after surgery. In line with the results of Penning et al. [23], the outcome
was considered good if the dog regained normal voluntary ambulation, regained ambulation with mild deficits (neurological grade II),
or showed resolution of the thoracolumbar pain in cases classified as grade I at presentation and poor if the dog did not regain voluntary
ambulation or was not able to walk unassisted. The time the dogs took to show a good or poor outcome after the surgery was classified
as short (<15 days), medium (>15 and <30 days), and long (>30 days). Follow-up was obtained through neurological assessment.

Statistical analysis

All the variables collected were described by mean and standard deviation when normally distributed. The median and interquartile
ranges were used in case of skewed data. Categorical variables were expressed as counts and percentages. The distributions of
variables were investigated by the Shapiro—Wilk test. Bivariate analyses were conducted to identify statistically significant differences
between the two groups. The chi-squared and Wilcoxon—Mann—Whitney tests were used for categorical and continuous variables,
respectively. The prevalence rates of DEEH in the two groups were estimated by calculating the 95% confidence interval using the
Clopper-Pearson method.

A multiple logistic regression model was developed to identify predictors of DEEH. Variables under the hypothesis and known
potential confounders were introduced into the model. Model fit was verified using standardized residual analysis and the Hosmer—
Lemeshow goodness of fit test. The final model selection was made using the Akaike Information Criterion.

Predictors of the ambulatory status at discharge were investigated using multiple logistic regression similar to the analysis of the
main endpoint, while the recovery time predictors were studied using a multiple ordinal regression model.

As a sensitivity analysis, stepwise backward regression models with a 0.2 elimination threshold criterion were developed for each
of the three endpoints.

RESULTS

Primary analysis

Signalment, history, and clinical signs: A total of 75 French Bulldogs, including 53 males and 22 females with a median age of 4
years (range 2—8), and 98 Dachshunds, including 57 males and 41 females with a median age of 6 years (range 2—14), were included
in the study. Blood tests of all dogs revealed no significant abnormalities. The onset of clinical signs was hyperacute in 35/75 French
Bulldogs and 45/98 Dachshunds. The clinical signs since presentation progressed to a worse clinical status by at least one grade in 16/75
French Bulldogs and 9/89 Dachshunds. The neurological grade at presentation was I in 9/75 French Bulldogs and 19/98 Dachshunds,
II in 27/75 French Bulldogs and 29/98 Dachsunds, IIT in 10/75 French Bulldogs and 14/98 Dachshunds, IV in 28/75 French Bulldogs
and 31/98 Duchshunds, V in 1/75 French Bulldogs and 5/98 Dachshunds. The median neurological grade at presentation was IV and
II for both French Bulldogs and Dachshunds with and without DEEH respectively.

The mean time from initial presentation of clinical signs and the MRI examination was between 12 and 36 hr for French Bulldogs
and between 12 and 48 hr for Dachshunds.

Diagnostic imaging and surgical treatment: The prevalence of DEEH in French Bulldogs was 41.3% (95% CI: 30.1-53.3%), while
in Dachshunds, the prevalence was 11.2% (95% CI: 5.7-19.2%).

We found that the majority of dogs with DEEH (80.64% French Bulldogs and 90% of Dachshunds) had an associated endomedullary
damage, seen as T2W hyperintensity on sagittal T2ZW images, compared to the non-DEEH group (25% French Bulldogs and 32%
Dachshunds). The overall population had an endomedullary damage not greater than three times the lenght of the L2 vertebral body.
We found that the presence of T2SCH was not statistically associated with the ambulatory status at discharge and partially with
the recovery time (only T2SCH grade 1 was statistically associated with a longer recovery time: OR: 2.12, P=0.038). Nevertheless
the T2SCH was statistically associated with a severe neurological grade at presentation (grade 4 and 5) and the presence of DEEH
(OR:9.45, P=0.00 and OR: 2.45 and P=0.03, respectively).

The extension of DEEH required decompression of two to four vertebral sites in all dogs (when the degree of spinal cord compression
was judged >50% according to the MRI findings). In all dogs without epidural hemorrhage (both French Bulldogs and Dachshunds),
hemi- or mini-hemilaminectomy limited to two vertebral segments adjacent to the involved disc was considered sufficient to achieve
complete spinal cord decompression [11]. The most common vertebral site of intervertebral disc extrusion in French Bulldogs was
the lumbar region (50/75), while the most common site of intervertebral disc extrusion was the thoracolumbar region in Dachshunds
(53/98). Major complications were not recorded in patients with DEEH.

Ambulatory status at discharge and recovery: There were 13/75 French Bulldogs and 22/98 Dachshunds who were non-ambulatory
at discharge.

The time to recover normal neurological status or the median time to recover with residual mild neurological deficits (classified as
neurological grade II) was <15 days for 60/75 French Bulldogs and 78/98 Dachshunds, over 30 days for 13/75 French Bulldogs and
19/98 Dachshunds, two French Bulldogs, and one Dachshund did not recover voluntary ambulation. A summary of the main clinical
signs and imaging findings is shown in Table 1.
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Table 1. Summary of the main clinical and imaging findings in the population studied

Onset PCS SDE Gender AAD
Hyperacute Acute Total Yes No  Total T L TL Total M F  Total Yes No  Total
Bulldogs 35 40 75 16 59 75 10 50 15 75 53 22 75 62 13 75
Daschunds 45 53 98 9 89 98 53 31 14 98 57 41 98 76 22 98
Total 80 93 173 25 148 173 63 81 29 173 110 63 173 138 35 173
Pr 0.922 0.024 0.000 0.090 0.407

PCS, progression of clinical signs; SDE, site of intervertebral disc extrusion; AAD, ambulation at discharge; T, thoracic region; L, lumbar region; T-L, thoraco-
lumbar region; M, male; F, female; Pr, probability.

Secondary analysis

The multiple logistic regression model highlighted that patients presenting with an acute onset of clinical signs (>24 hr) (OR: 13.08;
95% CI: 4.63-37.03), presence of clinical signs progression (OR: 5.04; 95% CI: 1.50-16.89), and belonging to the French Bulldogs
group (OR: 5.15; 95% CI: 1.71-15.54) were at increased risk of developing DEEH.

The Hosmer—Lemeshow test indicated goodness of fit (P=0.16). Similarly, the low regression of Pearson residuals versus the linear
model prediction showed good model stability.

Population-based marginal extimations of prevalence were 31.0% (95% CI: 15.9-46.1%) and 8.0% (95% CI: 2.1-14.0%) for French
Bulldogs and Dachshunds, respectively.

Secondary multivariate analysis demonstrated how the odds of being ambulatory at discharge decreased by 85% (P=0.03) in cases
of disc extrusion site in the lumbar region compared to that in the thoracic region, independent of the presence of DEEH.

Similarly, the ordinal model showed that ambulatory status at discharge did correlate with the presence of DEEH: secondary analysis
showed that patients with DEEH were at an increased risk of being non-ambulatory at discharge (OR: 3.43; P=0.017). Moreover, in
our population, patients without progression of clinical signs at presentation might have a shorter recovery time and less chance of
being not ambulatory at discharge, with a decrease in risk of 69% (OR: 0.31; P=0.01).

Exploratory analysis

Further exploratory regression models were used to evaluate the possible interactions between the presence of DEEH and other
factors. In dogs with DEEH, those without progression of clinical signs at presentation might have a higher probability of not
being ambulatory at discharge (OR: 84.131; 95% CI: 2.74-2,583.021, P=0.01). Moreover, in dogs with DEEH, those with lumbar
intervertebral disc extrusion had a shorter recovery time than those with thoracic intervertebral disc extrusion (OR: 0.14; 95% CI:
0.02-0.77, P=0.02), while those without progression of clinical signs had a longer recovery time (OR: 12.10; 95% CI: 1.97-74.31)
than those with clinical signs progression.

In dogs with DEEH, Dachshunds had a longer recovery time than French Bulldogs (OR: 5.34; 95% CI: 1.16-24.58).

DISCUSSION

Intervertebral disc extrusion and DEEH are well-described pathological conditions in veterinary medicine [5, 6, 9, 10, 16, 26, 28].
However, to the best of our knowledge, the prevalence of DEEH and its clinical features in specific breeds has not been evaluated.
Despite the high prevalence of DEEH in our canine population, this pathology is not common in humans [12]. It has been hypothesized
that the pathophysiology of epidural hemorrhage in human medicine, apart from trauma, could include a violent cough or sneeze with
spine flexion, epidural venous distension, increase in intradiscal pressure, disc extrusion, and venous rupture; other anatomical factors
may play a role in the pathophysiology of the canine population, and further studies are needed to elucidate this.

In this study, two different canine chondrodystrophic breeds (French Bulldog and Dachshund) prone to developing intervertebral
disc extrusions were included [4, 22]. We sought to identify and compare the prevalence and clinical features of DEEH between the
two populations. A very recent study evaluated the prevalence and clinical features of thoraco-lumbar intervertebral disc extrusion
associated epidural hemorrhage in dogs. Among the breeds evaluated, it was found the highest prevalence in French Bulldogs (66%);
Dachshunds were less likely to present epidural haemorrhage associated with intervertebral disc extrusion (10%) [9].

The authors found a high prevalence (41.3%) of DEEH in French Bulldogs, which is in line with previous preliminary findings in
the literature. French Bulldogs became a popular breed in Europe and the United States. Mayousse et al. reported a high prevalence of
extradural hemorrhage or hematoma (27.8% of all cases diagnosed with intervertebral disc extrusion) in a large study on the prevalence
of neurological diseases in French Bulldogs [18].

DEEH affects different canine breeds. A previous study [17] reported 31/46 chondrodystrophic dogs in the study population,
including 5/46 French Bulldogs and 6/46 Dachshunds. Tartarelli et al. [26] reported 23 cases, including only 1/23 French Bulldogs
and 2/23 Dachshunds. The study population included some large-breed dogs in addition to the usual chondrodystrophic small breeds,
and this study tried to clarify the prevalence of the disease. Macias and Applewhite [2, 16] reported this pathology in Dobermanns,
who are highly predisposed to an inherited bleeding disorder (von Willebrand’s disease) [19]; in the present population coagulation
profile was normal, although specific tests (i.e. Von Willebrand Factor determination) were not perfomed.

It is clinically noteworthy that, in this study, patients presenting with an acute onset of clinical signs, having clinical signs progression
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since the presentation, and belonging to the French Bulldog group were at an increased risk of having DEEH. This should alert the
clinician of the possible more demanding treatment of the condition compared to the usual intervertebral disc extrusion. The acute
onset of clinical signs is caused by rupture of the venous sinuses and consequent bleeding that contributes to and worsens spinal cord
compression. The extruded disc material also has a direct effect on spinal cord compression. The subsequent progression of clinical
signs could be explained by impairment of spinal cord perfusion and ischemic damage, and red blood cell breakdown products could
further exacerbate the inflammatory cascade and enhance spinal cord injury [3, 28]. Nevertheless, it is not possible to exclude the
possibility that the progression of clinical signs could be due to further extrusion of disc material and secondary rupture of the venous
plexus.

The authors could not find a significant association between the presence of DEEH and the site of intervertebral disc extrusion in
either breed; however, in dogs with DEEH, those with lumbar intervertebral disc extrusion had a shorter recovery time than those
with thoracic intervertebral disc extrusion. Lumbar vertebral sites are reported to be more susceptible to disc extrusion associated with
hemorrhage [17]. In line with our findings, Aikawa [1] reported that French Bulldogs were more likely to develop intervertebral disc
extrusions at the lumbar sites. This could provide important information for clinicians regarding the presentation and post-surgical
outcome of lumbar DEEH.

The authors found that the presence of endomedullary spinal cord T2W hyperintensity was associated with a severe neurological
grade at presentation (grade 4 and 5). Endomedullary MRI signal changes associated with intervertebral disc extrusion have been
investigated in several studies and associated with necrosis, inflammation, hemorrhage, edema [13, 15, 21]. The presence of T2W
spinal cord hyperintensity has been correlated with the severity of neurological signs at presentation [15, 21], and this is in line with
our findings. The value of spinal cord T2W hyperintensity as a prognostic factor is not clear in veterinary literature [21]. Although some
studies demonstrated that T2W hyperintensity correlated well with outcome [13, 15], other studies did not supported this association
[8]. This discrepancy has been attributed to the use of different magnetic resonance field strength: high field might detect even mild
spinal cord changes thus lowering the significance of the damage. Using a low filed MRI, only T2SCH grade 1 in our study was
statistically associated with a longer recovery time; grade 2 and 3 were not, but a statistical observation suggests that a greater sample
would have confirmed the significance; nevertheless, we couldn’t find an association between the T2SCH with the ambulatory status
at discharge. Thus our study might partially confirm the utility of T2W spinal cord changes to predict the outcome.

The presence of DEEH was associated with the presence of T2W spinal cord hyperintensity in this study, suggesting that extensive
haemorrhage leads not only to mechanical spinal cord compression but also to cytotoxic effect due to red blood cell breakdown
products starting the inflammatory cascade. The overall result could enhance spinal cord damage, as proposed in other studies [9].

More than two vertebral sites required decompression in all patients with DEEH, suggesting that the presence of hemorrhage
could be more demanding in terms of time and surgical effort. Major complications were not recorded in our patients with DEEH,
suggesting that surgically addressing multiple intervertebral sites did not lead to vertebral instability, as demonstrated by Tartarelli [26],
or predisposition to infection at the three-month follow-up. This contrasts with a recent study of a population of middle-to large-sized
dogs with DEEH who experienced complications linked to the challenge of nursing care, such as aspiration pneumonia [28]. This is
unlikely to have occurred in the present population of small-sized dogs.

Patients with DEEH are at an increased risk of being non-ambulatory at discharge, and spinal cord injury together with a massive
spinal cord compression can lead to a slower recovery of ambulation; nevertheless, the outcome of the patients with and without
DEEH does not differ substantially and is in line with that described in the literature.

This study has some limitations. First, it is retrospective in nature. The sample consisted of dogs bred in Italy, which may not
represent breeds on an international level. Further studies with a larger number of patients could enhance or add evidence to the
results of the present study.

Conclusion

In the present study, DEEH was more common in French Bulldogs than in Dachshunds.

Clinicians should be aware that in the absence of relevant complications related to the surgical procedures, the presence of DEEH
does not seem to affect the outcome compared to dogs with intervertebral disc extrusion without the presence of extensive epidural
hemorrhage. Important clinical information is that the progression of clinical signs from the initial presentation and the rate of onset
of clinical signs are predictors of DEEH. Patients with DEEH are at an increased risk of being non-ambulatory at discharge. Clinicians
should be aware that DEEH is a relatively frequent condition in French Bulldogs. The surgical approach to such a condition could
be more technically demanding (approach to multiple spinal segments) and, thus, eventually more time consuming than addressing
intervertebral disc extrusion without DEEH.

CONFLICT OF INTEREST. The authors declare no conflict of interest.
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