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Introduction

Intervertebral disk extrusion (IVDE) is a common neurologi-
cal disorder in dogs. Clinical signs can vary and range from
pain to paralysis depending on the location, the degree of
spinal cord injury, and duration of the compression of the
spinal cord by extruded disk material.1–6

There are several reports of successful conservative
management in dogs affected or presumptively affected
by IVDE with minimal neurological deficits with a success
rate ranging from 55.6 to 100%.6–8 In dogs with marked
neurological deficits, non‐ambulatory paresis or paralysis,
surgical decompression has been the recommended
treatment option, and it has been associated with a
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Abstract Objective The aim of this study was to determine the influence of time between the
beginning of clinical signs, presentation and decompression, and combinations of
several factors on the outcome and recovery of dogs undergoing surgery for
thoracolumbar intervertebral disk extrusion (IVDE).
Study Design In all, 433 client-owned dogs treated for IVDE between 2016 and 2020
were reviewed for signalment, neurological grade, rate of onset, duration of clinical
signs, and surgical variables. Time from presentation to surgery was divided into three
categories: S1 (0–12 hours), S2 (12–24 hours), and S3 (>24 hours). These variables
were investigated to determine their influence on the return of pain sensation, urinary
continence, ambulation and overall outcome.
Results A significant association was found between an acute onset of clinical signs,
worse neurological grade at presentation and poorer outcomes. There was a significant
difference between S1, S2, and S3 in neurological grade at presentation (p<0.001) and at
discharge (p<0.001); however, the latter was no longer significant when adjusted for the
grade at presentation (p¼ 1,000). Disk fenestration was associated with a faster return to
ambulation (p¼ 0.033). Duration of clinical signs and time of surgery did not correlatewith
the time to recovery and return of pain sensation, urinary continence, or ambulation.
Conclusions Dogs presented with severe neurological status and/or rapid onset of
clinical signs were operated on more promptly, but their outcomes were also poorer.
There was no significant evidence for a better outcome when surgery was not delayed.
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more favorable outcome compared to conservative
management.2,9–11

Many studies have looked at prognostic variables that
influence the quality of recovery, including weight,4,12 age,2,4

breed,12 imaging findings,13,14 and severity of preoperative
neurological deficits.2,3,5,6,15–17 Presence of deep pain sensa-
tion correlates definitively with improved recovery.3,4,6,18,19

Althoughmany veterinary surgeons consider IVDE a surgi-
cal emergency, the ideal timing for surgical intervention in
dogs has not been determined, as it has not been established
whether the duration of clinical signs and the outcomeof dogs
surgically treated for IVDE are correlated.1,4,6,9,18,20–22 The
rate of onset of neurological signs has also been investigated in
relationtothetimeof recoveryandsomestudieshavefoundno
difference on the overall outcome for cases with an acute
onset,4,21while others have found these cases having a slower
and worse recovery.3,6,9 It is speculated that the rate of onset
could influence the recovery time6 because a high-speed
extrusion translates in a greater impact on the spinal cord,
leading to a more severe contusion and injury.2 Experimental
evidence seems to suggest that most of the damage would be
caused by the primary impact and shock on the spinal cord,
rather than the compressionover time.23,24Should this be true
in the clinical setting, the recovery of function and time to
recovery could be more dependent on the severity of the
primary injury rather than the delay of surgical interven-
tion.1,25,26The ideal timingof surgery remains controversial.11

Upchurch and colleagues showed some evidence that a
delay from the onset of clinical signs associated with IVDE to
surgery is unlikely to affect the ultimate outcome or the
length of time for a dog to regain pain sensation, urinary
continence, or ambulation. Equally, the rapidity with which
the onset of clinical signs develops was not shown to influ-
ence the quality of the outcome.21 A recent large study
analyzed a cohort of 1,501 dogs with thoracolumbar
IVDE27 and the results might support the recommendation
that an early surgical intervention is warranted to improve
overall outcome. In this study, a significant association
between the time from the onset of the clinical signs until
surgery and the overall outcome was identified, suggesting
that a shorter delay to decompression might improve the
overall outcome. However, this correlation was not con-
firmed on a bivariate analysis. Similarly, a significant associ-
ation was found between the time from onset of the clinical
signs until surgery and the time of recovery, which was not
confirmed on a multivariate regression model. Moreover,
they found no significant association between neurological
grade at presentation and outcome. In another recent pro-
spective study, the delay between onset of clinical signs and
presentation and time between presentation and spinal
surgery was not associated with the rapidity of recovery of
ambulation in 151 dogs surgically treated for thoracolumbar
IVDE.22 In the same study, only duration of surgery and
neurological grade at presentation were significantly associ-
ated with rapidity of recovery of ambulation.

Our study investigated the outcome and the time of
recovery of a large population of dogs surgically treated for
thoracolumbar IVDE. The purpose of this retrospective study

was to evaluate whether the overall outcome and/or time to
recovery is influenced by the delay from presentation to
surgical decompression, the rate of onset of clinical signs, and
other variables of interest.

Materials and Methods

The medical records of Northwest Veterinary Specialists
(United Kingdom) and of Kansas State University (United
States) were searched to identify dogs diagnosed and surgi-
cally treated for IVDE localized from the third thoracic (T3) to
third lumbar (L3) vertebrae between January 2016 and
December 2020. The diagnosis was confirmed via magnetic
resonance (MR) and/or computed tomography (CT). Criteria
for inclusion in the study comprised availability of complete
medical records, including timing of onset of clinical signs,
presentation and surgery, neurological grade at examination,
and neurological grade at discharge. Dogs with incomplete
medical records, history of previous IVDE surgery, or diag-
nosedwith concurrent pathologies that could influence their
neurological status, were excluded from the study.

Data Collection
Each dog’s medical record was examined, and details of
signalment, medical and surgical treatment, and duration
of hospitalization were collected. The time between the
initial onset of clinical signs and presentation at the hospital
(D1) and the duration from the presentation to the time of
surgical decompression (D2)21 were recorded. D2 was sub-
sequently divided into three categories based on the time
between presentation and surgical decompression: 0 to
12 hours (S1), 12 to 24 hours (S2), and over 24 hours (S3).
Each dog’s neurological status was graded using a modified
Frankel score as shown in►Table 1.28,29 The rate of onset was
defined as the time from when the dog was last clinically
normal until neurological signs developed, and it was graded
as described previously3 and shown in ►Table 2.

Diagnostic Imaging
All dogs includedwere confirmed as having a thoracolumbar
IVDE (Hansen type I) via computed tomography (CT), MR, or
both. The length of extruded disk material was measured by
multiplying the number of transverse image slices in which
the extruded disk material was present, by the slice thick-
ness. A ratio was then calculated between the length of the

Table 1 Modified Frankel score

Neurologic
grade

Clinical presentation

Grade 0 Paraplegia with no deep nociception

Grade 1 Paraplegia with no superficial nociception

Grade 2 Paraplegia with intact nociception

Grade 3 Nonambulatory paraparesis

Grade 4 Ambulatory paraparesis

Grade 5 Spinal hyperesthesia
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extruded disk material associated with the surgically oper-
ated site and the length of the L2 vertebral body (DM/L2) as
previously reported.21

Surgical Procedure
All dogs underwent a dorsolateral hemilaminectomy or mini-
hemilaminectomy with the aid of surgical microscope (Zeiss
OPMI CS-NC-2). If the IVDE was spreading to more than one
intervertebral space, these were all approached surgically to
relieve thespinal cord compression.At thesurgeon’sdiscretion,
prophylactic fenestration was performed at the affected disk
site(s). Anesthetic and surgery timewere recorded for all dogs.

Outcomes
Every dog was assessed at least once daily by a veterinary
surgeon and the number of days between surgery and
recovery of certain functions was recorded. For dogs pre-
sented with neurological grade of 0 to 3, time to urinary
continence (defined as the ability of the dog to urinate
voluntarily without active or passive abdominal pressure)
and ambulation (defined for some dogs as the point at which
the dog was first able to walk 10 or more steps unassisted)
were assessed by the clinician or resident and recorded. For
some dogs that had been discharged prior to return to
ambulation, owners were instructed on counting the steps
the dog was able to make unassisted and report when this
was 10 or more. For dogs presented with neurological grade
of 0, time between surgery and the first signs of deep pain
perception was assessed by the clinician or resident and
recorded. The degree of recovery was determined through

the medical records, and it was classified as previously
described21 (►Table 3).

Statistical Analysis
The sample size exceeded the numbers required to detect a
medium effect size at 80% power across a range of test types
according to Cohen.30 Data are summarized as medians
with ranges. Numbers of individuals of each breed were
insufficient to assess if breed influenced outcome variables.
Variables of interest were age, weight, extrusion’s ratio
(DM/L2), an aesthetic and surgery length, D1, D2, onset
rate, fenestration, sex, and neurological grade at presenta-
tion. Specific bivariate comparisons between continuous
and/or ordinal variables were undertaken with Spearman’s
rank correlation. Neurological grade at discharge was com-
pared to D2 (categorized as <12, 12–24, >24hours) using
rank regression (using Rfit in R) both without and with
inclusion of neurological grade at presentation as a covari-
ate. For dogs graded 0 at presentation, the influence of the
12 variables of interest listed above on time to pain sensa-
tion and on whether pain sensation returned was investi-
gated in a backward elimination selection in a rank
regression model and in a binary logistic regression model,
respectively. Similarly for dogs graded 0 to 2, time to
continence and whether continence returned were investi-
gated. Finally for dogs graded 0 to 3, a similar approach was
used for time to ambulation and whether ambulation
returned. The threshold for statistical significance was
taken as p<0.05. All analyses were performed using R
4.2.2 or Minitab 19 statistical software.

Results

Four hundred and thirty-three dogs met the inclusion crite-
ria. The median age was 6.25 years (range: 1–16 years) and
medianweight was 7.8 kg (range: 2.2–42 kg). Therewere 203
(46.9%) Dachshunds, 31 (7.2%) Shih Tzus, 24 (5.5%) Cocker
Spaniels, 23 (5.4%) mixed breed dogs, 18 (4.2%) French
Bulldogs, 12 (2.8%) Jack Russell Terriers, 10 (2.3%) Lhasa
Apso, and 8 or less of 43 additional breeds. There were 183
females (37 intact) and 250 males (50 intact).

The surgical procedure involved one intervertebral space
in 334 (77.1%) dogs and two or more in 99 dogs. Fenestration
of the affected disk(s) was performed in 98 (22.6%) dogs.

Table 2 The criteria for the rate of onset is illustrated in the
table

Rate of onset Definition of the time period

Sudden <2 h

Rapid From 2 to 48 h

Intermediate >48–120 h

Progressive >120 h

Mixed Progression of disease
(over >120 h) followed by a rapid
deterioration in <48 h

Table 3 The criteria for the degree of recovery is illustrated in the table

Degree of recovery Clinical outcome

Full recovery Return to normal ambulation (grade 0–4) or a resolution of pain (grade 5)

Partial recovery Mild motor and proprioceptive deficits not interfering with function (grade 0–4)
or a decrease without resolution of pain (grade 5)

Incomplete Recovery An improvement in signs with residual paraparesis that does interfere with function
(grade 0–4) or an insignificant decrease in pain (grade 5)

Poor recovery Maintenance of the preoperative neurological status

Progressive Deterioration of neurological status or development of myelomalacia
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The median D1 was 2 days (range: 1 hour to 450 days). D2
was available in 432 dogs. ThemedianD2was 5 hours (range:
2–984hours). The median length of anesthesia was
165minutes (range: 75–380minutes) and the median sur-
gery length was 70minutes (range: 20–285minutes). Post-
operative treatments varied and included some combination
of opioids, nonsteroidal anti-inflammatory drugs, tramadol,
glucocorticoids, gabapentin, α antagonists, diazepam, and
postoperative physical therapy.

The neurological grade at presentation was 5 for 9 dogs
(2.1%), 4 for 127 dogs (29.3%), 3 for 110 dogs (25.4%), 2 for

23 dogs (5.3%), 1 for 91 dogs (21%), and 0 for 73 dogs
(16.9%). Rate of onset was available in 432 dogs, and it was
considered sudden for 56 dogs (13%), rapid for 183 dogs
(42.4%), intermediate for 64 dogs (14.8%), progressive for 68
dogs (15.7%), and mixed for 61 dogs (14.1%). ►Tables 4

and 5 show the median D1 and D2 for each presenting
neurological grade and rate of onset. D1 and D2 changed
consistently with neurological presentation grades (rs
¼0.321 and rs¼0.471, respectively, both p<0.001), being
shorter for dogs with a worse grade at presentation. There
were significant differences between S1, S2, and S3 in
neurological grade at presentation and in neurological
grade at discharge (both p<0.001 from rank regression);
median grades were significantly lower for S1 in both cases.
However, if the neurological grade at presentation is in-
cluded in the rank regression, no significant difference is
found between the three subcategories of D2 in neurologi-
cal grade at discharge (p¼1.000). D1, D2, and rate of onset
were not significantly correlated with any outcome
variables.

None of the dogs presented with a neurological grade 5
underwent surgery on or within 12hours (S1) but were
equally distributed between S2 and S3. Dogs presented
with a neurological grade 4 were equally distributed be-
tween S1, S2, and S3, and there was no significant difference
between the degree of recovery of these dogs (Kruskal–
Wallis test; p¼0.744). Dogs presented with neurological
grade 3 underwent surgery mostly within 12 or 24hours
(65% in S1 and 25% in S2). Finally, 89% of dogs that presented
with neurological grades 2 to 0 underwent surgery within
12 hours (S1).

The degree of recovery was available for 356 dogs. Among
all neurologic grades, 72.7% of the population regained
acceptable locomotor function (full or partial recovery) after
surgical treatment. In detail, 114 (32%) had a full recovery,
145 (40.7%) had a partial recovery, 49 (13.8%) had an
incomplete recovery, 28 (7.9%) had a poor recovery, and 20
(5.6%) had progression of disease or development of myelo-
malacia. The degree of recovery related to presenting neu-
rological grade is reported in ►Table 6 and ►Fig. 1.

A significant association was found between more
acute onset of clinical signs, lower neurological grade at
discharge (rs¼0.199; p<0.001) and worse degree of recov-
ery (rs¼–0.161; p¼0.002). Similarly, there was a significant

Table 4 A summary of median D1 and D2 for each presenting
neurological grade

Neurologic
grade at
presentation

D1 (h) D2 (h) Number

5 168 (12–1,008) 24 (4–240) 9

4 144 (2–5,040) 22 (2–984) 127

3 63 (3–10,800) 5 (2–360) 110

2 48 (1–1,440) 6 (3–86) 23

1 36 (2–336) 4 (2–46) 91

0 48 (5–1,440) 4 (2–41) 73

Abbreviation: D1, time from the initial onset of clinical signs to
presentation; D2, time from presentation to decompressive surgery.

Table 5 A summary of median D1 and D2 for each presenting
rate of onset

Rate of onset D1 (h) D2 (h) Number

Sudden (<2 h) 13 (1-816) 4 (2-73) 56

Rapid (2–48 h) 26 (2-960) 4 (2-165) 183

Intermediate
(48–120 h)

96 (54-576) 6 (2-73) 64

Progressive
(>120 h)

336 (48-5040) 21 (2-984) 68

Mixed (>120 h
followed by acute
worsening <48 h)

168 (6-10800) 4 (2-168) 61

D1¼ Time from the initial onset of clinical signs to presentation.
D2¼ Time from presentation to decompressive surgery.

Table 6 A summary of the degree of recovery for each presenting neurological grade category

Neurologic grade
at time of surgery

Full
recovery

Partial
recovery

Incomplete
recovery

Poor
recovery

Progressive
disease

Total % of dogs that had
full or partial recovery

5 6 1 0 0 0 7 100%

4 44 46 9 1 2 102 88%

3 29 41 11 5 0 86 81%

2 4 10 3 1 2 20 70%

1 23 34 12 2 5 76 75%

0 8 13 14 19 11 65 32%

Degree of recovery for each neurological grade at the time of surgery.
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correlation between higher grades at discharge and
better degree of recovery (rs¼–0.498; p<0.001).

The ratio of the length of the extruded disk material to the
length of L2 vertebral body was available for 409 dogs. The
median ratio was 1.08 (range: 0.29–6.07) and it was signifi-
cantly correlated with more acute onset grades (rs¼–0.150;
p¼0.002), a shorter D2 (rs¼–0.191; p<0.001) and a lower
grade at presentation (rs¼–0.265; p<0.001) and discharge
(rs¼–0.108; p¼0.032).

For the 73 dogs that presented with neurological grade 0,
there was no significant relationship between return to pain
sensation or time to return of pain sensation and any other
variable.

For the 187 dogs presented with a neurological grade 0
to 2, there was a significant relationship between a return
to urinary continence and weight (odds ratio: 0.909;
95% confidence interval [CI]: 0.847–0.975; p¼0.008)
and neurological grade at presentation (odds ratio: 5.3;
95% CI: 2.4–12.1; p<0.001); heavier dogs and more severe
cases were associated with longer time to regain urinary
continence. Rank regression suggested a longer time to
return to continence for older dogs (p¼0.034) and for
cases with lower neurological grade at presentation
(p<0.001).

For the 297 dogs with a preoperative grade 0 to 3, the
variables significantly associated with return to ambula-
tion were age (odds ratio: 0.984; 95% CI: 0.973–0.995;
p¼0.004) and the neurological grade at presentation (odds
ratio: 3.2; 95% CI: 2.1–4.8; p<0.001); lower success was
associated with older and heavier dogs and more severe
cases. Rank regression identified fenestration during
surgery (p¼0.033), anesthetic length (p¼0.012), and neu-
rological grade at presentation (p<0.001) as significantly
associated with time to return to ambulation. Dogs pre-
sented with grades 1 to 3 were more likely and quicker to
regain ambulation compared with grade 0, with, respec-
tively, 92 and 46% of dogs that regained ambulation in
these two groups and return to ambulation was faster
when anesthetic length was longer and when fenestration
was performed during surgery (median: 2 days; nonfenes-
tration median: 14 days).

Discussion

In our population, the main factors influencing the clinical
outcome were neurological grade 0 at presentation and an
acute onset of clinical signs. In previous studies, functional
recovery fordogspresentingwithaneurologicalgrade0varied
between 38 and 86%,3,4,6,31,32 which is higher than our popu-
lation (32%) and it was not associated with immediacy of
surgery.25 In the present study, 13.5% of dogs had an unsuc-
cessful outcome, either maintaining their preoperative status
or experiencing a disease progression ormyelomalacia, which
is marginally lower compared to a previous study.33

In our study, the rate of onset was significantly associated
with lower-grade discharge and degree of recovery, suggest-
ing that cases presented with peracute/acute onset have a
slower recovery and a worse overall outcome. This is in
agreement with previous studies,2,3,6,9 and based on our
findings, we believe that the rate of onset should be consid-
ered a reliable prognostic factor in the clinical setting, along
with the neurological grade at presentation.

Within the dogs included in this study, 13 dogs that
presentedwith a grade 4 deteriorated immediately following
decompressive surgery and were discharged with grade 0 to
2. Deterioration of the neurological status following surgery
is a well-known complication of IVDE.32 Of these dogs, 12
were operated on by residents and there were not any
records of intraoperative complications. It could be specu-
lated that this relatively high postoperative morbidity rate
could have been caused by an excessive manipulation of the
spinal cord during surgery, lack of surgical expertise, or a
combination of both. The experience of the primary surgeon
has been previously identified as a significant risk factor for
development of postoperative adverse events.34

The execution of fenestration of the affected disk during
decompressive surgery has been recommended in dogs to
prevent further extrusion of the nucleus pulposus in the
early postoperative period, whichmay result in recurrence of
the compression.11,20,35–37 However, its benefits remain
controversial.20,38–40 In our population of dogs presented
with a neurological grade between 0 and 3, performance of
fenestration during surgery seemed to be associated with a
faster return to ambulation (p¼0.033). Fenestration would
not be expected to directly influence time of recovery, but
rather provide a prophylactic measure against possible
recurrence. We could speculate that a portion of the disk
material left behind could herniate in the early postoperative
period in those dogs in which fenestration was not per-
formed, and therefore negatively affect the return to ambu-
lation. This could not be confirmed in this study as dogs were
not routinely re-imaged following surgery.

In the present study, there was a correlation between the
DM/L2 ratio measured on CT images, MRI, or both, and the
rate of onset (p¼0.002) and neurological grade at presenta-
tion (p<0.001) and at discharge (p¼0.032). This means that
dogs withmore extruded disk material were alsomore likely
to have an acute rate of onset and aworse neurological grade
both at presentation and at discharge. This ratio does not
specifically characterize the degree of spinal cord

Fig. 1 A representation of the degree of recovery for each presenting
neurological grade category.
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compression, but instead gives the clinician a basic percep-
tion of the amount of herniated intervertebral disk material.
Our findings suggest that during a peracute/acute onset of
IVDE a larger volume of disk material is extruded, and,
consequentially, a more severe spinal cord impact and dam-
age is sustained. This reflects clinically in a rapid rate of
onset, a worse neurological grade at presentation, and a
worse neurological grade at discharge.

Our study has several limitations. Being a retrospective
study, a bias onwhen to performdecompressive surgery could
notbeexcluded. Several surgeonswere involvedwith thecases
included in our study, and this poses inconsistency in the
decision onwhen to operate dogspresentedwith IVDE, aswell
as a nonstandardized clinical approach, surgical technique,
and experience, which could all have influenced the variables
and outcome for some patients, and ultimately our results.

The choice to operate sooner could have been influenced
by the rate of onset, severity of the neurological grade on
presentation, or both combined, and it appears likely in our
study given that the lower was the grade at presentation
and/or the faster was the rate of onset, the shorter was the
time between presentation and surgery in most dogs.

In conclusion, we did not find a significant correlation
between duration of clinical signs, time between onset of
neurological signs and spinal surgery, and overall outcome.
However, the strong correlation found between the rate of
onset andneurological grade at presentation, and the recovery
time and overall outcomemight constitute valuable prognos-
tic information for surgeons dealing with IVDE. Furthermore,
fenestration of the affected disks seems to result in a more
positive outcome, which supports the recommendation of
performing this procedure during IVDE surgery.

Due to the retrospective nature of this study and the
numerous variables involved as previously stated, caution is
required when interpreting these results. Further studies,
preferably prospective, are required to better define the ideal
surgical timing and prognostic factors associated with the
outcome in dogs surgically treated for IVDE.
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